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Abstract

This research fllls an gap in project management theory and practise, which concerns how any

project stakeholder discovers and obtains factual knowledge of the significant rules that are ‘in

effect’ for dates/times and prerogatives relating to identities and jurisdictions of a given context; that are

‘applicable’ to  the  class  of  endeavour  and task  being  undertaken;  and that  are  ‘invoked’ by  a

particular circumstance of the moment. 

The most essential original concept contributed in this work is expressed in the subtitle. This 

relation is of course instrinsic to the philosophical literature on rules, but it has not been previously 

expressed as succincly as this: 

'IS + RULE  OUGHT'. ⟾

Something has to supply the directionality to projects. Rules are directional relations between what ‘is’

and what ‘ought’ to be,  established among two or more individuals or  entities.  In  practical,  logical,

ethical  and  aesthetic  matters,  rules  express  obligation,  permission  or  encouragement  through  the

commonly capitalized terms MUST, MAY and SHOULD, or their various negatives and synonyms. 

This dissertation excavates the conceptual foundations of rules and rule systems, and describes the

rationale, design, feasibility, generalizability and utility of a networked computational method for

anyone to author, publish, discover, fetch, scrutinize, prioritize and optionally automate normative

data which relates what ‘is’ with what ‘ought’ to be,  with  deference to prerogatives, agreements and

preferences. We propose the Data With Direction Specification (DWDS) as a specification for a class of data-

processing pipeline summarized with the relation 'IS + RULE  OUGHT'.⟾

Applied  research  has  been  pursued  concurrently  for  proof-of-concept  validation  through  the

development of working reference implementation software under free-libre-open source licensing

and methods. This included active peer review of the iterative design with professionals in a variety

of  potential  implementation  communties.  The  reference implementations  are  minimum working

models  of  the  specifications,  including  a  RuleMaker  application,  a  RuleTaker  component,  and a

RuleReserve network service. Running these together enables  “An Internet of Rules”. The  use cases

themselves are beyond the scope of the present design research on the general purpose system.

This dissertation begins with a problem statement, a multi-faceted literature review, and summary of design

research’ methodology. The core of the dissertation is a precise technical rationale and design description of a

decentralized distributed network solution which serves as a test of the hypothesis that a workable system can

be designed for  anyone to easily discover and obtain factual knowledge of rules that are ‘in effect’,

‘applicable’ and ‘invoked’ by a circumstance. 
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Chapter 1: Introduction

1.1 Objective

This research fllls a gap in project management theory and practise, which concerns how a project

stakeholder is presumed to discover and obtain factual knowledge of the significant rules that are

‘in effect’ for dates/times and prerogatives relating to identities and jurisdictions of a given context; that

are  ‘applicable’ to the class of endeavour and task being undertaken; and that are ‘invoked’ by a

particular circumstance of the moment. Practical people, as individuals and on behalf of entities, need

to obtain timely and comprehensible awareness of relevant rules in order to exercise judgment towards

actively aligning with them, or to deciding not to. 

The “project manager” role was defined more than a half century ago by Paul Gaddis to be a person 

seeking to achieve a planned outcome “on time, within budget, and in conformance with predetermined 

performance specifications” (Gaddis, 1959). A project is any undertaking with a declared objective 

pursued within a set of physical, human, financial and time constraints. These descriptions hold for 

relatively simple projects, as well as for complex ones involving outcomes and performance goals that 

are known to be tentative, responsive and approximate. They are equally relevant to series of projects 

that may be considered programs or services, and to concurrent sets of projects that comprise a portfolio. 

A “rule” is a canon or precept by which repeated behaviour is guided through authority, agreement or 

preference. Rules are expressed as assertions with the modal auxiliary verbs shall (must), should (ought 

to) or may (can). Every human agent undertaking a project is both a rule-maker, and a rule-taker, and

every human endeavour shapes and is shaped by explicit rules. But there has been no common, 

systematic and efficient way to communicate obligation, permission or encouragement from rule-makers 

to rule-takers. This is needed to obtain consistency, reliability, and efficiency of rule-based decision-

making throughout project value-chains. 

Normative data expressing MUST, MAY and SHOULD, and their various negatives and synonyms is 

structured here in this system as a distinct class of data with intrinsic directionality that can be 

instantaneously discovered and transmitted over the Internet, in a form that is directly usable by 

non-specialized humans and machines, for any purpose, in any language. This offers a general-

purpose solution to the problem of communicating which way is 'forward' when orienting decisions 

involving many people, in on-going micro-level decisions for the day-to-day management of 

projects, programs, portfolios or platforms, and in core macro-level system design initiatives, 

mechanisms and structures. 
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Our concern here is with the design of a method to afford any person or organization the ability to 

author, publish, discover, fetch, scrutinize, prioritize and optionally automate rules across any 

digital network, with precision, simplicity, scale, speed and resilience, along with deference to 

prerogatives, agreements and preferences. 

 Outside the academic realm, this document performs a concurrent duty as a versioned specification 

for beta system builders of three working reference implementations. It further serves an operations 

planning manual for teams of people in public and private sector organizations who are actively 

considering deployment, and require management understanding of how it is intended to work. 

This research envisions a generic meso-level specification would make it practical for any 

networked individual, organization or machine to freely publish, discover and obtain computational 

rules and related algorithms on-demand over the Internet. The objective of this research has been to 

conceptualize, design and demonstrate the feasibility of a decentralized distributed data processing 

pipeline that could enable anyone to publish, discover, fetch, scrutinize, prioritize and have the 

capability to automate rules on digital networks with precision, simplicity, scale, speed and resilience, 

along with deference to prerogatives, agreements and preferences. A method is described to improve the 

communication of rules by providing a way to express them as a distinct class of data with direction that can 

be instantaneously discovered and transmitted over the Internet, in a form that is directly usable by non-

specialized humans and machines, for any purpose, in any language. 

Until  now  there  has  been  no  common  efficient  way  to  communicate  obligation,  permission  or

encouragement from rule-maker agents to rule-taker agents. When using such terms here, no assumption

is implied about power relationships. In various contexts, human agency is  oriented in hierarchical-tree,

hub-and-spoke and peer-to-peer structures. Any individual or entity might like or dislike a rule; advocate

or challenge it; conform with or evade it; understand or be confused by it. Each rule-taker agent, be they

individual or an entity,  operating directly or through a machine,  ultimately exercises their discretion

about whether or not, or to what degree, to act in accordance with any rule-maker’s assertion. (Conrad,

1988) However to make such a decision, they need to know about the existence of such a rule, the de

jure  authority of the rule-maker, the rule-maker’s degree of commitment towards fulfillment, and the

gravity of non-compliance. (Verhulst et al., 2013).

The approach adopted here interprets rule systems through a theory of agency in a micro-meso-

macro framework described by Kurt Dopfer, John Foster, and Jason Potts (Dopfer et al., 2004), 

together with the body of Project Management (PM) theory at “the interface between projects and the 

organizations, communities, and networks in and through which projects operate”. Austrian economic 
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geographer Gernot Grabher refers to this as “project ecology” (Grabher, 2004) (Grabher & Ibert, 2011) . 

By “agency” we mean the possession of attitudinal, intellectual and tangible faculty of action to pursue a 

specified result. 

The contribution of the present research in relation to the PM discipline is to solve the fundamental 

yet generally overlooked basic requirement of directionally orienting decisions involving many 

stakeholders in on-going micro-level day-to-day management of projects, programs, portfolios or 

platforms, as well as in core macro-level system design initiatives, mechanisms and structures. 

Within a project team, for inter-project portfolios and for value chains interactions, any given agent 

may or may not be aware of certain rules, but would prefer to be notified about them. And the 

issuers of the rules may or may not know about any particular agent, but prefer to have a practical 

way of communicating with them. This research bridges the conceptual and operational gap 

between rule-makers and rule-takers. It requires only the working premise that agents would 

communicate out limited data about their identity, task, scenario and context in order to discover 

what rules are in effect for, and applicable to, and invoked by those facts. 

In pursuit of an empirical demonstration of the proposed conceptual foundations and theoretical 

model, the methodology includes the design of operational specifications, the development of those 

interatively emerging specifications into working software, and active peer review of increamental 

versions of that software by working professionals in various domains. The objective of this design 

research is to make a theoretical contribution that can enable tangible improvements to practise. 

1.2 Problem Statement

A project management team must take into account rules expressed in contracts, agreements, 

legislation, regulations, case law, advisories, directives, standards, manuals, protocols, principles, 

guidelines and informal conventions. Some rules must be complied with fully, some on a ‘best 

effort’ basis, and others are optional.1 Rules get updated from time to time, but on no particular 

schedule. Each organization exists within a municipal, regional and national jurisdiction, all of 

which issue and enforce their own rules. Various bilateral and multilateral agreements may be in 

1 The representative general framework for compliance assurance throughout both academia and industry is reflected 
in the ISO 19600:2014 guideline on compliance management systems (ISO, 2014). This guideline is relatively new 
and is not yet very widely referenced, but it rests upon the long-established and widely used ISO 9000 and 14000 
series management quality standards. ISO 19600:2014 offers structured "guidance for establishing, developing, 
implementing, evaluating, maintaining and improving an effective and responsive compliance management system" 
applicable to all types of organizations, adjustable for their size, structure, nature and complexity, based on 
principles of good governance, proportionality, transparency and sustainability. However ISO 19600:2014 does not 
offer any guidance for the methods by which managers may discover and obtain all the rules they are to comply with.
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force. The contracts, logistics and entities that every organization is involved with commonly from, 

or they span, other jurisdictions with different rules. This is a particular domain within the general 

problem stated in 1948 by information engineer Claude Shannon: 

“The fundamental problem of communication is that of reproducing at one 
point either exactly or approximately a message selected at another point. 
Frequently the messages have meaning; that is they refer to or are correlated 
according to some system with certain physical or conceptual entities. These 
semantic aspects of communication are irrelevant to the engineering 
problem. The significant aspect is that the actual message is one selected 
from a set of possible messages. The system must be designed to operate for
each possible selection, not just the one which will actually be chosen since 
this is unknown at the time of design.” (Shannon, 1948, p. 379, fig. 381)

Project managers need to be able to readily disseminate, discover and obtain rules that are ‘in effect’ 

for the given dates/times and prerogatives relating to identities and jurisdictions they are concerned with; 

that are ‘applicable’ to the class of endeavour and task they are undertaking; and that are ‘invoked’ 

by the particular circumstance of the moment. The rule could be fiscal and regulatory instruments of

governance; contracts and financial systems in markets for goods, services, assets and currencies; or

control systems for networked machines and physical or information infrastructures. When 

managers cannot readily access such rules at the moment they’re needed, they can fall short on 

compliance and due diligence practices, and they can miss taking advantage of beneficial 

opportunities, resulting in eroded efficiency and effectiveness. (Suprapto et al., 2015) 

The problem has heretofore has been overlooked in the formal literature of this discipline, although 

it recieves attention within industry because inefficiency and poor performance constitute 

entrepreneurial opportunities for creative firms to design and bring to market work-around methods,

partial solutions, and full solutions (Dean & McMullen, 2002) (Driouchi & Bennett, 2012). For 

example an entire industry sub-sector of competing firms has arisen for the purpose of automating 

transaction taxes, exemptions, credits, and import/export duties, even though all of the relevant 

public sector fiscal authorities could have implemented these rules in a generic automated way from

the outset. Several companies offer global commercial solutions for the automation of taxes, 

exemptions and credits. Numerous additional firms provide fiscal rule automation services within 

regional markets around the world. And there are similar automation commercial automation 

services for every other fiscal rule set from government. 

However, in order for rules to be operational amongst all these automation systems, each rule and 

then each rule update issued by an authority must be monitored by subject matter experts, who are 

often lawyers, and maintained by software developers in the various programming languages of 
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their respective automation systems, then tested prior to deployment, and documented in their 

respective manuals. This redundancy is costly. For example, it is common for commercial fiscal 

automation services to retain 2% to 8% of the taxes they collect on behalf of government. 

(Browning, 2013) 

Such commercial automation services can be worthwhile in helping organizations at the micro-level

to reduce the inefficiency of compliance and reducing ineffectiveness due to compliance failure. 

But at the meso-level of rule systems design, this ad hoc arrangement seems sub-optimal.

This design research provides a rationale, a functional specification and working components to 

solve the following general class of problem:

Agent A, interacting with Agent B, requires knowledge of one or more externally-managed 
rules from Agents C..n that are ‘in effect’ for given contexts, and are ‘applicable’ to 
particular circumstances, where: 

(i) A and B may or may not know about C..n’s rules, or about any updates to them, but 
either or both would prefer to obtain all available facts about relevant rules when 
interacting.
(ii) C..n may or may not know about A and B in particular, nor about their particular 
medium of interaction, but can expect A or B or their medium of interaction to be capable of
exchanging data with a generic medium common to A..n.

(iii) A and B would tolerate the risk of exposing limited data through the generic medium so 
that it can be used to select information about relevant rules from C..n.

One may suppose that A, B and C are project managers in the sense defined by Gaddis. A project 

manager (A or B) should be able to easily discover and obtain all third party rules (from C) that are 

‘in effect’ for given dates/times, identities and jurisdictions; are ‘applicable’ to an undertaking; and are 

‘invoked’ by a circumstance. From the other direction, any project manager (C) issuing 

specification-conformant rules should be able to have those rules discovered and transmitted 

automatically on-demand to all parties (A or B) who are in the midst of transactions to which rules 

may be applicable, without specific knowledge about those other parties and their activities.

In addition to this functional problem to solve, there’s an aspect of this work which is intrinsic to any 

design undertaking. In A Timeless Way of Building, Christopher Alexander referred to this as “quality 

without a name” (Alexander, 1979). Design theorist Peter Bloch suggests that product quality judgment 

ultimately relies upon an innate "acumen, or the ability to recognize, categorize, or evaluate product 

designs" (Bloch et al., 2003, p. 552) (Bloch, 1995) This duality of aesthetic sentiment and deductive 

reasoning was phrased by poet William Cowper a century and a half ago as: “natural acumen, sharpened 

by habits of logical attention”. (Cowper, 1854, p. 35)  The present design approaches this aspect of 

problem solving through explicit  design virtues and design norms,  but outcomes in the real world over 

coming years are required to assess whether this qualitative pursuit achieves the designer’s intent. 
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1.3 Structure of This Dissertation

This dissertation reports on a trajectory from the description of a problem, the descent to bedrock theory 

in domains such as the philosophy of rules, linguistics, data science, and logic programming, through the 

climb back up again via design and development of a general-purpose solution to a class of problem. 

This work steps through the essential concepts, feasibility, generalizability and utility of a networked 

computational method for anyone to author, publish, discover, fetch, scrutinize, prioritize and optionally 

automate normative data relating what ‘is’ with what ‘ought’ to be, based on authority, agreement or 

preference. The research methodology is grounded in an iterative procedure described in the academic 

‘design science’ body of literature. The fundamental nature of ‘rules’ in human social and instutional life 

are made relevant to the methodology by including a set of essential design virtues and norms. Rules are 

situated at the ‘meso’ level of the micro-meso-macro ‘project ecology’ framework. The methodology is 

followed by an elaboration of several core concepts that shape the overall approach.

With the theortical foundations in place, the purpose of this thesis is elaborated as a comprehensive 

design rationale and detailed operational description of a new, general purpose type of decentralized, 

distributed network service. This took some unexpected turns\:

• The data model and computational methods required to solve the initial problem have required 
the re-discovery and re-formulation of tabular declarative computing methods, which have not 
seen much use for more than a quarter century. 

• The data structure and computing algorithm for logic gates would be most workable with a 
quanternary system with separate semantics on the input and output siders, instead of the widely 
known binary ‘truth table’ method. 

• A narrowly-constrained syntactic structure for the sentences expressing the rules would enhance 
rather than limit usability across semantic domains, and enable full multi-lingual expressiveness. 

The last section summarizes several initiatives that this research has lead to, through the concurrent

peer  review of  the  iterative  design  with  professionals  in  a  variety  of  potential  implementation

communties. Such use cases themselves are out of scope for the present thesis, but their natural emergence

serves as a test of the intended hypothesis, and as a  de facto proof of concept for the generalizability and

project management relevance of this system design for an Internet of Rules 

When designing something novel, one needs to explain how it would work; clarify the principles that enable it

to work; make the case why others would want it to work; and find people and organizations with the

wherewithal  to  jointly  commit  towards  making it  work.  Then,  one has to  actually  make it  work!  This

dissertation completes the first two of these tasks to provide the results of theoretical and applied design

research, and addresses the third task in a generic context.

Introduction 15



Chapter 2: Literature Review

2.1 Perspectives on Rules Influenced by Theoretical Systems Ecology

This research positions rule systems at the ‘meso’ level of a ‘micro-meso-macro’ framework combined 

with a ‘project ecology’ theory of agency structured in organizations, communities, networks and 

technologies. Shared concepts amongst economists, biologist, business strategist, ecosystem scientists 

and engineers is more than analogy or metaphor. These domains have enjoyed centuries of thoughtful 

discourse. Below we review some of the essential literature that ties these concepts together. 

Technology was described as an evolutionary extension of human corporal and intellectual ability by the 

philosopher Ernst Kapp (Kapp, 1877). This perception of technology as part of the evolutionary character

of homo sapiens was further developed by bio-statistician Alfred Lotka (Lotka, 1925) and economic 

theorist Nicholas Georgescu-Roegen (Georgescu-Roegen, 1975) (Bobulescu, 2015), and the perspective 

was brought into general philosophy by Karl Popper:

"But man instead of growing better eyes and ears, grows spectacles, microscopes, 
telescopes, telephones, and hearing aids. And instead of growing better memories and 
brains, we grow paper, pens, pencils, typewriters, dictaphones, the printing press and 
libraries" (Popper, 1979, pp. 238–239) 

Bertram Brookes and Gregory Newby adopt this framework to describe computerized memory and 

information retrieval systems as evolutionary extensions to biological human memory (Newby, 2001, p. 

1028). David Berry describes built infrastructures, such as transportation systems, or The Internet, as 

evolutionary extensions of human communities and societies (Berry, 2018) (Berry, 2019). Dermot 

Breslin et.al. further describe the “joint evolution of entities at multiple levels" (Breslin, Romano, & 

Percival, 2015) and Peter Bernus et.al. speak of a business ecosystem as “a system of organizations 

that co-evolve their capabilities and roles, and align their investments to create additional value, 

greater effectiveness and higher agility”. 

In the late 1800s, Volume 1, Chapter 1, Part 1 of Herbert Spencer's Principles of Sociology led off 

with the notion of “co-operation among sundry differentiated classes of individuals” leading to 

orderly action exhibited throughout communities “in their growths, structures, functions, products” 

(Spencer, 1898). What Spencer called “super organic evolution” is referred to by today's biophysical 

systems theorists as the “evolution of superoganisms” (Lovelock, 1993). 

The concept of “resilience” originated in social/institutional economist Joseph Schumpter's notion of 

“creative destruction” which he first described while in the midst of the Second World War 

(Schumpter, 1942) (Dopfer, 2012). The notion become central to the domain of ecosystem science 
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beginning in the 1960s and over the decades it has come to have a range of meanings in multiple 

disciplines (Heckmann et al., 2015) (Smith et al., 2011) (Sterbenz et al., 2010). Following the global 

and regional market disruptions since 2007, the concept made a return trip to prominence in 

management literature, especially in reference to value-chain resilience. There are several recent 

literature reviews in that realm alone (Thomé et al., 2016) (Hohenstein et al., 2015) (Tukamuhabwa et 

al., 2015) (Santanu Mandal, 2014) (Bhamra et al., 2011). Every project evolves within a portfolio of 

projects (Killen et al., 2012) (Petit & Hobbs, 2010) (Müller et al., 2008) (Luehrman, 1998), within a 

supply chains (Fayezi et al., 2012) (Santanu Mandal, 2014) (Hohenstein et al., 2015) (Tukamuhabwa et 

al., 2015) and within markets (Rosa et al., 1999) (Çalışkan, 2009).

Recently Peter Bernus et.al. have described the business ecosystem as “a system of organisations 

that co-evolve their capabilities and roles, and align their investments to create additional value, 

greater effectiveness and higher agility”. They suggest that improvements at the project level 

typically require catalysts such as resilient inter-organizational interfaces, and an attractive 

incentive structure (Bernus et al., (In Press), p. 19): 

“The first challenge is to ... re-gain the coverage of the entire business on all levels of 
management, and a holistic and systemic coverage of the enterprise as an economic entity in its 
social and ecological environment. The second challenge is how to face the problems caused by 
complexity that limit the controllability and manageability of the enterprise as a system. The third
challenge is connected with the complexity problem, and describes fundamental issues of 
sustainability and viability. Following from the third, the fourth challenge is to identify modes of 
survival for systems, and dynamic system architectures that evolve and are resilient to changes of
the environment in which they live.” (Bernus et al., (In Press))

A general framework for conceptualizing rule systems as the functional settings of projects is supplied by

Kurt Dopfer, John Foster, and Jason Potts. They provide an interpretation of Joseph Schumpeter's 

three-level framework that distinguishes micro (behaviours of decision-makers amongst organizations), 

meso (rules, normative infrastructure and practices amongst industries and markets) and macro 

(characteristics of whole societies and economies) (Dopfer, 2012) (Dopfer et al., 2004) (Schumpeter & 

Boody, 1954). They propose that efforts to achieve performance improvements across the micro level, say, 

where project managers operate, can be pursued most effectively at the meso level where normative 

infrastructure and practices of industries and markets are formulated and managed. A meso-level change 

that achieves widespread adoption at the micro-level can result in emergent and transformative macro-

level effects for whole societies and economies. Whether those outcomes are ‘better than’, ‘equivalent 

to’, or ‘worse than’ the prior scenario or alternative outcomes rests upon a premise about which way is 

'forward'. 
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The meso level does not refer to anything external to the micro level project manager. Rather it 

refers to factors that are intrinsic to coordination amongst project managers and their stakeholders,

Figure 1: Micro-Meso-Macro Dynamics (Dopfer et al., 2004).

and throughout the networks they 

participate in, such as the value chains 

they benefit from and contribute to, 

and the multi-layered jurisdictions they

are members of. This “nested 

hierarchy” is independent of scale 

(Allen & Hoekstra, 1990, 8-9).

Consistently with  framework, Austrian economic geographer Gernot Grabher introduced the phrase 

“project ecology” to the project management literature in 2004 to take account of “the interface between 

projects and the organizations, communities, and networks in and through which projects operate” 

(Grabher, 2004). 

Grabher brings this general three-tier micro-meso-macro framework is advocated in the Oxford 

Handbook of Project Management (Grabher & Ibert, 2011) (Grabher, 2004), and by one of the founders 

of the project management domain, Jonas Söderlund (Söderlund, 2004). It is also featured in two 

Academy of Management Review special issues (Bies et al., 2007) (Hitt et al., 2007). 

Project ecology frames a project on multiple levels : “from the micro-level of interpersonal networks to 

the meso-level of intra- and inter-organizational collaboration to the macro-level of wider institutional 

settings. Moreover, it unfolds a complex geography, which explicitly is not reduced to local clusters but 

also extends to more distanced individuals and organizations or a-spatial institutions” (Grabher & Ibert, 

2011). A project is pursued amidst a plurality of relationships.

In a literature review published a decade ago, Söderlund observed that multi-firm multi-project studies 

involving institutional environments and rules to which the individual organization must respond and 

conform, had been given insufficient attention in prominent academic journals of project management 

(Söderlund, 2004, p. 483). There are several corresponding perspectives on this among authors who 

describe network platform innovation as a type of meso-level infrastructure project that involves the 

introduction of new methods, incentive mechanisms and business models (Kogut & Kulatilaka, 1994) 

(Fehrer et al., 2018) (Fu et al., 2018b) (Fu et al., 2018a). Peter Morris and Joana Geraldi have described 

institutional meso-level management activities as “creating a supportive institutional context” for micro-
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level agent interactions to flourish (Morris & Geraldi, 2011). David Berry describes general-purpose 

meso-level infrastructure such as legislation and courts, transportation systems, the Internet methods and 

equipment as evolutionary extensions of human communities (Berry, 2018) (Berry, 2019). Such systems 

of     “shared agency”   (Bratman, 2014)   or “distributed agency”   (Enfield & Kockelman, 2017)     may be 

viewed at small scale (neighbourhood, municipal) or large scale (national, global) (Allen & Hoekstra, 

1990, 8-9). While enhanced capabilities for individual organizations enable new “real options” for 

them (Driouchi & Bennett, 2012), an enhanced network platform opens up entire new “chains of real 

options" (Luehrman, 1998, p. 90), facilitating synergistic interdependencies for the networked entities 

through time (Archer & Ghasemzadeh, 1999) (Kapsali, 2011). 

Therese Dille and Jonas Söderlund have observed that “project managers ... maneuver their projects

in political, public and/or institutional environments” but that “conventional analysis of project 

organization has paid limited attention to 

projects in their institutional environment”

(Dille & Söderlund, 2011, p. 480). In a 

literature review published a decade ago, 

Söderlund proposed a four-quadrant 

classification of project research by single-

firm versus multi-firm studies, and single-

project versus multi-project studies 

(reproduced at right). This is shown in 

Figure 2. He observed that multi-firm 

Figure 2 Categories of Projet Management Research
(Dille & Söderlund, 2011)

multi-project studies of the institutional environments and the rules to which the individual organization 

must respond and conform, had by that time been given only modest attention in prominent academic 

journals of project management (Söderlund, 2004, p. 483). 

Use of the term “ecology” in this context of projects and project managers is semantically precise. It 

is consistent with its particular meaning in the biophysical sciences, where it refers to the study of 

relationships amongst a plurality of self-organizing life forms (including humans) and with their 

physical environment (Holling, 1973) (Holling, 1986). Ecological analysis in relation to nature is 

not framed by geographical or temporal scale, but by comprehensiveness of view. Systems ecologist

Tim Allen explains that when facing such a scenario, several different world views or perceptions 

are required to describe the system and to solve problems. No particular perspective is adequate by 

itself (Allen, 1987). His advice is equally pertinent to project ecology. 
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Systems theorist Robert Ulanowicz describes ecosystem theory as “mostly a relational endeavour” 

concerned more with the flows across many arcs than the characteristics of many nodes. “Such emphasis 

on relationships allows the discipline to be interpreted as the study of the communication of material, 

energy and information among systems components.” (Ulanowicz, 2001, p. 393) He traces this 

perspective back to work by Raymond Lindeman in the 1940s, Robert MacArthur in the 1950s, then 

Eugene Odum in the 1960s.

Earlier we referred to David Berry’s perception of built infrastructure, such as transportation systems and

The Internet, as evolutionary extensions of human communities. Peter Morris and Joana Geraldi have 

described institutional-level management activities that occur “outside and around the project” to 

facilitate successful project development and delivery by “creating a supportive institutional context” for 

projects to flourish (Morris & Geraldi, 2011). They and other “neo-institutionalists” after John Meyer 

and Brian Rowan (Meyer & Rowan, 1977), see value in pursuing project management research at a more

aggregated level. To this end, Plikynas and Raudys also speak of a “theory of distributed agency” 

(Plikynas & Raudys, 2015). 

Network platform innovation is a type of meso-level infrastructure project that involves the introduction 

of new methods, incentive mechanisms and business models across decentralized and open or at least 

partially open architectures, both physical and informational (Kogut & Kulatilaka, 1994) (Fehrer et 

al., 2018) (Fu et al., 2018b) (Fu et al., 2018a). Enhanced capabilities for individual organizations 

enable new “real options” (Driouchi & Bennett, 2012), but enhanced network platform opens up new 

“chains of real options" (Luehrman, 1998, p. 90), building synergistic interdependencies amongst the 

networked entities through time (Archer & Ghasemzadeh, 1999). Direct pursuit of internal efficiency 

and effectiveness by individual project managers acting autonomously at the micro level does little to 

resolve macro-level problems (Kapsali, 2011, p. 405). 

Meso-level projects to design and implement new or enhanced network platforms can improve whole 

industries, markets and economies. DWDS can be operationally situated in the ‘meso’ layer of Kurt 

Dopfer's dynamic three-level micro-meso-macro framework. Micro refers to behaviours of individual 

and organizational decision-makers. Meso describes rules and practices amongst industries and markets. 

And macro is concerned with characteristics of whole societies and economies (Dopfer et al., 2004). 

Meso-level changes can extend or erode human corporal and intellectual ability and agency in the 

manner described by Ernst Kapp, Alfred Lotka, Nicholas Georgescu-Roegen and Karl Popper (Kapp, 

1877) (Lotka, 1925) (Georgescu-Roegen, 1975) (Popper, 1979). When new meso-level systems improve 
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or degrade the tangible performance of individuals or organizations at the micro-level, this results in 

incremental behavioural changes which can eventually materialize in emergent and transformative 

macro-level effects for whole societies and economies. In view of this meso-micro-macro sequence, a 

project to implement a modified network platform, although directly instantiated through 

modifications in day-to-day operations, may actually be designed to alter whole industries, markets 

and economies indirectly.

2.2 What the Data With Direction Specification (DWDS) Is Not

This dissertation introduces and describes the functional operation of a new type of rules system which is

named the “Data With Direction Specification” (DWDS). Prior to detailing what something is, it can be 

useful to elaborate what it is not. 

In various ways, the functions of the DWDS resemble those of rules engines, workflow processes, 

decision-support systems, programmable logic controllers, and artificial intelligence. But it differs from 

each of these design niches in essential ways. Here we distinguish DWDS from various other methods 

and functions, but our intention is not to compete with or replace any of them. Instead, DWDS fulfills a 

specialized function that all such systems can incorporate in part or in whole, and benefit from. Our 

contribution is intended to fulfill an auxiliary function to any of the following. 

2.2.1 Distinguishing DWDS from Programmable Logic Controller (PLC) Systems

The DWDS brings to distributed networks a sort of general purpose logic gate that resembles Richard 

Morley’s programmable logic controller (PLC) designed in the 1960s which supplied the following 

sequence to individual machines :

[input data] → [logic gate] → [output data] (Brown, 2015) (Amin & Mridha, 2020)

The PLC requires known classes of agents, scenarios and rule sequences that can be implemented in 

individual, cascading series and parallel multiplexed configurations. The I/O programming of PLC logic 

is done in an imperative style with tightly integrated data, logic and procedure. 

Instead we sought to design a specification suited to the uncertainty of open self-organizing distributed 

networks comprised of unlimited agent types, partially unknown scenarios, and externally defined rule 

structures and sequences. For this sort of logic controller to work it is essential to unbundle data, logic 

and procedure, and to express the input-output (I/O) logic tables in a platform-agnostic tabular 

declarative form. The DWDS describes a data processing pipeline that supplies the following functional 

sequence to networks:
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FUNCTIONAL VIEW

[transitory input data] ↘ 

[sift1 boundary] → [sift2 classification] → [sift3 

logic gate] → [output data] 

[persistent input data] ↗

Data obtained from a transitory event is used as input to dynamically generate a sieve across a persistent 

reserve of rules. Sifting is first done with metadata for rules ‘in effect’, and second with classification 

data for rules that are ‘applicable. Then the logic data of each row is sifted, to leave only the normative 

propositions which are deemed by rule authors to be ‘invoked’ for the original transitory input data. One 

could consider this to be a three-step approximation algorithm run on the distributed Internet that mimics

orthogonal digital filtering of integrated circuits (Padmanabhan et al., 1996) (Rao & Kailath, 1984).

These steps can be represented in terms of the semantic communication sequence summarized as: 

 IS + RULE  OUGHT, where t⟾ he vector symbol ‘ ’ represents all three of the sifting steps in this ⟾ I/O 

data processing pipeline:

DATA PROCESSING PIPELINE VIEW

[sieve input: IS] ↘

 [sift: in effect] → [sift: applicable] → [sift: invoked] →

[output: OUGHT] 

 [mixed input: RULES] ↗

The same sequence can also be considered in terms of the GIVEN-WHEN-THEN architectural pattern

from behaviour-driven development (North, 2006). This view of DWDS relates an empirical context [GIVEN

‘a’] and an empirical circumstance [WHEN ‘b’], with a set of declarative propositions [THEN ‘c’].

BEHAVIOURAL VIEW

 [event] ↘ 

 [given] → [when] → [then] → [actions] 

[assertions] ↗

 

It is also useful to consider this sequence in terms of the three implementable components of DWDS: the 

RuleMaker application which supplies rule resource data, RuleReserve which runs two sieves for 

classification, and RuleTaker which has one sieve for logic. 
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COMPONENT VIEW

[substrate app] ↘

[RuleReserve : boundary sieve → classification sieve] → 

[RuleTaker : logic sieve] → [substrate app]

[RuleMaker] ↗

2.2.2 Distinguishing DWDS from a Rules Engine

The DWDS is similar to a rules engine in that “the system runs through all the rules, picks the ones 

for which the condition is ‘yes’, and then evaluates the corresponding actions” (Fowler, 2009). Also

like a Rule-Based Calculation Engine, “calculations can be performed using formulae that are 

obtained from the database instead of being hard-wired into any program code” (Marston, 2001). 

However those platforms are generally presumed to operate with a central application and database 

of rules-as-code, all in one generic expressive language such as Python, Lisp, JavaScript, Prolog or a 

domain-specific language like RuleML or XBRL-Formula. For end users to provide the run-time 

variables, their applications must adjust to the API of the rules engine. 

However our design represents a different sort of pursuit: a general-purpose specification for 

communicating rules as data, in a manner that that is equivalently usable by any application, in any 

language, on any device, without retrofits or refactoring. No particular type of ‘rules engine’ is required 

to process such data, because records conformant with the DWDS will run in any environment. A peer-

to-peer decentralized RuleReserve network lets each autonomous node dynamically accommodate 

any of the APIs of the edge applications that are operated by end-users. Control remains at the edge.

This specification’s tabular rules-as-data formats are optimized for efficient storage and sifting:

• JSON script to be embedded into or automatically converted into any programming language;
• CQL single rule-per-row data to be added to a ‘wide-column’ NoSQL database;
• CBOR virtual logic control table to be called from ToS Bit 6 of an IP packet header (0=No, 1=Yes).. 

Many rules engines select and chain together rules using statistical inference (inductive inferential 

logic) to arrive a strong versus weak conclusions. However the DWDS is intentionally less 

elaborate. Using no inference, it relies only upon primitive exact data-matching sieves and explicit 

references in the input conditions to establish the output assertions. Advanced methods can be 

added as required by end users or intermediary service providers, with the result that the network 

itself remains uncomplicated.
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2.2.3 Distinguishing DWDS from a Decision-Support System

Automated decision systems are generally understood to be based upon “a series of if-then-else 

condition pairs” (Bidgoli, 2015, p. 268) in which a probabilistic contingent (IF) future state leads to 

consequent (THEN) declarative requirements (Mladenic et al., 2012, p. 8-9) (Keen & Scott Morton,

1978).

In contrast, a system based on the DWDS operates with data generated from an empirical input 

state (GIVEN a,b,c and WHEN d,e,f), that is used to sift consequent declarative output 

requirements (THEN g.h.i), in order to inform contingent users (North, 2006) (Fowler, 2013). The 

result is a simple normative assertion:

GIVEN context data;

WHEN particular data also appears;

THEN certain output statements are invoked. 

The DWDS incorporates no ‘decisions’. It only relays normative propositions (which can including 

test results), so that end-users can make more informed decisions, and at their own option, automate

them. Our “human-centred design” (Mitchell, 1996) orientation ensures that decisions remain with 

end-user human agents in the rule-maker agent and rule-taker agent roles, directly or via machines 

they control. 

2.2.4 Distinguishing DWDS from Artificial Intelligence

Three decades ago Thomas Gruber described an "automated knowledge acquisition" method (Gruber, 

1989) and he subsequently built the earliest prototype of what may be referred to as ‘artificial 

intelligence’. To use this phrase, it is helpful to consider the general ontology of Anthony Liew, 

slightly adapted (Liew, 2013):

• data ≡ semantic signal acquisition
• information ≡ data acquisition + contextual comprehension
• knowledge ≡ information acquisition + actionable purpose
• intelligence ≡ knowledge acquisition + complex inductive reasoning
• wisdom ≡ intelligence acquisition + social/psychological motivation

Artificial intelligence (AI) is widely defined by machine-based knowledge acquisition and complex 

inductive reasoning to resolve information gaps in order to guide action. The most common 

reasoning methodology referred to in this context is stochastic variational inference (Hoffman, 2013)
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(Plötz et al., 2018). 

The scope of the DWDS is only to enable the communication of normative propositions, without usurping

the prerogatives of others. We refer to this as Artificial Naïvety and represent it with the slashed zero 

symbol as A  (∅ eh-nought), which in mathematics denotes an empty set—a set with zero elements { }. 

Matters relating to context, comprehension, purpose, reason, learning or motivation are all deemed to be 

end-user prerogatives, to be processed at the edge of the network. In this design, operators of RuleReserve 

nodes provide nothing other than data structuring and storage, and run-time request-response sift-and-

transmit services. Each node uses passive data from transitory messages to perform sifting operations 

(aka ‘signal matching’) upon persistent rules in storage. The signal matching advantages will be discussed 

further in section 9.1: Computing Fast and Slow; here we will focus on the empty set  design ∅
requirement.

A RuleReserve node has no methods to retain or copy any data or metadata concerned with context, 

comprehension, purpose, reason, learning or motivation. All it does is return a response to the source of 

the run-time request. The requester is responsible for their own auditable activity logs. 

An Internet router may be considered an example of general-purpose A  service. ∅ A well known axiom 

of Internet architecture is that: “The Internet has smart edges, computers with operating systems, 

applications, etc., and a simple core, which consists of a control plane and packet forwarding engines.” 

(Bush & Meyer, 2002) David Clark, who chaired the original Internet Architecture Board (1981-

1990) has referred to “architectural minimality—that is, to specify as little as possible for subsequent

mechanisms to meet the goals of the architecture” (Clark, 2018, p. 67) He has explained that “the 

intermediate packet switching nodes, or gateways, must not have any essential state information about

on-going connections.” (Clark, 1988, p. 108) The Internet ideal2 shifts any but the most basic signal 

processing away from the Internet protocol suite core, and leaves knowledge-oriented computational 

control to users and their devices at the edge. (Carpenter, 1996) 

The DWDS holds A  to be a normative mandatory system criterion whereby its ∅ designers, suppliers 

and operators MUST maintain ‘arms length’ separation from the processing of any but the most basic 

data sorting and data transformation processes, because 100% of the system’s data, metadata and 

computational control prerogative belong to end-users. 

2 “Net Neutrality” is compromised to the extent that router designers, suppliers or operators deviate from the premises of
A .∅  (Wu, 2003) (Misra, 2015) (McKelvey, 2010)
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2.2.5 Distinguishing DWDS from Business Process Workflow

A business process workflow is an interactive step-wise sequence of tasks (Gantt, 1919) (Geraldi, 2012) in

which complicated, voluminous or simple consistent tasks may be automated with various types of 

hardware and/or software, while complex methods or decisions are usually performed by people. Two 

comprehensive methods for describing workflow are Business Process Modelling Notation (BPMN) and 

Process Chain Network (PCN) (Kazemzadeh et al., 2015). Both of these describe responsibilities and 

communications among participant entities and subsystems, but the orientation of BPMN is to 

communicate workflow structure (Enstrom, 2016), whereas PCN is for workflow performance 

improvement (Sampson, 2015). 

The DWDS keeps the ‘rule-maker agent’ authoring the rule input at functional ‘arms length’ from the 

‘rule-taker agent’ using the output directly or through their machine. It describes only a “data processing 

pipeline” that operates in an uninterrupted flow through a single computational input-output sequence 

(von Landesberger et al., 2017). Although there are intermediate outputs states of the data that become 

inputs to subsequent steps, there is no sequence of decisions. DWDS’s Rule Reserve (RR) network and 

decentralized RuleTaker applications implement a simple, scalable, fault-tolerant design pattern which 

automatically sifts and sorts large volumes of distributed data in a single pass (i.e. without ‘loop’ or ‘if’ 

statements) using parallel processing across as many available platforms as required. Oughtmation’s 

decentralized sifting process shares some similarities with the well-known map/reduce data pipeline across

a data fabric (Zeng & Plale, 2013) (Dean & Ghemawat, 2008b) (B. Cao et al., 2010) (Swedlow et al., 

2011) (Li et al., 2016) (Maitrey & Jha, 2015) (Dong et al., 2018). 

2.2.6 Distinguishing DWDS’s Rule Schema from a Domain Specific Language

The DWDS introduces a new structured way for rules to be expressed, communicated and 

operationalized using any natural language. However this is less than a ‘domain-specific language’ 

(DSL).3 It is merely a syntactic specification to support a tuple oriented data configuration of rules 

(Underwood, 2011). In our reference implementations this data is packaged with JSON syntax (Bray, 

3 A general-purpose language has the syntactic flexibility and semantic range to enable the transmission of any domain of 
information. A domain-specific language may have a syntactic structure tailored to particular communication functions, or
be bound to a semantic schema for well-circumscribed categories. This is not a strict distinction, since as Marjan Mernik 
et. al. explain, “domain-specificity is a matter of degree”. (Mernik et al., 2005, p. 5). ‘Stand-alone’ domain-specific 
languages are developed from scratch when the purpose is to facilitate creation, maintenance and control of methods by 
subject matter specialists who are normally not programmers. These may be “executable in various ways and to various 
degrees, even to the point of being non-executable” (Mernik et al., 2005, p. 6). ‘Integrated’ domain-specific languages are 
structured extensions of existing general-purpose programming languages, in order to expand implementation flexibility 
for programmers while still working within the same technology platform (Havelund et al., 2010). 
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2014), but this is incidental. The same data can be equivalently expressed in another implementation using 

CBOR (a binary data representation loosely based on JSON) (Bormann & Hoffman, 2013), or CSV 

(comma separated value), or as separate database fields without any associated syntax. 

By separating each rule sentences into a reusable set of six syntactic elements, and separating these from 

an array containing a quaternary value structure for the relations among conditions and assertions, our 

method accepts Robert Kowalski’s recommended separation of logic and control: 

“Although the trend in databases is towards the separation of logic and control, 
programming languages today do not distinguish between them. The programmer 
specifies both logic and control in a single language while the execution mechanism 
exercises only the most rudimentary problem-solving capabilities. Computer programs 
will be more often correct, more easily improved, and more readily adapted to new 
problems when programming languages separate logic and control, and when execution
mechanisms provide more powerful problem-solving facilities of the kind provided by 
intelligent theorem-proving systems.” (Kowalski, 1979, 435)

The DWDS imposes no programming requirements beyond the six-element syntactic structure. DWDS 

imposes no need to choose a programming language. Moreover, DWDS also enables rule authors to write

and read rules in their preferred vernacular, with or without domain-specific terms or style. The 

choice of expression style is a matter of end-user judgment, which Nathan Schneider explains:

“We come, then, to the main question: When is it worth designing a new annotation 
scheme? My answer is, When annotating with an existing scheme would be more painful 
(costly) than starting afresh. The second question, What level of granularity?, is similarly 
answered by weighing these tradeoffs: too coarse, and the annotations will not be very 
informative or useful; too fine, and training annotators will be costly, the annotation will be
slow, annotator reliability will be low, and some categories may be highly sparse. 
Estimating these trade-offs in a particular setting is a qualitative judgment call...” 
(Schneider, 2015, pp. 152–153)

The DWDS creates a background incentive to use common schemas and lexicons, an approach which 

sidesteps the trend towards redundancy and inconsistency that has emerged among competing 

standard XML schemas (Sliwa & King, 2000). We have designed a practical incentive for semantic 

alignment to emerge through co-opetition (Brandenburger & Nalebuff, 1997), but that is left to 

emerge on its own, independently of the specification per se. The incentive is sufficient.

There is great value in the various domain-specific XML schemas that have been painstakingly 

structured and negotiated. But XML notation is optimized for the semantic Web where a browser 

has a small job to do in attaching semantics to displayed content. It is not optimal for high-volume, 

high-performance data processing with speed and volume. Even the 50-year-old NETL (NETwork 

Language) representation designed by Scott Fahlman to supply declarative real-world semantic 

knowledge in response to queries, would outperform XML by far in a distributed database 

(Fahlman, 1977) (Holland et al., 1986, p. 19). Fahlman’s original explanation is worth citing at 
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length here, because the DWDS embodies a similar way of thinking: 

“We forget about trying to avoid or minimize the deductive search, and simply do it, 
employing a rather extreme form of parallelism to get the job done quickly. By ‘quickly’ I 
mean that the search for most implicit properties and facts in this system will take only a few
machine-cycles, and that the time required is essentially constant, regardless of how large the
knowledge base might become. The representation of knowledge in this system is entirely 
declarative: the system's search procedures are very simple and they do not change as new 
knowledge is added. Of course, the knowledge base must contain descriptions of procedures 
for use by other parts of the system, including those parts that perform the more complex 
deductions, but this knowledge is not used by the knowledge base itself as it hunts for 
information and performs the simple deductions for which it is responsible. The parallelism 
is to be achieved by storing the knowledge in a semantic network built from very simple 
hardware devices: node units, representing the concepts and entities in the knowledge-base, 
and link units, representing statements of the relationships between various nodes. (Actually, 
the more complex statements are represented by structures built from several nodes and 
links, but. that need not concern us here.) ... The controller is not only able to specify, at 
every step of the propagation, exactly which types of links are to pass which markers in 
which directions; It is also able to use the presence of one type of marker at a link to enable 
or inhibit the passage of other markers. It is the precision of such a system that gives it its 
power, but only if we can learn to use it properly.” (Fahlman, 1977, p. 11)

The declarative non-canonical approach employed in DWDS arises from the need to process large sets of 

unstructured user-generated data, and this is similar to the requirements of search engines (Dean & 

Ghemawat, 2008b), and to the processing of natural language text (Plank, 2016). This is accomplished by 

constraining rule expression to a small set of metadata, and to a single syntactic structure for sentences that

provide meaning to the logical relations within each rule, DWDS achieves operational simplicity. 

The DWDS data processing method is described in sections 10.4 and 10.5. First the RuleReserve network 

sifts for rules ‘in effect for a context and ‘applicable’ to categories of activities and things. Then a 

RuleTaker component sift out rule assertions that are ‘invoked’ by particular circumstances. 

2.3 A Selective 70-Year History of Computing Relevant to Data With Direction

Several generations of informatics design researchers supply the concepts and methods which enable the 

general purpose communication of rules across networks with precision, simplicity, scale, and speed. The 

shoulders upon which we stand are acknowledged below. Although wide in scope, this review is selected 

for developments most relevant to design research leading to the Data With Direction Specification.4 

2.3.1 1950s 

• Claude Shannon’s 1948 “Mathematical Theory of Communication” (Shannon, 1948) led to 
information theory and algorithmic logic transitioning beyond the realm of technical 
methods to become acknowledged as a domain of formal design science.

4 Direct citations are not included in this historical review where the sole purpose is to acknowledge relevant original 
contributions or to characterize general industry trends based on indirect published sources. Literature is cited in this
section where it has been relied upon for particular details. In the substantive conceptual and design sections of the 
present document, source are cited in the conventional way. 
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• Noam Chomsky re-framed linguistics as a branch of mathematics by formalizing a generative 
context-free phrase-structure grammar framework in his PhD thesis Transformational Analysis 
(Chomsky, 1955), a 918-page document The Logical Structure of Linguistic Theory (LSLT) 
(Chomsky, 1956) and the short book Syntactical Structures (Chomsky, 1957). 

• Alfred Horn designed a novel method for ‘logic programming’ to resolve first-order logic with 
declarative subject-verb-object triples: a subject via a predicate documents or modifies the 
properties of an object. (Horn, 1951) (The Latin term praedicatum means "that which is said 
of" something.) Horn’s method is based on ‘proof-by-contradiction’: expressing all assertions 
as false, then deriving contradictions in order to deduce which ones are not false. This 
computational strategy enables very fast computer algorithms to test for logical consequence.

• The first programming language to systematically implement Chomsky’s context-free grammar 
structures was ALGOL (ALGOrithmic Language). John Backus was the first to separate syntactic 
from semantic structure, which led to ‘Backus Normal Form’ (BNF), refined with contributions 
from Peter Naur, as the core of all subsequent procedural programming languages for computers 
(such as C and its derivatives C++ and C#, as well as PHP). ALGOL60 was designed through a 
multilateral trans-Atlantic collaboration involving dozens of contributors jointly convened by the 
Association of Computing Machinery (ACM) and UNESCO. (Backus et al., 1960) 

• Through CODASYL (Committee on Data Systems Languages) Jean Sammet, the lead 
designer of FORMAC (FORmula MAnipulation Compiler) and Grace Hopper, the lead 
designer of FLOW-MATIC, convened a team that jointly designed the first general-purpose 
platform-agnostic programming language called COmmon Business-Oriented Language 
(COBOL). Its formal syntactic notation and formal semantic definition techniques were 
guided by Noam Chomsky’s linguistic concepts and techniques, in particular the idea that a 
small set of simple, active, declarative sentences could form a semantic kernel from which 
all other sentences could be constructed by various transformations. Hopper explained later 
in an interview: “That was the beginning of COBOL, a computer language for data 
processors. I could say ‘Subtract income tax from pay’ instead of trying to write that in 
octal code or using all kinds of symbols.” (Hopper, 1981, p. 3) This functioned with a table 
of logic expressions so that: "The programmer may return to being a mathematician ... 
supplied with a catalogue of subroutines. ... Make a list of arguments and results and 
number them. ... The order is immaterial, so that forgotten quantities can be added at the 
end.” The programmer “does not even need to know the particular instruction code used by 
the computer” as it is sufficient “to be able to use the catalogue to supply information to the
computer” about the problem. (Hopper, 1987, pp. 273–275) 

• John McCarthy designed LISP (LISt Processor) based on linked lists so that a standard data
structure could be used to represent the structure of a program. 

• Erwin Chargoff, Maurice Wilkins, Rosalind Franklin, James Watson, and Francis Crick discovered 
the underlying quaternary bio-logic structure of the molecular data storage in living cells, based on 
combinations and permutations of four nucleotides: adenine (A), thymine (T), guanine (G) and 
cytosine (C), leading to quaternary molecular computing four decades later. 

2.3.2 1960s

• John Tukey presented the case that "data analysis is intrinsically an empirical science"; 
because in addition to technological and statistics methods, data is central to discovering the 
nature of the world. His seminal work launched “data science”. (Tukey, 1962)

• Marvin Minsky used procedural decision tables to illustrate how “the finite-state parts of 
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our [Turing] machines can be described nicely by sets of quintuples of the form (old state, 
symbol scanned, new state, symbol written, direction of motion) ... i.e. (qi, sj, qij, sij, dij) ... 
i.e., as quintuples in which the third, fourth, and fifth symbols are determined by the first 
and second” (Minsky, 1967, p. 119). This quaternary procedural system involved four 
elements where B ≡ both and H ≡ halt.

qi, sj | qij sij dij

————————————————
0 0 | 0 0 1

0 1 | 1 0 1

0 B | H 0 -

• Adrian McDonough published a data science strategy wherein the analyst should aim to 
minimize the amount of information needed, while maximizing the decision-making power 
it bestows. (McDonough, 1963) 

• Richard (Dick) Morley designed the first programmable logic controller (PLC) in 1964 for 
repeatable functions such as timing, counting, calculating, comparing, and signal processing.
PLCs were designed to replace hard-wired relay control systems to enable automation with 
programmable [input] → [logic gate] → [output] relations. The basic logic gates AND, 
NOT, OR and XOR (exclusive OR allowing either but not both) could be used individually 
or in combination, to receive input parameters from various sensors, keyboards or switches, 
and given the structure of the logic gate, result in the determined output parameters in order 
to control motors, valves, switches or subsequent PLCs. Unlimited combinations of serial 
and parallel PLCs could thus enable flexible automation, which revolutionized industrial and
manufacturing automation. Production began in 1969 under the name Modicon (modular 
digital control). 

• John Alan Robinson published “A Machine-Oriented Logic Based on the Resolution 
Principle” describing the application of Horn’s strategy in applied computing. (Robinson, 
1965) 
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• Charles Goldfarb led an effort to enable machine-readable documents across government, 
law, and industry with a specification for embedding declarative tags into natural language 
texts and other forms of data. This would enable the automated generation of logic 
statements from well-structured natural language texts, although it would require an 
uncommon level of discipline among the natural language authors.

2.3.3 1970s

• In 1974 Robert Kowalski published the short article Predicate Logic as Programming 
Language in which he first described a procedural logic interpretation of Alfred Horn’s 
deductive logic clauses. This could be used to relate contingent input states to programmable 
instructions to computers. (Kowalski, 1974) Lloyd explains the significance:

“The idea that first order logic, or at least substantial subsets of it, could be used as a programming 
language was revolutionary, because, until 1972, logic had only ever been used as a specification or 
declarative language in computer science. However, what [Kowalski] shows is that logic has a procedural 
interpretation, which makes it very effective as a programming language.” (Lloyd, 1987, p. 2)

In 1979, Kowalski published the 250-page Logic for Problem Solving, which provided a 
foundation for programming languages, database design and intelligent systems.

• Alain Colmerauer and Philippe Roussel expressed Kowalski’s procedural logic in the 
language Prolog (PROgrammation en LOGique). 

• Jonas Rabin organized through CODASYL to establish in 1973 the “Decision Table Task 
Group”, a multi-stakeholder forum to assemble and refine the concepts and methods of 
expressing Kowalski’s procedural logic in tabular form, to generally improve their usability, 
and to develop a strategy for promoting their use. 

• In 1975 Dick Morley's team at Modicon introduced the first programmable logic controller 
(PLC) driven by a microprocessor.

• Art Lew and Doris Tamanaha demonstrated how “any Turing Machine program can be 
‘emulated’ by Minsky’s procedural decision tables. This is done by letting each Turing 
Machine instruction of the form (input,state)+(output, tape movement, state) be represented 
by a decision table rule where (input,state) are conditions and (output,tape movement,state) 
are actions.” (Lew & Tamanaha, 1976)

• Scott Fahlman designed NETL (NETwork Language) knowledge representation system 
which stored real-world, common-sense knowledge in a massively parallel network of 
simple elements (Fahlman, 1977), essentially to “supply declarative information in response 
to queries.” (Holland, 1999)

• At the beginning of the 1970s the telex (teleprinter exchange) wireless radio-satellite-
microwave network was in use globally by banks to route money messages using a common
syntax and semantics across linguistic and systems boundaries.5 

• Stafford Beer, Fernando Flores and Raúl Espejo led Project Cybersyn in Chile to create a 
digital network of real-time dynamic supply chain data (Cyberstride) across industry sites in 
manufacturing, primary production, transport, storage, etc., based upon the initial 1972 
version of Beer’s Viable System Model (Beer, 1981) (Andrew, 2012) (Leonard, 2015) 

5 Each telex machine had an identity on the network so that users could direct messages using the machine’s keyboard, 
which punched holes in a paper tape. Each line of eight holes across a one-inch tape represented one byte of binary data 
(0000 0000 to 1111 1111), enabling 255 unique hexadecimal values. A ninth line of holes was for a sprocket to move the
tape through the machine so that it could read the tape and convert the data to electromagnetic wireless signals. 
Automatic confirmation of each message was accomplished by placing a WRU (Who aRe yoU) code at the beginning 
of each transmission, which would automatically prompt the recipient telex machine to send an "answerback" 
identification message. 
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(Medina, 2015) Telex machines would transmit live data to a mainframe computer (first an 
IBM System/360 then a Burroughs 3500) to provide dynamic updates to a whole-economy 
simulation model programmed in DYNAMO (DYNAmic MOdels) (Forrester, 1961), in 
order to return live feedback for supply chain optimization. 

“The system Beer proposed worked in the following way. Interventors 
would use the telex machines at their enterprises to send production data 
to the telex machine located at the National Computer Corporation. 
Chilean computer experts would then punch the data onto cards and feed 
them to the mainframe. The computer ran statistical software programs 
that compared the new data with those collected previously, searching for 
significant variations. If the program encountered such a variation, it 
alerted the computer operators, who would send the data over the telex 
network to CORFO and the interventors affected. As a result, CORFO 
[Corporación de Fomento de la Producción / Corporation to Foment 
Production] would communicate with the interventors in order to better 
understand the situation and help resolve the problem, if one existed.” 
(Medina, 2011, p. 72) 

2.3.4 1980s

• A comprehensive 270-page report“A Modern Appraisal of Decision Tables” was published 
by CODASYL’s “Decision Table Task Group”, to advance tabular declarative input/output 
programming methods for general-purpose computing (Jorgensen & Marselos, 1982). A 
concise view of the approach from this period is provided in the work of Art Lew (Lew, 
1982) (Lew, 1983). 

• Marek Sergot, Robert Kowalski et.al. programmed the British Nationality Act in Prolog as 
an experiment to test its suitability for expressing legislation. As part of this first significant 
experiment in “rules-as-code”, the team also programmed various sections of legislation on 
immigration, taxes, subsidies, pensions and employee compensation. The main limitations 
they reported had to do with interpreting negation as failure; the difficulty handling 
counterfactual conditionals (a state that is not, but could or would have been); and various 
complex and commonsense issues of knowledge representation needed to understand the 
legislation. (Sergot et al., 1986)

• Kark-Erik Erikkson, Kristian Lindgran and Bengt Mansson developed general-purpose 
quantitative measures for data science (i.e. information structure, texture and complexity, 
including algorithmic information) as a basis for interdisciplinary communication. (Eriksson
et al., 1987) The same year the “Committee on NASA Information Systems” chaired by 
Adrian McDonough, published a report that set out priorities for the domain of data science 
research and development. (McDonough, 1987)

• Hervé Gallaire, Jack Minker, David Maier and David Warren collaborated to create Datalog as a 
simpler subset of Prolog, consisting solely of declarative facts and rules, without operational 
functions. Rules are expressed as two-part clauses: the facts about an event or state and its logical 
implications. Facts alone are expressed with no implications. (Lloyd, 1987) 
◦ A fact asserts with a predicate that a stated object is true for a particular combination of 

stated subject values.
◦ A rule asserts that whenever certain facts occur, then at least one additional fact is 

asserted in a derived relation. (Maier et al., 2018, pp. 3–5) 
This provides the basis for programming with first-order logic. Datalog separates statements 
of logical relations from resolution procedures, so that programmers can focus on specifying 
the logical relations with purely declarative facts and rules. The machine optimizes how 
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each problem is to be solved using its available procedures. John Alan Robinson described the
duality of deductive and procedural logic:

“I know that it's literally true that a function is just a special kind of relation. But you can 
turn that around, and you can observe also with equal merit that a relation is just a special 
kind of function. As a matter of fact, that's how [Gottlob] Frege saw it. For him, a relation is 
a function from tuples of things to truth values. And so, you think of evaluating a relation in 
just the same way as you think of evaluating any other function. It's just a different target 
domain.” (Robinson, 1983, p. 114) (Frege, 1879, §9)

• Wider interest in Goldfarb’s framework for embedding tags in rules of government, law, and
industry led to its status as the global Standard Generalized Markup Language (SGML) 
(ISO, 1986).

• A comparative review of digital filtering methods with over a hundred rules was published in 
1987 by James Woolley and Nicholas Stone (Woolley & Stone, 1987).

2.3.5 1990s

• The divergence in methods for predicate logic that emerged in the 1970s changed character 
in the 1990s. The market for procedural programming tended towards a style of imperative 
instructions, whereas declarative programming tended towards a tabular style.

◦ Procedural imperative programming found its niche in general market computing where
programmers, as ‘software engineers’, are expected to rapidly show ‘good-enough’ 
prototypes for highly competitive milestone-driven clients. Step-wise developer 
productiveness is measured by speed of delivery and the number of process functions 
built into a system. 

◦ Tabular declarative programming found its niche in large-scale, complex industry use 
cases in which operational integrity is mission-critical (banking, nuclear control systems,
insurance). In such scenarios, analysts and programmers, as applied ‘logicians’, are 
provided the time to understand and solve for whole system problems. Tabular 
expression of both the metadata and logic simplifies documentation, support, auditing 
and maintenance.

Fred Brooks explained at the time: “Show me your flowcharts and conceal your tables, and I
shall continue to be mystified. Show me your tables, and I won't usually need your 
flowcharts; they'll be obvious.” (Brooks, 1995)

• In 1992 Jan Vanthienen and Elke Dries published Developments in Decision Tables: 
Evolution, Applications and a Proposed Standard with a generic and a formal definition, in 
the procedural declarative style (Vanthienen & Dries, 1992):

“A decision table is a tabular representation used to describe and analyze procedural 
decision situations, where the state of a number of conditions determines the execution of a 
set of actions. ... all distinct situations are shown as columns in a table, such that every 
possible case is included in one and only one column (completeness and exclusivity).”

“The decision table is a function from the Cartesian product of the condition states 
CR = CT1 x ... x CTenum to the Cartesian product of the action values 
AR = AV1 x ... x AVanum, by which every condition combination x  CR is mapped into one ∈
(completeness) and only one (exclusivity) action configuration z  AR.”∈

• One of the most prominent industry implementations of tabular declarative programming 
was on mainframes for global banking, financial services and industrial organizations, 
designed by Wayne Cunneyworth and William Olders. They combined the methods of 
Datalog with input/output tables to express algorithm logic gates, which could be stored pre-
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parsed, ready for execution by an interpreter. Variables were completed during execution 
with incoming transaction data and in-memory look-up tables. These tables could be fixed 
or variable length, and were also portable across different interpreters. The method is 
explained in “Table Driven Design: A development strategy for minimal maintenance 
information systems”. (Cunneyworth, 1994) 

• Concurrent work in tabular declarative programming was led by David Parnas, Jan Madey 
and Michal Iglewski. They were concerned with the documentation of nuclear energy 
management systems, to facilitate pragmatic program auditing and overall ease of 
maintenance. (Lorge Parnas et al., 1994) 

• Ron Ross published a specification for ‘RuleSpeak’, a notation for rules based on structured 
English with a set of re-usable semantic and syntactic patterns. (Ross, 1997)

• John Chambers and Rick Becker led development of the S language for tabular 
“programming with data” which was structured as subject-predicate-object triples 
(Chambers, 1998). This became more widely used in geomatics, health sciences and 
econometrics through the free/libre/open derivative R language led by Ross Ihaka and 
Robert Gentleman (Ihaka & Gentleman, 1996). Today R remains a widely used platform for 
data analytics. In a 1993 article Chambers distinguished fundamental learning from data 
(“Greater Statistics”) from superficial statistical methods (“Lesser Statistics”). He explained:
“It is our version of the scientific method, with an emphasis on empirical understanding and 
a healthy skepticism about theory for its own sake: in short, a methodology for learning 
from data.” (Chambers, 1993)

• Jon Bosak, Tim Bray, James Clark and others to created a working subset of SGML called 
eXtensible Markup Language (XML) in order to embed semantic schemas into Web 
documents, and to enable data interchange among networked heterogeneous systems. 
(Bosak, 1996) This technique was helpful to both the procedural imperative and tabular 
declarative styles of programming, and it led to widespread collaboration towards a 
“Semantic Web” (Berners-Lee, Hendler, & Lassila, 2001). A further step was taken by 
Michael Genesereth and Richard Fikes who designed the Knowledge Interchange Format 
(KIF) to embed first-order logic directly into Web documents (Genesereth & Fikes, 1992) 

• Leonard Adleman introduced a method for general-purpose molecular computing based on 
quaternary logic with the DNA and RNA nucleotides {A,C,G,U} and {A,C,G,T} (Adleman, 1994) 
(Lipton & Baum, 1996) (Arkin & Endy, 1999). He solved a Hamiltonian path problem (find the 
shortest route on a network that that visits each vertex exactly once) by associating each vertex with 
a random 20-mer sequence of DNA, to form a solution of DNA molecules that would encode 
random paths through the graph. Successive orthogonal filters were then used to sift the optimal path
result. This work launched the field of general-purpose molecular computing. It which differs in 
purpose from gene-based therapeutics and materials bio-engineering. Adelman’s work promptly 
led to the annual International Conference on DNA Computing and Molecular Programming 
which has continued since 1995 (ISNSCE, 2021).

2.3.6 Early 2000s

• A concise 20-year retrospective editorial comment by Moshe Vardi, Editor-in-chief of 
Communications of the ACM explored the roots of the distinction between deductive versus 
procedural programming. His assessment “What is an Algorithm?” (Vardi, 2012) reviewed 
two seminal articles with the same title:
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◦ A paper by Yiannis Moschavakis entitled “What is an Algorithm?” defines it as any 
procedural expression designed to accept input data x, and to return output f(x) as further
input. It is therefore referred to as a ‘recursor’ which terminates once a specified 
condition is reached (Moschovakis, 2001). This view underlies the imperative 
procedural programming style. 

◦ A paper by Yuri Gurevich also entitled “What is an Algorithm?” considered this to refer 
to any instruction for storing data in a particular state. From input data x, this ‘abstract 
state machine’ generates a resulting output f(x) (Gurevich, 2014). This view underlies the
tabular declarative programming style. 

Vardi accepts both of these with the following rationale:6 

“So is an algorithm an abstract state machine or a recursor? 
Mathematically, one can show that recursors can model abstract state 
machines and abstract state machines can model recursors, but which 
definition is primary? … An algorithm is both an abstract state 
machine and a recursor, and neither viewed by itself fully describes 
what an algorithm is. This algorithmic duality seems to be a 
fundamental principle of computer science.” (Vardi, 2012, p. 5)

• General purpose molecular computing based upon quaternary logic with nucleotides of DNA 
{A,C,G,T} and RNA {A,C,G,U} moved from the lab to early-stage applications: (Benenson et 
al., 2003) (Damjanović & Rakočević, 2005) (Ignatova et al., 2008) (Mizas et al., 2008) 
(Phillips & Cardelli, 2009).

• “Data science” came to be widely acknowledged as a distinct academic and commercial 
research domain beyond computational algorithms, to include information theory, scenario 
modelling, data systems design, and processing performance. (Cleveland, 2014) (Donoho, 2017)

• Ian Grigg published The Ricardian Contract, a method to identify and describe the issuance of
financial instruments as contracts. This arose from earlier design work by Grigg and Gary 
Howland on the Ricardo payment system.

“Whereas other issues have contracts, our issues are contracts. Our innovation is to 
express an issued instrument as a contract, and to link that contract into every aspect of
the payment system. By this process, a document of some broad utility (readable by 
user and program) is drafted and digitally signed by the issuer of the instrument. This 
document, the Ricardian Contract, forms the basis for understanding an issue and 
every transaction within that issue. By extension, all issues of value, such as currencies, 
shares, derivatives, loyalty systems and vouchers, can benefit from this approach.” (Grigg, 
2004)

• The phrase “Big Data” came to refer to the "explosive growth in data volume, velocity and 
variety" throughout business, academic, scientific and government domains, and new types of 
systems and methods to obtain meaning from it. (Diebold, 2012)

• Leo Breiman described two cultures in data science: data modelling (goodness of fit) in 
academic venues, versus algorithmic modelling (decision trees/tables) in business and industry. 

“The approach is that nature produces data in a black box whose insides are 
complex, mysterious, and, at least, partly unknowable. What is observed is a set
of x’s that go in and a subsequent set of y’s that come out. The problem is to 
find an algorithm f(x) such that for future x in a test set, f(x) will be a good 
predictor of y." (Breiman, 2001)

6 Both interpretations are consistent with Robert Kowalski’s 1979 paper “Algorithm = Logic + Control” 

Literature Review 35



• The extensibility of XML ensured its adaptability to any context and any level of granularity. 
At first this seemed optimal, but through this decade XML schema proliferation resulted in a 
complicated labyrinth of competing standards. Ironically, this undermined computational 
simplicity and speed. Domain-specific XML schemas seem suitable when a browser has a 
limited job to do in attaching semantics to displayed content of an individual site. But the 
large number and diversity of XML schemas which had come to be designed and implemented
‘bottom-up’ by diverse communities led to redundancy and inconsistency for the Semantic 
Web as a whole (Sliwa & King, 2000). 

• The need for interoperability among XML schemas led to the Resource Description 
Framework (RDF) which supplied a cross-platform structure for subject-verb-object triples 
(Brickley & Guha, 2000) (Bray, 2001). This provided the basis for Semantic Web Rule 
Language (SWRL) (Horrocks et al., 2004) offering developers a way to create “sets of 
inference rules that they can use to conduct automated reasoning”, with “a language that 
expresses both data and rules for reasoning” (Berners-Lee et al., 2001). This expanded as the 
“Policy-Aware Web” (Weitzner et al., 2006), including a rules language for the Semantic Web 
(N3) (Berners-Lee & Connolly, 2008). 

• Several competing standards emerged for rules expression across business rule domains, 
languages, software systems:

◦ OASIS published RuleML semantic schema standard, led by Harold Boley, Adrian 
Paschke (Boley, 2006). 

◦ The Object Management Group (OMG) published Semantics of Business Vocabulary and 
Business Rules (SBVR), led by Ron Ross (OMG, 2005). This includes RuleSpeak, a 
comprehensive business rule notation and grammar in “structured English” (OMG, 
2016b). Also James Taylor, Neil Raden, Barbara von Halle, Larry Goldberg, Ron Ross 
produced Decision Model and Notation (DMN) through the OMG to express logic rules 
for Business Process Model and Notation (BPMN) (OMG, 2013). 

◦ The ISO has published and maintained several relevant standards. ISO TC 37 Terminology
and Language & other Content Resources structures communication using special purpose
structured natural languages. Formal logic expression was added through ISO 1087-
1:2000 Terminology work — Vocabulary. Additional standards relating to rules expression 
are: ISO/TC 37/SC 4 Language resource management; and, ISO/TR 9007:1987 
Information processing systems — Concepts and terminology for the conceptual schema 
and the information base. (ISO, 1947) (ISO, 2001) (ISO, 2000) (ISO, 1987) 

◦ A network of legal specialists led by Alexander Boer, Radboud Winkels and Fabio Vitali 
designed MetaLex as a proposed standard for jurisdiction-neutral, language-neutral XML 
encoding of legislation, as well as the Legal Knowledge Interchange Format (LKIF) 
ontology, application programmer interface, and inference engine specification for legal 
decision support systems and data interchange. 

◦ Meanwhile, diverse industry sectors involved in practical rules automation, from taxation 
services to autonomous vehicles, pursued domain-specific standardization. The majority of
this has involved procedural imperative rules-as-code libraries for particular application 
environments, while the tabular declarative rules-as-data style was maintained in several 
specialized domains. 

• Ana Moreno Garcia and Jan Vanthienen provided an annotated bibliography on the decision table
literature from 1982 through 2000. (Garcia et al., 2000) A comprehensive “History of Modelling 
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Decisions using Tables” is maintained online by Jan Vanthienen (Vanthienen, 2012a) (Vanthienen, 
2012b) (Vanthienen, 2012c).

• Algorithmic systems began to out-perform humans in complex decision environments (Das
et al., 2001). David X. Li's Gaussian copula function came to dominate the algorithmic 
derivatives which supplanted market pricing based on human determination of price (Li, 
2000), although he was concerned about unwarranted faith in his work and he cautioned in 
2005: "The most dangerous part is when people believe everything coming out of it 
(Whitehouse, 2005).” By 2008 three quarters of global financial liquidity was expressed as 
derivatives, ballooning to more than seven times global Gross Domestic Product (BIS, 2008). 
In the midst of the 2008 financial implosion, a short pseudonymous paper "Bitcoin: A Peer-to-
Peer Electronic Cash System" (Nakamoto, 2008) introduced the algorithmic “blockchain” 
method of recording and verifying transactions. 

• Wes McKinney added Pandas ('panel data') tabular programming capabilities to the otherwise 
procedural Python programming environment. 

• In 2009 Emilian Pascalau and Adrian Giurca introduced JSON Rules - The JavaScript Rule 
Engine, a procedural event-condition-action (ECA) capability to handle DOM (Document 
Object Model) events within the browser. (Pascalau & Giurca, 2009)

• Jeffrey Dean and Sanjay Ghemawat integrated data mapping and data reduction functions of 
John McCarthy’s LISP framework into a simple, scalable, fault-tolerant ‘map/reduce’ data 
processing pattern. Map/reduce enables selecting and sorting through large volumes of 
distributed data in a single pass (i.e. without ‘loop’ or ‘if’ statements) using parallel processing 
across any number of platforms. (Dean & Ghemawat, 2008b, p 107) 

2.3.7 2010s

• The phrase “Data-Driven Transformation” came into use in reference to normative macro-
level decision-making based upon large-scale accumulation, automated processing and 
analysis of data structures, functions, feedbacks and boundaries. The related phrase “data-
driven development” (Dubois et al., 2000) (Anderson, 2015) (Hoffman, 2015) (World Bank, 
2019) also incorporated deontic analysis and interpretation. Global regional and local 
competitive markets came to be shaped by competitive control over automated data 
accumulation and flow. (Baker et al., 2005) (Orlowski, 2020) 
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• General purpose molecular computing based on quaternary logic with {A,C,G,T} data storage in 
DNA and {A,C,G,U} data processing via messenger RNA (mRNA) logic gates was formalized 
and deployed in a variety of fields (Zhao & Chakrabarty, 2010) (Xie et al., 2010) (Hamano, 
2012) (Moon et al., 2012) (Siuti et al., 2013) (Purcell & Lu, 2014) (Singh, 2014) (Farsad et al., 
2016) (Coleman, 2016) (Gaudelli et al., 2017) (Rakočević, 2018) (Dalchau et al., 2018) (Hong 
& Šulc, 2019) (Kim et al., 2019) (Spaccasassi et al., 2019) (Wei et al., 2019) (Peng et al., 2020) 
(Katz, 2020) (Chen et al., 2020) (BioBricks Foundation, 2021)

• Tatiana von Landesberger, Dieter Fellner and Roy Ruddle formalized the concept of “data 
processing pipelines—the set of data processing steps, parameters and algorithms that 
perform operations on the data” as an input-output sequence. (von Landesberger et al., 2017)

• The proliferation of computerized networked devices and decision management systems led 
naturally to an expansion of rules automation research and deployment, requiring the 
communication of rules and requirements across different platforms. A commonly declared 
target was a single open, generic, non-proprietary meta-model for rules defined by an XML 
schema. But competitive systems had already been implemented and deployed, therefore 
standardization of metadata was impractical. Brian Stucky has commented: 

“The search for standards began with business rules and we saw approaches like RuleML, 
XBRL, RuleSpeak, SVBR, and many others. All great work, but none provided THE answer. 
With every BRMS vendor using its own proprietary representation for rule execution, and their 
own syntax for expressing rules across various metaphors, this task became increasingly difficult.
Consequently, virtually every business rule implementation became unique – not only from 
company to company but often within the same company. More recent efforts, including RIF 
(Rule Interchange Format), can potentially narrow the gap – but the gap it still exists. ... And now
we see yet another emerging standard for the new world of decision management – the Decision 
Management Notation (DMN). ... The stated goals for DMN are twofold: 1) to provide a notation
understandable by all business users and technical developers, and 2) to ensure decision models 
are interchangeable across organizations via XML.” (Stucky, 2020)

The drive for an interchange standard for rules data has been only partially successful. 
Currently there are two general-purpose rule interchange standards which are similar. They 
can be can be approximately auto-transcribed into each other, although they are not fully inter-
operable (IBM, 2014).
◦ The Rule Interchange Format (RIF) (Kifer & Boley, 2013) became a World Wide Web 

Consortium (W3C) recommendation for decision rules in mid-June 2010. 
◦ The Requirements Interchange Format (ReqIF) originally from the automobile design 

industry, expanded into other engineering and manufacturing fields, and in early 2011 
became a specification of the Object Management Group (OMG, 2016a).

• Formal logic expression in XML arose from two philosophically different directions: 

◦ A general-to-specific conceptual trajectory of RuleML arose from primary research led by Harold
Boley to create a general purpose method for network communication of rules in a manner that 
can be modelled, automatically validated and functionally operated (Boley, 2006) (Boley et al., 
2010) (Boley et al., 2017). This has been extended to diverse domains.

◦ A specific-to-general trajectory of the RASE Method (Requirements-Applicabilities-
Selection-Exception) originated with applied architectural engineering work by Eilif Hjelseth
and Nick Nisbet to automate compliance validation of digital building information models 
(BIM) (Hjelseth & Nisbet, 2010) (Hjelseth & Nisbet, 2011). This has since been extended to
additional domains (Schartum, 2016a). 

• The Object Management Group adopted RuleSpeak guidelines for business rule expression in 
Structured English, as a core part of its standard on Semantics of Business Vocabulary and 
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Business Rules (SBVR) (OMG, 2005) (OMG, 2019b) (Annex A - SBVR Structured English; 
Annex B - SBVR Structured English Patterns; and Annex H - The RuleSpeak Business Rule 
Notation (OMG, 2016b)

• Reynold Xin designed ‘data-frames’ to bring tabular declarative programming capability to the
Spark data processing platform.

• Avinash Lakshman and Prashant Malik designed the Cassandra Query Language (CQL) 
‘wide-column’ database format to optimize the layout of ad hoc data for predetermined query 
types (Carpenter & Hewitt, 2016). This is unlike the Standard Query Language (SQL) 
‘relational’ data format that is optimized for ad hoc queries against a predetermined data model. 
Relational databases place related fields into named tables with a unique identifier 
distinguishing each record. In contrast, wide-column databases place related facts into 
columns of flexible tables (‘data fabrics’) and employ the column names as the search keys. In
the wide-column data store there are as many columns as there are data types, and each row 
contains a unique record that may have data or null in each column. 
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Chapter 3: Methodology

3.1 Design Research 

This research involves both qualitative and quantitative aspects, not as distinct parallel undertakings, 

but as concurrent characteristics of a unified method. Qualitative design conceptualization informs the

specification of tests that generate quantitative data (Edmonds, 2015). This differs from the more 

common premise in methodological literature which divides positivist quantitative methods from 

constructivist qualitative approaches. Both positivist and constructivist views are engaged in model-

based design research (Jonas, 2006) (Horváth, 2007) (Faste & Faste, 2012) as they are in an action 

theory of projects (Bredillet, 2005). The positivist elements of this research work are subject to 

constructivist influences of the researcher as an active agent (Archer, 2007), in a process that 

Sinkovics and Alfoldi refer to as “non-linear progressive focusing” (Sinkovics & Alfoldi, 2012). 

Figure 3. Criteria for a Research Problem
 (Kingston et al., 1999) 

Kingston, Henderson and Vernik have 

succinctly illustrated (Figure 3 at left) three

primary requirements of a good research 

problem: that it is perceived by 

stakeholders to be a problem to be solved; 

that it is indeed solvable; and that its 

resolution worth pursuing. (Kingston et al.,

1999) 

These lead pragmatically to three essential 

hypotheses, none of which can be taken for

granted for a particular problem: 

• H1: The problem is perceived by stakeholders.

• H2: The problem is solvable.

• H3: At least one solution to the problem can be developed and deployed with high impact.

All three hypotheses are relevant to a constructive design research project that would enable anyone 

to publish, discover, fetch, scrutinize, prioritize and have the capability to automate rules on digital 

networks. The third hypothesis, as it is stated here, actually incorporates two separate hypotheses : 

that at least one solution can be developed, and that it can be deployed with high impact. To 
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determine whether a solution can be deployed also requires qualitative analysis of the 

generalizability and utility of the design. All elements of this set of hypotheses benefit from 

historical and conceptual research methods in order to track down sources of ideas upon which to 

establish an informed research design initiative. 

Four channels were engaged in the course of this research:

• Intensive investigation and study of primary and secondary academic, industry and historical 
sources in a wide diversity of complementary domains. 

• Proactive sharing and discussion with others of my on-going research through free/libre/open 
licensing and venues, an online project management application, social media and conferences.

• Structured collaboration via the not-for-profit Xalgorithms Foundation, which I incorporated to 
manage research funding, issue contracts for supporting work, and host working groups.7

• Reflections on my own parallel involvements in various projects involving industry, government 
and other organizations. 

This project is structured in the tradition of “design science” which Vijay Vaishnavi and William 

Kuechler describe as “research that uses artifact design and construction (learning through building)

to generate new knowledge and insights into a class of problems” (Vaishnavi & Kuechler, 2015, p. 

396) (Chakrabarti & Lindemann, 2015) (Wieringa, 2014) Our process is described by Rudolf 

Sinkovics and Eva Alfoldi as “non-linear progressive focusing” (Sinkovics & Alfoldi, 2012)

undertaken as multiple iterative cycles in Imre Horváth's “design inclusive research” methodology 

(Horváth, 2007):

(a) Observe, describe and reflect on the current state of knowledge and application;

(b) Invent concepts, models, methodologies and designs, grounded in theory and practice;

(c) Assess validity and feasibility of designs through building and testing real instantiations.

This project is also shaped by a particular design research style:

(d) Identify and align to elemental design virtues and design norms, in the manner 
emphasized by Tim Berners-Lee in “Principles of Design” (Berners-Lee, 1998a);

(e) Implement working prototypes in the pragmatic tradition of the Internet developer community
(Russell, 2006), which reflects “concurrent engineering” as defined by Nicolas Maranzana and 
Emmanuel Caillaud (Maranzana et al., 2008) and “learning consortia” explained in the work 
of Edgar Schein (Schein, 1995);

(f) Pursue “engaged scholarship” relating know-how of industry practitioners with the work of 
concept theorists, following the guidance of Andrew Van de Ven and Paul Johnson (Van De Ven 
& Johnson, 2006). 

7 As of the date of thesis submission, Xalgorithms has under paid contract for supporting work two undergraduate 
students (Northwestern), two graduate students (Standford, Northwestern) and three recent graduates (Simon Fraser, 
Ottawa, Maryland Institute). 
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(g) Excavate root sources in the evolution of knowledge in the manner encouraged by 
(Popper, 1979, pp. 238–239), which can lead us to resurfacing useful ideas and techniques 
that have been overlooked or forgotten.

Three interacting layers are succinctly described by Elizabeth Steiner: “models can be devised from 

theory so that theories can impact upon practical decision-making (Steiner, 1998, p.9-10, emphasis 

added)”. These layers show up independently in Imre Horváth's phases of design inclusive research

as shown in Figure 4.

• Theory/Conception: Pre-study 
conceptualization research to 
determine how to examine the 
research problem; 

• Model/Design: Creative design 
research on models, and 
methodologies to creating a testable
"proof of concept" instantiations;

• Decisions/Prototyping: Validation 
of the research methods and design 
methods and the artifacts 
developed, with regard to 
generating useful domain 
knowledge.

Figure 4. The three layers described by Steiner also 
appear in Horváth's description (Horváth, 2007, p.7) 

There are numerous variants of this combined approach. Jawed Syed, John Mingers and Peter Murray

explore how the divergent perspectives of scholars and practitioners can be bridged with a critical 

realist approach (Syed et al., 2010). And John Reed, former CEO of Citigroup has emphasized that 

“maintaining the balance between core research and applied research is as important to us as it is to 

the academic enterprise” (Huff, 2000, p. 62). 

Pierre-Luc Lalonde, Mario Bourgault and Alain Findeli list four types of theory-practice 

relationships in project management literature: 

i. Detached prescriptive theory for guiding practice;

ii. Detached interpretive theory for understand practice; and 

iii. Engaged reflective theory-in-action, and 

iv. Engaged intuitive non-theoretical practice (Lalonde, Bourgault, & Findeli, 2010, p. 31).

Meso-level project design research is the third type: reflective theory-in-action, a type of engaged 

scholarship where the researcher co-produces with practitioners both academic knowledge and 

practical know-how (Van De Ven & Johnson, 2006). Kari Kukka and Petri Suomala refer to this as 

42 Joseph Potvin: Thesis



“interventionist research” in business (Lukka & Suomala, 2014). Collaborative learning with a 

community of scholars and practitioners exposes the researcher to diverse perspectives, alternative 

ways to frame the problem, as well as alternative theories and models (Sinkovics & Alfoldi, 2012). 

Engaged scholarship spans professional and scientific orientations (Ormerod, 2009, p. 1209). This 

involves a commitment to bind conceptual research with tangible problems in all of their 

implementation complexity.8 

No human ‘subjects’ other than research colleagues and project implementation stakeholders have been 

involved in the dissertation research. The undertaking involved collaborative learning with a community 

of scholars and industry practitioners, on free/libre/open licensing terms. This interaction exposed the 

researcher to diverse perspectives, alternative ways to frame problems, novel ideas and models, and 

ongoing peer review to assess and iteratively improve technical feasibility, practical usability and 

expressed receptivity.

3.2 Design Success Criteria

This doctoral research undertaking is a project, and as such it can be assessed according to the 

factors that are generally used to assess project manager performance: effectiveness (quantitative and 

qualitative target outcomes are achieved with the least time, resources and risk) and efficiency 

(quantitative and qualitative outcomes are justifiable relative to time, resources and risk). These 

considerations are variously described in all four of the leading international project manager 

competency standards (ISO, 2012, Section 4.3) (IPMA, 2006, Section 3.10, p 150-153) (Crawford & 

Duncan, 2007, p. 4) (ICCPM, 2012, Views 3, 6. 9). 

The challenge, however, is that the design goal of this research project is the specification of a as 

meso-level system to improve rules and practices across whole industries and markets to enhance 

performance of decision-makers within organizations (micro-level), tend to proliferate, and upon 

reaching critical mass, can result in transformative effects for whole societies and economies (macro-

8 Two thousand years ago Aristotle characterized three essential types of human activity:
• Theoria as the activity of which the purpose is to understand; 
• Praxis as activity of which the purpose is the action itself; and 
• Poiesis as activity of which the purpose is production. (Aristotle, 1991) 

Humberto Maturana and Francisco Varela have distinguished two forms of poiesis, activity for the purpose of 
production. They coined the term autopoiesis to refer to the activity of an agent specifying and producing itself; and 
allopoiesis to refer to the activity of an agent producing a class of thing distinct from itself. (Maturana & Varela, 
1980) In the context of these terms, we may say that the present research is in the realm of theoria-allopoiesis.
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level). Such outcomes cannot be evaluated directly or within an immediate time scale. Instead, our 

design research methodology depends on evidence for assessment against three success criteria: 

1. Feasibility: Establish technically whether the design works and can scale. 

2. Generalizability: Evaluate the usability of the design for practical purposes.

3. Utility: Assess any expressed and demonstrated responses from others about the utility 
of the design, and what may be learned from their reactions. 

3.2.1 Design Feasibility

Feasibility is assessed with factual test cases, test criteria, acceptance testing and acceptance criteria

(IEEE, 1990). A test case is a set of test inputs, execution conditions and expected results for each 

particular functional objective. Test criteria express the precise results that a system or component 

must meet in order to pass a given test. Acceptance testing expands the feasibility analysis to 

whether or not a user, customer, or other class of target agent would engage the system. Acceptance 

criteria express the factors that users require or prefer to be satisfied. 

Empirical evidence of feasibility is straightforward: this project succeeds or fails to design and 

implement, with working source code, a data processor, and data flows, a system that plausibly 

enables anyone to express, publish and fetch computational Rules on the Internet for purposes 

relevant to the financial control activities of a typical project manager. This will be approached as a 

binary pass/fail determination, because anything less than an elegant, efficient and scalable system 

design cannot achieve ubiquity. Ubiquity is not the criterion, rather the plausibility of ubiquity. 

Operational proof-of-concept test cases will be designed and performed to demonstrate a small 

sample of hypothetical but realistic use cases in fiscal/regulatory, contractual/financial and industrial 

control system domains. Documentation will summarize the nature of interest expressed amongst 

genuine project managers to participate in ‘alpha testing’ of this Internet of Rules service. These 

managers shall be assumed to prioritize the above-mentioned effectiveness and efficiency criteria.

3.2.2 Design Generalizability

Generalizability is assessed in terms of whether the design is readily applicable across many 

domains and could plausibly gain significant or even ubiquitous adoption in them. The scope of this

research must be limited to plausible scenarios rather than actual implementation of the newly-

designed system in genuine business settings. General applicability can be tested by inventing and 

describing plausible implementation scenarios, then considering each in terms of relative 

practicality, affordability, efficiency, flexibility, accessibility and user empowerment. Rafael 

Ramı́rez and Cynthia Selin explain: "For the plausibility-focused, scenario planning is about 
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manufacturing challenging, relevant future possible contexts for a user and with an explicit use of 

the scenarios. ... Plausibility-focused scenarios can be produced inductively, where the scenarios are

produced first iteratively and then compared; or in a deductive fashion, where the framework for 

comparing among them is developed first, then the scenarios.” (Ramírez & Selin, 2014, p. 64) 

Evidence of generalizability involves various types of qualitative assessment internal to the design 

project (variety of scenarios developed; analysis of trade-offs; identification and mitigation of actual

and perceived risks). A longitudinal assessment of generalizability is achieved through conceptual 

provenance research. Of the various approaches reviewed by Jennifer Douglas (Douglas, 2017), I 

am concerned here with socio-historical provenance of concepts described by Tom Nesmith, who 

emphasizes the “socio-economic conditions, social assumptions, values, ideas, and aspirations” 

through which ideas originate and evolve (Nesmith, 2007, p. 352). Matthias Kipping et.al. outline 

this methodology as involving three pursuits with relevant historical sources: “(i) the critique of 

each text to determine its external as well as internal validity; (ii) a triangulation of various sources 

to reduce bias and increase confidence in the robustness of the research results; and (iii) an iterative 

process (often referred to as the “hermeneutic circle”), which situates texts within their historical 

contexts and in relation to other texts.” (Kipping et al., 2013, p. 312) 

3.2.3 Design Utility

Utility is evaluated as enabling increased capability amongst project managers for effectiveness 

(greater qualitative outcomes achievable relative to quantitative time, money or risk) and/or 

efficiency (target qualitative outcomes achievable with less quantitative time, money or risk). This 

goes beyond describing plausible circumstances, to include explaining how both quantitative and 

qualitative analysis can be pursued. This design research will therefore describe how quantitative 

measurement can be undertaken to evaluate the effect of automating Rules transmission upon 

manager control over project time, money and risk.

Evidence of utility will be determined as ‘receptivity’ by others to the envisioned use cases of 

automated Rules transmission. A conventional ‘peer review’approach will be used to develop actual

engagement with others in the collaborative design and communication of various use case 

scenarios. This is factlitated with free/libre/open source licensing and methods (Free Software 

Foundation, 1996) (Open Source Initiative, 1998). Engagement and collaboration depends upon 

both active facilitation and the explicit absence of artificial barriers. This will be evaluated through 

‘in-field’ communications with various subject matter experts about potential applications of this 

design research.
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3.3 Design Virtues and Norms

An explicit set of design virtues which are grounded in ethics, and design norms based in pragmatism, 

have guided our systems design research towards the Data With Direction Specification, and have 

enabled consistency of purpose throughout its project trajectory. 

Twenty years ago in “Principles of Design” Tim Berners-Lee encouraged the general criteria of: 

‘simplicity’, ‘tolerance’, ‘modularity’, ‘decentralization’, ‘interoperability’ and ‘least power’. (Berners-

Lee, 1998a). For making purposeful choices and for evaluating outcomes of the design research and the 

operational DWDS, we augment his list with four chosen criteria: ‘free/libre/open relationships’, 

‘intuitiveness’, ‘human-centred automation’, and a ‘tabular declarative style’.

Following is our perspective on each of these qualitative design virtues and norms which should be 

observable in the result. Our list seems to be generally consistent with the “Ten Theses on Logic 

Languages for the Semantic Web” described by François Bry and Massimo Marchiori (Bry & Marchiori, 

2005), but our scope concerns a specialized end-to-end system design that has additional requirements.

3.3.1 Design Virtues

3.3.1.1 Human-Centred Automation

In her pivotal work Ironies of Automation, Lisanne Bainbridge explained why and how “designer 

errors can be a major source of operating problems” (Bainbridge, 1982, p. 129), and she provided the 

kernel of understanding to ‘human-centred automation’ (Mitchell, 1996) (Nadeem, 2019) (Strauch, 2018) 

(Neyland & Möllers, 2017) An automated system may incorporate a conceptual or implementation error, 

could be receiving faulty data (Ethiopia, 2019) (Indonesia, 2018) or be compromised by an adversarial 

attack (Finlayson et al., 2019) (Knight, 2019) (Tencent, 2019). Less ominously, there are more and less 

efficient ways to accomplish a purpose, and the automation designer and operations manager might have 

different preferences or priorities. 

Human-centred design in the general domain of computational rules systems would never automate 

the imperative imposition or enforcement of rules. Instead, each person who is subject to a rule 

ultimately retains their inalienable prerogative of discretion about whether or not, and to what degree, to 

act in accordance with it (Conrad, 1988). Without such a premise of agency, prerogative would be 

superfluous. 
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Kees van Dongen and Peter-Paul van Maanen refer to empathy, accountability and error 

management as three ways in which human-centred automation designers may assure end-user 

agency (van Dongen & van Maanen, 2013): 

Stakeholder Empathy
• Use understandable modular algorithms to aid decisions
• Ensure that stakeholders know about each decision aid
• Make the reasoning of each decision aid easily available and understandable
• Reveal intermediate results in a comprehensible way so users are not lost

Designer/Supplier Accountability 
• Ensure that designers and suppliers of decision aids feel accountable for performance
• Ensure that designers and suppliers of decision aids are responsible for the outcome quality
• Ensure that decision aids accommodate of exceptions

Elegant Error Management
• Anticipate error and incorporate elegant error management into the design
• Make transparent the potential sources of error, and actual errors
• Inform stakeholders about conditions in which the decision aid performs well, and the 

conditions in which it does not

3.3.1.2 Free/Libre/Open Relationships

The ‘free/libre/open’ way combines active respect for user freedoms with the productivity of open source

methods. These are distinct but complementary demand-side and a supply-side perspectives on the 

relationships among the designers, operators and users of a system. On the demand side, this is premised 

upon every user’s freedom to run and to use the essential software components for any purpose, study 

how they work, to adapt them to specific needs, to copy and redistribute them, and to improve them and 

distribute modified versions. (Free Software Foundation, 1996) On the supply side, those who create, 

maintain and run software components or derivatives of them chose to authorize unrestricted publication 

of source code, free redistribution of verbatim or derivative works while respecting the integrity of 

author’s intellectual rights, neutrality regarding technology, fields of endeavour, deployment diversity, 

and transparency (Open Source Initiative, 1998) This working relationship depends upon both active 

facilitation and removal of artificial barriers. (Nature, 2014) (Evanko, 2014) 

3.3.1.3 Tolerance

Tolerance encompasses a designer’s spirit of respect for the prerogatives of those who are users of a 

design, or who are subject to its result, but also those across the community of other designers who 

would engage with the designed work in their preferred ways, for their own purposes, within their chosen

domains, using their preferred technologies, and interpreted in the contexts of their respective normative 

paradigms. In practice it means that a designer is attentive to tangible objective biases, and their internal 

subjective biases. Berners-Lee suggests a notional "tolerance ratio", positioning the degree to which a 
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system designer accommodates users, versus the degree to which users must accommodate the system 

designer. His illustrative example may seem trivial: "Always say 'http:' in lower case, but in practice 

understand 'HTTP:' too” (Berners-Lee, 1998b). But this demonstrates experience and understanding 

relating to potential sources of user frustration. He considers tolerance to be a “guiding rule in internet 

protocol design”.

This topic merits further reflection. The virtue of tolerance was a central theme in the 1859 book “On 

Liberty” by John Stuart Mill and Harriet Taylor Mill. In particular their second chapter entitled: "On the 

Liberty of Thought and Discussion" explains how intellectual pluralism is indispensable to solving problems: 

“It still remains to speak of one of the principal causes which make diversity of opinion 
advantageous, and will continue to do so... We have hitherto considered only two possibilities: 
that the received opinion may be false, and some other opinion, consequently true; or that, the 
received opinion being true, a conflict with the opposite error is essential to a clear 
apprehension and deep feeling of its truth. But there is a commoner case than either of these; 
when the conflicting doctrines, instead of being one true and the other false, share the truth 
between them and the non-conforming opinion is needed to supply the remainder of the truth, 
of which the received doctrine embodies only a part." (Mill & Mill, 1863, p. 88-89) 

Tolerance of multiple legitimate perceptions and normative frameworks is well developed in formal 

logic, and appears across many disciplines.9 In the realm of applied design, a pluralist demeanour 

enables the designer to accommodate the full scope of present and potential social scenarios, and 

provides access to the full range of technical methods. 

3.3.1.4 Interoperability

Interoperability is essential to market access and user choice. When nodes of a network are operated 

arms-length by autonomous competitive organizations, they negotiate common specifications, protocols 

and component designs through cooperative governance. Some consider this to be ‘collusion’ (OECD, 

2016), but others consider it straightforward that some degree of ‘co-opetition’ is indispensable to 

9 A general philosophy of intellectual pluralism is provided in the often misunderstood and criticized works of Paul 
Feyerabend (Feyerabend, 1982) (Feyerabend, 1993) (Feyerabend, 2011). Elisabeth Lloyd explains that Feyerabend’s defense 
of fringe ideas is motivated by “the central importance of a proliferation of views and methods—and the appropriate attitudes 
of openness and tolerance” grounded in Mills’ work ‘On Liberty’. (Lloyd, 1997)

A formal logic of pluralism is developed by Graham Priest who expands upon the essential ambiguity of Buddhist catuṣkoṭi 
philosophy in which True and False are positively coupled to singular values T and F, while B is assigned an active duality 
representing the superposition of Both True and False states (Priest, 2010), like ‘Schrödinger's Cat’ that’s alive and dead at the
same time. (Trimmer, 1980) 

In the natural sciences, physicists Gregoire Nicolis and Ilya Prigogine explain in their popular book reconciling the emergence
of complexity with the unrelenting necessity of entropy, that "a pluralistic view" is generally required to describe the physical 
world (Nicolis & Prigogine, 1989, p. 5-6). Their "principal message" is that a single mode of perception cannot hope to 
embrace the whole scope of observed phenomena. Similarly Tim Allen, an ecosystem scientist, has maintained that "several 
different world views or perceptions are required to solve a problem". (Allen, 1987, p. 25) 

In the humanities, anthropologist Michael Smith credited socio-political historian John Sydenham Furnivall as “the first to 
distinguish the plural society as a separate form of society”. (Smith, 1960, p. 763) In Furnivall’s most general expression, a 
plural society is one “in which two or more groups live side by side but separately within the same political unit” (Furnivall, 
1945, p. 167). In such scenarios demand is heterogeneous but intermingled because “they mix but they do not combine” 
(Furnivall, 1948, p. 304). Practical wants in the market for goods and services may be similar, say furniture or transportation, 
but higher-order wants, rules and modes of social interaction, are particular to each section (Furnivall, 1931, p. 178).
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achieving and maintaining open level market accessibility (Brandenburger & Nalebuff, 1997). 

Participants in a round table session at the 2018 World Trade Symposium considered: “How can silos 

that prevent interoperability be transformed into nodes of a network?” (Potvin, 2018) The group 

discussed practical techniques such as language-independent syntax (Bray, 2014), logic tables (Lew, 1983),

semantic schemas (OASIS, 2016) and network protocols (Carpenter, 1996) (Smith et al., 2011). They also 

reflected upon obstacles to interoperability, such as proprietary methods of expression, non-standardized 

or poorly documented data, interfaces and formats. And they discussed whole-system characteristics, 

such as:

• Primary components that conform with a full suite of network standards.
• Secondary connections that meet a minimum set of network standards. 
• Internal behaviour of any node that can diverge from network standards.

3.3.2 Design Norms

3.3.2.1 Simplicity

Design simplicity is superbly conveyed by aviator and writer Antoine de Saint-Exupéry:

"Have you ever thought... that all ... industrial efforts, all ... computations and calculations, all the 
nights spent working over draughts and blueprints, invariably culminate in the production of a thing 
whose sole and guiding principle is the ultimate principle of simplicity?

It is as if there were a natural law which ordained that to achieve this end, ... there must be the 
experimentation of several generations of craftsmen. 

In anything at all, perfection is finally attained not when there is no longer anything to add, but when
there is no longer anything to take away... 

It results from this that perfection of invention touches hands with absence of invention, as of that 
line which the human eye will follow with effortless delight were a line that had not been invented 
but simply discovered, had in the beginning been hidden by nature and in the end had been found by 
the engineer." (Saint-Exupéry, 2010, pp. 41–42)

And it was aeronautical engineer Clarence Johnson "applying the simplest, most straight-forward 

methods possible to develop and produce new products" who articulated the famous aphorism: “Keep it 

simple, stupid—KISS” (Rich, 1995, p 221, 231). 

System procedures and their user interfaces, just as well as documentation, can benefit from the famous 

7±2 observation on human short term memory (G. A. Miller, 1994), and its 4±1 refinement (Cowan, 

2001) (Mathy & Feldman, 2012). 

Doug McIlroy, a core contributor to the Unix operating system and to the Unix Philosophy integrated 

pragmatic simplicity into his work: the quality, readability and speed of a computer program’s source 

code is improved by decreasing the number of lines of code. He famously said: "The real hero of 

programming is the one who writes negative code." (McIlroy, 2009) This commonly rediscovered ‘less is
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more’ adage was highlighted recently by Jayesh Srivastava and Li Shu as the “affordance of absence”.10 

They describe the addition of utility to a product or service by the elimination of functionality, material 

or components. (Srivastava & Shu, 2014, p. 7) 

David Patterson and David Ditzel addressed this in "The Case for the Reduced Instruction Set 

Computer" (Patterson & Ditzel, 2000) “Some would argue that simplifying an architecture is a 

backwards step”, but they explain why a “Reduced Instruction Set Computer” has four advantages: 

Implementation Feasibility: “A complex architecture has less of a chance of being 
realized in a given technology than does a less complicated architecture";
Design Time: "[A] design that takes only two years to design and debug can potentially
use a much superior technology and hence be more effective than a design that takes 
four years to design and debug.";
Speed: "If leaving out an instruction or address mode causes the machine to speed up 
the minor cycle by 10%, then the addition would have to speed up the machine by 
more than 10% to be cost-effective."; 

Better Use of Chip Area: “[A]rea gained back ... can be used to make the RISC even 
more attractive ... For example, … the entire system performance might improve more 
if silicon area were instead used for on-chip caches, larger and faster transistors, or 
even pipelining. ... the RISC architecture can always stay one step ahead

They emphasize whole-system performance optimization:

“By a judicious choice of the proper instruction set and the design of a corresponding 
architecture, we feel that it should be possible to have a very simple instruction set that can 
be very fast. This may lead to a substantial net gain in overall program execution speed. 
This is the concept of the Reduced Instruction Set Computer. ... There are undoubtedly 
many examples where particular "unique" instructions can greatly improve the speed of a 
program. Rarely have we seen examples where the same benefits apply to the system as a 
whole. For a wide variety of computing environments we feel that careful pruning of an 
instruction set leads to a cost-effective implementation.”

In the design of whole systems, the ‘elimination’ of function from the design can be facilitated through 

separation of function. McIlroy speaks of disaggregating systems into discrete components: “Make each 

program do one thing well” (McIlroy et al., 1978, p. 1902) (Raymond, 2003) And Brian Carpenter, et.al. 

explain that the immense general purpose utility of Internet protocols and services is a direct result of 

pushing all functions other than data transmission away from the relatively simple core, to be handled by 

the innumerable applications at the edge (Carpenter, 1996). 

3.3.2.2 Modularity

A designer’s commitment to modularity means assuring that each element of a system will be 

interchangeable with alternative independent implementations. This enables a system specification to be 

10 Don Norman brought precision to the term design ‘affordance’, referring to characteristics of a thing which set the realm 
of possibilities for how anyone may interact with it, independently of ‘signifiers’ for any intended interactions (Norman, 
2013). 
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focused on core functionality, while being unbound by implementation details that are not intrinsic to the 

functional specifications, such as platform, language, infrastructure, services, supplier and other factors. 

In other words: “Form ever follows function” as expressed by architect Louis H. Sullivan in the late 

1800s (Sullivan, 1896). This norm underlies the pragmatic idea of “loose coupling” among discrete 

components and data sets, so that as the external environment changes, an implementation can be readily 

adapted in order to maintain the original intended function. 

3.3.2.3 Intuitiveness

Christopher Alexander has explained that the most pivotal design insights are typically the most difficult 

to perceive “because they are so ordinary, that they strike to the core”. He observes that: “What makes 

them hard to find is not that they are unusual, strange or hard to express―but on the contrary that they 

are so ordinary.” (Alexander, 1979, p. 219) Design that is intuitive may seem obvious and uninteresting. 

We suggest the phrase Archimedes’ Bathos to refer to this anticlimactic descent from the ideals of design 

creativity and innovation to the banality of intuitive operation. The Roman biographer Plutarch said of 

Archimedes, three centuries after his death: "No one else could ever figure out these things on their own. 

And yet, as soon as they have seen his solutions, they feel that they could of course have worked them 

out by themselves." (Plutarch, 100 C.E.) 

3.3.2.4 Decentralization

In any organizational hierarchy, agency is structured by one of two complementary opposite norms in 

law (de jure) and/or in operations (de facto): 

• Centralization: Agency at any level of aggregation is delegated at the discretion of the 
relatively more comprehensive decision-makers. In law this is called ‘paramountcy’.

• Decentralization: Agency at any level of aggregation is delegated at the discretion of the 
relatively disaggregated or micro-level decision-makers. In law this is called ‘subsidiarity’.

Internet architecture, for example, is premised upon shifting application control away from the core, out 

to the edge (Carpenter, 1996) For computational and communication systems generally, decentralization 

is facilitated by the separation of logic and control, as Robert Kowalski explains in his article 

Algorithm = Logic + Control:

“An algorithm can be regarded as consisting of a logic component, which specifies the 
knowledge to be used in solving problems, and a control component, which determines 
the problem-solving strategies by means of which that knowledge is used. The logic 
component determines the meaning of the algorithm whereas the control component only 
affects its efficiency. The efficiency of an algorithm can often be improved by improving 
the control component without changing the logic of the algorithm. We argue that 
computer programs would be more often correct and more easily improved and modified 
if their logic and control aspects were identified and separated in the program text.” 
(Kowalski, 1979, p. 424)
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This is not solely a matter of a suitable technical architecture. In recent years centralized ownership and 

control of some of the operational elements of the Internet (Internet Society, 2019) has led to what David 

Clark, founding chair of the Internet Architecture Board (1981-1990) refers to “the ossification of 

customary business relationships” which he considers to be potentially “more of a barrier to innovation 

than the ossification of technology”. (Clark, 2018, p. 251, 292).

Kinji Mori has defined an “autonomous decentralized system” as a set of self-contained subsystems, each

with its own management capability to guide its own operations as well as to coordinate with the others 

to comprise an integrated system. Subsystems are connected via data-metadata bundles broadcast to and 

circulated across the network. (Mori, 1984)(Mori, 1993)(Mori, 2007) 

3.3.2.5 Least Power

It is commonplace to assume that the richness of expression in a programming language is 
desirable, but Tim Berners-Lee and Noah Mendelsohn recommend choosing the least powerful 
language suitable for a given purpose, in order to optimize for data utility:

Nowadays we have to appreciate the reasons for picking not the most powerful solution
but the least powerful. Expressing constraints, relationships and processing instructions
in less powerful languages increases the flexibility with which information can be 
reused: the less powerful the language, the more you can do with the data stored in that
language. (Berners-Lee & Mendelsohn, 2006)

Haseed Qureshi explains how constrained expressiveness enhances intrinsic computational security.

“Strength is a weakness when it comes to programming languages. The stronger and 
more expressive a programming language is, the more complex its code becomes. … 
Complexity is the enemy of security. Complex programs are more difficult to reason 
about and harder to identify edge cases for. … The less the language lets you do, the 
easier it is to analyze and prove properties ... The fewer possible attack vectors you 
have to consider, the easier it is to develop a secure contract. A simpler programming 
model also allows things like formal verification and automatic test generation.” 
(Qureshi, 2017) 

Hai Zhuge observes that constrained expressiveness results in a language that is faster to compute, 

and is more easily engaged by non-programmers: 

"The less information a semantic path contains, the easier people understand and 
remember. This indicates the simplest emerging principle: the shortest path with least 
types of semantic links takes priority to emerge as the relation between two nodes. This
can be explained by Shannon and Weiner’s theory of information entropy: the lower 
entropy a path has, the less semantic link types it contains, therefore it can be more 
easily understood." (Zhuge 2010, p. 202)

The expressive complexity of a programming language increases the computational work required to 

process data represented in that language. (Bush & Meyer, 2002). For any system intended for 

ubiquitous deployment, the least power orientation is relevant to the impact of data centre activity 
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upon regional energy supply/demand issues (Ansar et al., 2019), and to decentralized computing 

capabilities when dependent upon batteries. This literal view of the ‘least power norm’ has largely 

been overlooked in informatics, even though it is a routine consideration in most other fields. But a 

small number of studies has emerged in recent years to compare the energy use implications of 

alternative programming languages and styles (Abdulsalam et al., 2015) (Lima et al., 2016) (Pereira

et al., 2017) (Couto, Pereira, Ribeiro, Rua, & Saraiva, 2017). Project management operations 

research is oriented to the least possible materials, labour, and energy required to design, 

implement, attain and maintain desired qualitative and quantitative outcomes. 

3.3.2.6 Tabular Declarative Style

Tabular declarative programming originated when communications and computing hardware were 

rudimentary by today’s capabilities, and data travelled linearly via wires (telegraph) and radio 

(telex).11 Given the infrastructure available, the programming style had to optimize the data structure 

to suit the machines, over programmer comprehensibility. Eventually, with increasingly faster 

hardware and networks, procedural imperative styles of programming enabled programmers to write 

out all their logical steps in the sequential way that humans tend to think about them. Larger programs

and data formats were need to accomplish the same functions, but easier programming led to more 

programming. Since computer hardware and network performance was advancing by ‘Moore’s Law’ 

(Moore, 1965) (Moore & Courtland, 2015), software bloat was not presenting much of a problem. 

However in the past decade, the proliferation of devices and networking has made high-performance 

tabular declarative programming interesting again. Fast and efficient parallel processing is required 

for high volume, on-demand, event-oriented computation. In both centralized and decentralized 

deployments the tabular declarative style scales without adding complexity. Input and output data are 

represented via simple ordered lists (tuples). This can be employed for very simple data matching and 

sifting processes, which are orders of magnitude faster to process than trying to perform the same 

functions with conditional commands that would need to be parsed and processed in a step-by-step 

sequence (Cunneyworth, 1994) (Coenen, 1999) (Garcia et al., 2000) (Dean & Ghemawat, 2008b).

John Lloyd explains that separating logic from control enables the declarative style:

“One of the main ideas of logic programming, which is due to Kowalski, is that an 
algorithm consists of two disjoint components, the logic and the control. The logic is 
the statement of what the problem is that has to be solved. The control is the statement 
of how it is to be solved. Generally speaking, a logic programming system should 
provide ways for the programmer to specify each of these components. However, 

11 In the late 1800s "electronic" (electrical informatic) transmission was done on telegraph wire networks. The telex 
(teleprinter exchange) radio network was predominan from the 1940s to the 1970s. And in the early 1960s "packet 
switching" was designed (breaking messages into segments each with a header and a payload for transmission over a
distributed variable network, for reassembly at the destination) and came to be implemented in the 1970s.
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separating these two components brings a number of benefits, not least of which is the 
possibility of the programmer only having to specify the logic component of an 
algorithm and leaving the control to be exercised solely by the logic programming 
system itself. In other words, an ideal of logic programming is purely declarative 
programming.” (Lloyd, 1987. p 2)

Table 1 summarizes the implications of these different programming styles in relation to portability, 

security, scalability, efficiency and user knowledge.

Table 1: Differences in Programming Styles for Rules Automation

“Rules as Code”

A Procedural Imperative Programming Style

“Rules as Data”

A Tabular Declarative Programming Style

Portability
Rules coded in particular procedural languages (such 
as C++, Java, Python, R) need to be transcribed 
and recompiled to run on multiple platforms.

Cross-platform JavaScript Object Notation (JSON) can
be embedded in many languages (such as C++, Java, 
Python, R), with just a fast, simple parsing library.

Security
General purpose programming languages are 
employed due to their rich expressiveness. As these
are Turing-complete, the attack surface is large. 

Data With Direction is communicated in a constrained 
schema with deliberately low expressiveness, and a 
mandatory design requirement that it MUST NOT be 
Turing-complete, for intrinsic security.

Scalability

Algorithms are expressed as sequences of 
imperative conditions and procedural instructions 
to implement nested IF-THEN-ELSE inferential 
logic statements. These scripts and objects require 
compute-intensive processing with rigid inter-
dependencies. This can scale on centralized 
systems, but is not efficiently scalable for 
ubiquitous distributed deployment.

Algorithms are expressed as declarative tuples 
(ordered lists, control-tables, truth-tables, logic gates, 
data-frames, grids) to implement normalized 
GIVEN-WHEN-THEN descriptive logic for simple 
data sifting and transformation. Tabular condition-
assertion relations, separated from data, enable fast 
data-intensive parallel processing. This is scalable for 
ubiquitous distributed deployment.

Efficiency

Upon arrival of new input data, a procedural 
imperative sequence with an unknown number of ‘ 
applicable ’ instances would run a metadata filter, 
then run conditions on each instance to establish 
which are ‘true’ or ‘false’. This is inefficient for large 
scale, high volume, on-demand, event-oriented 
computation.

Upon arrival of new input data, a tabular declarative 
operation is executed only after the ‘in effect’ (context)
sifting and ‘applicable’ (particulars) data sifting selects
one or more ‘hit’ instances. All ‘miss’ instances are 
ignored. This is highly efficient for large scale, high 
volume, on-demand, event-oriented computation.

Knowledge The user needs prior knowledge of what algorithms
are in effect, applicable, and invoked. 

The user needs no prior knowledge of what algorithms
are in effect, applicable, and invoked. 

Chapter 4: Core Concepts and Definitions

4.1 What is Agency?

“Agency” refers to possession of the attitudinal, intellectual and tangible faculty of action to pursue 

a specified result. The “project manager” was first formally defined in similar terms by Paul Gaddis

as a person seeking to achieve a planned outcome “on time, within budget, and in conformance with

predetermined performance specifications” (Gaddis, 1959). In the inaugural issue of the journal 
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Constructivist Foundations Alexander Riegler explains “agency” as “reality is brought forth by the 

subject” (Riegler, 2005) Mustafa Emirbayer and Ann Mische describe agency as one’s capacity for 

iterative patterns of thought, imagination of actions, and judgement of consequences (Emirbayer & 

Mische, 1998). Margaret Archer expands upon the imagination part as involving three phases of the 

inner conversation (reflexivity) which the agent undertakes:

1. Defining and aligning a set of concerns; 

2. Developing concrete projects (courses of action), and on that basis

3. Establishing practices (Archer, 2007, p. 8).

4.2 What is a Rule?

A rule is any drectional relation communicated among two or more people to associate what ‘is’ and what

‘ought’ to be. One cannot derive OUGHT from IS, as David Hume argued three centuries ago (Hume, 

1738). But anyone can assert a direction from ‘is’ to ‘ought’, which we portray here with the formal 

expression: 'IS + RULE  OUGHT'. ⟾ In practical, logical, ethical and aesthetic matters, rules express 

obligation, permission or encouragement through the commonly capitalized terms MUST, MAY and 

SHOULD, or their various negatives and synonyms. 

In the mid-1700s Samuel Johnson’s Dictionary of the English Language referred to a “rule” as a precept

by which thoughts or actions are directed through authority, influence or power. (Johnson, 1755) 

Current academic and industry literature lacks such a clear consensus about what a rule is. Ludwig 

Wittgenstein’s famously incompatible ‘earlier’ and ‘later’ views each developed a following, so 

perhaps he can be blamed for the discord. (Wittgenstein, 1991) (Coeckelbergh & Funk, 2018) 

(Roermund, 2013) (Fielding, 2013) (A. Miller & Wright, 2002) Norman Malcom opens his article 

"Wittgenstein on Language and Rules" with exasperation: "A paradoxical situation exists in the 

study of Wittgenstein. There is a sharp disagreement in the interpretation of his thinking about the 

concept of following a rule." (Malcolm, 1989) Norman explains that some prefer Wittgenstein’s 

later notion of a rule as requiring agreement amongst people about a guide to action; whereas others

prefer Wittgenstein’s earlier idea that a rule requires only repeated instantiation through action, even

if performed by a single person. Norman provides his own position, but the essential point is that 

that there is no rule about what a rule is. 

Here we’ll stick with the meaning of rule reported by Johnson, which is inclined towards 

Wittgenstein’s earlier view: A rule guides repeated action, even if by and for a single person, 
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because an individual has agency and can choose to abide by one’s own precepts. 

Johnson’s concise definition emphasizes that a rule embodies a normative standard for behaviour, 

and yet by relying upon authority, influence or power, implicitly leaves each individual subject to 

the rule some degree of free agency, or autonomous discretion, about whether or not, or to what 

degree, people will act in accordance with it. (Conrad, 1988) Otherwise the authority, influence or 

power (including self-discipline) wouldn't be needed, since conforming with the rule would be akin 

to unconscious breathing.

Rules in a context of reflexive agency are expressed as assertions in which the modal auxiliary 

verbs shall (must), should (ought to) or may (can) are employed to connect foreseeable 

circumstances with various boundaries and options that are within the capabilities of those who are 

deemed subject to the rule. The terminology is sometimes ambiguous, however semantic precision is

required to communicate whether an assertion expresses a requirement, recommendation, permission 

or capability. We borrow the “preferred verbal forms” published in the ISO/IEC “Principles and Rules

for the Structure and Drafting of International Standards” (ISO/IEC, 2018, sec. 7). 

(Acknowledgement is due to Eilif Hjelseth of the Norwegian University of Science and Technology, 

for this useful reference (Hjelseth & Nisbet, 2010).) In Table 2, preferred terms in English are 

accompanied by several equivalent phrases or expressions for use in some cases when the preferred 

term seems less fluent in linguistic style. 

It is convenient to characterize rules with “is-ought” terminology, however this does not require 

taking any stance whatsoever in the 250-year-long philosophical debate begun by David Hume about 

whether normative implications can ever be deduced solely from positive facts, or whether positive 

facts in any real context inevitably inherent normative attributes (Hume, 1738) (Spielthenner, 2017) 

(Roth, 2011) (Elqayam & Evans, 2011) (Kupperman, 2005). 
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A rule is any relation communicated among two or more people to associate what ‘is’ and what ‘ought’

to be. One cannot derive OUGHT from IS, as David Hume argued three centuries ago. But anyone can 

assert a direction from ‘is’ to ‘ought’, which we portray here with the formal expression: 'IS + RULE ⟾

OUGHT'.

Jerzy (Georges) Kalinowski distinguished the normative directionality of obligation, permission and 

encouragement among agents and actions, versus their deontic virtues of utility, logic, ethics or 

aesthetics (Kalinowski, 1953) (Trypuz & Kulicki, 2015, p. 391). The Latin term norma means ‘rule’ to 

express obligation, permission or encouragement, using the terms MUST, MAY and SHOULD, or their 

various synonyms and negatives. The Greek term δεον, which means ‘appropriate’, adds qualities of 

moral goodness. These two aspects, normative direction and deontic virtue, are implied when referring to

these terms as modal verbs, from the Latin word modus for ‘modality’ or ‘disposition’. 

Rules are integral to every enduring human relationship, horizontal or hierarchical, at the societal, 

organizational, community or interpersonal level. Each rule is grounded in relative social and 

institutional agency with the weight of authority, agreement or preference. A rule can only be deemed to 

exist when communicated between ‘rule-maker agents’ and ‘rule-taker agents’, directly or mediated by 

their machines. When using such terms here, no assumption is implied about power relationships. The 

social ‘prerogative’ to establish rules may involve relations of subsidiarity based upon the discretion of the 

relatively disaggregated micro decision-makers, or paramountcy based upon the discretion of the relatively

more comprehensive or macro decision-makers. In various contexts, human agency is oriented in 

hierarchical-tree, hub-and-spoke and peer-to-peer structures. Rule systems are complex and dynamic, 

like the human relationships they emerge from. 

Any given rule is 'in effect’ only within particular dates/times and jurisdictions, and is ‘applicable’ only 

to certain categories of state condition. And it is only when particular events or circumstances are 

anticipated or occur which correspond to the input conditions of that rule, that one or more output 

assertions of the rule are 'invoked'. 

Some rules are concise, simple and clear, whereas others are expressed vaguely, leaving uncertainty 

about what exactly is required, allowed or expected. Some premises or requirements of a rule have 

to be left implicit or indirectly specified, otherwise they would get mired in excessive text. Multiple 

rules may be synergistic, or they may contradict or over-ride one another. There may be uncertainty 

regarding the gravity of non-conformance, and even about whether conformance is considered to be 

essential (Verhulst et al., 2013). Therefore each person who is subject to a rule ultimately has discretion 
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about whether or not, and to what degree, to act in accordance with it (Conrad, 1988). Without this 

premise of subject discretion, the authority, agreement or preference would be superfluous, since 

unthinking conformance with rules is would be akin to machinery. Conformance and enforcement is 

usually tempered by the avoidance of ‘too much’ rigidity, and of ‘too much’ discretion. For all of the 

above reasons, rules are generally subject to interpretation, opposition and some degree of non-

conformance. In a machinocracy (Bartlett, 2018) there are no rules, only commands. 

Table 2: Normative Verbs for Expressions of Requirement, Recommendation, Permission & Capability

ISO/IEC “Principles and Rules for the Structure and Drafting of International Standards” (ISO/IEC, 2018) 

A Requirement
• shall

◦ is required to
◦ it is required that
◦ has to
◦ only ... is permitted
◦ it is necessary

• shall not
◦ is not allowed [permitted] [acceptable] 

[permissible]
◦ is required to be not
◦ is required that ... be not
◦ is not to be
◦ do not

A Recommendation
• should

◦ Equivalent phrases or expressions
◦ it is recommended that
◦ ought to

• should not 
◦ it is not recommended that
◦ ought not to

A Permission
• may

◦ is permitted
◦ is allowed
◦ is permissible

• may not
◦ it is not required that
◦ no ... is required

Possibility and capability
• can

◦ be able to
◦ there is a possibility of
◦ it is possible to

• cannot
◦ be unable to
◦ there is no possibility of
◦ it is not possible to

External constraint
• must 

◦ Do not use “must” as an alternative for 
“shall”. This avoids confusion between 
the requirements of a document and 
external constraints.

Rules can usually be identified by the use of various standardized terms. The International Organization 

for Standardization and the International Electrotechnical Commission specify a set of normative verbs 

in“Principles and Rules for the Structure and Drafting of International Standards” (Table 2) (ISO/IEC, 

2018). In the 1990s the Internet Engineering Task Force (IETF) similarly formalized the capitalized 

terms MUST, MAY and SHOULD as key words to indicate requirement levels (Bradner, 1997). Across 

all subject domains, not only informatics, the IETF document has become the most widely referenced 

standard for these terms in rule expression. In the present work we employ these capitalized terms in 

conformance with the ISO/IEC guidance for any ‘external constraint’, which maps to the IETF usage.
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Formally standardized expression of rules in official documents of industry, commerce and governance 

arose contemporaneously with modern philosophical foundations of normative theory in the 1950s and 

1960s (Wittgenstein, 1953) (Kripke, 1982) (Bloor, 1997)(Baker & Hacker, 2009). Our design research is 

guided in particular by Ludwig von Wittgenstein’s “Philosophical Investigations” (Wittgenstein, 

1953), as elaborated in Georg Henrik von Wright's “Deontic Logic” (Von Wright, 1951), Jerzy 

(Georges) Kalinowski’s “Theorie des propositions normatives” (Kalinowski, 1953) and Gertrude

Anscombe’s “Intention” (Anscombe, 1957).12 These philosophers distinguished the imperative, 

declarative and empirical modes of expression of rules that are ‘in effect’ for a general context, that 

are ‘applicable to a class of circumstance, and that are ‘invoked’ by particular events:

• A rule itself is an imperative statement of obligation, option or expectation among people;
• Documentation about a rule (a ‘normative proposition’) is a declarative statement of fact;
• Applicability of a rule to particular event is an empirical statement of deduction.

Table 3 builds upon distinctions by Jaag Hage (Hage, 1999) for communicating normative data.

Table 3: Six types of normative data which may be communicated.

NORMATIVE DATA
MUST, MAY and SHOULD

ASSERTION
Empirical Statements

PROPOSITION
Declarative Statements

PREROGATIVE
Imperative Statements

GENERAL
CONTEXT

Assert from evidence that 
this rule set is ‘in effect’ for

this jurisdiction and time, and
is ‘applicable’ to such a

circumstance.

Describe
a system of rules.

Acknowledge
a system of rules.

PARTICULAR
EVENT

Assert from evidence that
this rule is ‘invoked’

by these facts.

Describe
a rule.

Acknowledge
a rule.

Ideally within a “deontic network” (Quirico, 2009) anyone may readily discover, fetch, scrutinize, 

prioritize propositions about the rules that are ‘in effect’, ‘applicable’ and ‘invoked’ with the 

particulars of any “deontic circumstance” (Castañeda, 1989). But legal philosopher Carlos 

12 In his seminal 1951 paper entitled “Deontic Logic” Georg Henrik von Wright introduced a new formal mode of 
philosophical logic concerned with the deontic (obligation and permission) mode of logic, placing it on par with alethic 
(truth) and epistemic (knowledge) modes of logic (Von Wright, 1951). Independently and very shortly afterwards, 
Kalinowski published an article “Theorie des propositions normatives” in which he distinguished normative functions, 
that is to say norms themselves, from normative propositions, or descriptions of norms: “nous distinguerons entre 
fonctions logiques normatives et propositions logiques normatives” (Kalinowski, 1953). From these beginnings, the 
philosophical domain of normative relations and deontic virtues has embodied the original framing of both von Wright 
and Kalinowski, as evidenced by the name of the bi-annual “International Conference on Deontic Logic and Normative 
Systems” (DEON, 2019). The general framework shared across theoretical and applied research in this domain has 
come to be known as "standard deontic logic" (SDL), and this has continued to expand through inter-disciplinary 
collaboration involving theorists and practitioners in law, ethics, informatics and mechatronics. Kalinowski emphasized 
in 1953 that norms are commands communicated in an imperative, prescriptive context, while propositions about norms
are reports given in a declarative, descriptive context. The human psychological tendency to conflate the descriptive 
signifier and the prescriptive signified is discussed by von Wright in relation to permissions and obligations: “Deontic 
sentences exhibit a characteristic ambiguity. One and the same form of words may be used for giving a norm and for 
stating that a norm to such and such effect has been given (exists). In the former case the sentence is used prescriptively,
in the second descriptively. … Used prescriptively it imposes [norms]; used descriptively it gives information about 
existing [norms]. In the prescriptive use the sentence does not say anything which is true or false. In the descriptive use 
it does.” (Von Wright, 1999, p. 31)
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Alchourrón has cautioned that declarative propositions (statements) about rules of obligation, option 

or expectation among people cannot comfortably be assumed to be complete, accurate and consistent 

in their communication or application (Alchourrón, 1969). Von Wright credited Carlos Alchourrón 

with correctly accommodating gaps and inconsistencies into Kalinowski’s structure for norm-

propositions : “The merit to have clearly realized this belongs to our deceased colleague and friend 

Carlos Alchourron... the first to devise a Logic of Norm-Propositions in contradistinction to a Logic

of Norms.” (Von Wright, 1999, p. 20) Alchourrón commented that philosophers have paid 

insufficient attention to normative propositional logic, and thirty years later von Wright repeated: “I 

am afraid that later logicians have not always recognized this double task of the logical study of 

normative discourse. … Both Kalinowski and myself, I think it is true to say that, our continued 

work has with time distanced itself from that I would call 'mainstream' developments” (Von Wright,

1999, pp. 20, 21). This led von Wright to concede that rules as stated and applied typically fall short

of the rigour that is achievable in formal deontic logic:

"Thus a classic deontic logic [of] formulas, pictures a gapless and contradiction-
free system of norms. A factual normative order may have these properties, and it 
may be thought desirable that it should have them. But ...[e]xperience seems to 
testify that mutually contradictory norms may co-exist within one and the same 
legal order, and also that there are a good many 'gaps' in any such order ...This 
being so, classical deontic logic, descriptively interpreted, cannot claim to be the 
(correct) logic of norm-propositions. (Von Wright, 1999, p. 20)

Groups of people compose sets of norm-propositions as various kinds of rules: laws of jurisdictions, 

contracts between parties, standards across industries, protocols and customs of communities. 

Contradictory rules may coexist, and a particular circumstance might have more than one 'correct' 

interpretation, but efficient and effective communication of norm-propositions helps towards recognizing 

and resolving such dissonance. Every system of rules evolves through distinctive social and historical 

circumstances, involving myriad factors that interact through direct and indirect feedback loops. 

Although systems of rules (norms) are complex, eclectic, and hard to comprehend, a system for the 

transmission of information about rules (norm-propositions) can at least be simple and reliable. Our 

purpose here is to design and make available a common efficient way to communicate norm-propositions 

from rule-maker agents to rule-taker agents.
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We distinguish normative logic of obligation, permission and encouragement from both deductive logic of 

epistemology, and procedural logic of method. The three can be compared by adapting a simple declarative

input-output relation:

• Deductive Logic asserts a reasoned conclusion from a premised truth. 

LET Al and A2 and ... and Am be true
THEN Bl and B2 and ... and Bn are true

The causal term ‘THEN’ expresses a deducible conclusion, meaning therefore, like the 

French term alors, and the Spanish term entonces. This can be summarized with truth tables. 

• Procedural Logic asserts a programmable instruction from a contingent input state. 

IF Al and A2 and ... and Am present
THEN Bl and B2 and ... and Bn execute

The temporal term ‘THEN’ expresses an actionable sequence, meaning next, like the French 

term ensuite, and the Spanish term luego. This can be summarized with decision tables.

• Normative Logic asserts obligation, permission or encouragement from a reported empirical 

condition. 

WHEN Al and A2 and ... and Am is
THEN Bl and B2 and ... and Bn ought

The directional term ‘THEN’ expresses a social motive, meaning so, like the French term donc,

and the Spanish term pues. This can be summarized with tables designed for data with direction.

These three are commonly conflated in the published literature, since the techniques employed to resolve 

and to communicate all such logic problems are the same. Therefore, our historical review in the next 

section draws upon contributions from all three sub-domains of the field without differentiation, however 

the rest of this work on the design specification for a processing pipeline for normative data with direction 

relies upon terminology and methods that are clearly distinguishable from deductive and procedural types.

4.3 What is an Algorithm?

Johnson described an “algorithm” as being a set of operations in the science of numbers. (Johnson, 

1755) This is consistent with the original word “algorism” (with an ‘s’) which, since the 12th 

century referred to the methods for using the nine Hindu-Arabic numerals 1, 2, 3, 4, 5, 6, 7, 8, 9 and

the cypher 0, as first described by the 9th-century scholar Abi Jacfar Muhammad ibn Miisa al-

Khwiirizmi [al-Khwsrizmi]. (Crossley & Henry, 1990) It is generally agreed that the words 

algorism and algorithm arose from the Latin transcription of al-Khwiirizmi’s Persian name. 
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The modern term ‘algorithm’ (with ‘th’) has three distinct meanings in the literature : a practical 

intuitive definition, and two precise mathematical statements. 

In its practical meaning, an algorithm is a set of operations invoked by a condition, to carry out a 

procedure to solve a general, well-specified problem, that terminates once the procedure has run. 

(Skiena, 2008, p. 3)

The two formal schools of thought on what an algorithm is are led by Yuri Gurevich and by Yiannis 

Moschovakis (Vardi, 2012). In his paper "What is an Algorithm?" Gurevich defines it as any 

instruction for storing data in a particular state, and then based on input data x, generating a 

resulting output f(x). He refers to this as an "abstract state machine" (Gurevich, 2014). 

Moschavakis, in his paper also entitled "What is an Algorithm?" defines it as any computable 

expression on a Turing machine designed to accept input data x, and to return output f(x) as further 

input, then terminate once a specified condition is reached. He refers to this as a "recursor" 

(Moschovakis, 2001). Moshe Vardi, Editor-in-Chief of Communications of the ACM, accepts both 

perspectives in his editorial aptly headlined : “What is an Algorithm?”

“So is an algorithm an abstract state machine or a recursor? Mathematically, one can 
show that recursors can model abstract state machines and abstract state machines can 
model recursors, but which definition is primary? …  An algorithm is both an abstract 
state machine and a recursor, and neither viewed by itself fully describes what an 
algorithm is. This algorithmic duality seems to be a fundamental principle of computer 
science.” (Vardi, 2012, p. 5)

Bert Van Roermund explains the difference between an algorithm and a rule by distinguishing the 

operational rows of a computational table, versus the rationale of the whole table. The entire context

and purpose of the table constitutes a rule, whereas each operational row in the table is a discrete 

algorithm to be computed under certain conditions to invoke the rule. He explains that an agent 

running any of the algorithms “will only be following the rule if they see ‘the point’ of the row. But 

neither the rows nor the columns supply this point”. (Roermund, 2013) .

He further illustrates this with the simple example of an algorithm that produces the number 

sequence 1, 2, 3, 4. Some underlying rule is needed to determine what algorithm may be coded to 

generate the number, or next few numbers. The problem is that there is not sufficient information to 

know what that rule might be. An obvious answer "5, 6, 7, 8, 9, 10" will only be correct if it can be 

verified that the applicable rule is to continue along the set of natural numbers N*. When that is 

true, a suitable algorithm expressed in natural language could be declared as:

(a) Increase the previous number by 1, repeat 9 times, and then stop.

But as Roemund explains, some other rule might be ‘in effect’ and ‘applicable’:
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(b) Repeat the previous 4 numbers for 3 cycles, and then stop.
(c) Generate a random combination or permutation of the initial 4 numbers, 

and repeat 8 times, and then stop.
(d) Increase the previous number by 1, and repeat 10 times but suppress all numbers divisible 

by 5, and then stop.

It is worth pointing out that there is no authoritative global publication of theoretical mathematics 

that provides the definitive statement on the natural numbers rule. However a practical statement is 

provided by industry in the ISO 80000-2:2009 standard on quantities and units, shown in Table 4, 

specifically Item No. 2-6.1 the set of natural numbers, denoted N to include 0, and N* to exclude 0 

(ISO, 2009). Ironically, no industry manager would ever check this ISO standard (priced at 158 

Swiss francs!) when using the natural numbers rule. There are plenty of good sources on arithmetic 

for a manager to rely upon should there be a need to actually check the definition. (Does it include 

“0”?) And yet it is useful to cite this standard when programming an official algorithm precisely 

because it ought to be backed by consensus across a community of knowledgeable stakeholders. 

Any informed thoughtful person can quickly scan some ‘good’ sources and find the natural numbers

rule N*. To have a computer do that would require basic artificial intelligence. Instead, a simple 

look-up to a single official global standard is enormously more efficient (...or it would be if ISO 

were to create for itself an Internet-age revenue and dissemination model

Table 4. Excerpt from ISO.

(2009). ISO 80000-2:2009.

Quantities and units. Part 2:

Mathematical signs and

symbols to be used in the

natural sciences and technology

.
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An algorithm is a precise and composable extension of human agency. Sven Nyholm refers to 

"collaborative agency" where people share agency with computerized machines (Nyholm, 2018), 

and Douglas Rushkoff speaks of relinquishing our agency to machines (Rushkoff, 2010, p. 14).

However it seems a logical error to portray something designed and maintained by agents as itself 

possessing agency at all. Granted, a machine with advanced automation capabilities can convey an 

impression of agency. Yet it is under the control of its designers and programmers. A partial analogy

is a movie character that may convey an impression of being, doing or feeling, yet the audience 

knows that it is really the script writer, director, actor and production team determine the character. 

The well-established notion of “computer-human interaction” conflates user-interface design with 

agency. In a tug-of-war, the physical contact is between your hands and the rope, but the struggle is 

not between you and the rope; it’s between you and the person on the other end of the rope. Humans

interact with other humans through radio signals, images, computer programs, and algorithms. 

The computational algorithm should be understood as a precise and composable evolutionary 

extension of human agency. Agency is the possession of attitudinal, intellectual and tangible faculty 

of action to pursue a specified result. An algorithm is a method invoked by a condition to obtain a 

specified result and then terminate. But whose agency is being extended: the algorithm user’s or the

algorithm designers agency? 

Lisanne Bainbridge opened her influential 1982 paper "Ironies of Automation" with an observation 

about the people involved :

The designer's view of the human operator may be that he is unreliable and inefficient, so 
should be eliminated from the system. There are two ironies of this attitude. One is that 
designer errors can be a major source of operating problems. ... The second irony is that the 
person who tries to eliminate the operator still leaves him to do the tasks which he cannot 
think how to automate. It is this approach which causes the problems to be discussed here, 
as it means that the operator can be left with an arbitrary collection of tasks and little 
thought may have been given to providing support for them. (Bainbridge, 1982, p. 129)

A responsible and autonomous manager may potentially determine that an algorithm is defeating 

the purpose of a rule that they are jointly supposed to implement. It could well be the manager who 

is mistaken. Or, possibly the algorithm has a software design or programming flaw, or it’s receiving 

faulty data (Ethiopia, 2019) (Indonesia, 2018) or it is compromised by an adversarial attack 

(Finlayson et al., 2019) (Knight, 2019) (Tencent, 2019). Commonly there may be more than one 

good way to accomplish the purpose of a rule, and the algorithm designer and manager may simply 

have different preferences or priorities.

One may consider this the other way around. Suppose that a manager determines that what’s needed
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to resolve a design limitation or functional flaw in essential equipment that lacks a sufficient degree 

of automation, is to write and implement a suitable algorithm to operationalize it. For example, 

Richard Stallman recounts the story of a group of system programmers at the Artificial Intelligence 

Lab at MIT in the 1980s who wanted to write and implement a simple algorithm to notify users, upon 

sending a print job, that the printer several floors away had a paper jam. But the manufacturer was 

reluctant to promote awareness of malfunctions such as paper jams, and refused. The owners and 

users of the printer were dis-empowered and over-ruled. The irony and fundamental ethical 

transgression of this obstruction started Stallman on the path to writing the free software principles, 

and creating a global movement to defend the agency of algorithm users (Stallman, 1991).

Agency is both constrained and enabled in what Robert Latham describes as a context of “social 

sovereignty” (Latham, 2000). Every agent lives in a society of reflexive agents and institutional 

structures. 

Kees van Dongen and Peter-Paul van Maanen recommend the following practices to ensure that 

algorithm managers adequately support the operations managers who would rely on them

(van Dongen & van Maanen, 2013):

Understanding
• Use simple modular algorithms to aid decisions
• Ensure operators know about each decision aid
• Make the reasoning of each decision aid easily available and understandable
• Reveal intermediate results in a comprehensible way

Accountability
• Ensure people feel accountable for performance
• Ensure people are held responsible for the quality of the outcome

Error Management
• Make potential sources of error, and actual errors, transparent
• Help operators to be aware of system biases, and their own biases
• Inform operators about conditions in which the decision aid performs well, and the 

conditions in which it does not

Such recommendations may seem as they can be taken for granted, but they come into focus when an 

operations manager’s judgment conflicts with the output of an automated or semi-automated system. 

Much can be learned from the emerging standard ISO/SAE J3016 "Taxonomy and Definitions for Terms 

Related to Driving Automation Systems for On-Road Motor Vehicles". This technical framework describes 

six discrete and mutually exclusive levels of driving automation. "Central to this taxonomy are the respective

roles of the (human) user and the driving automation system in relation to each other." (p.17) The six levels 

distinguish what parts of the dynamic driving task (DDT) are performed on a sustained basis by the human 

(device operator) and by the automation system (algorithm manager) (SAE, 2018).
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• Driver performs part or all of the DDT
◦ Level 0: No driving automation (driver leads unconditionally)
◦ Level 1: Driver assistance (driver leads most tasks & conditions)
◦ Level 2: Partial driving automation (allocated tasks & conditions)

• ADS (“System”) performs the entire DDT while engaged
◦ Level 3: Conditional driving automation (fallback-ready driver)
◦ Level 4: High driving automation (system leads with conditions)
◦ Level 5: Full driving automation (system leads unconditionally)

We may adapt these levels to generic unranked allocations of prerogative, but retain the division 

based upon whether the operations manager’s or the algorithm manager’s agency predominates. 

4.4  Meta-Rules Structure

4.4.1 The Algorithm-Agency Relation 

Earlier in the section “What is Rule” it was explained that the social ‘prerogative’ to establish rules can 

involve relations of subsidiarity based upon the discretion of the relatively disaggregated micro decision-

makers, or paramountcy based upon the discretion of the relatively more comprehensive or macro 

decision-makers. We may then use the term “meta-rule” to refer to a rule which makes that allocation 

of prerogative explicit. So it would be a meta-rule that establishes whether an algorithm manager’s 

agency is to be prioritized over an operations manager’s agency, or vice versa. 

A meta-rule could say that, to the extent the algorithm manager is not fulfilling a given requirement, the 

operations manager can, should or must over-ride the algorithm and take control. The other way around,

the meta-rule might say that to the extent the operations manager is not fulfilling a given requirement, 

the algorithm manager can, should or must over-ride the operations manager and take control. 

But which way is this to go? Whenever one manager’s agency is explicitly prioritized over the other

manager's agency, this must be accompanied with an explicit rule. And in either circumstance, 

errors and error-correction must be handled elegantly. Who can/should/must over-ride whom, under 

what circumstances, based on what criteria? Whatever the answer, how can this be ensured? There 

is no single ‘best’ model for the apportionment of agency between the algorithm manager and the 

on-site manager whose operations that algorithm is designed to improve. However there is need for 

precision in how the mutual prioritization of their agency shall work.

A commone default meta-rule is that an on-site operations manager shall always hold priority 

agency and responsibility for operations within their mandate, including when employing 

automated and semi-automated aids. Table 5 “Who Rules: The Algorithm Manager or the 

Operations Manager?” provides a detailed framework of options for such structure. This table is 
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Table 5: Who Rules? The Algorithm Manager or the Operations Manager?
(This table re-frames, adapts and extends work by Ken Endo, 1994. p. 637, 641, 642)

Operations Manager Agency is Prioritized Algorithm Manager Agency is Prioritized

Empowering Statement Empowering Statement

To the extent the algorithm is not fulfilling a 
given requirement, the operations manager:
◦ can
◦ should
◦ must 
...over-ride the algorithm and take control.

To the extent the operations manager is not fulfilling 
a given requirement, the algorithm manager:
◦ can
◦ should
◦ must 
...over-ride the operations manager and take control.

Constraining Statement Constraining Statement

To the extent the operations manager is 
fulfilling a given requirement, the algorithm 
manager:
◦ cannot
◦ should not
◦ must not
...over-ride the operations manager to take control.

To the extent the algorithm is fulfilling a given 
requirement, the operations manager:
◦ cannot
◦ should not
◦ must not 
...over-ride the algorithm to take control.

Delegating Statement Delegating Statement

The operations manager may voluntarily 
delegate control to the algorithm manager:
◦ pro-actively
◦ upon request

The algorithm manager may voluntarily delegate 
control to the operations manager:
◦ pro-actively
◦ upon request

Criteria for Intervention or Delegation

Potential criteria that could be applied to justify a reversal of agency in any of the above contexts: 
◦ better attainment criterion 
◦ effectiveness criterion 
◦ efficiency criterion 
◦ informational or sequential criterion (in order to proceed)
◦ pre-emption of conflict with higher priority rules criterion (necessity; cross-boundary; mandated) 

Endo, K. (1994). The Principle of Subsidiarity: From Johannes Althusius to Jacques Delors. 北大法学論集, 44(6), 652–
553. https://eprints.lib.hokudai.ac.jp/dspace/bitstream/2115/15558/1/44(6)_p652-553.pdf
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currently in natural language text, but based upon design of DWDS in the present research, and 

following further peer review on its substance, it can be developed into a functional table that would

operate as a human-accessible and machine-computable meta-rule for role-based prioritization of 

prerogative. This would enable certain rules to over-ride other rules.

All rules are assertions for reflexive contextual use by individuals and organizations; they are not 

linear mechanistic behaviour-controlling contraptions. A general-purpose Internet of Rules is being 

designed to empower people with knowledge about and access to all rules ‘in effect’, ‘applicable’ and 

‘invoked’ for a circumstances, without any implication, suggestion or assumption that algorithm 

managers would be or have been authorized to pre-empt decisions by operations managers who may 

exercise their agency to use the algorithm, or not. 

A meta-rule provide the structure required to elegantly handle any multi-jurisdictdional system of rules, 

as well as exceptions, errors, error-correction, omission and indemnification. There certainly are cases in

which unconditional automation has been implemented unintentionally or inadvertently, and in 

which operations managers have ceded control only for semi-automated operation or tentative 

automation which lead to a weakening of their situational awareness. Even where functional control

is clearly and deliberately ceded by operations managers to algorithm managers, the residual 

prerogative and agency of these two managers must be clearly established in policy and law. 

• Operations Manager Agency Leads
◦ Manual operation
◦ Assisted operation
◦ Semi-automated operation

• Algorithm Manager Agency Leads
◦ Tentative automation 
◦ Conditional automation 
◦ Unconditional automation

Across all of these allocations of power, I suggest a generalized default policy similar to the 

editorial stance of the scientific journal Nature regarding the provision of access to algorithms in the

articles they publish: 

“If the custom algorithm/software is central to the method ... it must be supplied by the 
authors in a usable form including one or more of the following.

• Source code
• Complete pseudocode
• Full mathematical description of the algorithm
• Compiled standalone software

We strongly urge that full source code be provided. A compiled executable alone is not 
sufficient... Supplied source code or software must be accompanied by documentation 
sufficient for a typical user to compile, install and use the software. ... If appropriate, 
sample data known to work on the software should be provided along with the expected 
output. ... Any restrictions on the availability of software or code used to implement novel 
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algorithms must be specified at the time of submission. ... We encourage authors to provide 
a license with the software or code. A narrative description of key algorithmic components 
should be provided in the main text. (Nature, 2014) (Evanko, 2014)

This is more succinctly and generally stated in the Free Software Definition, which I suggest to 

combine with four Principles of Accessible Algorithms:

Free Software Definition (Stallman, 1991)

Freedom 0: Freedom to run the program for any purpose.
Freedom 1: Freedom to study how the program works, 

and adapt it to one’s needs. 
Freedom 2: Freedom to copy and redistribute the program
Freedom 3: Freedom to improve the program, 

and release any modified versions.

Principles for Accessible Algorithms

Principle 1: Algorithms should be declarative.
Principle 2: Algorithms should embody patterns.
Principle 3: Algorithms should be published.
Principle 4: Algorithms should be simple.

4.4.2 Source, Subjectivity and Strength: Meta-Rules for Nuanced Prerogative

Presumably one ought to abide by legitimate rules. And yet, not conforming with an applicable rule 

in a particular scenario might not imply violating it. 

Economist Robert Barro points out in a paper on the “theory of rules versus discretion” (in 

reference to monetary policy, but with general relevance) that the choice about following or not 

following some rule is usually a choice amongst types of rules, rather than between rules or no rules

(Barro, 1986, p. 32). This is explained with clarity by military ethicist Richard Gabriel. His is 

referring to the special circumstances of war, but he also offers generally valuable insight: 

It is certainly true that some soldiers may choose to observe different obligations of
the code even in similar circumstances. But this is the very nature of making 
ethical choices. The reason why a soldier chooses one obligation over another is 
because the soldier judges that one obligation in a given set of circumstances ought
to take precedence over another precisely because he or she deems it to be more 
valuable. Nonetheless, all postulates of the code are prima facie binding. It is the 
circumstances in which the precepts have to be applied that force the soldier to 
render a judgment that one precept has greater worth than the other and must be 
observed first. But as precepts per se, they are all equally ethically imperative 
insofar as they require the obligations to be observed if the circumstances permit. 
They are also equally imperative in the sense that they can be raised by the 
principle of universality so that if all soldiers carried out all the precepts per se, we 
would judge their actions as ethical. The fact that one soldier may value one 
obligation over another in a different set of circumstances than another soldier 
does not negate the value of the code in stating what obligations ought to be 
observed in the first place. (Gabriel, 2007, p. 170)

Unbridled discretion risks impulsive or opportunistic behaviour; yet too much compliance pressure 

risks inculcating overly rigid codes of behaviour (Espedal, 2007). A general purpose system for 

transmitting rules needs to be capable of rule triage. Not only do rules need to be classified, they must
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come packaged in a sufficiently meaningful ‘envelope’ of metadata as to characterize the particular 

rule relative to other rules.

To enable discretion in weighing a rule relative to any other rule, the metadata envelope delivering a 

given rule could include the three context variables suggested by academic linguistics specialists An 

Verhulst, Ilse Depraetere and Liesbet Heyvaert (Verhulst et al., 2013):

• Source: de jure authority and/or de facto origins of a regulation, condition or target 
circumstance;

• Subjectivity: the involvement or commitment of beneficiaries towards ensuring fulfilment;
• Strength: the gravity or the impossibility of non-compliance.

These three variables integrated with the options listed in “Who Rules” provide a practical basis for 

nuanced prioritization of rules. Three source-subjectivity-strength columns of a table can be populated

with whole numbers between 0 and 100 (where null defaults to 0, meaning ‘experimental’). This level

of precision would “pave the way for a detailed data analysis that manages to pin down the related yet

distinctive shades of meaning of ... root necessity.” (Verhulst, Depraetere, & Heyvaert, 2013, p. 221). 

The allocation of the 101 (0 to 100) rankings could potentially be governed somewhat as radio 

frequencies are allocated under the International Telecommunication Union, based on a set of criteria 

and decision processes (ITU, 2016, sec. Article 1.16, definition: allocation of a frequency band). The 

governance body would need to have formal government participation, as the ITU does, unlike the 

peer-oriented IETF, simply because the apportioned ranking includes jurisdictional statutory 

prerogative of governments.

Verhult et.al. developed their source-subjectivity-strength framework to the analysis of English 

language semantics. These three factors seem to be generally useful in a multi-factor ranking rules in 

a global multicultural and multilingual setting for general purpose rules transmission and use. 

This approach might even enable the inclusion of sectors of society that function entirely through 

customary relationships (Cao, 1999, p. 162). This is because in addition to rules expressed in source 

code, an Internet of Rules could contextually fetch and deliver to users rule documents expressed as 

principles, decisions, stories and allegories.

A convenient view of the diverse contextual settings in which rules occur is provided by David 

Weissman in his book The Cage: Must, Should, and Ought From Is : 

“Context has eleven variables: i. systems in which one participates; ii. personal health 
or illness, and the health of one’s core or other systems; iii. economic organization and 
productivity; iv. civil peace and stability; v. physical topography and climate; 
vi. culture; vii. technology; viii. conventional laws; ix. logical and natural laws; 
x. personal and social history; and xi. conflict.” (Weissman, 2006, p. 241)

70 Joseph Potvin: Thesis



Context is crucial, since a behavioural response to a particular rule may be conditioned by:

• Actual or apparent contradiction amongst equally valid and reasonable rules (antinomy) 
(Thornhill, 2012) (Eastman & Bailey, 1998); 

• Circumstantial inability (Kurthy et al., 2017); 
• Overriding obligations (Litman, 2003) (Gabriel, 2007);
• Uncertainty (Lei & Coulton, 2011) (Carlin, 2009); 
• Unenforceability (Avelhan & Zylbersztajn, 2018) (Lindberg, 2018) (Zhou & Poppo, 2010);
• Systemic dysfunction (Adams & Balfour, 2015) (Alvesson & Spicer, 2012) (Dillard & 

Ruchala, 2005); 
• Civil disobedience (Thoreau, 2008) (Brownlee, 2012); 
• Uncivil obedience and ‘work-to-rule’ (Bulman-Pozen & Poz, 2015) (Markovits, 2016) 

(Simon, 2009, pp. 90–91); 
• Counter-intuitive benefits in certain scenarios when authorities choose to condone some 

amount of rule-breaking (Eigen et al., 2015) (Murray, 2015) (Peñalver & Katyal, 2010) 
(Robbins et al., 2006) (Goodin, 2005).

4.4.3 Signal and Noise in Rule Systems Design: Insights from Information Theory 

In his 1948 paper Claude Shannon proposed a way to measure the amount of information in a 

digital message. His general communication system model, shown in Figure 5, links information source 

and destination, with a source of noise (Shannon, 1948). 

Figure 5. Schematic diagram of a general communication system. (Shannon, 1948)

For our context, a rule is communicated as a normative proposition in a message, conveyed as a signal 

with some amount of noise between transmission and receipt. We may suppose the information source is 

anyone with social prerogative as a ‘rule-maker agent’, and the information destination is any ‘rule-taker 

agent’ deemed to be subject to these rules based on authority, agreement or preference. The rule itself is 

an experienced obligation, permission and encouragement in a social context among individuals and entities. 

So it is not the imperative rule per se which is the transmitted payload, but a declarative statement about a 

rule. The designer of a rule system enables the communication of normative propositions. 

Normative propositions are communicated among two or more people to associate what ‘is’ and what ‘ought’ 

to be, but it is the quality of that communication, its ‘signal-to-noise ratio’, which underlies a message’s 
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performance in conveying any social sense of obligation, permission and encouragement. An ideal noiseless 

system of communication may be imagined, but all tangible signalling system implementations depend upon 

“ways of transmitting the information which are optimal in combating noise” (Shannon, 1948) (Shannon, 

1998). Noise in such systems can arise at every incremental step from gaps, errors and inconsistencies in the 

descriptive expression, the transmission of the payload message, access to the transmission, and other factors. 

A rule system is better at reducing noise when it can aid in tracing gaps, errors and inconsistencies back to 

where there are introduced so that they can be averted, thus reducing dependence upon after-the-fact patches.

The challenge is that the information sources and destinations that frame the communication of what

‘is’ and what ‘ought’ to be, are clusters of contingent social entities, relations, jurisdictions and 

interpretations that are changing, dividing, merging, disappearing and being introduced, amidst 

complex hierarchical and distributed multi-objective optimization (Ehrgott, 2012, p. 448) and 

adaptive resilience to disturbance (Limnios et al., 2014, p. 106). Uncertainty is inherent in such 

complex systems.

In Shannon’s model the value ‘H’ represents the relative uncertainty of an observer about an 

outcome from amongst a set of possibilities, each of which have known probabilities of occurrence. 

If there’s only one possibility, that’s to say, if the observer can be entirely certain about that 

particular possibility being the outcome, then H=0. To express this abstract notion in terms of 

practical project management, Adrian McDonough explains:“the best decision-maker is one that 

will need the least new information to make the best decisions” (McDonough, 1963, p. 72). George 

Miller explains this in relation to the well-known concept of ‘variance’:

“When we have a large variance, we are very ignorant about what is going to 
happen. If we are very ignorant, then when we make the observation it gives us a 
lot of information. On the other hand, if the variance is very small, we know in 
advance how our observation must come out, so we get little information from 
making the observation. (Miller, 1994, p. 343)

It’s tempting, therefore, to imagine a ‘know-it-all’ decision-maker as economist Kenneth Arrow did,

adopting Shannon's notion of H=0 as a conceptual basis for modelling decisions with an assumption

of “perfect information”. He wrote that: "if a channel of capacity H is installed, then the individual 

knows the state of the world (Arrow, 1984, p. 109)". Decision theory in much of the published 

academic literature in economics make this working assumption. Or they assume some degree of 

H>0, meaning “imperfect information” that logically depends upon the H=0 referent. 

However information theorist Edwin Jaynes presents an alternative to Shannon’s perspective. To 

begin with he emphasizes the inevitable uncertainty about the communication channel itself. If a 

72 Joseph Potvin: Thesis



channel of capacity H is installed, the observer will only gain access to knowledge about whatever 

this particular channel has been designed to convey. Jaynes explains that "Shannon's H measures the

degree of ignorance of the communication engineer when he designs the technical equipment in the 

channel” (Jaynes, 1979, p. 38). 

Jaynes also critiques Shannon’s premise that there can be a set of possibilities with known 

probabilities of occurrence. That clearly requires considerable prior knowledge. Jaynes explains: 

“There is no application of probability theory in which one can evade that 
all-important first step: assigning some initial numerical values of 
probabilities so that the calculation can get started. For even in the most 
elementary homework problems, such as ‘Find the probability of getting at 
least two heads in four tosses of a coin’, we have no basis for calculation 
until we make some initial judgement, usually that ‘heads’ shall have the 
probability 1/2 independently at each toss. But by what reasoning does one 
arrive at this initial assignment? (Jaynes, 1979, p. 16) 

This is known as “Bernoulli's Principle of Insufficient Reason”, after Jacob Bernoulli's Ars 

Conjectandi (1713) (Shafer, 1996). John Maynard Keynes renamed this the “Principle of 

Indifference” (Keynes, 1921). Daniel Kahneman and Amos Tversky have demonstrated that people 

informally estimate the likelihood of a probability relation or frequency of occurrence of some 

event based on the ease with which its instances and frequency can be brought to mind. (Kahneman 

& Tversky, 1982) Even if the probabilities of Shannon’s set of possibilities are assumed informally, 

this constitutes an unexplained and unmeasurable prior amount of information in the model.

Jaynes thus argues that Shannon’s notion of ‘perfect knowledge’ H=0 is an impossibility. Not only 

does every eventuality in a set of possibilities enter consideration with unknown probabilities, but 

the conceptualization of the possibilities themselves is unexplained. In Jaynes’ view there is only 

one fixed point, which is 'perfect ignorance'. Analysis cannot begin with a ‘know-it-all’ omniscient 

decision-maker, but with a ‘know-nothing’ neophyte who asks questions and can learn. And this 

indeed provide a straightforward way to measure ‘bits” of information, as explained by Miller:

“One bit of information is the amount of information that we need to make a decision 
between two equally likely alternatives. ... Two bits of information enable us to decide 
among four equally likely alternatives. Three bits of information enable us to decide among
eight equally likely alternatives. Four bits of information decide among 16 alternatives, five
among 32, and so on. That is to say, if there are 32 equally likely alternatives, we must 
make five successive binary decisions, worth one bit each, before we know which 
alternative is correct. So the general rule is simple: every time the number of alternatives is 
increased by a factor of two, one bit of information is added. (Miller, 1994, p. 344)

Readers without a background in physics or engineering may not appreciate that this involves more 

than analogy or turns of phrase. There is an extensive literature on the physical measure and 
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practical utility of difference, or ‘gradients’, usually employing the term ‘exergy’. A recent review is

provided by Tânia Sousa et. al. (Sousa et al., 2017)

This design research component of this work brings Edwin Jaynes’s critique of Claude Shannon’s 

information theory into practical relevance for project managers. The conceptual framework for this

is adapted from Adrian McDonough’s Information Economics and Management Systems 

(McDonough, 1963)..13 The basic idea is summarized below. 

Jaynes’ fixed point of 'perfect ignorance' is represented in Figure 6 at the origin of the x and y axes. 

I’s a position that real project managers can relate to: A newcomer begins by knowing nothing about

a problem. Similarly, an experienced manager begins by knowing nothing about a new problem. 

Figure 6: A Pragmatic View of Uncertainty

13 I first adapted and extended McDonough’s illustration for a document prepared in 1989 for the Canadian 
Government (Potvin, 1989), then further for a project investment portfolio selection framework prepared under contract 
to the World Bank in 1992 (Potvin, 1992). It was enhanced again for use in a manager training course that I was 
contracted to design for a global Fortune 500 company in 2014, and that version of the diagram was then also published 
online for the Open Source Initiative (OSI). The explanatory text in this subsection is adapted from that most recent 
documentation I prepared for OSI (Potvin, 2014). 
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Progress in reducing uncertainty is made by formulating questions and seeking answers in an 

iterative sequence of learning. In the upper half of the diagram, a problem can be incrementally 

conceptualized with increasing scope and precision through expanding investigation portrayed 

along the x-axis, proceeding further along the y-axis away from the state of maximum uncertainty at

the origin. In response to questions raised in defining a problem, the amount of information that can

be acquired increases with the intensity of learning effort. There is no upper limit to how much an 

observer could possibly know, but even so, what is learned typically arrives short of fully answering

the known questions. 

Both curves are shown as horizontally hyperbolic to convey the view that greater and greater 

research yields no limit to how much a problem can be conceptualized or how much information 

can be generated about it. This representation also suggests decreasing returns to any particular line 

of research. The increasing gap illustrated between them merely incorporates the old adage: the 

more you know, the more you know you don't know. 

In the lower portion of the main diagram, it is suggested that the cost of producing each additional 

amount of information tends to increase at a greater rate as more effort is directed to its acquisition. 

In contrast, the decision-making power of additional information, in terms of relevance, timeliness, 

accuracy and usefulness, is considered to increase only up to an optimum level, point 'b', and then 

decline. Note that the 'value of information' refers here to its value 'in use' for a decision-maker 

considering a particular problem, and may not relate at all to value 'in exchange'.

In the pursuit of any objective, it may be imagined that there exists an optimal information base 

appropriate to each particular set of decision circumstances. This is depicted in the diagram as the 

level of information availability in the upper part of the diagram that corresponds with point 'b' in 

the lower part. The curve in the lower part representing the value of information declines to the 

right of point 'b' for two reasons. First, the longer the period of study before a decision is made, the 

less value can be attached to any information produced. Information today is worth more in any 

particular decision context than the same information later on. Too much of a delay before taking 

action, just to undertake more and more research, will even reduce the value of information that was

previously generated. The second reason this curve declines past point 'b' is that the decision 

function eventually becomes obfuscated by an oversupply of information. Joseph Levitt expresses 

this common problem:

The more abundant the information, the less meaning it seems to yield. All seems, instead, 
congestion and confusion. The surest way to destroy a person's capacity for discrimination 
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and good judgement is to bombard him or her with an enormous abundance of data, even if 
it's incontestably relevant. ... What is needed is discrimination in the supply and use of data,
not their sheer abundance, regardless of relevance. ... Magnitudes must be limited to what is
relevant and comfortably usable. The effective use of information is governed by the 
principle of parsimony: limit it to the more-or-less precise purpose at hand. A good thing is 
not necessarily improved by its multiplication. The governing question is: what is the 
question to be answered, the problem to be illuminated, the matter to be explored, the issue 
to be defined. And it is precisely because these are not self-defining concepts that it is 
essential to think them through in advance, because no amount of data will tell you what 
information you'll need to get at the right questions. (Levitt 1991: 6)

The research effort therefore cannot be solely concerned with maximizing absolute decision power 

under a given set of decision circumstances. Simply put: the optimal information base may involve 

too much costs and delay. In the lower portion of our hypothetical illustration, maximum decision-

making value per unit cost of information occurs at point 'a', where the spread between the two 

curves is greatest. The additional study and considerable extra cost needed to develop an 

information base that maximizes decision-making power denoted by point 'b' achieves, in the upper 

portion of the picture, only a comparatively minor reduction in uncertainty. Funds are limited, and it

might not be worth the added cost. 

On the other hand, the likelihood of error is greatest when information is evaluated solely according

to its cost of production. That would lead to an information system being shaped according to the 

ease and cheapness of information recovery, rather than by decision priorities. Under those 

circumstances, statistics that are easiest and cheapest to recover would be given greatest attention, 

and those which are perhaps more subtle, costly and difficult to compile would tend to be ignored, 

even if they may be truly more valuable in the assessment of a problem. Since information about 

complex dynamic systems tends to be relatively more difficult and expensive to acquire, very 

valuable types of information could be systematically ignored.

The research effort should thus be designed to get the decision-maker somewhere between points 'a'

and 'b', that is between the maximum decision-making value per unit cost of information, and the 

maximum absolute decision power. Whether the desired point is closer to 'a' or to 'b' depends upon 

the nature of risks associated with wrong decisions. The greater the risks, the closer we wish to get 

to point 'b'. It is of great importance to stress again here, however, that generating too much 

information is still a mistake. Dangers are averted by getting the right amount of the right kind of 

information, at the right time, to people who can use it to make decisions. And it is always 

beneficial to push down the cost of obtaining and managing information, as discussed below.
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4.5 Three Postulates for Optimal Rule Systems, Rule Sets and Rules

What makes any particular rule system design better or worse than any other. Presumably the outcome of

design research towards ‘better’ rule systems would be to enable individuals and entities to communicate 

normative propositions more cost-efficiently and cost-effectively than is otherwise currently feasible:

• Cost Effectiveness: Maximize the quality of direction-intrinsic data communication within a given 
amount of time, resources and risk. 

• Cost Efficiency: Minimize the time, resources and risk needed to achieve an intended quality of 
direction-intrinsic data communication. 

These cost efficiency and cost effectiveness criteria are found in an approximately equivalent way in all four 

of the leading international project manager competency standards (ISO, 2012, Section 4.3) (IPMA, 2006, 

Section 3.10, p 150-153) (Crawford & Duncan, 2007, p. 4) (ICCPM, 2012, Views 3, 6, 9).   Efficiency and 

cost effectiveness goals may seem to be workable criteria, but they both depend upon an indeterminate notion 

of ‘quality’. Therefore we extend them with three postulates for rule systems design quality:

1. An optimal rule system   within a jurisdictional cluster of arbitrary individuals and entities is one 
that demands the least effort for them to categorize and communicate their respective normative 
propositions.

2. An optimal rule   between any two individuals or entities is one that is centred upon their 
respective priorities, while also intersecting their shared points of agreement.

3. An optimal set of rules   among multiple individuals or entities is one which all the rules 
together reveal an emergent straight line of reasoning.

These could be framed as hypotheses to be tested, but such an examination would be suited to a later round 

of research during which field implementations could generate empirical results. 

To bring an improved rules system design forward through conceptualization and implementation amidst

the complexity and intensity of the tangible world, requires a stable scaffold for support,14 and 

metaphors that are easy to grasp.15 Earlier it was said that the communication of what ‘is’ and what 

‘ought’ to be occurs among clusters of contingent social entities, relations, jurisdictions and 

interpretations that are changing, dividing, merging, disappearing and being introduced. A useful mental 

model for this arose originally during work on a 2015 doctoral research paper about resilient multi-entity 

coordination. The physics underlying the dynamically optimizing geometry of bubble clusters brought this 

author through the vehicle of metaphor directly to the three postulates for better rule systems. 

14 Cognitive psychologist Frederic Bartlett introduced the term schemata a century ago to refer to sets of connected 
ideas and relationships in the human mind. (Bartlett, 1932) George Miller, Nelson Cowan and others explain the 
importance of organizing information to chunks. (G. A. Miller, 1994) (Cowan, 2001) (Sedig et al., 2005) (Mathy 
& Feldman, 2012) 

15 Theory-building with metaphor was comprehensively reviewed in 2013 by Cyril Foropon and Ron McLachlin (Foropon 
& McLachlin, 2013). It’s a common technique in both formal and popular communication because metaphor can supply 
a conceptual scaffold for new ideas (Bartlett, 1932a) (Rosch & Lloyd, 1978)). 
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Figure 7 portrays a simple set of entities and 

relationships using the geometry of a cluster of 

bubbles. Any number of bubbles could be illustrated, 

but we’ll use a minimal three-part diagram that Joseph 

Plateau illustrated a century and a half ago (Plateau, 

1873) (Harrison, 2014) (Harrison & Pugh, 2015). 

John Venn’s diagram (Venn, 1881) is more common, 

but in our illustration we do not want areas of overlap. 

We want separate areas to be considered individually, 

while also holding together in a cohesive cluster. 

A macro-level jurisdiction is portrayed in Figure 8 

with the outline of a cluster among several parties  

pursuing a shared set of normative assertions. The 

the utility of this representation for the micro-level 

and meso-level, is to consider them in the context of 

a macro-level identity.

Figure 7. Bubble Cluster Interface Diagram
Versus the Venn Overlapping Areas Diagram

Figure 8. Each Jurisdiction has a Conceptual
Boundary (Macro-Level)

Figure 9.
Groups of Three or More Entities Also
Have Paired Relationship Interfaces

(Micro-Level)

In Figure 9 we assign the centre-point of each 

bubble to represent a micro-level constituent 

individual or entity within the jurisdiction. Each

constituent retains an area of autonomous 

agency, so that it is illustrated as separate from, 

but interacting with the other entities. Any 

cluster of autonomous relationships involves 

multiple paired interfaces. In real relationships, 

as well as in this geometrical metaphor, 

interactions may be contingent but they are not

random. Their interfaces are shaped by meso-

level rules. (Dopfer et al., 2004). 
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Plateau identified the physical forces which 

determine the geometrical shapes of interfaces 

between bubbles in clusters. He demonstrated 

that a cluster of bubbles of arbitrary size which 

are small enough to hold their spherical stability 

will shape themselves to the least possible surface

area required to confine and separate the given 

quantities of air within the system (Plateau, 1873). 

An optimal rule system within a jurisdictional 

cluster of arbitrary individuals and entities is one 

that demands the least effort for them to categorize

and communicate their respective normative 

propositions.

As illustrated in Figure 10, Plateau found that the 

shape of the interfaces between any two bubbles 

aligns to the arc of a circle (or sphere) that is 

itself centred on a straight line extending through 

their two centres. The arc intersects the shared 

contact points located between the two bubbles. 

An optimal rule between any two individuals or 

entities is one that is centred upon their respective 

priorities, while also intersecting their shared 

points of agreement. 

Figure 11. Entire Bubble Clusters
Demonstrate an Emergent Alignment

(Meso Level)

Figure 10. Interfaces Between Bubbles
are Shaped in a Particular Way

(Meso Level)

When multiple bubbles are clustered, as in 

Figure 11, Plateau also found that the interfaces 

formed as the arcs of the circles (spheres) to 

which their paired interfaces align, reveal that they

are all centred upon an emergent straight line. An 

optimal set of rules among multiple individuals

or entities is one which all the rules together 

reveal an emergent straight line of reasoning.
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Chapter 5: DWDS Technical Rationale and Design Summary

5.1 ‘Data With Direction’ from Concepts to a System Specification

We propose the descriptor “Data With Direction Specification” (DWDS) to describe any distributed, 

general purpose system within the descriptive scope of this dissertation, which individuals and 

organizations can use to author, publish, discover, fetch, scrutinize, prioritize and, with agreement of 

direct stakeholders, automate rules across digital networks with precision, simplicity, scale, speed, resilience,

and deference to prerogative. 

DWDS is a specification for a class of data-processing pipeline summarized with the underlying relation 

'IS + RULE  OUGHT'. An individual or entity transmits a ⟾ structured data request message about a 

circumstance. That message data is used as a sieve to separate out, from a distributed compendium of 

rules, only those which are ‘in effect’ for the declared jurisdictions and times, and which are ‘applicable’ 

to the categories declared for that circumstance. The message data is then also used as a different type of 

sieve on the logic gates of each rule in the shorter list, in order to generate a structured data response 

message that documents what MUST, MAY and SHOULD be relation to that circumstance.

Figure 12 differentiates the imperative, declarative and empirical aspects of rules. This distinction arising 

from philosophical logic is implicit in other rules automation frameworks from industry (van Dongen & 

van Maanen, 2013) (SAE, 2018) and government (Mohun & Roberts, 2020) (Schartum, 2016a) 

(Schartum, 2016b). It is explicit in the system form and data flow dynamics of DWDS. 

• Rule-Maker Agent (RM) Role: The imperative prerogative arising from social or institutional spheres 

empowers a person in the ‘rule-maker agent’ role to compose statutes, contracts, specifications, 

policies, treaties and other relational structures among two or more parties;

• Rule Reserve (RR) Network: A responsive on-demand request-response data pipeline sifts and 

transmits declarative documentation about rules from a decentralized rule reserve with versioning 

and redundancy (Cosulschi, 2015)): 

• Rule-Taker Agent (RT) Role: Descriptive data about an empirical event or change of status is 

packaged into an [is.dwd] request message to the Rule Reserve network. When the [ought1.dwd] 

response message is received back, the logic gates are immediately sifted to produce an [ought2.dwd]

result for use by the individual or entity associated with the circumstance, directly or through their 

machines.

The messages between the rule-maker and taker roles and the rule reserve network consist of two 
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types of stored data records, and two types transitory data records. An application will be submitted to

the Internet Assigned Numbers Authority (IANA) to register .dwd (Internet of Rules) as a distinct Media 

Type (MIME type) (Hansen et al., 2005) with +json and +cbor suffixes (Melnikov & Hansen, 2013). 

Stored D  ata  
• [rule.dwd]: A normative assertion that uses a tabular input/output logic gate;
• [lookup.dwd]: An ordered list of reference data in two or more ordered 

columns (an ‘n-tuple’);
(Unlimited [rule.dwd] and [lookup.dwd] instances can be expressed from a small 
number of patterns.)

transitory Data
• [is.dwd]: A request with context and particulars of a circumstance;
• [ought1.dwd]: A response package of [rule.dwd], [lookup.dwd] records with compute tests results. 

Figure 12: Philosophically-grounded function determines pragmatically-designed form.

NORMATIVE DATA
MUST, MAY and SHOULD

Empirical Declarative Imperative

Informational
Data, Metadata, Schema

 

Fact:
An Event / A Status Change
(generated / reported / detected)
(pending / estimated / potential)

Communication:
Best Available Information

(accessible and verifiable) 
(shaped by relationships) 

Prerogative:
Social or Institutional Agency
(authority / agreement / preference)

(subsidiarity / paramountcy)

Operational
“DWDS”

Rule Taker
Role

Rule Reserve
Network

Rule Maker
Role

Contextual

Normative Circumstance
A set of primary facts invoke
some normative propositions,
and thus establish a normative

circumstance.

Normative System
There exists an ensemble of

rules which characterize
a particular normative order.

Normative Sentence
 A requirement includes

one or more
normative propositions.

Practical
MUST, MAY, SHOULD

and their synonyms

Normative Fact
or Ruled-Based Fact

A set of primary facts invokes a
normative proposition, 

and therefore establishes the
existence of a normative fact.

Normative Proposition
or Rule Documentation

There exists a normative
proposition relevant to this data

which is ‘in effect’ for this
context, and ‘applicable’ to these

facts.

Norm or Rule
Institutional or social norms for

practical action or status are
‘in effect’ for a context, and

‘applicable’ to foreseen facts.

Ethical
 MUST, MAY, SHOULD

and their synonyms

Deontic Fact
A set of primary facts invokes a
normative proposition based on
utility, logic, ethics or aesthetics,

and thus establishes the
existence of a deontic fact.

Deontic Proposition
 There exists a normative

proposition based on utility, logic,
ethics or aesthetics ‘in effect’ for
this context, and ‘applicable’ to

these facts.

Deontic Rule
Institutional or social views for

ethical action or status are
‘in effect’ for a context, and

‘applicable’ to foreseen facts.

In the pages below, Figures 13(a) through 13(c) illustrate with UML Sequence Diagrams the end-to-end data 
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flows that connect the Rule-maker agent (RM) and Rule-taker agent (RT) Roles, via the Rule Reserve 

(RR) Network of a DWDS system. Any node on the Internet may operate all three, or two of, or just one 

of the RM, RT and RR functions.

• Figure 13(a) RuleMaker: A user with social or institutional prerogative for rule-making 

composes the descriptive expression of a rule, maintains its version history, adds it into a general 

access reserve file that is disseminated on the Internet, and monitors direct activity for the rule. 

• Figure 13(b) RuleReserve: Anyone organizing to set up and operate a Superset Rule Reserve 

node can obtain the latest comprehensive [rulereserve.dwd] catalogue file via its ongoing Internet

dissemination; and, anyone running a Subset Rule Reserve node can select from that distributed 

collection. Rule-taker agents may then obtain directly or via their machines, on-demand sifted 

selections of rules from any node(s) accessible to them across cascading nodes on the network. 

Downstream end users and nodes can routinely perform automated updates and integrity checks 

against the audited and certified Superset RR nodes. 

• Figure 13(c) RuleTaker: A user agent operating any application to accomplish their purpose may 

send a request message containing data about a procedural event or change of state, in order to 

receive back a response message containing sifted, tested data about normative propositions and 

related control data. Upon being informed of what apparently MUST, MAY and SHOULD be done 

in that circumstance, the user agent would then scrutinize and choose which part of the response 

to use.

The default general-purpose peer-to-peer node of a DWDS network incorporates all three RM, RR and 

RT functions. However any partial combination of these functions can also be useful. For example, 

devices with minimal or no effective storage capacity can operate as RT-only clients supported by 

separate dedicated RR servers. This would enable an organization deploying special-purpose equipment 

to maintain a narrow subset of rules accessible to their installed units. Also RM-only nodes can be 

employed for the purpose of converting convoluted natural language rules into control tables using 

simple concise statements in JSON-formatted [rule.dwd] and/or [lookup.dwd] records (JavaScript Object

Notation). These can be directly embedded into, or used as pseudo-code for automated transcription into 

any procedural programming language for operation in other platforms. 
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Figure 13(a). ‘RuleMaker Role’ Sequence Diagram:
Data flows among RM elements in a DWDS network (an ‘Internet of Rules’).
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Figure 13(b). ‘Rule Reserve Service’  Sequence Diagram:
Data flows among RR elements in a DWDS network (an ‘Internet of Rules’).
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Figure 13(c). ‘RuleTaker Role’  Sequence Diagram:
Data flows among RT elements in a DWDS network (an ‘Internet of Rules’).
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5.2 Reference Implementations Versus Particular Software Solution

DWDS is not a particular software or service implementation. Instead it is a general specification that 

communicates what any implementation of a RuleMaker application, a RuleTaker component, and a 

RuleReserve network service are supposed to accomplish, without restricting how.16 In high-

performance industries, a system specification is only considered to be complete if at least three working 

implementations meet all the requirements using different technologies on different platforms. (OGC, 

2019) (FIDO Alliance, 2020). The design, building and testing of working systems, when undertaken 

iteratively as part of the design research process, helps contributors to think through end-to-end 

composability. Interim implementations help others to understand the original team’s intent, and facilitate

their adaptation of the design using techniques and technologies appropriate to their own contexts, in 

their own style, for their own purposes. To enable a collaborative community, the documentation, 

programs and source code for the reference implementations are available under widely-used 

free/libre/open licensing, and they are built entirely with free/libre/open components. 

An informatics reference implementation is a minimal deployment of a design that demonstrates the 

operability of the concept, and provides either a usable pre-built scaffold or indirect inspiration for a 

comprehensive production implementation. Its operational behaviour must be consistent with the current 

system documentation, and these must be maintained as the design evolves. Reference implementations 

usually employ programming languages and platforms that are optimized for ease of understanding, 

delivery and maintenance. Real-world implementations for genuine use would instead be optimized for 

precision, scalability, speed and resilience. Of course, to the extent any of these attributes is critical to 

basic functionality, then at least one reference implementation should demonstrate such performance.

Table 6 summarizes three reference implementations under active development which illustrate how the 

Data With Direction Specification is intended to work. They each have four system elements : Rule 

Schema (RS); RuleMaker (RM); RuleTaker (RT); and RuleReserve (RR). Xalgo-rads is intended to be 

capable of adaptation for a genuine production-class Rules-oriented Autonomous Decentralized System 

(RADS) (Mori, 1984). Xalgo-dev is a developer-oriented command-line implementation optimized for 

experimentation, testing and diagnostics. And Xalgo-abm implements the Data With Direction 

Specification in an agent-based modelling (abm) environment for running hypothetical rule scenarios. There 

may come to be various other implementations of the system, based upon the technical context and specific 

needs of the implementers.

16 To be precise, a system specification is a set of concepts, definitions, designs, properties, functions, constraints, 
deployment arrangements, performance objectives, conformance tests and quality assurance methods, that together are 
detailed enough to be successfully implemented by anyone with general domain knowledge and resources. An informatics 
system specification must not incorporate restrictions regarding technology platform, programming language, 
infrastructure, services, suppliers or any other factors that are not intrinsic to the design functions.
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Table 6: Overview of Reference Implementations of the Data With Direction Specification

Purposes Specification Three Reference Implementations (via Xalgorithms Foundation)

An Internet of Rules DWDS Xalgo-rads Xalgo-dev Xalgo-abm

Rule metadata, logic 
and reference data.

DWDS RuleSchema 
describes a tabular declarative
structure for normative 
propositions and lookup tables
that, when accompanied by a 
parsing library, can be run 
directly with, embedded 
within, or auto-transcribed 
into, any programming 
language.

XalgoRS is Xalgorithms 
Foundation's Internet 
reference implementation of 
the DWDS RS specification. 
Its data model draws upon 
relevant XML schemas, but 
all files are expressed with 
JSON (JavaScript Object 
Notation) or CBOR (Concise 
Binary Object 
Representation).

Specification-conformant 
DWDS RS runs equivalently 
in a stand-alone developer 
environment.

Specification-conformant 
DWDS RS runs equivalently 
in an agent-based model.

Rule authoring, 
publishing and 
maintenance.

DWDS RuleMaker describes 
an easy-to-use application for 
structured authoring, 
publishing and maintenance of
normative propositions and 
related reference tables in a 
local repository that is 
accessible throughout a 
DWDS network.

XalgoRM is Xalgorithms 
Foundation's Internet 
reference implementation of 
the DWDS RuleMaker 
specification (Licensed AGPL
3.0)

XalgoRM-dev is a developer 
community implementation of
the DWDS RuleMaker 
specification, using a 
command-line interface 
(Licensed AGPL 3.0)

XalgoRM-abm is the NetLogo
community's agent-based 
modelling implementation of 
the DWDS RuleMaker 
specification. (Licensed AGPL
3.0)

Rule acquisition, 
scrutiny, prioritization
and user-optional 
automation.

DWDS RuleTaker describes a
library that enables the user of
any computing platform to 
fetch, scrutinize, prioritize and
optionally automate normative
propositions and related 
reference tables that have 
been published on a DWDS 
network. 

XalgoRT is Xalgorithms 
Foundation's Internet 
reference implementation of 
the DWDS RuleTaker library 
specification. (Licensed 
Apache 2.0)

XalgoRT-dev is Algorithm 
Foundation's stand-alone 
developer implementation of 
the DWDS RuleTaker library 
specification, using a 
command-line interface. 
(Licensed Apache 2.0)

XalgoRT-abm is the NetLogo 
community's agent-based 
modelling implementation of 
the DWDS RuleTaker library 
specification. (Licensed 
Apache 2.0)

Rule identity, location 
and classification.

DWDS RuleReserve describes
a distributed index of 
metadata routinely updated by
every RuleMaker application, 
and routinely used by every 
RuleTaker library, to identify, 
locate and classify all versions
of normative propositions and 
related reference tables on a 
DWDS network. 

XalgoRR is Xalgorithms’ 
reference Internet 
implementation of the DWDS 
RuleReserve specification for 
a distributed index of 
metadata (Licensed AGPL 
3.0) 

XalgoRR-dev is Xalgorithms’ 
Foundation's stand-alone 
developer implementation of 
the DWDS RuleReserve index
(Licensed AGPL 3.0). 

XalgoRR-abm is the NetLogo
community's agent-based 
modelling implementation of 
the DWDS RuleReserve index
(Licensed AGPL 3.0). 

5.3 Various Ways to Express Rule Logic

A rule communicated in natural language can also be expressed and considered in various other forms, 

such as in a computer programming language, a graphical flowchart (tree-diagram), and as an 

input/output table in the style of a ‘logic table’, ‘truth table’, ‘control table’, or ‘decision table’. In each of 

these, a package of input data would be compared with a set pf conditions , assumptions, triggers or premises,

and the output data would be generated as instructions, outcomes, actions, options or conclusions. 

Below, we step through a direct comparison of various ways of expressing a grocery store’s delivery 

policy.17 This begins with a short natural language policy as it may have been written by the manager of 

a grocery store. To keep this scenario simple, we may imagine a data source generated directly by an 

17 Our example is adapted from an airline beverage service policy example by D. Robert Baker. (Baker, 2004) 
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employee of the store, or by a self-check-out customer, who is putting the merchandise into boxes. Once 

a box is packed, the person can select, or not select, each of three radio buttons on a touchscreen tablet:

 "Box is at least half full.” ❍

 “Box type is standard" ❍

 “Value of box contents is greater than $100.00 ❍

The app on the tablet produces the type of data shown in Table 7.

Table 7. Output Data from a Hypothetical App on a Tablet

used capacity type of box contained value

box_at_least_half_full standard <$100

box_at_least_half_full non-standard >=$100

Our purpose here is not to illustrate an entire workflow, but only the determination of whether or not 

delivery is offered, and if so, whether it would be free, or if there will be an additional fee. 

5.3.1 Unstructured Natural Language Expression

Suppose that the natural language expression of the store policy on delivery were: 

When our standard delivery box is more than half full and also contains at least $100.00 in 
value of groceries, we provide free delivery. This does not apply to non-standard boxes. For 
all non-standard boxes, when delivery is provided we do charge for delivery. Delivery is 
offered for all boxes, standard or non-standard, whenever they are more than half full.

5.3.2 Executable Structured Expression

IF “box_at_least_half_full” = “T” 
THEN IF “box type is standard” = “F”

THEN actions = "delivery_is_available" + "delivery_is_charged"
ELSE IF “box_contents_value” >= $100.00

THEN actions = "delivery_is_available"
ELSE actions = "delivery_is_available" + "delivery_is_charged"

ENDIF
ENDIF

ELSE actions = ""
ENDIF 
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5.3.3 Flowchart (Decision Tree)

Figure 14: Flowchart Example

box less than half full  no delivery

box 
box contents value < $100.00  charged delivery

box type is standard

box contents value >= $100.00  free delivery

 box at least half full

box type is non-standard  charged delivery

5.3.4 Decision Modelling and Notation (DMN) Table Standard

In 2015 the Object Management Group published a standard for decision tables as part of Decision 

Model and Notation Version 1.0 (DMN), presently at Version 1.3 (OMG, 2019a). Following is a way to 

represent the same example in a DMN table (Ruecker, 2020).

Figure 15. DMN Example
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5.3.5 Truth Table (Input/Output Binary Decision Table)

5.3.5.1 Table 8.1 Truth Table Example

INPUT DATA Scenario A Scenario B Scenario C Scenario D

box_at_least_half_full F T T T

box_type_is_standard - F T T

box_contents_value >= $100.00 - - F T

OUTPUT DATA

delivery_is_available X X X

delivery_is_charged X X
By convention:

• INPUT state is "T"=present; "F"=absent; " - "=has no effect on the outcome (also referred to as “don’t care”).

• OUTPUT state "X"= is confirmed; " "= is not confirmed (blank)

A particularly useful result of expressing this rule with in an input-output table is that one can readily see 

that the Scenarios B and C, while containing different T and F permutations, are nevertheless associated 

with the same output. Thus an analyst or an algorithm can consolidate these two scenarios into a single 

scenario. By convention, T and F values which have no effect on the outcome are replaced with a 

hyphen. The consolidated table for this example thus has three scenarios, because two with a common 

output are merged as Scenario B, and the data formerly listed as Scenario D now appears as Scenario C.

5.3.5.2 Table 8.2 Consolidated Truth Table Example

INPUT DATA Scenario A Scenario B Scenario C

box_at_least_half_full F T T

box_type_is_standard - - T

box_contents_value >= $100.00 - F T

OUTPUT DATA

delivery_is_available X X

delivery_is_charged X
By convention:

• INPUT state is "T"=present; "F"=absent; " - "=has no effect on the outcome (also referred to as “don’t care”).

• OUTPUT state "X"= is confirmed; " "= is not confirmed (blank)
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5.3.6 Intermediate Asymmetric Trinary|Binary Decision Table

A partial step towards design of the DWDS logic structure involved adapting the Decision Model 

and Notation (DMN) standard (OMG, 2019a) with natural language sentences in the column 

headings. Others, such as Marjolein Deryck et.al. (Deryck et al., 2019) have also adapted the DMN 

layout for particular requirements. Our purpose was to create a bi-lattice logic gate18 comprised of 

trinary input (true-false-both) and binary output (true, false), with uniformly structured normative 

statements for semantics. 

Table 9 Asymmetric Trinary|Binary Decision Table

This structure can be represented in a simpler way as 

shown in Figure 16. The Data With Direction 

Specification has advanced beyond this trinary|binary 

design to a quaternary bi-lattice, but it remains 

worthwhile to illustrate this stage in our design 

trajectory. 

 

Figure 16 Graphical Asymmetric 
Trinary|Binary Decision Table

 

5.4 Methods for High Performance Decentralized Distributed Computing

5.4.1 Computing Fast and Slow: Externalize Computational Work from Run-Time

Daniel Kahneman’s well-known book Thinking Fast and Slow is about the distinction in human 

cognitive psychology between immediate determination and thoughtful deliberation. The two modes 

have been given various names by different authors: the System 1 / impulsive / automatic / heuristic 

process versus the System 2 / reflective / reflexive / analytic process (Kahneman, 2011) (Strack & 

18 Matthew Ginsberg introduced the term “bilattice” to refer to a data structure in which two sets of “bookkeeping labels are 
capturing two sorts of information” (Ginsberg, 1988) (Fitting, 1991). 
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Deutsch, 2004) (Bargh & Chartrand, 1999) (Evans, 1984). Jonathan Evans first introduced these two

modes of cognitive processing as follows: 

"[A] distinction is drawn between two types of thought process which are termed heuristic 
and analytic. The function of the heuristic process is selection. The outcome of heuristic 
processing is a judgment of relevance about features of the problem. Information deemed 
'irrelevant;' is not processed further. 'Relevant' information is then subjected to analytic 
processing. ... Suffice to say at present that the function of analytic processes is to generate 
some form of inference or judgment from the information selected." (Evans, 1984, p. 451) 

This difference is also found in data processing, but here we are concerned with fast deterministic 

sifting with the necessary and sufficient information, rather than fast heuristic selection under 

uncertainty. Simple data sifting methods can be structured so that naïve matching of input symbols 

against stored symbol combinations in logic tables will rapidly generate the designer’s intended 

outputs. Numerous deterministic selections in parallel or tree-like configurations may seem to be 

doing the same thing as slower analytic and inferential methods that require richly expressive 

programming languages for procedural instructions, parsed and executed through step-by-step 

sequences (Cunneyworth, 1994) (Vanthienen & Dries, 1993) (Coenen, 1999) (Garcia et al., 2000) 

(Dean & Ghemawat, 2008b) 

his comes down to selecting the correct tool for the job. Using complicated tools for simple jobs is 

usually feasible, but can be messy: like cutting butter with a chainsaw. Fifteen years ago in the opening 

of a keynote address entitled The Computing Machines in the Future, Richard Feynman characterized 

the difference between these two data processing styles: “This often goes under the name of artificial 

intelligence, but I don't like that name. Perhaps the unintelligent machines can do even better than the 

intelligent ones." (Feynman, 2005, p. 28) We propose to distinguish these as Artificial intelligence 

(AI) and Artificial naïvety (A ):∅

• Artificial intelligence (AI) performs active knowledge acquisition and inductive reasoning 
with stochastic variational inference and double-loop learning (learning how to learn) to 
resolve information gaps in order to guide action within a specified degree of risk tolerance. 

• Artificial naïvety (A ) ∅ performs passive request-response signal mapping with logic and 
lookup tables to sift data, and may use basic arithmetic and Boolean operations to transform 
data. This ‘non-learning’ system retains no user data.

 The extreme speed, volume and precision of constrained A  ∅ data processing can give users the 

impression of using a very ‘smart’ AI system. But in fact it just involves high-performance ‘dumb’ 

computing, analogous to: square peg to square hole—round peg to round hole. 

Several techniques of the Data With Direction Specification are tailored to reducing the run-time computing 

burden, with simplicity, speed, precision, resilience and generalizability. There’s not much claim here to 

‘innovation’, since each of the techniques described here is long-standing in informatics history, and 

92 Joseph Potvin: Thesis



involves little effort other than to overcome some preconceptions. In particular we anticipate that the 

primary barrier to adoption would not be due to technological sophistication; instead the challenge is 

that bright creative informatics systems developers in industry, government and academia don’t 

typically associate old-fashioned, simple, mostly unused and forgotten techniques with attaining high 

performance in current-generation applications.19 It is more natural, understandably, to get excited by 

new, advanced, big-budget methods (Simons, 2012). 

Amid the computing, storage and network infrastructure methods of a half-century ago, some of the 

brightest creative minds of the 1970s tailored their data structures and data processing techniques to 

minimize run-time computational resource load, while maximizing generated information utility 

(information + actionable purpose ≡ knowledge). Far-seeing management thinkers at that time, such as 

Adrian McDonough, Deryke Belshaw and Theodore Levitt, anticipated the practical problems that arise with 

too much information. (McDonough, 1963, p. 72) (Belshaw, 1981) (Levitt, 1991, p. 6) Their advice was to 

design information systems that are:

• ‘Cost effective’: If equivalent output can be made based on reduced data and resources, then less 
ought to be acquired and committed; and

• ‘Cost efficient’: Improvements in output performance ought to be justifiable in view of the data input 
collection, management and computational burden.

Into the 1990s and 2000s easier programming methods facilitated much more programming depth, weight 

and complexity, and this could be accommodated because more rapidly advancing computer hardware and

network performance could handle the heavier run-time computational loads and data storage 

requirements. But the down side of that progress was to accommodate less efficient, less effective data 

structures and data processing methods.

Now in the 2020s, the proliferation of data, devices and demand brings back the need for informational 

efficiency and effectiveness: we’ve got a new iteration of that 1970s-generation challenge. How can we 

use the least data processing resources to support the best decisions? 

Just as there are certain domain-specific designs and methods which are homologous to the 

implementation of any high-speed train, any emergency response service, or any top-tier athlete, we 

suggest that a passion for informational efficiency and effectiveness are necessary to attain the virtues,

norms and overall character of the intended design of DWDS. There’s certainly no prohibition against 

forking our design, other than that in principle, one should not claim or imply that an inconsistent project 

19 Shaker Zahra and Gerard George define absorptive capacity as the routines and processes by which people and their 
organizations “acquire, assimilate, transform, and exploit knowledge”. These factors determine how individuals and 
entities dynamically evolve in their own methods of operation, and also in relation to others. When people have the 
motivation, resources and time to make use of assimilated knowledge, then as individuals and in their organizational 
roles, they tend to be more receptive to acquiring and assimilating that new knowledge. (Zahra & George, 2002)
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is an implementation of the ‘DWDS’ specification.20

The following sections explain various techniques incorporated into this specification which, in each case, 

externalize work. Each of these techniques is conceptually independent, so they are discussed separately. 

However there’s an emergent synergy attainable when they are combined into a single method, in the 

complex manner Christopher Alexander explains in “A Timeless Way of Building” (Alexander, 1979).

5.4.2 Transforming Complex Natural Language to Simple Structured Natural Language

A rule author using an implementation of the RuleMaker specification need not write any programming 

code. The RuleMaker interface helps the user express simple normative propositions in uniformly-

structured natural language, even though they may originate in unstructured natural language, and then 

provides the use a simple way to set up the logical relations in an adjacent table.

To convert unstructured free-form natural language into uniformly-structured natural language requires 

the capability to compose clear sentences. In the 1950s Ernest Gowers emphasized in Plain Words that 

straightforward communication is indispensable to getting practical work done: 

“But what is this job that must be got on with? ... the writer’s job is to make his 
reader apprehend his meaning readily and precisely. ... Even when he knows 
what he means, and says it in a way that is clear to him, is it always equally 
clear to his reader? If not, he has not been getting on with the job.” (Gowers, 
1954, p. 78)

DWDS RuleSchema specifies a limited phrase-structure grammar with just one declarative sentence 

type. Despite this very rigid syntactic constraint, there are no boundaries on semantic scope. This is 

inverse to the more common Semantic Web technique of supporting complex expression using rigid 

semantic schemas (e.g. RuleML) and tolerant syntactic structures (e.g. SGML). The two approaches are 

not mutually exclusive; they are complementary and can be deployed concurrently. 

The Data With Direction Specification leaves the management of semantics in the hands of people who 

have the prerogative, motivation, domain knowledge and socio-cultural familiarity to tailor the 

expression of each sentence of each rule, and who are motivated to make a genuine effort to provide a 

faithful reproduction of the full normative intent of the original rule, with minimal distortion. 

Once a rule is comprehensibly and accurately expressed in the structured natural language of DWDS 

RuleSchema, it is then useful to automate with computers over a network. Anyone provided a few 

examples in any natural language they understand, should be able to author rules correctly in any other 

natural language they are fluent in, intuitively identifying each segment of each sentence with the 

relevant syntactic function. Although this can be time-consuming due to the need to focus on exact 

20 See the classic essay of eXtreme Programming by Ron Jeffries: “We Tried Baseball and It Didn't Work”. (Jeffries, 2006)
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meaning of the normative propositions, this work can be tackled by having many people with moderate 

domain knowledge thoughtfully choosing and configuring words and phrases to compose words and 

phrases into the six elements of the DWDS template, and arranging these elements in a sequence that 

makes sense in their working language.

DWDS Rule Schema (RS) is a non-executable syntactic specification for tuple oriented data containing 

normative propositions, combined with metadata and descriptive data. It is tailored to the communication

of normative propositions between rule-maker agents and rule-taker agents across a network, but it is less

than a ‘domain-specific language’ (DSL). The syntactic structure of sentences expressible in a DWDS 

logic table is constrained, but there are no constraints on the semantic scope. This keeps the system 

simple. Rule authors will sometimes find that a sentence they want to express in their own language is an

awkward fit within our rigid set of six syntactic elements. They can include connecting words such as 

prepositions or articles into any of the fields, as well as punctuation. The syntactic relationships of the 

elements is retained even when the sequence changes. But trade-offs will sometimes be required, and 

practical meaning should generally take precedence over elegance of expression. 

It is encouraging that in our first cursory test with the sample sentence, each of the respondents was able 

to achieve an acceptable expression in their respective languages. One person responded that it "isn’t 

something you would ever say" because the language is "grounded in a different way of looking at the 

world" and so "it is not likely to be understandable". Subsequent versions of the template might enhance 

fluency and precision across languages without complication.

5.4.3 Externalize Linguistic Complexity from Rule Structure, to Simplify Function

The Data With Direction Specification involves explicit decomposition of syntactic structure and logic 

structure from semantic expression. Run-time computational work can then be focused upon simple, 

efficient matching of symbols. Semantic complexity is externalized from run-time by having rule-makers

place natural language words into a pre-determined set of syntactic fields with fixed grammatical 

functions. Together these elements enable the construction of just one type of declarative sentence, but 

any number and variation of such sentences can then be positioned as row labels of a table that supplies 

the logic structure and the normative mode of a rule. This method is explained in detail below.

5.4.3.1 Making the Logic Relations Explicit

a DWDS logic table employs one sentence per row of a quaternary bi-lattice, relating each input 

condition and each output assertion to {00,01,10,11} symbols. In this manner, the logic structure of a 

normative proposition is easy to see, even when it is relatively complicated. When considered in 

relation to the conventional methodology of mathematical linguistics underlying most computer 
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programming logic, our design is pursued in the reverse direction:

• A linguist observes many sentences of a language and infer a finite set of syntactic rules that anyone
may use to assemble words of that language to convey infinite semantic meanings.

• We design a single finite syntactic pattern for declarative sentences and use this in a structured set 
for anyone to assemble words of any language to convey infinite semantic meanings.

Every row label of the DWDS logic table is a grammatically-equivalent statement. This rigid sentence 

template provides a consistent language-agnostic set of grammatically consistent syntactic elements 

and relations. An arbitrary limit of 240 characters per sentence reduces malicious potential, and 

encourages a concise style. Although each element of a row is displayed for human reading as a 

sentence, the elements themselves are stored as distinct data fields with known attributes. This pre-

parsed semantic data can be processed efficiently.

5.4.3.2 Making the Syntactic Elements Explicit

In natural language communication, humans imply and infer syntactic function by context, without 

needing each element to be explicitly named in the message. In contrast computer programs require 

explicit identification of the syntactic structure of each semantic expression, something which John 

Backus formalized with Backus Normal Form (BNF) (Backus et al., 1960).21 

In computational tables it is routine to structure information by using the individual names of either the 

syntactic elements or semantic classes as the labels of rows or columns. DWDS logic tables can employ 

complete sentences as the row labels in a vertically stacked topology, but each sentence consists of a fixed

set of syntactic elements and relations, in whatever order is required by the language used. 

Brian Roark and Richard Sproat comment that "Grammars built for computational syntactic 

processing must typically trade-off the richness of syntactic description provided by the grammar with

the computational cost of using it.” (Roark & Sproat, 2007, p. `17) In the Data With Direction 

Specification we reduce the computational burden by constraining expressiveness to a set of just six 

syntactic elements. Only some of the six elements are required for the simple computational operations, 

but the full set is required in the form of a sentence to support human comprehension.

21 ‘Backus Normal Form’ (BNF) evolved over the years with improved compactness, simplicity and representational 
power, resulting in ‘Augmented BNF’ (ABNF) (Overell & Crocker, 2008). The general technique of explicitly pairing 
a functional signal to each semantic expression became routine across programming languages, including for semantic 
metadata tagging of data in Standard Generalized Markup Language (SGML) (ISO, 1986). This practise enables 
interoperability across otherwise heterogeneous platforms, and thus, systems modularity. 
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In Syntactic Structures, Noam Chomsky emphasizes the general utility of a kernel of basic sentences 

within "a simple or context-free phrase-structure grammar":22 

“A finite state grammar is the simplest type of grammar which, with a finite amount of 
apparatus, can generate an infinite number of sentences." ... "The central idea behind 
transformational analysis is that it will be profitable to select among grammatical sentences a 
certain kernel of basic sentences for which a simple phrase structure can be described, and in 
which all grammatical relations and selectional relations can be discovered." ... “We can 
greatly simplify the description of English and gain new and important insight into its formal 
structure if we limit the direct description in terms of phrase structure to a kernel of basic 
sentences (simple, declarative, active, with no complex verb or noun phrases), deriving all 
other sentences from these (more properly, from the strings that underlie them) by 
transformation, possibly repeated. (Chomsky, 1957, p. 24, 82, 106-107)

Chomsky suggested the utility of a small kernel of basic sentences that are “independent of meaning” 

(Chomsky, 2000, 17, 125). The DWDS logic table takes this a step further by reducing the small 

kernel of sentences to a fixed-grammar sentence template with just six syntactic elements that can be 

arranged to create particular declarative sentences. Despite the rigid limitation, this template has infinite 

semantic range because it can be populated with words from any lexicon, language and character set. 

The context-free "typed feature structure grammar" (Wintner & Sarkar, 2002) of a sentence in the 

phrase-structure of DWDS RuleSchema contains the following elements (represented in ABNF) :

DWDSSentence = 
Determiner = the | this | these | a
SubjectNoun ; word or phrase
PastParticipleVerb ; word or phrase referring to the subject noun
AuxiliaryVerb = be | do | have ; optionally with MUST, MAY, SHOULD, MUST NOT, MAY NOT, 
SHOULD NOT 
ObjectNounOrVerb ; optional with a preposition 
ObjectDescriptor ; optionally an adjective, adverb or arithmetic 

The structure of a sample sentence using this template can be described with "Minimal Recursion Semantics" 

(MRS), a framework for computational grammar decomposition introduced by Ann Copestake (Copestake et 

al., 2005) (Copestake, 2002). In Figure 17 we use the online “Linguistic Knowledge Builder” (LKB) (Carroll 

et al., 2020) application to visually illustrate one of the declarative sentences from the earlier example of a 

grocery store delivery policy: “This box as measured is the standard type.”

22 Chomsky comments: “It is interesting to observe, in this connection, that the theory of context-free phrase-structure 
grammar is very close to adequate for ‘artificial languages’ invented for various purposes, for example, for 
mathematics or logic or as computer languages.” (Chomsky, 2000, p.138 fn 36) As far back as the 1950s he observed 
that “one possible method for describing a grammar is in terms of a program for a universal Turing machine. The 
purpose of this paper is to examine the properties of such a grammar and language for a finite state machine. 
(Chomsky, 1958, p. 92)
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DT: determiner; 
VBN: verb past participle; 
VBZ: verbAuxiliary;
NN: noun; 
IN: preposition; 
MD: modal (normative verb)
JJ: adjective|arithmetic; 
BV: bound variable; 
ARG: argument 

Figure 17: Syntax Structure of a Sentence in the DWDS Rule Schema

Prepared with Linguistic Knowledge Builder (LKB), a free/libre/open source grammar analytics
application for typed feature structures (Carroll et al., 2020). http://erg.delph-in.net/logon

5.4.3.3 Making the Syntactic Structure Explicit

The MRS analysis shows that the sentence structure employed for DWDS logic tables combines two 

assertions (grammatical ‘arguments’), each of which expresses a subject-predicate-object relation:

ARG1: This box type is standard; and, 
ARG2: This box type is measured. 

Together these may be expressed as: “This box as measured is the standard type.”23 Table 10 has a 

colour-coded list of the six syntactic element categories of the DWDS sentence template, and the two 

subject-predicate-object arguments they express. The information characterizing the main assertion 

ARG1 (This box type is standard) has a black background; and the information of the supporting assertion

ARG2 (This box type is measured) is shown with a white background. Each element contains a word or 

phrase to perform the named function.

Table 10. Syntactic Elements of a Sample Sentence in the DWDS Rule Schema

Syntactic Element Required vs. Optional May be Combined With Sample Sentence

█ Determiner Optional This

█ SubjectNoun Required box

█ PastParticipleVerb Required SubjectNoun as measured

█ AuxiliaryVerb Optional is 

█ Object Descriptor Required ObjectDescriptor the standard

█ ObjectNounOrVerb Optional ObjectNounOrVerb type.

23 The present draft of this paper describes a more recent version of the DWDS logic table design than is implemented 
in the software component used to generate the image in Figure 23. 
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To check variations in syntactic structure with these elements, an arbitrary sample of acquaintances of the

lead researcher was informally asked to interpret the sample English statement into their own first 

language. The translators were not provided any other grammatical instructions or wider context; they 

were just asked if they would please share back how to express the sample sentence in the other language

that they were fluent in.24 Some very helpful people reached out to their friends and provided several 

additional language versions.

This was not intended to be a formal part of this design research, rather it was just a review with various 

colleagues to validate a technical detail for logical coherence. It will come as no surprise to a linguist that

this evolved into a interesting step on a linguistic journey, resulting in valuable insights.25 

The general template for sentences in the logic table of DWDS RuleSchema is designed with the 

intention of accommodating expression in any natural language using any character set, with elements 

displayed with the orientation, order and flow direction of the language in use (e.g. horizontal left-to-

right; horizontal right-to-left; vertical top-to-bottom) (W3C, 2019). Table 11 provides a small sample of 

translations of the one sample sentence arranged and coloured for comparison. (Languages which are 

conventionally vertical such as Japanese, Mandarin and Korean are displayed here horizontally.) 

The coloured sequences in Tables 11 and 12 portray the syntactic structures provided by each person. 

Our impromptu unstructured experiment suggests that adequate universality can be obtained with a 

common set of syntactic elements, albeit requiring some flexibility. A template for sentences in the Data 

With Direction Specification must accommodate user-determined arrangements of the syntactic 

elements, while retaining the semantic relationships amongst them. Evidently there is no need to instruct 

rule authors about linguistic theory; it appears to be sufficient to provide them an example or two of well-

formed sentences with the intended syntactic structure for a language they are comfortable with. 

24 Some translators pointed out a flaw in the sample sentence. One explained as follows: “According to my own thinking: 
When we measure something, this has to do with its size, not its type. When we speak for type, we examine the object's 
specifications. So, I find the phrase: ‘This box, as measured, is of standard size’ or ‘This box, as examined, is of standard 
type’ more reasonable.” Certainly the word "type" should be "size". The observation is correct, and the inelegant sample 
wording was initially an oversight. But we retained it to learn how translators would handle the categorital term "type". 

25 Multi-lanuage translation was not initially intended as a formal part of this design research. It was just a ‘due diligence’ 
check for integrity. Machine translation was not used because it cannot assure the fluency and precision we were after. 
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Table 11: Syntax Structure of a Sample Sentence in Various Natural Languages

Shona: Bhokisi iri sekuyerwa kwara kaitwa ndere mwero wepakati.
Luganda: Eno bokisi nga bwe’tugipimye ya ngeli sitandadi.
Indonesian: Kotak ini seperti diukur adalah tipe standar.
Portugese: Essa caixa, que foi medida, é do tipo padrão.
Polish: To zmierzone pudelko jest standardowego typu.
Dutch: Deze doos zoals gemeten is van type standaard.
Lingala: Linzanza oyo emekelo ezali oyo e longobami.
English: This box as measured is of the standard type.
Greek: Αυτό το κουτί, όπως μετρήθηκε, είναι κανονικού τύπου.

Croatian: Ova izmerena kutija je standardnog tipa.
Finnish: Tämä laatikko mitattuna on vakiotyyppi.
Ukrainian: Цей блок, як виміряно, є стандартного типу.
Russian: Эта коробка, по размерам, стандартного типа.

Serbian: Ова измерена кутија се стандардног типа.

French: Cette boîte mesurée est de type standard.
Spanish: Esta caja medida es de tipo estándar.
Swahili: Sanduku hili, hupimwa, ni aina ya kiwango.
Japanese: この箱の測定結果は標準タイプです。
Hungarian: Ez a doboz normal tipus méretű.

Myanmar: ဒီ� ဗူ� းက အတို	
 င်� းအရ ပုံ
 � မှ� န်� ပုံ� ။.

Mandarin: 这箱子按测量是标准格式。
Korean: 이   측정된상자  는표준형입니다. 

Thai: กลล่องนน้ีตามวัดเปป็นแบบมาตรฐาน 

Arabic: األساسي النوع فهي من كما تم قياسها  العلبةهذه
Hebrew:  סטנד סוגהיא  כנמדד הזאתהכופסה

English: ██████

Japanese: ██████
Mandarin: ██████

Finnish: ██████
Portugese: ██████

Greek: ██████
Shona: ██████

Croatian:         ██████

Serbian: ██████

Russian: █████
Myanmar: █████

Hungarian: █████

Luganda: ██████

Dutch: ██████
French: ██████

Spanish: ██████
Arabic: ██████

Korean: ██████
Polish: ██████

Thai: ██████ 
Indonesian: ██████

Lingala:      ██████
Swahili: ██████

Hebrew: ██████

Table 12: Syntax Sequences from a Sample Sentence in Various Natural Languages
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This structure illustrates a general syntactic 'vehicle' suited to the design intent of the Data With 

Direction Specification, but we need to accommodate the varying syntactic structures of diverse 

languages to achieve the same class of statement in any language. Some specific observations from this 

test are:

• The 'Determiner' (the, this, these, a) is not always used;
• Two elements might be combined into one compound word (Finnish: vakiotyyppi) 
• Some elements may be implicit rather than explicit (e.g. Myanmar, Russian, Hungarian)
• A linguist informed us that some languages do not have declarative subject-predicate-object 

triples, as they do not have a 'subject' element. Our design can substitute another element for this.

An application using this template will need to be tolerant of various connector words and punctuation 

that may accompany natural language expression, while still being being optimized for decentralized 

storage, rapid discovery and efficient computation. To illustrate, the sentence “This measured box is a 

standard type.” is operationally equivalent to “This box as measured is the standard type.” Both of 

these would carry the same operational effect as if someone with limited capability in English were to 

say: “The box, measured, is type standard.” This is also flexible to alternative expressions, for example

in Portuguese: “Essa caixa, que foi medida, é do tipo padrão.” can be equivalently expressed as “Essa 

caixa, conforme as medidas, é do tipo padrão.” 

Within each language there is typically more than one syntactic structural variant available for the same 

basic sentence. Syntactic variability and semantic dissonance within and among languages complicate 

natural language processing. 26 This is greatly reduced in the Data With Direction Specification by 

working with only one sentence template with six syntactic elements to build all logic tables. Semantic 

variability can be handled simply as communities of rule-maker agents and rule-taker agents have a 

shared interest to develop and choose standard schemas. Any application relying upon this structure can 

provide a way for users to access synonyms and multiple languages through [lookup.dwd] reference tables.

5.4.3.4 Making Rules Easily Readable and Efficiently Computable

The Data With Direction Specification provides a structure for ‘rules-as-data’ that is directly usable by 

non-specialized humans and by general-purpose computers. A rule author using a RuleMaker 

implementation supplies simultaneously: 

1. A rule in their chosen natural language, in simple human-readable form;
2. A syntactically pre-parsed data package in machine-processable form.

26 Three of our informal translators sought contextual clarification whether the word ‘box’ was meant as a physical container,
or as a data entry field in an administrative form. Also certain words in this sample sentence are out of context in some 
languages. In the Namuy Wam language of Cauca (southwestern Colombia), there is no term for "a box" (in Spanish “una 
caja”). So if the intent is to refer to a moderately large package for cargo, a functional synonym in Namuy Wam is "un 
costal" (a large heavy-duty sack). 
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Following is our sample sentence written in JSON, and associated with the logic relations using the symbols 

{1,10,0} to be discussed later. Each of the syntactic elements of the sentence comprises a field with a value.

When the sentences of the DWDS logic gates are 

composed in applications conformant to the 

RuleMaker specification, they are pre-parsed to 

the consistent syntactic structure of the 

RuleSchema. This can be displayed in JSON as 

shown at right, but the logic gate data is actually 

stored and processed like a horizontal tape within 

the single row occupied by the [rule.dwd] record 

of the decentralized [rulereserve.dwd] database. 

This horizontal topology is also employed for 

rules-as-data in [ought1.dwd] and [ought2.dwd] 

response messages transmitted across an Internet 

of Rules, which are described later. 

 "sentence": {
 "Determiner": "This",
 "PastParticipleVerb": "measured",
 "SubjectNoun": "box,
 "AuxiliaryVerb": "is the",
 "Object Descriptor: "standard",
 "ObjectNounOrVerb": "type"
 }
 {
 "cases": [
 {
 "case": "A",
 "value": "10"
 },
 {
 "case": "B",
 "value": "10"
 },
 {
 "case": "C",
 "value": "01"
 }
 ],
 }

This information can be audited directly for integrity, but it is also trivial to display in a browser or 

application interface in a way that a human can read a properly-flowing sentence. The named elements of

syntactic structure (i.e the fields such as "Determiner" and "SubjectNoun") can be displayed to human 

readers in any order that makes sense to them. And it is trivial for a program or database to employ 

particular elements for any computational purpose. 

In the course of active DWDS computation, the sentences of the logic gates in [rule.dwd] records 

expressed as shown above are sifted and processed with structured [is.dwd] messages. Selected elements 

create subject-predicate-object triples (SPOTs) in one-layered or two-layered relation. The underlined 

elements are required, and the others are used if present:

""SubjectNoun”:“PastParticipleVerb"" : ""ObjectNounOrVerb”:“ObjectDescriptor""

For example the computational parts of our sample sentence may contain the following data:

""box":"measured"" : ""type":"standard""

This minimalist expressiveness will function with any natural language, upon the working premise that 

when an element is missing it can be considered implicit or combined. To test this, we performed a 

'naïve' rudimentary test. The present researcher does not understand the Myanmar language and did not 
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use any translation-assembled elements from the sample Myanmar sentence supplied by a professional 

linguist for the earlier test. The following was built by relying solely on the known role of each syntactic 

elements, without considering the semantics at all:

 

""ဗူ� းက" : "အတို�� င်
းအရ"” : "ပုံ� မှ� န်
ပုံ�။"
 

The linguist confirmed that the essential semantic meaning was retained in this limited data. Our 

objective is that the same should be workable with the sentence data from Arabic, read right-to-left. 

JSON syntax works equivalently in both directions.

فهييأساسيية"" "الخانة كم  :  اا تم قياسها :  " "" "  "

These examples show how circumstantial data can be pre-structured in [is.dwd] messages to be used in 

constructing transitory [sieve1.dwd] packages to sift rules-as-data stored within RuleReserve nodes. It is 

similarly straightforward to auto construct field:value combinations for the response [ought1.dwd] 

message sent back to the RuleTaker node. 

Any sentence built with the six syntactic elements of the DWDS RuleSchema can usually be 

reduced to four, three or two of those syntactic elements without loss of communication utility, 

despite the obvious reduction in stylistic elegance. The RuleMaker application has a minimum 

subject-predicate-object triple involving the SubjectNoun and Object Descriptor. But any rule author 

composing a sentence in the RuleMaker application can mark either or both of the PastParticipleVerb 

and ObjectNounOrVerb fields as essential to their intended meaning, for the purpose of coherent 

RuleTaker sifting operations. Following are some examples:

Example (a):

 "sentence": {
 "Determiner":"This",
 "SubjectNoun":"container status,
 "PastParticipleVerb":"is listed as",
 "AuxiliaryVerb":"being",
 "ObjectNounOrVerb":"considered",
 "Object Descriptor:"loaded"
 }
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Two-layered computable relation:

""container_status":"is_listed_as"" : ""considered":"loaded""

One-layered computable relation:

"container_status":"loaded"

Example (b):

 "sentence": {
 "Determiner":"This",
 "SubjectNoun":"box,
 "PastParticipleVerb":"as measured",
 "AuxiliaryVerb":"is of",
 "ObjectNounOrVerb":"type",
 "Object Descriptor:"standard"
 }

Two-layered computable relation:

""box":"measured"" : ""type":"standard""

One-layered computable relation:

"box":"standard"

Example (c):

 "sentence": {
 "Determiner":"The",
 "SubjectNoun":"number of residential properties",
 "PastParticipleVerb":"currently registered",
 "ObjectNounOrVerb":"to the purchaser",
 "AuxiliaryVerb":"is",
 "Object Descriptor:"2"
 }

Two-layered computable relation:

""number_of_residential_properties":"currently_registered"" : ""to_the_purchaser":"2""

One-layered computable relation:

"number_of_residential_properties":"2"

Example (d):

 "sentence": {
 "Determiner":"The”,
 "SubjectNoun":"country of residence",
 "PastParticipleVerb":"deemed habitual",
 "ObjectNounOrVerb":"of the person",
 "AuxiliaryVerb":"is",
 "Object Descriptor:"Chile”
 }

Two-layered computable relation:

""country_of_residence":"deemed_habitual"" : ""of the person":"Chile""

One-layered computable relation:

"country_of_residence":"Chile"

104 Joseph Potvin: Thesis



These examples demonstrate the expressive tolerance of the DWDS RuleSchema and of the overall end-to-

end system that employs it. This has advantages, but it can also cause problem. Bringing together words and 

phrases from disparate users in all sorts of contexts, using different languages and dialects, seems to leave far 

too much to chance. The distributed decentralized composition of [rule.dwd] records, and transmission of 

circumstantial data in [is.dwd] messages from independently-operated RuleTaker components, would seem to

create the conditions for a very level of data matching which the sifting method depends upon. Exact 

equivalency of terms can hardly be taken for granted among diverse autonomous users across an open 

distributed network. 

On the other hand, anyone taking the trouble to employ the RuleMaker and RuleTaker applications has a 

straightforward incentive to optimize their own provision data in a manner that would generate reliable and 

accurate results. There are two primary reasons to expect a sufficient incentive for interoperability to emerge: 

◦ Utility of Alignment to Semantic Standards: The DWDS can operate without standardized 
lexicons, but certainly many communities of rule-maker agents and rule-taker agents will 
have shared interests in the increased efficiency and precision of using and extending the 
engagement of standard schemas. Specialized communities of rule-makers and rule- takers tend 
to require or prefer standardized terms. To the extent rule authors and the designers of 
application data structures become aware of and acquire an interest in having rule logic auto-
generated in the background in an intelligible way, it seems reasonable to expect that they 
will be attracted by the efficiencies easily obtained by migrating towards a shared lexicon, 
such as Semantic Web data schemas that have been negotiated over the past quarter century 
across many specialized communities of practice. (Berners-Lee et al., 2001) What does not 
come to be uniformly standardized due to prior implementation of incompatible data models, 
can be handled through automated data mapping.

◦ Use of Lookups for Data Mapping: Tolerance of expressive diversity across the user 
community can be actively facilitated through a variety of techniques, one of which involves 
drawing upon [lookup.dwd] tables of synonymous words and phrases. Data mapping lookups 
can accommodate multi-language expression, as well as two or more overlapping schemas 
employing different categories and terms (e.g. UN/CEFACT and UBL). (Parry et al., 2010) 
In this way, data can ‘correspond’ without having to ‘match’ characters, for example the 
English "box":"standard" corresponds with the Spanish "caja": "estándarizado", and with 
proximate strings to accommodate different expressive styles, as "caja":"estándar". Each rule-
maker agent and rule-taker agent can retain the autonomy to use the lexicon and language 
they prefer, even where semantic standards are well established. They can list any alternative 
parsing resource as [lookup.dwd] tables in the [rule.dwd] metadata, and/or in their own 
RuleTaker configuration settings.

It remains to provide a simple method for keeping organized all the syntactic structures organized across 

any of the languages that rule-maker agents and rule-taker agents may employ for rule expression. The 

Data With Direction Specification enables the individual syntactic elements of each sentence to be kept 

DWDS Technical Rationale and Design Summary 105



organized for display to human readers. This is done with a simple numeric [lookup.dwd] record that 

relates languages of expression to the syntactic structures of the sentence template used by all rule 

authors for all rules in all languages. It would be maintained just as any other table of reference data on 

an Internet of Rules. 

A mandatory field presented in the authoring form of the RuleMaker application requires that the user 

indicate the language in which the rule sentences they are expressing. This attaches language metadata to 

each [rule.dwd] file. The method by which the Data With Direction Specification accommodates all 

written languages is through rudimentary data structuring.

The language identifiers lookup table is generalized to be entirely numeric (in Western Arabic numerals) 

by performing two simple data substitutions: languages are represented with ISO standard 3-letter codes 

expressed in ASCII decimal form; and, syntactic elements are represented with arbitrary W3C standard 

numeric colour codes.

To specify the language of each [rule.dwd] record we 

rely on ISO 639-2:1998 “Codes for the representation 

of names of languages” shown in Table 13. (ISO, 2016)

To generate a numeric representation for our operational

lookup table, we arbitrarily make use of the ASCII 

decimal codes that correspond to each three-letter string

(e.g. 102,114,97 instead of fra for Français). With the 

above codes and sequence information we can assemble

an extensible numeric [lookup.dwd] file for the 

syntactic structure in any natural language for the 

sentence structures used in DWDS logic tables. This 

tabular data is easy to process in any computational 

application on any platform written in any 

Table 13: ISO Codes for Natural Languages

English
name of

Language
ISO639-2

ISO639-2 as
ASCII Code

French fra 102,114,97

Dutch dut 100,117,116

Indonesian ind 105,110,100

Lugandan lug 108,117,103

Spanish spa 115,112,97

English eng 101,110,103

Polish pol 112,111,108

Korean kor 107,111,114

Japanese jpn 106,112,110

Thai tha 116,104,97

Hebrew heb 104,101,98

programming language, and also easy to render in any preferred way through a graphical user 

interface.27 A similar rudimentary data substitution is employed for the syntactic elements. In this case 

we arbitrarily make use of standard numeric RGB codes (Çelik et al., 2018) corresponding to the colours 

that were used to illustrate the syntactic structure in our present document. This convenient data 

substitution provides distinguishable strings of digits, and the colours designated by these codes can be 

used to set colours to syntactic elements in Web and application interfaces on any platform.

27 This table is not intended for direct viewing by general users, though it is intended to facilitate error-free auditing by 
humans. A system auditor could easily overlook Mandarin Chinese being represented with the code man, but the standard 
actually specifies chi and zho. Such errors of expectation are reduced by using numeric strings.
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Table 14: RGB Colour Codes Used as Syntactic Element Identifiers in the Data With Direction Specification

Color RGB Code28 Syntactic Elements for Sentences in a DWDS Logic Table

0,0,0 determiner ( the-this-these-a )

255,0,0 subject noun ( word-phrase )

0,0,255 past participle referring to the subject noun ( word-phrase ) 

0,255,255 verb ( be-do-have / optional: must-may-should / optional: not )

0,255,0 object (noun-verb / optional: preposition)

255,255,0 object (adjective-adverb-arithmetic)

To the extent people using a particular language choose a common lexicon in that language for use in 

these these six fields, this method enables tabular programming directly in any natural language. A rule 

author writing in a particular language can arrange the sentences of a logic table for the rule in the 

appropriate grammatical sequence in the user interface. The [lookup.dwd] data in Table 15 represents 

what was illustrated in Table 12, using numeric codes for the colours illustrated in Figure 14. This 

enables every [rule.dwd] file to be grammatically pre-parsed for transmission and storage. This 

helps to minimize the computational work required for automated rules processing by any platform 

at the edge. A node of the DWDS RuleReserve network can deliver this rule as a grammatically pre-

parsed JSON or CBOR file, which can be read by human directly in their own language, and is 

relatively easy to work with in any applications on any computing platform.

Table 15: Position from Center of the Six Syntactic Elements  in Sentences of a DWDS Logic Table

ISO639-2 as
ASCII Code -3 -2 -1 1 2 3

102,114,97 0,0,0 255,0,0 0,0,255 0,255,255 0,255,0 255,255,0

100,117,116 0,0,0 255,0,0 0,0,255 0,255,255 0,255,0 255,255,0

105,110,100 0,0,0 255,0,0 0,0,255 0,255,255 0,255,0 255,255,0

108,117,103 0,0,0 255,0,0 0,0,255 0,255,255 0,255,0 255,255,0

115,112,97 0,0,0 255,0,0 0,0,255 0,255,255 0,255,0 255,255,0

101,110,103 0,0,0 255,0,0 0,0,255 0,255,255 255,255,0 0,255,0

112,111,108 0,0,0 0,0,255 255,0,0 0,255,255 255,255,0 0,255,0

107,111,114 0,0,0 0,0,255 255,0,0 0,255,255 255,255,0 0,255,0

106,112,110 0,0,0 255,0,0 0,0,255 0,255,255 255,255,0 0,255,0

116,104,97 255,0,0 0,0,0 0,0,255 0,255,255 0,255,0 255,255,0

104,101,98 255,255,0 0,255,0 0,255,255 0,0,255 0,0,0 255,0,0

28 The W3C standard for colors expresses three-part Red-Green-Blue (RGB) numeric codes using 0 to 255, where 0,0,0 
diplays as black and 255,255,255 displays as white. This is because in programs made for digital displays, these values 
are converted into voltage intensities sent to red, green and blue light sources. The reason for the value 255 is that this 
is the highest number that can be expressed with one byte (8 bits binary integers, either a 0 or a 1). There are 2^8 = 256 
combinations expressible in one byte of binary data. The number 0 in 8-bit binary is 00000000, while 255 in 8-bit 
binary is 11111111. The expressible range for each coloured light source voltage intensity is 0-255, which enables 
256^3 = 16,777,216 discrete combinations, or perceived colours. It might be useful to assign the RGB color codes 
where syntactic elements are comfined. For example the green and yellow of the Finnish compound word for standard 
type would be (128, 255, 0). However the utility of doing so has not yet been thought through. 
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5.4.4 Externalize Computability by Requiring Rule Expression to be NOT Turing-Complete

DWDS RuleSchema is designed for tuple-oriented programming (Underwood, 2011), with the 

mandatory requirement that it remain less than required for Turing-complete expression. There are 

several reasons for ensuring that RuleSchema is incapable of Turing-complete expressiveness:

1. Turing-completeness is not necessary to solve the class of problem addressed by DWDS, 
therefore risks that come with Turing-completeness are intrinsically pre-empted, and bounded. 

2. DWDS RS supports strictly-declarative computing. A rule may take time to compute, but inspection 
can validate that it will halt. The "halting problem" is germane to Turing-complete procedural 
computing.

3. The open distributed nature of a DWDS system requires intrinsic design assurance that DWDS 
RS message injection attacks cannot introduce procedural logic into a user’s environment.

Each of the DWDS records and message types is packaged with a common metadata set to facilitate 

discovery, transmission, composability and audit. But each record is a stand-alone entity, because 

RuleSchema is unable to express the invocation of rules within rules. Any record can express the fact of 

dependency upon other records, but this is only “incorporation by reference” without any way to 

automatically call them, nor even to recursively call itself. There is no specification-conformant 

capability within RulesSchema, or in the design or the RuleReserve nodes to express the injection of a 

procedural method or instruction, or a similar symbol for a rule, and have it compute within a 

RuleReserve or RuleTaker implementation differently than an orginally stored rule. 

When another rule, lookup table or symbol is referred to, the assembly of the two or more elements is 

performed entirely by the RuleReserve nodes, and these nodes are capable of parsing only a very short 

list of characters, patterns and functions limited to simple deterministic state transformation operations 

(Gurevich, 2014) without any provision for looping constructs (recursors, iteration) (Moschovakis, 

2001). Each RuleReserve node has just enough operational capability to perform naïve data sifting 

(rudimentary filtering) in order to select rules that are ‘in effect’ and ‘applicable’ to a circumstance as 

documented in an [is.dwd] message.

The Data With Direction Specification requires that transmitted data must be network-transitory, that’s to

say it must not be stored or copied for retention by operators of the network. Hence, there’s no massive 

data storage facility for problematic files to hide. The rule-taker agents, rule-maker agents and repository 

operators have the responsibility to retain their own auditable activity logs. 

It is understood that whether intentionally or in error, Turing-completeness can creep into any non-

Turing-complete specification as various developers, immersed in thinking about and solving particular 

problems, may overlook whole system composability. For this reason, ongoing systems analysis is 

essential to maintaining this design constraint.
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When a use-case does require additional programming capabilities, it is acceptable within the DWDS 

RuleSchema specification for a rule author to include a pointer to one or more external references where 

the required procedural code can be obtained. But the RuleReserve and RuleTaker interpreters MUST 

NOT have the ability to acquire or execute those external functions. On the other hand, there is no 

interference with an end users’ liberty to configure their own systems to obtain, validate and run those 

external program elements within their own control and risk-tolerance parameters. The functional scope 

of the Data With Direction Specification is auxiliary to computing prerogatives at the edge.

5.4.5 Externalize Control Data and Logical Relations Data by Separating Data from Procedure

In Structure and Interpretation of Computer Programs (commonly known as “The Wizard Book” since its

publication in 1984) Harold Abelson with Jerry and Julie Sussman refer to:

...“the general distinction between describing properties of things and describing how to do 
things, or, as it is sometimes referred to, the distinction between declarative knowledge and 
imperative knowledge. In mathematics we are usually concerned with declarative (what is) 
descriptions,whereas in computer science we are usually concerned with imperative (how to) 
descriptions. ... [M]uch of the technical difficulty of this subject has to do with negotiating the 
transition between imperative statements (from which programs are constructed) and 
declarative statements (which can be used to deduce things).” (Abelson et al., 1984, Sec. 1.1.7) 

As earlier described through CODASYL, and implemented in Prolog, they suggest to automatically 

produce ‘how to’ from ‘what is’: 

“ e idea is to make interpreters sophisticated enough so that, given ‘what is’ knowledge 
specified by the programmer, they can generate ‘how to’ knowledge automatically. is cannot 
be done in general, but there are important areas where progress has been made.” 

In the Data With Direction Specification we also separate ‘what is’ data29 from ‘how to’ procedures: 

• Logical relations data and control data: GIVEN “a” is; WHEN “b” is; THEN “c” is;
• Imperative procedural logic operations. IF “c” is; THEN do “e”; ELSE do “f”.

Each of these is an elemental structure of logical triangulation.30 

• Declarative Data Triangulation: Two Inputs—One Output: 
GIVEN-WHEN-THEN logic statement relates an empirical context [GIVEN ‘a’ 
is] AND empirical circumstance [WHEN ‘b’ is], with a consequent declarative 
proposition [THEN ‘c’ is]. (North, 2006) (Fowler, 2013).

29 Defined as: Data ≡ semantic signal; 
Information ≡ data + contextual comprehension; and, 
Knowledge ≡ information + actionable purpose

30 Triangulation is most commonly referred to in geographical deduction such as land surveying, celestial navigation, Global 
Positioning Satellite (GPS) services and telecommunications cell tower operations. A target’s exact location can be 
pinpointed on a map with reference to any other two observable points. Omnitriangulation is the generalized logic 
structure described by Buckminster Fuller: “By structure, we mean a self-stabilizing pattern. The triangle is the only self-
stabilizing polygon. By structure we mean omnitriangulated. The triangle is the only structure. ... [A]ny recognized 
patterns are inherently recognizable only by virtue of their triangularly structured pattern integrities. ... Only triangularly 
structured patterns are regenerative patterns. Triangular structuring is pattern integrity itself. This is what we mean by 
structure.” (Fuller, 1975, Sec. 610.00 Triangulation) 
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• Imperative Procedure Triangulation: One Input—Two Outputs:
An IF-THEN-ELSE logic statement relates a contingent future state [IF ‘a’ is], 
with either a consequent imperative action [THEN do ‘b’] , OR [IF ‘a’ is not], a 
default imperative action [ELSE do ‘c’]. (Mladenic et al., 2003, p. 8-9) 

The ‘structural integrity’ of a computational system is obtained though the use of these two elementary 

units. They can be difficult to discern, because even in relatively simple programs they may be combined

into sequences and/or be running in parallel and/or be nested into each other.31 Should a programmer 

inadvertently omit just one vertex of one such triangular unit, that program will ‘fall over’. However 

whole units can be externalized, such as by leaving end users to supply the logical relations data. The 

programmer could write a set of “non-deterministic” imperative procedures that are open-ended until the 

user supplies a set of declarative logical relations data and control data (such can be obtains from an 

Internet of Rules). Abelson and the Sussmans distinguish between such modular non-deterministic 

programming, versus the common deterministic style in which programmers assert end-to-end control: 

[M]ost programming languages are strongly biased toward unidirectional computations 
(computations with well-defined inputs and outputs). ere are, however, radically different
programming languages that relax this bias. ... In a nondeterministic language, expressions 
can have more than one value, and, as a result, the computation is dealing with relations 
rather than with single-valued functions. Part of the power comes from the fact that a single 
“what is” fact can be used to solve a number of different problems that would have different
“how to” components. ... e nondeterministic program evaluator ... moves away from the 
view that programming is about constructing algorithms for computing unidirectional 
functions. ... Logic programming extends this idea by combining a relational vision of 
programming with a powerful kind of symbolic pa ern matching. ... [T]he user must choose
from the set of mathematically equivalent networks a suitable network to specify a 
particular computation. ... is approach, when it works, can be a very powerful way to 
write programs. (Re-arranged from: Abelson et al., 1984, Sec. 1.1.7) 

All logical relations data, control data, and decisions within the operational scope of the Data With 

Direction Specification are externalized to end-user human agents who perform rule-maker and rule-

taker roles, directly or through their machines. Programmers have the role of writing the underlying 

procedural components that transmit and evaluate the data which users choose to provide. 

This approach to separation of procedure from data is a respectful concession to end user prerogative in 

the spirit of “human-centred design” (Mitchell, 1996), and it also sets the stage for computational 

systems with a structural integrity that is easy to write, maintain and audit.

31 Multi-value CASE expression is an IF-THEN-ELSE logic structure with ordered lists (tuples) in which inputs "a1, 
a2, .. , aN" and outputs "b1, b2, .. , bN" supply sets of values for the same variable classes "a" and "b". Although CASE 
programming uses the term WHEN, this is really is a contingent IF because it needs to be terminated with an ELSE.

IF "a" IF "a1, a2, .. , aN"
 THEN "b"  THEN "b1, b2, .. , bN"
ELSE "c" ELSE "c" 
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5.4.6 Externalize the Data Processing Burden with Purposeful Structuring of Data Into Tables

5.4.6.1 Data Topology Overview

Structuring information into simple two-dimensional tables is literally as old as the wheel.32 As a 

method, the ordinary table of data is commonly overlooked as a labour-saving invention in its own 

right. The structuring of information into tabular form seems so utterly obvious that ‘it goes without 

saying’. But tables of data for representation and structured operations can liberate a person to 

concentrate upon whatever primary task they are undertaking, without digressions: 

• An engineer designing a machine quickly checks a table of dimensions for hexagonal nuts; 

• An analyst comparing a study group to a control group checks a table for the relevant ‘t statistic’. 

Every trifling lookup to a reference table enables the user to externalize the concentrated work of the 

many specialists who conceptualized a data model, debated the sources and methods, categorized, 

processed and assembled results into each cell, checked for errors, and made the data set available. 

It’s easy to become oblivious to available efficiencies that tabular computing can attain, compared 

with step-wise computing from input data with procedural code. Digital systems optimized for in-

memory computing with tabular logic and data, are fast and efficient. 

Tables can also make the logic structure of a program more comprehensible. Art Lew observed that a 

program “can be designed as a decision table, be executed as is, and be self-documenting!” (Lew, 1983, p. 

183) An input/output table is straightforward, and many types of flaws can be noticed with a cursory glance. 

By comparison, a procedural program of nested IF-THEN-ELSE sequences is sometimes easier to write in 

step-wise fashion, and to read line-by-line. But it leaves error detection relatively more difficult. Consequently

sometimes auditors of large procedural programs painstakingly transcribe procedural code into tabular 

declarative form, just to grasp what it’s doing. (Janicki et al., 1997) (Janicki, 1995) (Parnas et al., 1994)

The Data-Driven Transformation of the past 75 years certainly includes tabular declarative 

computing; for example, for the beginning it has been routine to use tables for reference data such as 

identifiers, categories, indices and addressing is routine in computing. But in our view, the potential of a 

decentralized global network of computationally consistent tabular logic gates has yet to be realized. 

The Data With Direction Specification is our contribution to this pursuit. 

32 Martin Campbell-Kelly et.al. explain: “Tables have been with us for some 4500 years. For at least the last two millennia they 
have been the main calculation aid, and in dynamic form remain important today. Their importance as a central component 
and generator of scientific advance over that period can be underestimated by sheer familiarity.” (Campbell-Kelly et al., 
2004, p. 1) Our current-generation electronic databases and spreadsheets implement the same essential tabular technique as 
was used to structure trade and commerce annotations on the ancient Mesopotamian clay tablets (Schmandt-Besserat, 2009), 
and decimal multiplication tables on bamboo strips that pre-dated China’s unification (Qiu, 2014), The system of Roman 
numerals depended on lookup tables for undertaking practical calculation. (Maher & Makowski, 2001, p. 382-383).
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The DWDS employs three elemental topologies for tabular data, each sharing the same schema: GIVEN 

context descriptors a,b,c, WHEN particulars d,e,f are also documented, THEN g.h.i are deemed to be ‘in 

effect’ and ‘applicable’. All three table topologies are shown in Table 16.

Table 16. Three General Data Topologies with a Consistent Declarative Data Schema

Cartesian Product Vertical Stack

Horizontal Tape

5.4.6.2 Cartesian Product Topology (DWDS Lookup Tables)

A Cartesian product table topology is employed where the purpose is to obtain a correct value from a 

structured data set. The designer would use available (GIVEN) context data and (WHEN) particulars data to 

swiftly pick out a discrete value (THEN). The Data With Direction Specification employs the Cartesian 

product topology for all its ‘lookup tables’ with the data configured into ordered lists with the field name at 

the head of each column, and cells below containing the values. This is referred to as a ‘tuple’:

customer_id firstname lastname
758347 Antonio Remitz
382639 Jessie Lee
937465 Paula Gaviria
828682 Amy Green
673837 Walter Staniszewski

Such reference data is stored and processed in JSON form, as follows:

1 [

2 { "customer_id" : 758347, "firstname" : Antonio, "lastname" : Remitz },

3 { "customer_id" : 382639, "firstname" : Jessie, "lastname" : Lee },

4 { "customer_id" : 937465, "firstname" : Paula, "lastname" : Gaviria },

5 { "customer_id" : 828682, "firstname" : Amy, "lastname" : Green },

6 { "customer_id" : 673837, "firstname" : Walter, "lastname" : Staniszewski }

7 ]

Three lookups ‘required’ for every DWDS request-response operation are:

• ISO Codes for the representation of names of countries and their subdivisions (ISO, 2020)
• The International Standard Industrial Classification (UNSD, 2018)
• The United Nations Standard Products and Services Classification (UNDP, 2018)
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The schema for the row labels in a Cartesian product table must be ‘canonical’, meaning that it has been 

semantically refined so that there is a unique name (in each language) for each category of its domain, and 

maintains consistent technical attributes for the data in the cells.

Table 17 illustrates a two-level canonical schema for rows of a Cartesian product table. 

Various arbitrary symbols are used 

here [ # ^ ~ * { & ] to represent target 

THEN data at a second level of 

WHEN conditions, to facilitate 

comparison with the vertical topology 

shown in Table 18.

Table 17. DWDS [lookup.dwd] Table 
Cartesian product topology for selecting a particular value.

Table 18. DWDS [rule.dwd] Table
Vertical topology for deterministic and defined options output

GIVEN Sentence A B C D E F
WHEN 1.1 1 1 0 0 0 0
WHEN 1.2 1 0 1 1 0 0
WHEN 1.3 0 0 1 0 1 1
WHEN 2.1 1 0 1 0 1 0
WHEN 2.2 0 1 0 1 0 1
WHEN n.1 1 1 1 0 1 1
WHEN n.2 1 1 1 1 1 1
THEN # 1 0 0 0 0 0
THEN ^ 0 1 0 0 0 0
THEN ~ 0 0 1 0 1 0
THEN * 1 0 0 1 0 0
THEN { 0 0 1 0 1 0
THEN & 0 0 0 0 0 1

5.4.6.3 Vertical Stack Topology (DWDS Logic Gates)

Input/output tables are commonly used for representing logical relations, with cells constrained to 

binary or trinary symbols like {0,1} for purely operational logic, or {T,F} for epistemic logic. This 

makes the reasoning structure easy for humans and computers to perceive and process, even when the 

relationships are fairly complicated, because it strips bare the logic relations of each rule into a simple

array of symbols, and shifts the semantic weight to the labels of each row and column. 

The vertically stacked table topology comprises a type of virtual logic gate for selecting one or more 

scenarios described by two or more statements. The designer’s purpose is to use available (GIVEN) context 
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data, and the (WHEN) particulars data, to identify the intended set of output statements (THEN). 

This table structure requires that the labels for the rows be ‘non-canonical’ because more than one row is 

needed to distinguish at least two different columns. This table topology is typically employed with binary or 

trinary sets of symbol, but higher-dimension sets such as quaternary work as easily.

5.4.6.4 Horizontal Tape Topology (DWDS ‘Rule Reserve’ Tables)

The Data With Direction Specification uses a horizontal tape topology for storage and retrieval with a large 

distributed table of [rule.dwd] and [lookup.dwd] records. This is essentially a virtual telex tape variant of Alan

Turing’s horizontally-splayed table, which he first described as follows:

“Computing is normally done by writing certain symbols on paper. We may suppose this paper is
divided into squares like a child's arithmetic book. In elementary arithmetic the two-dimensional 
character of the paper is sometimes used. But such a use is always avoidable, and I think that it 
will be agreed that the two-dimensional character of paper is no essential of computation. I 
assume then that the computation is carried out on one-dimensional paper, i.e. on a tape divided 
into squares. I shall also suppose that the number of symbols which may be printed is finite. 
(Turing, 1937, p. 249)”

Current-generation ‘wide-column’ data fabrics employ this topology for distributed storage and querying of 

structured data (Chang et al., 2008) (Carpenter & Hewitt, 2016) (Mahgoub et al., 2017). These are virtual 

manifestations of an unlimited number of physical Turing tapes laid out side-to-side. We can imagine that 

each is punched like a telex strip with short vertical sets of 8 squares that have or do not have a punched hole. 

These permutation of holes and blanks represent binary numbers between the value 0000 0000 (all blanks) 

and the value 1111 1111 (all holes), that’s to say between 0 and 255. Data in this form can express meaning 

through sequences of the 255 available symbols to create semantic signals in any language. One may then 

place end-to-end on the horizontal tape each row of any two-dimensional logic table, or each row of any 

reference table. Any number of these virtual tapes can then be laid side-to-side to create one enormous 

consolidated [m x n] matrix (i.e. rows x columns), such that tape constitutes an indexed row. This is not easy 

to illustrate, but that’s to be expected because this topology is optimized for machine storage efficiency and 

processing speed. Table 19 portrays a segment of such a table. This layout retains auditability but a specialized

data-reading algorithm would be needed to make this practical.

Table 19 DWDS [rulereserve.dwd], [is.dwd] and [ought1.dwd] Tables
Horizontal tape topology (single row per rule) for optimal messaging, storage and retrieval

This Horizontal Tape Topology enables compact storage, fast discovery and high-volume processing. It is 

optimized for machines, while the other two topologies discussed above trade off machine performance for 
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human readability. Information was defined earlier as data with context. The [rule.dwd] and [lookup.dwd] 

records are stored in a [rulereserve.dwd] table, across a decentralized, distributed network of RuleReserve 

(RR) nodes, one row per record. An [is.dwd] message is also pre-formatted horizontally, so that it can be used 

directly as a sieve, with no need for reconfiguration during run-time. 

Signals representing elements of a context can be recognized though primitive signal-matching. Data sifting 

can proceed immediately upon arrival of each [is.dwd] record. An [is.dwd] message contains (GIVEN) 

context data, which is used by an RR node to sift out all the rows from a consolidated [m x n] matrix of 

DWDS structured data which contain the signals of rules that are ‘in effect’ for that jurisdiction, time/date, 

and identity. Once sifting for context is completed, the (WHEN) particulars data from the same [is.dwd] 

message is used to sift for rows that contain signals that are ‘applicable’. 

The resulting subset of the initial [m x n] matrix constitutes the GIVEN-WHEN-THEN information required 

to assemble an [ought1.dwd] record, which nevertheless is acknowledged to have several limitations:

• It can never be presumed that the supplier of the [is.dwd] message data has provided a complete 
description of the particular circumstances. An incomplete [sieve1.dwd] can miss some ‘rules’.

• It can never be presumed that the DWDS RuleReserve contains the full set of the rules ‘in effect’ for 
a jurisdiction. The work of creating and maintaining [rulereserve.dwd] is collaborative and ongoing.

• The prerogative for genuine ‘execution' of the rules is necessarily external to this service. 

5.4.7 Externalize Reusable Algorithms (In-Memory Retrieval of Cartesian Product Tables)

Cognitive psychologists Pierre Barrouillet and Michel Fayol have documented a set of factors which lead 

to a shift in human thought processes from procedural calculation to "faster and less costly memory 

retrieval of the items of information" within the human brain. This involves "moving from an algorithmic 

strategy ... toward a strategy for the direct retrieval of results from memory" (Barrouillet & Fayol, 1998, p.

364-66). 

A similar shift to fast in-memory retrieval can also be employed at scale with computers. But this method 

is so obvious that it is commonly overlooked. We’ll illustrate this with simple table of pre-calculated data 

that can be used to externalize the work of an algorithm from the run-time burden.33

Suppose a project manager needs to estimate the transportation requirements for shipping square timber 

that will be produced from a woodlot, in which the number and average size of trees is known. Let’s also 

say that the capacity of available flatbed trucks is known. The manager needs to estimate the amount of 

33 The philosopher Ludwig Wittgenstein and the psychologist Wolfgang Köhler both examined "ways the obvious fails to be 
obvious and the roles that describing aspects of ordinary, common life play in lifting one’s blindness to the obvious” 
(Dinishak, 2014, p. 61, emphasis added). 
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square timber of the available round logs, in cubic feet. This is just one of many estimates that would need

to be done throughout the logistical supply chain; there are also contract and compensation estimates, 

fiscal fees, cargo planning, engineering load safety assurance, budgeting, and other purposes. 

But to estimate the amount of square timber that can be produced from the available round logs, someone 

could write an application that would include various formulas and estimation rules to be run with each 

query. But this can also be written as a simple lookup to a digital version of the 100-year-old reference 

table shown in Table 20: 

• GIVEN the industry is forestry

• WHEN the round log length is 24 feet, and the round log average diameter is 24½ inches

• THEN the square timber volume is 45 cubic feet

Table 20: Example of Pre-Processed Tabular Data
in a Cartesian Product Table

Shown  here  is one  page  from  a  six-page  table
available  in  the  “Ready  Reckoner”  pocket-book
originally published in 1904. 

The full table provides pre-calculated results for round
log lengths ranging from 12 to 42 feet, that are from
10  to  40  inch  diameters,  in  half-inch  increments.
Following is the explanation of how the results were
derived to create the table: 

“To reckon the contents of a round log in cubic 
feet of square timber... Measure the diameter at 
each end in inches; add those measurements 
together, and divide the sum-total by 2; the 
quotient is the average diameter. One third of 
this diameter is allowed for the chips or slabs. 
To deduct this third, divide the number of 
inches diameter by 3 and subtract the quotient 
from it; the remainder is the proper diameter 
for measurement. The thickness of the log is 
generally counted in even inches, and one-third
of an inch excess, or upward, is added as an 
extra inch. After getting the square of the log in 
the manner above described, the number of 
cubic feet in it is reckoned the same as the 
square timber. ... Measure the thickness of the 
stick each way in inches and multiply one by the 
other, then multiply the product by the length.” 
(Taylor, 1951 p. 226, 237) 
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All the relevant answers are pre-calculated in this table. Writing the formulas for this method would not be

technically difficult, but would be unnecessarily convoluted in any programming language compared with 

an instantaneous lookup to such a table if it were freely available on the Internet in a generic format, and 

replicated locally to reduce latency. Such a table lookup action would be almost as fast as a ping. This 

low-tech method can speed up data processing in the same way that most people recall by rote memory 

that “three fives are fifteen” without actually performing the arithmetic operation in their heads 

(Barrouillet & Fayol, 1998). The data processing required to work out the answer is thus externalized once

and for all, literally. When this table is available online, any application in any programming language, 

operated by anyone for any purpose, could readily perform a lookup to get the answer, keeping their 

computing resources focused upon whatever primary task they may have. 

5.4.8 Externalize Declarative Conditions and Assertions from Logical Relations

In order to obtain a consistent structuring of rules which would be straightforward for humans to 

comprehend, and efficient for computers to process, the Data With Direction Specification separates and 

externalizes the sets of declarative sentences which express the input conditions and output assertions of 

rules, from their logical relations and normative modes (MUST, MAY, SHOULD). This 

compartmentalized structure offers several practical advantages:

• Rule-Maker Agent 

Anyone composing or editing a rule can more easily perceive, understand and associate each 
declarative statement on its own as a discrete normative proposition, so that;

◦ The author of a rule can readily discern the input permutations that lead to unique output 
permutations. This improves clarity and reduces errors. 

◦ The author of a rule can more readily notice when different input permutations lead to the the 
same output permutations, so that these can be consolidated into a single column. 
Consolidation of scenarios with common outputs improves data processing performance, and 
decreases file size.

• Rule-Taker Agent 

Human comprehensibility and machine computability of the various conditions and assertions of a 
rule are facilitated by laying out side-by-side the normative proposition, the normative modes and 
their logical relations. 

◦ Cause and effect within a rule becomes simple for any person to perceive; 

◦ The compartmentalized data can be used directly by any application running any 
programming language or database. 

• Rule Reserve
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Stored normative propositions can be stored efficiently and processed quickly.

◦ The array of logic relations and normative data is easily transposed into a horizontal tape 
topology (row) for compact auditable storage, and extremely fast in-memory processing.

◦ Removing the logic relation and the normative mode from the normative proposition sentences
facilitates lightweight symbol-matching, lookups and arithmetic/Boolean operations.

a DWDS logic table employs simple declarative conditions and assertions in structured natural language 

as labels for simple arrays of data that specify the logical relations and normative modes.34 These are 

configured to function as virtual logic gates, that’s to say, input signal combinations are decisively 

mapped to output signal combinations. Rule authors assign symbols to each of two or more input 

declarative statements, and then they assign symbols to associate each combination of declarative input 

conditions with one or more declarative output assertions. The labels for all the rows must be ‘non-

canonical’ (i.e. unique), and more than one row is needed to distinguish the two or more ‘cases’ which are

documented in the columns. 

The Data With Direction Specification expresses logical relations and normative modes in a simple and 

consistent way that is usable by both humans and machines. To arrive at this design has required the 

review of numerous existing methods for data simplification. As much as innovating forward, this also 

involved reaching backwards in history to earlier methods of binary, trinary and quaternary logic. The 

next two pages summarize the considerations which resulted in the design of a novel tabular structure 

34 In his Introduction to Mathematical Logic, Alonzo Church opened his section on “Propositions and propositional 
functions” with an explanation of the use of declarative sentences as names. He is referring to sentences expressed 
in the formalized language of mathematics, while ours are in structured natural language. But it is clear in the 
following passage that the use of declarative sentences as names is unrelated to the degree of formalism.

“According to grammarians, the unit of expression in the natural languages is the sentence, an 
aggregation of words which makes complete sense or expresses a complete thought. When the 
complete thought expressed is that of an assertion, the sentence is called a declarative sentence. In 
what follows we shall have occasion to refer only to declarative sentences, and the simple word 
"sentence" is to be understood always as meaning a declarative sentence.

We shall carry over the term sentence from the natural languages also to the formalized languages. 
For logistic systems… —uninterpreted calculi—the term sentence will be introduced by special 
definition in each case, but always with the intention that the expressions defined to be sentences are 
those which will become sentences in our foregoing sense under interpretations of the calculus as a 
formalized language.

In order to give an account of the meaning of sentences, we shall adopt a theory due to Frege 
according to which sentences are names of a certain kind. This seems unnatural at first sight, because 
the most conspicuous use of sentences (and indeed the one by which we have just identified or 
described them) is not barely to name something but to make an assertion. Nevertheless it is possible 
to regard sentences as names by distinguishing between the assertive use of a sentence on the one 
hand, and its non-assertive use, on the other hand, as a name and a constituent of a longer sentence 
(just as other names are used). Even when a sentence is simply asserted, we shall hold that it is still a 
name, though used in a way not possible for other names.” (Church, 1956, p.23-24)
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that is central to DWDS logic operations. 

Designers of computational systems have predominantly represented information with bits having two

states {0,1}, beginning with the introduction of electronic binary logic for this purpose in the late 

1930s by John Atanasoff and Clifford Berry (Gustafson, 2000). They adapted the idea of binary data 

representation via holes in card from Joseph Marie Jacquard's automated mechanical loom, first 

produced in 1805 (Davis & Davis, 2005) (Delve, 2007). Trinary logic for numeric mechanical 

calculation was introduced just 25 years later by Thomas Fowler35. This facilitated simpler expressions 

and greater efficiency than was achievable with decimal or binary methods (Glusker et al., 2005). 

Several trinary computing variants have been designed and employed for various types of logic processing, 

offering increased data density and processing speed. (Post, 1921, p. 167) (Khalid & Singh, 2016, p. 399) 

The sample list below adapts and expands a prior list by Jeff Connelly (Connelly, 2008, p. 8): 

• {-,○,+} ― Fowler’s Symbolic Symmetric Trinary Analytics
• {-1,0,1} ― Fowler’s Numeric Symmetric Trinary Analytics
• {0,1,2} ― Fowler’s Numeric Asymmetric Trinary Analytics
• {0,1,ψ} ― Quantum Numeric/Probabilistic Asymmetric Trinary Operations
• {0,½,1} ― Numeric Fractional Asymmetric Trinary Analytics
• {T,F,T} ― Post’s True-OR-False-True Asymmetric Trinary Decision Table
• {T,F,N} ― True-False-Null Asymmetric Trinary Decision Table
• {T,F,-} ― True-False-Inconsequential Asymmetric Trinary Decision Table

The choice between numbers or letters may seem inconsequential, but logic tables with {0,1} or 

{-1, 0, 1} are precise, whereas there is an intrinsic ambiguity to systems that employ {T,F}. ‘True’ and 

‘false’ may be interpreted in a variety of ways, and so-called ‘truth tables’ have multiple origins, styles 

and meanings for particular contexts (Anellis, 2012) (Shosky, 1997).36 The DWDS is not premised upon

any single or timeless truth; rather it merely provides the parties to an interaction with a method for 

contingent agreement upon what they each put forward to be ‘in effect’, ‘applicable’ and ‘invoked’,

35 Fowler’s particular requirement was to solve the unwieldy task of balancing local tax revenues with unemployment 
insurance benefits under the complicated English pre-decimal currency system of 4 farthings to the penny, 12 
pennies to the shilling, and 20 shillings to the pound. (Glusker et.al., 2005)

36 A quarter millennium ago in his Dictionary of the English Language, Samuel Johnson devoted half a page to the meaning 
of ‘true’, stepping through eight semantic distinctions for the term, and he dedicated more than a page to the meaning of 
‘false’ and its various derivative terms such as ‘falsifiability’ (Johnson, 1755). Bas van Fraassen has generally distinguished
two epistemic attitudes towards the adjective ‘true’. Scientific realism pursues truth as literal fidelity between propositions 
and Nature; whereas constructive empiricism pursues truth as the empirical adequacy of propositions for various Human 
purposes (Van Fraassen, 1980). 

DWDS Technical Rationale and Design Summary 119



 qualified by their degree of mutual trust.37 Anyone who prefers the long-established “truth table” 

convention may configure their interface to display the letters {T,F}, but in the DWDS data system, these

can just as well be taken to signify T ≡ token and F ≡ foo. The numeric token {00, 01} are more directly 

suited to the naïve empiricism and intrinsic multilingual expressiveness of our intended design. They are 

free of any external epistemological implication.

The meaning of the third symbol differs in each of the trinary logic systems mentioned above. For 

example we can consider the distinction between {T,F,N} and {T,F,-}:

• The passive hyphen ‘-’ that is employed in the decision tables {T,F,-} in systems described by 
Lew, by Parnas and by Cunneyworth all signals that the interpreter may ignore a particular data 
input field value because a given input element is ‘Of No Consequence’ to the specified output 
‘X’ (Lew, 1983). In the formal literature this is variously referred to as an ‘Inconsequential’ or 
‘Don’t Care’ signifier. 

• The ‘N’ element can be interpreted in English as ‘Neither’, ‘Null’ or ‘Noise’. But not knowing 
whether a value is T or F, is entirely different from knowing that a value is not T or F. It’s easy to
conflate the various meanings.38 

The third element has become central to quantum computing which is expected to be capable of 

augmenting processing speeds by several orders of magnitude. Trinary (ternary) “qubits” have three 

states {0, ψ, 1}. The Greek symbol Psi ‘ψ’ is used to represent a probabilistic superposition of both 0 

and 1 that gets resolved once a sensor determines which of the two it is (Nielsen & Chuang, 2010, p. 

13-14).39 Richard Feynman advises to keep in mind the “hidden-variable problem” (Feynman, 1982, p. 

476), that’s to say factors that are unanticipated, misunderstood, unmeasurable, or otherwise unknowable. 

Quantum logic is well-understood, but quantum computing has not yet been accomplished beyond 

limited lab experiments, and its realization remains contingent upon as-yet undiscovered realities and 

uninvented methods (Gomes, 2018) (Savchuk & Fesenko, 2019). 

Ancient Buddhist catuṣkoṭi metaphysics is grounded in a quaternary logic system of four states: True, 

False, Both and Neither {T,F,B,N} (Gunaratne, 1980) (Gunaratne, 1986) (Madanayake et al., 2015). 

Catuṣkoṭi logic was recently provided a formal logical vocabulary by Takuro Onishi (Onishi, 2015) and a

37 Earlier we highlighted Carlos Alchourrón’s argument that declarative propositions cannot be assumed to be complete, 
accurate or consistent, which led to Georg von Wright’s concession that “experience seems to testify that mutually 
contradictory norms may co-exist within one and the same legal order, and also that there are a good many 'gaps' in 
any such order” (Von Wright, 1999, p. 20) 

38 If we were using N for the DWDS logic gate, we would suggest to interpret it as signalling ‘Notify’, thus to flag a data 
quality issue while the data pipeline continues. 

39 This corresponds to Claude Shannon’s joint entropy H(X,Y) in formal information theory (Shannon, 1948), and similarly 
reflects Jakob Bernoulli's “Principle of Insufficient Reason” (Shafer, 1996) and John Maynard Keynes’ “Principle of 
Indifference” (Keynes, 1921). This duality appears in the archaic colloquial English term ‘habnab’, which means "let it 
happen or not; without any rule or certainty of effect" (Johnson, 1755). This element is the conceptual basis of undertainty 
in information theory (Tribus, Shannon & Evans, 1966) (Jaynes, 1979) (Eriksson et al., 1987) and thus it underlies 
comparative quantitative analysis of the performance and size of various decision systems relative to a fixed notional point
of origin characterized by no rules. 
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generalized notation by mathematician Giuseppe Greco et. al. (Greco et al., 2019). A comprehensive 

English language review of catuṣkoṭi logic is offered by philosopher Graham Priest (Priest, 2010) (Priest,

2014) (Priest, 2018). He labels the superposition element ‘B’ for ‘both’, to signify its active duality. This 

is more weighty than the inconsequential hyphen, and it also carries more presence than the split 

probability Psi |ψ| of quantum computing. In the catuṣkoṭi system B is a full simultaneous superposition

of the two states T and F, in the same manner that light is deemed to be both particle and wave, and as 

Schrödinger's hypothetical cat is momentarily alive and dead (Trimmer, 1980). Two thousand years ago 

Aristotle spoke of opposing perceptions in his essay Politics: “at the same time it is not difficult to see that 

those who assert the opposite are also right in a manner.” (Aristotle, transl. Rackham, 1932, sec 1252a) 

For our particular purpose in the DWDS, we borrow certain quaternary logic concepts from catuṣkoṭi 

metaphysics, Turing’s universal machine, and molecular computing:

• {T,F,B,N} ― Ancient Buddhist catuṣkoṭi metaphysics is grounded in four logical states: 
True, False, Both, Neither {T,F,B,N};

• {Ə, not Ə, any, none} ― Alan Turing’s “universal machine" logic structure (Turing, 1937, p. 243)
maps directly to the the catuṣkoṭi system of True, False, Both, Neither {T,F,B,N};

• {A,T,C,G} and {A,U,C,G} ― Molecular computing employs permutations of four nucleotides: 
adenine (A), thymine (T), guanine (G) and cytosine (C) for declarative DNA storage, while uracil
(U) is used instead of T for procedural RNA transcription. (Chen et al., 2020) (Katz, 2020) 

The Turing and molecular computing schemes illustrate that the elements need not carry an 

epistemological {T,F} implication. In a short paper Logic Core of Genetic Code, Zvonimir Damjanović 

introduced arbitrary numbering for the DNA and RNA elements {A,C,G,U} and {A,C,G,T} as {0,1,2,3} 

(Damjanović, 1998) which he and Miloje Rakočević develop further (Damjanović & Rakočević, 2005) 

(Rakočević, 2018) Similar numbering was independently assigned by Georgios Sirakoulis and colleagues, 

with a simple functional rationale: “Since in the double DNA strand A binds with T and C with G, by 

choosing the above representation the sum of bases at each base pair in the double strand is 3.” 

(Sirakoulis et al., 2004, p. 13) (Mizas et al., 2008)

The DWDS logic gate borrows the ‘hit’ and ‘miss’ terminology found in CPU cache design, where a ‘hit’

means the target data was found in the cache; and a ‘miss’ means the item was not found in the cache. 

However our framing of this terminology differs from the operational implication originally described by

Allan Jay Smith. His definition of ‘miss’ invoked an action:

“When a reference (read, write, instruction fetch) is made to a cache, the reference can 
either find the needed information already in the cache (a hit) or a main memory 
operation can be required (a miss)”. (Smith, 1987, p. 2) 

However our use of the ‘hit’ and ‘miss’ terminology for Data With Direction Specification carries only 

the semantic nuance: where a data element from the sieve is found in the column of the logic gate there is
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a ‘hit’; and where a data element of the sieve is not found in the column, there is a ‘miss’. Our meaning is

limited to the sifting outcome only. 

The data sifting methodology of the DWDS commences with the working hypothesis of no hits, then 

derives contradictions in order to deduce which ones are not false (‘proof-by-contradiction’). This 

adaptation of Alfred Horn’s method implements Karl Poppers perspective that observations can only 

demonstrate with certainty that a statement is false. Therefore science depends upon testable statements being 

structured in order to be falsifiable. In the DWDS, incoming observations via [is.dwd] messages can 

prove false that no rules are ‘in effect’ or are ‘applicable’ or are ‘invoked’, by locating one or more rules 

that are not false. This computational strategy enables fast, efficient tests for logical consequence.

The ‘DWDS logic gate’ uses the first four binary numbers to adapt the Damjanović-Sirakoulis {0,1,2,3} 

numeric assignment into Takuro Onishi’s bi-lattice structure, with the semantic assignment illustrated 

in Figure 18:

Figure 18. Semantic Assignment of Quaternary Elements for DWDS Logic Gate States

Binary Symbol Input Conditions Output Assertions 

00 NO NOT

01 YES MUST

10 YES AND NO MAY

11 YES OR NO SHOULD

The full descriptive name of our scheme in the style of the earlier list adapted from Connally is:

• {00,01,10,11 | 00,01,10,11} ― DWDS Symmetric Quaternary Bi-lattice Logic Gate

When a rule author wants to incorporate superposition or potential directly into a rule, this is expressed

in the Input Conditions of the bi-lattice with the values 10 ≡YES AND NO (superposition) or 11≡YES OR 

NO (one or the only other, with contingent uncertainty declared). A rule author can avoid unwarranted 

computational rigidity in their Output Assertions for nuanced human relations with 10 ≡ MAY and 

11≡SHOULD. These provides a way to accommodate unknown input conditions, feedback loops, dissonant

rules, variable weights attached to input conditions. The Data With Direction Specification thus has the 

equivalent of the uncertaintyType tag that is part of the HL7 standard (HL7, 2019a) (HL7, 2019b).

Sample data in a [rule.dwd] logic table is illustrated in Table 21. This method side-steps a great deal of 
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complexity in rule expression by externalizing it to human or machine agents. Complex rules can be 

constructed by the using simple structured statements and numeric signals. This leaves rule sifting and 

processing as simple and deterministic.

The instant an external event or agent supplies an [is.dwd] message containing correctly-structured empirical 

facts, the input conditions signalled with {00,01,10,11} reveal only one matching column, so that numeric 

signals with {00,01,10,11} in the lower part of the one column can then identify the relevant output assertions.

An implementation of the RuleTaker specification can then assemble and send an [ought1.dwd] 

response to any specification-conformant [is.dwd] request. It remains the prerogative of the rule-taker 

agent, directly or with a machine, being informed by the [ought1.dwd] message in addition to all other 

sources of information they have available, to then make decisions about what they really shall do. 

Table 21 Quaternary Logic Table of a DWDS [rule.dwd] record

GIVEN Sentence A B C D E F
WHEN 1.1 01 01 00 00 00 00
WHEN 1.2 10 00 11 01 00 00
WHEN 1.3 00 00 01 00 01 01
WHEN 2.1 01 00 01 00 01 00
WHEN 2.2 00 01 00 01 00 11
WHEN n.1 01 01 01 00 01 01
WHEN n.2 01 01 01 10 01 01
THEN # 01 00 00 00 00 00
THEN ^ 00 01 00 00 00 00
THEN ~ 00 00 01 00 11 00
THEN * 10 00 00 01 00 00
THEN { 00 00 01 00 01 00
THEN & 00 00 00 00 00 10
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5.5 Rules as Data with Direction

5.5.1 Data Structure of [rule.dwd] Records

Earlier in this paper we put forward that:
• A rule is an imperative statement of obligation, permission or encouragement among people;
• Documentation about a rule is a declarative statement as a ‘normative proposition’;
• Applicability and invocation of a rule to a circumstance is an empirical statement of deduction.

In the DWDS, a rule-maker agent communicates imperative assertions with normative propositions to 

assist rule-taker agents with empirical deductions. Obligation, permission or encouragement among 

human and machine ‘agents’ may be communicated with optimal efficiency in a complex dynamic multi-

objective multi-constraint setting.40 The end-to-end information transmission must be intuitive enough for a 

broad population of human rule-maker agents and rule-taker agents to communicate normative 

propositions among themselves without having to know formal data processing or computer 

programming methods, and yet it must also structure the transmitted information precisely enough to be 

readily parsed and processed on any computing platform the rule-taker agents may prefer to employ or 

delegate to. 

The default deployment of any node in a network which implements the Data With Direction 

Specification includes all three loosely coupled components, RuleMaker (RM), RuleReserve (RR) 

and RuleTaker (RT). RR provides a passive data storage service to RM, and a passive data sifting 

service to RT. Users of RM applications and of RT components can have their own Subset RR 

nodes, or they may decide to have external third-party suppliers of RR nodes bundled with services 

for quality assurance, security, up-time guarantees, and error and omissions insurance. These 

function together as a type of data ‘pipeline’ (von Landesberger et al., 2017). RR receives an [is.dwd] 

request message from RT instances, and employs its descriptive data about a particular circumstance as a 

virtual sieve to sift ‘in effect’ and ‘applicable’ [rule.dwd] records from its entire collection, as well as any

[lookup.dwd] tables that those rules require to operate. First RR sifts for rules ‘in effect’ to get an 

intermediate list, then it sifts again for rules ‘applicable’. What remains is packaged into an [ought1.dwd]

message and provided back to the requesting RT instance. At that point, RT will then sift the logic gates 

of each [rule.dwd] record in the [ought1.dwd] rows to determine what output assertions are actually 

‘invoked’, and from this generate an [ought2.dwd] message that is delivered to the end-user, or their 

application or machine. (End users have the option to have RT run an additional round of ‘in effect’ 

and/or ‘applicable’ sifting operations with a revised or refined [sieve2.dwd] prior to resolving the logic 

gates.)

40 This is unlike ‘maximum’ efficiency in terms of a single criterion. 
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The Data With Direction Specification describes three parallel representations of the same ‘rules-as-
data’:

• General users have a graphical interface that prioritizes their comprehension of the information;
• Technical users and machines have a JSON record to prioritize data integrity and trasmissibility; 
• Machines have a CQL record that prioritizes storage efficiency and processing speed.

Every human-accessible [rule.dwd] record is, upon commit from a RuleMaker application to a 

RuleReserve node, immediately pre-parsed into directly-processable data, so that it does not have to

be parsed at compute time. A parser in RM uses a pre-defined grammatical framework to transcribe 

it into a hierarchical data structure, and this data is splayed out along a single row of the wide-

column distributed database. In this form of storage this row of data can be processed in aggregate 

with any number of other [rule.dwd] or [lookup.dwd] records. RuleReserve nodes have two 

functions: immutable storage and fast columnar data sifting.41

In order to accommodate input variability that can be expected from diverse rule authors on a decentralized 

network, it would be optimal to employ a ‘recursive descent’ style of parser configured with several parsing

algorithms. In the event one method fails, it returns to the beginning of the record and attempts an 

alternative available parsing method. When a record cannot be parsed, a notification with diagnostic

evidence is provided to the current user and to the event log. Every RR node interacts with 

RuleTaker (RT) clients through network data streaming that logs requests and responses.42 The 

event log can be analyzed for patterns, which could indicate potential improvements.

The sifting operations of Data With Direction Specification depend upon the data structure of [rule.dwd] 

records. We’ll use the JSON format to illustrate this, but the reader should keep in mind that a CBOR 

representation, and the human-optimized graphical form, and the machine-optimized horizontal tape 

CQL form are concurrent and informationally equivalent. Table 22a and 22b show a sample rule in eight 

sections, which are coloured for clarity. The first five sections provide classes of metadata about each 

rule, which are used for sifting operations of the RR network. The rule logic of sections 6 through 8 are 

used for logic gate sifting within RT components.

Table 22a Sections of a [rule.dwd] Record in JSON 
Metadata Used by RuleReserve 

 Data used to sift for rules ‘In Effect’ and ‘Applicable’
Logic Data Used by RuleTaker

Data used to sift for rules ‘Invoked’

1. Rule Identity 
2. RuleMaker Identities 
3. Linked Rules or Lookups 
4. GIVEN this Context: Where and when this rule is 'in effect'.
5. WHEN these Categories: Activities and things 
 to which this rule is 'applicable'. 

6. WHEN these Input Conditions 
7. THEN these Output Assertions 
8. Output Weights and Characteristics 

41 Early experimental prototyping employed MongoDB for storing JSON files, and Cassandra for fast columnar 
queries, which could be swapped for ScyllaDB for faster performance.

42 This can be implemented with Kafka, Pulsar, or equivalent.
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Table 22b JSON Representation of a Sample [rule.dwd] Record 

{
 "dwds": "9d690c33-b52f-400e-938c-16a3017cacc0",
 "rulereserve_nodes": "*",
 "version_standard_url": "https://semver.org/",
 "DWDS_schema_version": "0.6.1",
 "metadata": {
 "rule": {
 "version": "0.3.1",
 "pattern": "",
 "pattern_version": "",
 "criticality": "Experimental",
 "group": "Operational Pattern",
 "description": "When our standard delivery box is 
more than half full and also contains at least 
$100.00 in value of groceries, we provide free 
delivery. This does not apply to non-standard boxes.
For all non-standard boxes, when delivery is 
provided we do charge for delivery. Delivery is 
offered for all boxes, standard or non-standard, 
whenever they are more than half full.",
 "url": 
"https://www.grocersonline.com/deliverypolicy",
 "title_eng": "Grocery Store Delivery Policy",
 "rulemaker_entity": [
 {
 "entity_id": "Yjs73-j&js74jdsi",
 "entity_name_eng": "Xalgorithms Foundation",
 "entity_url": "https://www.xalgorithms.org"
 }
 ],
 "rulemaker_manager": [
 {
 "manager_id": "K8d77-hdjeys6YHT",
 "manager_name": "Joseph Potvin",
 "manager_contact": "jpotvin@xalgorithms.org",
 "manager_profile": ""
 }
 ],
 "rulemaker_author": [
 {
 "author_id": "K8d77-hdjeys6YHT",
 "author_name": "Joseph Potvin",
 "author_contact": "jpotvin@xalgorithms.org",
 "author_profile": ""
 }
 ],
 "rulemaker_maintainer": [
 {
 "rulemaker_maintainer_id": "K8d77-hdjeys6YHT",
 "rulemaker_maintainer_name": "Joseph Potvin",
 "rulemaker_maintainer_contact": 
"jpotvin@xalgorithms.org",
 "rulemaker_maintainer_profile": ""
 }
 ]
 }
 },
 "linked_rules_or_lookups": [
 {
 "dwds": "",
 "column": [],
 "row": [],
 "value": []
 }
 ],
 "context_ineffect": [
 {
 "datetime_standard_url": 
"https://www.w3.org/TR/NOTE-datetime",
 "datetime_zone": "UTC-05:00",
 "datetime_range": {
 "start": "0000-01-01 00:00:01",
 "end": "9999-12-31 23:59:59"
 },

 "jurisdiction_standard_url": 
"https://www.iso.org/iso-3166-country-codes.html",
 "jurisdiction_country": "CA",
 "jurisdiction_subcountry": "ON"
 }
 ],
 "category_applicable": {
 "industry": [
 {
 "industry_standard_url": 
"https://unstats.un.org/unsd/classifications/Econ/isi
c",
 "isic_industry_code": "4721",
 "isic_industry_name": " Retail sale of food in 
specialized stores "
 }
 ],
 "good_service_asset": [
 {
 "good_service_asset_standard_url": 
"https://www.unspsc.org/",
 "unspsc_code": " 78142100 ",
 "unspsc_name": " Logistics operation management "
 }
 ]
 },
 "input_conditions": [
 {
 "sentence": {
 "determiner": "The",
 "past_participle_verb": "measured",
 "subject_noun": "box",
 "object_nounorverb": "type",
 "auxiliary_verb": "is",
 "object_descriptor": "standard"
 }, 
 "logic_values": [
 {
 "scenario": "A",
 "value": "10"
 },
 {
 "scenario": "B",
 "value": "10"
 },
 {
 "scenario": "C",
 "value": "01"
 }
 ]
 },
 {
 "sentence": {
 "determiner": "The",
 "past_participle_verb": "used",
 "subject_noun": "capacity",
 "object_nounorverb": "of this box",
 "auxiliary_verb": "is",
 "object_descriptor": ">=half"
 },
 "logic_values": [
 {
 "scenario": "A",
 "value": "00"
 },
 {
 "scenario": "B",
 "value": "01"
 },
 {
 "scenario": "C",
 "value": "01"
 }
 ]
 },
 {
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 "sentence": {
 "determiner": "The",
 "past_participle_verb": "contained",
 "subject_noun": "value",
 "object_nounorverb": "of this box",
 "auxiliary_verb": "is",
 "object_descriptor": ">=$100"
 },
 "logic_values": [
 {
 "scenario": "A",
 "value": "00"
 },
 {
 "scenario": "B",
 "value": "00"
 },
 {
 "scenario": "C",
 "value": "00"
 },
 {
 "scenario": "D",
 "value": "00"
 }
 ]
 }
 ],
 "output_assertions": [
 {
 "sentence": {
 "determiner": "The",
 "past_participle_verb": "advertized",
 "subject_noun": "delivery",
 "object_nounorverb": "of groceries",
 "auxiliary_verb": "is",
 "object_descriptor": "offered"
 },
 "logic_values": [
 {
 "scenario": "A",
 "value": "00"
 },
 {
 "scenario": "B",
 "value": "01"
 },
 {
 "scenario": "C",
 "value": "01"
 }
 ]
 },
 {

 "sentence": {
 "determiner": "The",
 "past_participle_verb": "advertized",
 "subject_noun": "price",
 "object_nounorverb": "of the delivery service",
 "auxiliary_verb": "is",
 "object_descriptor": ">$0.00"
 },
 "logic_values": [
 {
 "scenario": "A",
 "value": "00"
 },
 {
 "scenario": "B",
 "value": "01"
 },
 {
 "scenario": "C",
 "value": "00"
 }
 ]
 }
 ],
 "output_weight": {
 "character": 20,
 "enforcement": 20,
 "consequences": 20
 },
 "output_characteristics": {
 "rulemaker_ruletaker_thirdparty": "thirdparty",
 "affirmative_negative_interrogative": "affirmative",
 "be_do_have": "do",
 "declarative_imperative_empirical": "declarative",
 "logical_practical_ethical": "practical"
 }
}

Similarly each [lookup.dwd] table can be represented in JSON, CBOR, human-optimized graphical form, and

machine-optimized horizontal tape CQL form without the syntax. Table 23 shows a small [lookup.dwd] table 

with two ISO 3166-1 country codes, and a column for the current value of the xyz_index. 

Table 23. A Simple Lookup Table 

xyz_index

3166-1 CA  24.07
3166-1 CL  23.65

This can be written in JSON as follows:
[
 { "3166-1" : "CA", "xyz_index" : "24.07" },
 { "3166-1" : "CL", "xyz_index" : "23.65" }
]

When autonomous parties on a decentralized network are publishing their own [lookup.dwd] records for 

general use, there is a natural incentive to use standard data schemas, in effect, standard application 

programming interfaces (API), so that their tables will operate for the intended users.
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5.5.2 Transmission Protocols for Data with Direction

The default network connection configuration of the RuleMaker, RuleTaker and RuleReserve 

components is “hypertext transfer protocol - secure” (https:) over transmission control protocol (TCP) 

port 443 for encrypted network transmission of [is.dwd] and [ought1.dwd] transitory messages, and the 

“InterPlanetary File System” (ipfs:) over port 4001 for network storage and retrieval of [rule.dwd] and 

[lookup.dwd] persistent records. In this scenario, all messages and transmitted records mingle with general 

Internet traffic. An Internet of Rules can be operationalized with existing firewall and Internet traffic 

management settings, and network administrators have no unconventional configurations to deal with. 

A chosen design premise of the Data With Direction Specification is that data which embodies intrinsic 

normative direction (obligation, permission and encouragement) is a distinct class of data. One may 

reasonably consider whether the communication of rules might usefully shift to a network path that is 

dedicated to this class of data, in order to enable more effective and efficient end-user monitoring. This 

could be appropriate when [is.dwd] and [ought1.dwd] messages and [rule.dwd] and [lookup.dwd] 

resources carry data that stakeholders deem to carry significant weight for monetary, safety, security, 

ecological and liberty standards.

The DWDS does not require, but describes for consideration the potential for a new Internet   ‘data with 

direction transfer protocol’, denoted here with the string dwdtp: and which we suggest should 

transmitted over the as-yet unassigned port 7077.43 Unconventional ports are blocked through default 

security configurations, firewalls and Internet traffic filters. But security-astute network administrators 

may find it advantageous to configure their firewalls and Internet traffic filters to accommodate 

transmission of this narrowly controlled class of data. The dwdtp: path is envisioned as operating natively

with the QUIC messaging protocol (Quick UDP Internet Connections)44 (Roskind, 2013) (Iyengar & 

Thomson, 2019) and employing Application-Layer Protocol Negotiation (ALPN) (Thomson, 2021) to 

automatically validate messages and data resources for conformance with Data With Direction 

Specification requirements, as well as additional constraints the parties may want to implement. 

43 The number 7077 is currently unassigned by the Internet Corporation for Assigned Names and Numbers (ICANN). The 
selection of this number here is arbitrary. Should a dedicated protocol be pursued, the assigned number may differ.

44 QUIC is an new IETF standard that improves how traffic moves on the Internet. It is a transaction-oriented, minimal latency, fault-
tolerant, encrypt-by-default, tunneling protocol that can multiplex a large number of request/response client-server streams with 
each nearly equivalent to an independent TCP connection (Transmission Control Protocol).
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5.5.3 Identifiers for [rule.dwd] and [lookup.dwd] Resources

The Data With Direction Specification requires that every [rule.dwd] and [lookup.dwd] record shall have a 

unique identifier so that each can be referred to precisely, conveniently and flexibly. Referring to a resource 

on the Internet is the purpose of the Uniform Resource Identifier (URI). In a decentralized distributed system, 

one cannot depend upon a central registry authority, or on coordination among parties. But perfect uniqueness

is not required. It is sufficient that the probability of any particular identifier not being unique is sufficiently 

close to zero as to be negligible, while auxiliary resilient error management can solve for residual risk.

The practical need for a system of identifiers in the DWDS is straightforward to illustrate. A rule author 

composing an input condition or an output assertion within the logic gate of a [rule.dwd] record may need to 

draw upon data from an external [lookup.dwd] table, or may need to refer to the data output of prior 

[rule.dwd] record. The author might find it necessary to refer to an exact immutable set of data hosted on the 

server of a particular authority, or may need to call upon some dynamically updated index. In the design of a 

system of identifiers it is important to avoid complicating end-user or server software, and to ensure 

compatibility with existing schemes. (Masinter et al., 1999) 

To meet these criteria, our design assembles a concise hybrid method from four existing identifiers:

• URI: Context identity (An item is recognizable by its situation.); 
• CID: Expression identity (An item is recognizable by its minutiae.);
• UUID: Inception identity (An item is recognizable by its instantiation.); and 
• SemVer: Provenance identity (An item is recognizable by its ancestry.)

Each of these methods is summarized in Table 24. The relationship that has been designed among them to 

fulfill the requirements of the identifier scheme of the Data With Direction Specification is portrayed 

graphically in Figure 13. The resulting composite URIs may seem lengthy, but they are optimized for 

computational effectiveness while maintaining adequate validation through inspection, and readability of the 

authority and version parts. 

DWDS Technical Rationale and Design Summary 129



Table 24. Four Existing General-Purpose Identifier Schemes Used in DWDS Resource Identification 

Identifier 
Names

Uniform Resource
Identifier (URI)

Content Identifier
(CID)

Universal Unique
Identifier (UUID) v4

Semantic Versioning
(SemVer)

Citations (Berners-Lee et al., 2005)  (Benet, 2021)  (Leach et al., 2005) (Preston-Werner, 2013)

Methods A hierarchical sequence of 
named components: scheme, 
authority, path, query, and 
fragment, with naming rules

A cryptographic 256-bit 
string from a secure 
hash algorithm based on
the granular data that is 
being identified. 

A 128-bit string from a 
secure random character
algorithm based on the 
contingent host’s 
network address.

A set of three digits is assigned 
to represent step-wise change at
three levels of significance: 
“Major.Minor.Patch”.

Anchors Context Identity: A URI is 
assigned to a network address. 
The data may be static, 
dynamic or versioned, and the 
URI does not change when the
data changes. But other 
identity strings can be used as 
address components.

Expression Identity: A 
CID is derived via a 
consistent algorithm 
that uses the same data 
that it identifies. Even 
the minutest change in 
the data produces a 
different CID. 

Inception Identity: A 
UUID is assigned to a 
static, dynamic or 
versioned package of 
data. The UUID does 
not change when the 
data or the location 
changes.

Provenance Identity: 
• Major changes not backwards
compatible with earlier versions; 
• Minor changes add 
functionality in a backwards 
compatible manner; and a 
• Patches are adjustments that 
do not alter the functional 
design (e.g. bug fix/clarification).

Examples With authority component:
• ftp://ftp.is.co.za/rfc/rfc1808.txt
• http://www.ietf.org/rfc/rfc2396.txt
Without authority component:
• mailto:Jane.Doe@example.com
• news:comp.infosys.www.servers.unix
• tel:+1-816-555-1212
• telnet://192.0.2.16:80/

Qme7ss3ARVgxv6rX
tVPiikMJ8u2NLgm5s
zg13pYrDKEoiu

5cf24059-db02-484d-
b6ac-454d6a1db707

v2.4.1

Figure 19. 
Relations Among the Four Identifiers as Designed

for References in the Data With Direction Specification

[URI [CID [UUID [SemVer]]]]

The structure of our hybrid design for an identifier is based on the general-purpose Uniform 

Resource Identifier (URI) package described in the IETF standard by Paul Leach et.al. It has five 

parts: scheme, authority, path, query and fragment.
 foo://example.com:8042/over/there?name=ship#deck
 \_/ \______________/\_________/\________/\___/
 | | | | |
 scheme authority path    query fragment

The URI standard does not require all of these five elements to always be used. For example the IETF 

document illustrates a valid URI composed of just a scheme and a path:
urn:example:vessel:ship:deck
 \_/ \______________________/
  | | 
 scheme path 

130 Joseph Potvin: Thesis

mailto:John.Doe@example.com
mailto:John.Doe@example.com
mailto:John.Doe@example.com
mailto:John.Doe@example.com


The Data With Direction Specification makes use of just the ‘authority’, ‘path’ and ‘fragment’ parts. Reasons 

to use the other two parts might arise in later work, but currents design objectives are met with just the 

selected three. 

When a [rule.dwd] or [lookup.dwd] record is first created in a RuleMaker application, it gets auto-assigned a 

UUID, and the user is prompted to specify the version based on the Semantic Versioning (SemVer) structure 

(Preston-Werner, 2013). The UUID string is an internal part of the [rule.dwd] or [lookup.dwd] record that 

RuleMaker then publishes to the InterPlanetary File System (IPFS) (Benet, 2014).45 

When the IPFS system automatically generates a ‘content identifier’ (CID) for the exact version of the 

[rule.dwd] or [lookup.dwd] record, this data includes the embedded UUID and the version number. The 

intended result is that two independent RuleMaker instances publishing the identical [rule.dwd] or 

[lookup.dwd] versions, will generate different CIDs due to the different embedded UUID component. 

The relations of the parts used in the hybrid dwdtp: identifier scheme of the Data With Direction Specification 

are shown in Figure 14. The UUID and CID identifiers are placed in the URI’s ‘path’ section, but when CID 

is used, this incorporates the UUID and the version number from the ‘fragment’ part. This general layout 

supports several ways to reference a [rule.dwd] or [lookup.dwd], in either the https: or dwdtp: schemes: 

Figure 20. Components of the DWDS Resource Identification ‘Dedicated to Data with Direction’

dwdtp:cid • Only the exact version of this immutable resource
dwdtp:uuid#semver • A stated version of this specified resource, or the nearest available version
dwdtp://example.org/cid • Only the exact version of this immutable resource from an RR node at this domain
dwdtp:uuid • The latest available version of the specified resource
dwdtp://example.org/uuid • The latest version of the specified resource from an RR node at this domain
dwdtp://example.org/uuid#semver • A stated version of this specified resource, or the nearest available version, 

from an RR node at this domain

45 The Cloudflare developer website provides a useful summary of the IPFS functional design (Cloudflare, 2021):

“IPFS is fundamentally a Distributed Hash Table (DHT) which maps from CIDs to people who have the content 
addressed by that CID. The hash table is distributed because no single node in the network holds the whole thing. 
Instead, each node stores a subset of the hash table, as well as information about which nodes are storing other 
relevant sections. When someone talks about 'uploading' content to IPFS, what they really mean (usually) is that 
they're announcing to the network that they have some content by adding an entry to the DHT that maps from CID 
to their IP address. Somebody else who wants to download their data would lookup the CID in the DHT, find the 
person's IP address, and download the data directly from them. The speed and reliability advantages of IPFS come 
from the fact that many people can upload the same data, and then downloads will be spread between all of them. If 
any one of them goes offline or decides to stop hosting the data, the others can pick up the slack.”
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These nuanced differences support a variety of ways to reference [rule.dwd] or [lookup.dwd] records. Instead 

of considering dwdtp:cid and dwdtp:uuid#semver to be equivalent, RuleReserve and RuleTaker components 

are designed to interpret the first one as meaning only this exact resource; whereas the second one provides the 

flexibility to accept the nearest available version. And when a reference is used that leaves the version 

numbering unstated (null), this will default to the highest-numbered available version.

Any sentence in a [rule.dwd] logic gate can use this method to refer to another [rule.dwd] record, or to an 

external [lookup.dwd] table, for example

• The posted unit price is “price”dwdtp://99b3fbb8-6e97-4b95-acfd-553a66a83741

• The invoice_unit_price = base_unit_price * “xyz_index” dwdtp://5cf24059-db02-484d-b6ac-
454d6a1db707

 It is necessary but not sufficient that each [rule.dwd] and [lookup.dwd] be uniquely identifiable in order 

to be discovered and retrieved. Correct rules can be called by an identifier, but the next sections step 

through data sifting which is need to discover exactly what rules are ‘in effect’. ‘applicable’ and ‘invoked’.

5.5.4 Diagnostic ‘Rule 256’

Rule 256 is a system-generated diagnostics-aiding rule that is designed to be ‘in effect’ always (date/time) and

everywhere (globally), for everything (good, service, asset) and every action (industry). It has this name 

because it contains all 256 combinations and permutations of the full set of quaternary elements 

{00,01,10,11}, without nulls, in identical order for Input Conditions and Output Assertions. Since the numeric

configuration of the Input Condition scenarios matches the numeric configuration of the Output Assertion 

scenarios, running any [sieve.dwd] on this rule is expected to generate an output that is identical to the input. 

This supplies a simple reference for real-time error-checking, and is a useful supplementary data source for 

subsequent forensic audits. 

The purpose of Rule 256 is to provide a simple validation method for sifting operations in RuleTaker 

components. RuleReserve always appends the diagnostic ‘Rule 256’ to every [ought1.dwd] response 

message.

Its logic gate contains all 256 possible combination and permutation scenarios of the quaternary set of 

symbols {00,01,10,11}, as shown in Table 25 and Figure 15. This series of scenarios begins from 

{00,00,00,00} for both Input Conditions and Output assertions. 
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Table 25. ‘Rule 256’ has 256 Combinations and Permutations of { 00, 01, 10, 11 } in Sets of Four
00,00,00,00
00,00,00,01
00,00,00,10
00,00,00,11
00,00,01,00
00,00,01,01
00,00,01,10
00,00,01,11
00,00,10,00
00,00,10,01
00,00,10,10
00,00,10,11
00,00,11,00
00,00,11,01
00,00,11,10
00,00,11,11
00,01,00,00
00,01,00,01
00,01,00,10
00,01,00,11
00,01,01,00
00,01,01,01
00,01,01,10
00,01,01,11
00,01,10,00
00,01,10,01
00,01,10,10
00,01,10,11
00,01,11,00
00,01,11,01
00,01,11,10
00,01,11,11

00,10,00,00
00,10,00,01
00,10,00,10
00,10,00,11
00,10,01,00
00,10,01,01
00,10,01,10
00,10,01,11
00,10,10,00
00,10,10,01
00,10,10,10
00,10,10,11
00,10,11,00
00,10,11,01
00,10,11,10
00,10,11,11
00,11,00,00
00,11,00,01
00,11,00,10
00,11,00,11
00,11,01,00
00,11,01,01
00,11,01,10
00,11,01,11
00,11,10,00
00,11,10,01
00,11,10,10
00,11,10,11
00,11,11,00
00,11,11,01
00,11,11,10
00,11,11,11

01,00,00,00
01,00,00,01
01,00,00,10
01,00,00,11
01,00,01,00
01,00,01,01
01,00,01,10
01,00,01,11
01,00,10,00
01,00,10,01
01,00,10,10
01,00,10,11
01,00,11,00
01,00,11,01
01,00,11,10
01,00,11,11
01,01,00,00
01,01,00,01
01,01,00,10
01,01,00,11
01,01,01,00
01,01,01,01
01,01,01,10
01,01,01,11
01,01,10,00
01,01,10,01
01,01,10,10
01,01,10,11
01,01,11,00
01,01,11,01
01,01,11,10
01,01,11,11

01,10,00,00
01,10,00,01
01,10,00,10
01,10,00,11
01,10,01,00
01,10,01,01
01,10,01,10
01,10,01,11
01,10,10,00
01,10,10,01
01,10,10,10
01,10,10,11
01,10,11,00
01,10,11,01
01,10,11,10
01,10,11,11
01,11,00,00
01,11,00,01
01,11,00,10
01,11,00,11
01,11,01,00
01,11,01,01
01,11,01,10
01,11,01,11
01,11,10,00
01,11,10,01
01,11,10,10
01,11,10,11
01,11,11,00
01,11,11,01
01,11,11,10
01,11,11,11

10,00,00,00
10,00,00,01
10,00,00,10
10,00,00,11
10,00,01,00
10,00,01,01
10,00,01,10
10,00,01,11
10,00,10,00
10,00,10,01
10,00,10,10
10,00,10,11
10,00,11,00
10,00,11,01
10,00,11,10
10,00,11,11
10,01,00,00
10,01,00,01
10,01,00,10
10,01,00,11
10,01,01,00
10,01,01,01
10,01,01,10
10,01,01,11
10,01,10,00
10,01,10,01
10,01,10,10
10,01,10,11
10,01,11,00
10,01,11,01
10,01,11,10
10,01,11,11

10,10,00,00
10,10,00,01
10,10,00,10
10,10,00,11
10,10,01,00
10,10,01,01
10,10,01,10
10,10,01,11
10,10,10,00
10,10,10,01
10,10,10,10
10,10,10,11
10,10,11,00
10,10,11,01
10,10,11,10
10,10,11,11
10,11,00,00
10,11,00,01
10,11,00,10
10,11,00,11
10,11,01,00
10,11,01,01
10,11,01,10
10,11,01,11
10,11,10,00
10,11,10,01
10,11,10,10
10,11,10,11
10,11,11,00
10,11,11,01
10,11,11,10
10,11,11,11

11,00,00,00
11,00,00,01
11,00,00,10
11,00,00,11
11,00,01,00
11,00,01,01
11,00,01,10
11,00,01,11
11,00,10,00
11,00,10,01
11,00,10,10
11,00,10,11
11,00,11,00
11,00,11,01
11,00,11,10
11,00,11,11
11,01,00,00
11,01,00,01
11,01,00,10
11,01,00,11
11,01,01,00
11,01,01,01
11,01,01,10
11,01,01,11
11,01,10,00
11,01,10,01
11,01,10,10
11,01,10,11
11,01,11,00
11,01,11,01
11,01,11,10
11,01,11,11

11,10,00,00
11,10,00,01
11,10,00,10
11,10,00,11
11,10,01,00
11,10,01,01
11,10,01,10
11,10,01,11
11,10,10,00
11,10,10,01
11,10,10,10
11,10,10,11
11,10,11,00
11,10,11,01
11,10,11,10
11,10,11,11
11,11,00,00
11,11,00,01
11,11,00,10
11,11,00,11
11,11,01,00
11,11,01,01
11,11,01,10
11,11,01,11
11,11,10,00
11,11,10,01
11,11,10,10
11,11,10,11
11,11,11,00
11,11,11,01
11,11,11,10
11,11,11,11

Figure 21. A Partial Graphical View of the Logic Table in ‘Rule 256’ in RuleMaker’s Interface
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Chapter 6: Data Sifting

6.1 There’s a Container on a Dock—Has it been loaded? Was it inspected? Is it locked?

To explain precisely how DWDS data sifting works, it will be helpful to step through the process 

with a tangible example. Imagine a hypothetical shipping container #3009531-2261 sitting on a 

Halifax dock at 05:00 on 12 August 2021. Before hoisting any

particular container onto a ship, a dockworker needs to 

check and make a record of its status at that moment, and 

will make some decisions about it. The container might be 

loaded or empty. It might have been inspected to validate 

what the manifest says. And it may or may not be locked. 

To complicate matters, sometimes when a container is 

locked, the inspection report cannot be found or retrieved,

Figure 22. Risk code green, yellow or red? 

in which case the worker cannot be sure whether or nor it is empty or loaded. Or perhaps the crew on the 

earlier shift informally placed discarded cardboard into it for later disposal, and knowing that, the dockworker

might be inclined to say that ‘yes’ it’s loaded with recyclable material, even if it is not loaded with commercial

goods. Or maybe it was loaded and inspected yesterday, but was only locked this morning, so the worker 

cannot be comfident that the inspection remains valid. Furthermore, any particular dock worker may or may 

not know about some rules or recent amendments that are ‘in effect’ for a context, that are ‘applicable’ to a 

set of categories, and that are now ‘invoked’ for this particular case. 

Systems modeling specialist Joshua Epstein has commented that one of the broadest purposes for creating an 

explicit model is to “reveal the apparently simple (complex) to be complex (simple)” (Epstein, 2008). This 

simple example illustrates some of the complexity which any rule system intended for general use must be 

designed to handle.

Dock-worker Norma’s device is running a 

(hypothetical) operations management app 

‘Opman’ with the DWDS RuleTaker component 

built-in, and configured to exchange specified 

types of data. Once authenticated, Norma enters 

the serial number for container #3009531-2261. 

Since the asset is a shipping container, Opman 

presents the end user a checklist of prompts.

Figure 23. RuleTaker assists active policy comformance.

134 Joseph Potvin: Thesis



[Y/N] This container is already tracked in the Opman application.
[Y/N] This container is placarded.
[Y/N] This container contains restricted goods.
[Y/N] This container is foreign-registered.
[Y/N] This container is loaded.
[Y/N] This container is inspected.
[Y/N] This container is locked.
[Y/N] This container is undamaged.

One may suppose that the Opman app used by dock workers at the Halifax port is pre-configured to 

automatically supply data about the time-zone, time, date, jurisdictions (municipality, sub-country and 

country), and the relevant category metadata such as the International Standard Industrial Classification 

(ISIC) code for the “cargo transportation” industry, and the United Nations Standard Products and 

Services Code (UNSPSC) for “marine cargo transportation” services. 

After reviewing the checklist responses and the automatically-generated data, and Norma selects “Get 

Rules Update” on the Opman screen. This transmits an [is.dwd] package from the Opman substrate app 

to the RuleTaker auxiliary component. RuleTaker first runs a simple validation routine to ensure that the 

incoming data meets the the DWDS application programming interface (API) requirements. If it does, 

RuleTaker proceeds to digitally sign and relay the data package in the form of an [is.dwd] request 

message to a pre-configured or random node on the RuleReserve network.

The next section below will detailed how the RuleReserve network employs the incoming [is.dwd] request 

message data as a [sieve1.dwd] upon the [rulereserve.dwd] collection, in order to find all [rule.dwd] records 

that are ‘In Effect’ and ‘Applicable’, and return them in an [ought1.dwd] response message. Then the 

following section will step through how the RuleTaker component uses both the [is.dwd] and the 

[ought1.dwd] data to tailor a [sieve2.dwd] for the logic gate of each rule, to find the Output Assertions 

‘Invoked’, and assembled them into an [ought2.dwd] message. This resulting set of normative propositions is 

both both human-comprehensible and machine-operational.

A useful and early comparative review of computerized rule sorting methods was published in 1987 by 

James Woolley and Nicholas Stone. (Woolley & Stone, 1987). For the most part, DWDS data sifting is a 

reformulation of sorting concepts and methods from a half century ago, and not only based in computing.

In the field of cognitive psychology two visual search methods are distinguished, and DWDS employs 

first one, and then the other. In the 1970s, Anne Treisman and Garry Gelade differentiated “feature search” 

where one’s attention selects for the presence of a certain target characteristic, versus “conjunction search” in 

which one seeks a visual juxtaposition of characteristics. These authors observe: "it seems that we can detect

and identify separable features in parallel across a display ... Conjunctions, on the other hand, require focal 
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attention to be directed serially to each relevant location." 46 (Treisman & Gelade, 1980, p 132) Their 

observation is significant to the DWDS design. Fast parallel inspection for metadata features is employed

in the RuleReserve, while a serial conjunction evaluation of data descriptors is performed by the 

RuleTaker. The following two sections will refer to these feature search versus conjunction search 

methods. 

6.2 RuleReserve Uses [is.dwd] as a [sieve1.dwd] to find [rule.dwd]s ‘In Effect’ and ‘Applicable’ 

The RuleReserve network performs three functions: storage, sifting, and messaging:

• Distributed storage of [rule.dwd] records on a [rulereserve.dwd] n x m table, one record per row, 
maintained online via the decentralized IPFS (Benet, 2014);

• Efficient sifting to reduce [rulereserve.dwd] to a set of [rule.dwd] rows that are deemed by their 
authors to be ‘in effect’ and ‘applicable’;

• High-speed on-demand messaging that receives [is.dwd] requests, and sends [ought1.dwd] 
responses; 

When the RuleReserve network receives an [is.dwd] request message, it is expected to promptly return 

an [ought1.dwd] response message containing every [rule.dwd] in its collection that is both ‘in effect’ for 

the context, and ‘applicable’ to the categories described in that originating [is.dwd] message. 

All [rule.dwd] and [lookup.dwd] data is stored and addressed on the participating RuleReserve nodes 

across a distributed and deliberately redundant [m x n] matrix (i.e. m rows x n columns), referred to as 

[rulereserve.dwd]. The data of each indexed row is arranged like a long telex tape on which every 

[rule.dwd] and [lookup.dwd] record is splayed out horizontally. The sifting process may seem to be an 

enormous task, but it is done in massive parallel fashion across the large decentralized [rulereserve.dwd] 

array that is distributed on the IPFS network. The [is.dwd] message is pre-configured to function as a 

[sieve1.dwd] upon the [rulereserve.dwd] collection. 

An example of metadata from the [is.dwd] message about the container on the dock is shown in the left-

side column of Table 26, while the right-side column shows the metadata from any [rule.dwd] that would

cause such rules to be caught by the [sieve.dwd].  

46 Nancy Lobaugh et.al provide a useful summary of the two perspectives: “In a typical experiment, observers determine 
whether or not a specified target exists in an array of distractors. Array size is varied and the complexity of target-
distractor relationships is manipulated to vary search difficulty. ... in easy feature searches, the target generally differs from
the distractors on the basis of a single dimension such as colour (e.g., a search for a red bar among blue and green bars), or
contains a feature not present in the distractors (e.g., a "Q" among "Os"). Search is more difficult when the target is 
defined by a conjunction of features present in the distractors (e.g., size and colour: a small red circle among large red 
circles and small blue circles) or is defined as the absence of a feature present in the distractors (e.g., an "O" among 
"Qs").” (Lobaugh et al., 1998)
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Table 26. Metadata Used to Find a Rule that is Relevant to
a Shipping Container at the Port of Halifax on August 2021 

Metadata Used by the RuleReserve Network to Sift [rulereserve.dwd] for 
Rules ‘In Effect’ in the CONTEXT of the Port of Halifax, Nova Scotia, Canada on 12 August 2021

[is.dwd] Metadata Used in the [sieve1.dwd] [rule.dwd] Metadata Found by the [sieve.dwd]

"context: [
 {
 "datetime_zone": "UTC-05:00",
 "datetime_range": {
 "datetime_attest": "2021-08-12 05:14:23",
 },

 "jurisdiction_country": "CA",
 "jurisdiction_subcountry": "NS"
 }
 ],

"context": [
 {
 "datetime_standard_url": 
"https://www.w3.org/TR/NOTE-datetime",
 "datetime_zone": "UTC-05:00",
 "datetime_range": {
 "datetime_start": "1990-01-01 00:00:01",
 "datetime_end": "2040-12-31 23:59:59"
 },
 
 "jurisdiction_standard_url": "https://www.iso.org/iso-
3166-country-codes.html",
 "jurisdiction_country": "CA",
 "jurisdiction_subcountry": "NS"
 }
 ],

Metadata Used by the RuleReserve Network to Sift the Intermediate Result of the ‘In Effect’ Step
to Obtain Rules ‘Applicable’ to the CATEGORY of a Shipping Container Used for Marine Cargo

[is.dwd] Metadata Used in the [sieve1.dwd] [rule.dwd] Metadata Found by the [sieve.dwd]

"category": {
 "industry": [
 {
 "isic_industry_code": "5224",
 "isic_industry_name": "Cargo handling"
 }
 ],
 "good_service_asset": [
 {
 "unspsc_code": "78101700",
 "unspsc_name": "Marine cargo transport"
 }

"category": {
 "industry": [
 {
 "industry_standard_url": 
"https://unstats.un.org/unsd/classifications/Econ/isic",
 "isic_industry_code": "5224",
 "isic_industry_name": "Cargo handling"
 }
 ],
 "good_service_asset": [
 {
 "good_service_asset_standard_url": 
"https://www.unspsc.org/",
 "unspsc_code": "78101700",
 "unspsc_name": "Marine cargo transport"
 }

Data Sifting 137



RuleReserve node uses the [is.dwd] data to create a [sieve1.dwd], through which the metadata columns 

of all the rows in [rulereserve.dwd] are ‘dumped’, metaphorically speaking. A way to visualize this is to 

imagine that one needs to sort an entire truckload of blended sand, gravel and rock. One could undertake 

a conjunction search with an intelligent algorithm to analyze the x-axis, y-axis and z axis measurements 

of each particle, and have a machine place each particle into the correct pile. But a naïve feature search 

method involves dumping the whole truckload into an enormous mechanical sieve with vibrating screens 

that contain pre-determined sizes of large, then medium, then small holes. Both of these methods can sort

sand, gravel and stone, but the naïve mechanical screens will get this job done faster and more 

economically.

The sift operation itself is a very simple, fast in-memory key-value ‘feature search’ on a small number of 

known values. RuleReserve sifts the entire holdings of the distributed [rulereserve.dwd] array in two steps. 

• It first compares only the columns for date/time and jurisdiction context data. Each time these 

correspond in a particular row, that [rule.dwd] is deemed to be ‘in effect’ for the GIVEN context 

documented in the [sieve1.dwd], and that row’s Resource Identifier is retained in memory for the 

second part of this sifting operation. 

• The second sift is performed only in the classification columns upon rows whose Resource Identifier 

is held in memory. This sift operation will now only retain the rows for which available classification 

data of the [rule.dwd] match all of the classifiation data supplied in the [sieve1.dwd]. These rules are 

therefore deemed ‘applicable’ to the circumstance documented in the [is.dwd] message. 

RuleReserve nodes actutally perform this operation with Alfred Horn’s working premise that all of the  

records in [rulereserve.org] are considered irrelevant, and are expected to pass right through the sieve, 

like sand through a coarse screen. Indeed, as soon as any one metadata element results in a ‘miss’, that 

entire [rule.dwd] row is immediately found to be irrelevant, and is eliminated from further consideration

—so there is no need to compare every cell of every row. However when both the metadata and 

classification data fields of any rows correspond to keys in the [sieve1.dwd], this assumption of irrelevance 

fails. Those rows are not irrelevant, so they are captured in the sieve.

The rows that remain in the sieve after these two rounds of sifting are assembled into an [ought1.dwd] 

response message. This includes the full data of these rows, and each still configured in the ‘horizontal tape’ 

topology, just as they were stored in [rulereserve.dwd] on the RuleReserve network. So there are still no data 

transformations to perform, ensuring low error potential and high forensic auditability. 

At this point, the RuleReserve node checks whether or not the [sieve1.dwd] indicates that the RuleTaker 
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user’s preference is to append chained [rule.dwd] and [lookup.dwd] tables to the [ought1.dwd] response 

message, and if so, what end-user constraints are specified in the [is.dwd] (reproduced in the [sieve.dwd]). 

This addition of chained [rule.dwd] and referenced [lookup.dwd] records is not done as the default because 

many users are expected to prefer to leave those for subsequent retrieval on an as-needed basis. Some 

[lookup.dwd] reference data files can be very large. Users could prefer to schedule the downloading of larger 

chained and referenced resources into their own Subset RuleReserve node(s) during off-peak hours.When 

indicated, the RuleReserve node checks for ResourceIdentifiers listed in the metadata of every [rule.dwd] row

of the [ought.dwd] draft message. Within the end-user’s conditions, these rows are fetched and appended to 

the [ought1.dwd] message.   

Any number or rules from [rulereserve.dwd] may remain from the RuleReserve sifting operation. The 

results are packaged without transformation into rows of an [ought1.dwd] response message, and this is 

immediately dispatched back to the same RuleTaker as signed the originating [is.dwd] request to identify 

itself on the network as the source of the request. 

It is a mandatory DWDS requirement that the RuleReserve network not be capable of processing the 

logic of the rules. The A  premise minimizes network operator ∅ capabilities. Logic processing to 

determine what rules are invoked for an end-user’s circumstance is acknowledged to be a prior and exclusive 

prerogative of rule-taker agents. Therefore the RuleTaker components can perform this function under 

end-user control, which includes the option to delegate the logic processing to any third-party platform. 

6.3 RuleTaker Uses [is.dwd] and [rule.dwd], Creating a [sieve2.dwd] to Obtain Assertions 
‘Invoked’

The moment a RuleTaker component receives an [ought1.dwd] response message,47 a multi-step data 

process is initiated that reduces the data from rules ‘in effect’ and ‘applicable’, to the third stage of rules 

‘invoked’. This process resolves the IS + RULE  OUGHT relation.⟾

The [ought1.dwd] is comprised of a set of [rule.dwd] records arranged one-rule-per-row in a table, that are 

known to be ‘in effect’ and ‘applicable’ to the particular circumstance described in the original [is.dwd]. Now, for 

each of these rows, the RuleTaker component creates a transitory [sieve2.dwd] structure. Each sieves is built 

47 The previous section detailed how a RuleTaker component, upon receiving from a substrate application data that is conformant 
with the RuleSchema specification, immediately relays that data to the RuleReserve network in the form of a digitally-signed [is.dwd] 
request message. A RuleReserve node returns an [ought1.dwd] response message to the same RuleTaker component that 
previously issued the corresponding [is.dwd] request message. This [ought1.dwd] response was produced by the RuleReserve 
network by sifting the entire [rulereserve.dwd] compendium for only the [rule.dwd] rows which are deemed by their authors to 
be ‘in effect’ and ‘applicable’ to the circumstance documented in the originating [is.dwd] request message.
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using subject-predicate-object triples (SPOT) data from the [is.dwd] message, and SPOT data from the 

sentences of the logic gate. In this section we detail how the logic gate scenarios data is ‘sifted’ to remove 

irrelevant columns, so that what remains is a set of Output Assertions that can be assembled into an 

[ought2.dwd] package, and offered via notification to the originating application.

There can be multiple ways to implement the DWDS RuleTaker sequence. The specification is intentionally 

designed to be built on diverse platforms,48 and to remain flexible to the preferences of programmers, and to 

the methods available in different programming languages and mathematical notation. For our purpose here, 

though, comprehension can be achieved more readily with numeric and graphical representations of the nature of 

the sifting problem, using the example of the container on a dock. 

This class of problem can become very complicated very quickly. A mere three considerations in the 

container example (loaded? inspected? locked?), when categorized with the four the quaternary value options 

{00,01,10,11}, elicits 64 potential scenarios as listed in Table 27. A selection of eight of these sets is 

highlighted for use in the graphical illustration on the following pages. Rarely would a rule need to express all

of its possible scenario combinations and permutations; instead, multiple sets of Input Conditions will 

commonly result in identical sets of Output Assertions, so multiple columns can be consolidated. But even a 

small selection such as these eight can be impractical to express with the methods of expression employed in 

other rule systems. As will be seen below, the DWDS rules-as-data structure provides an elegant and practical

method to accommodate this and greater levels of complexity. 

Table 27. Container Loaded? Inspected? Locked? Has 64 Possible Scenarios Created by Selecting
Combinations and Permutations of 3 Non-Unique Items from a Set of 4 Values { 00, 01, 10, 11 } 

00,00,00
00,00,01
00,00,10
00,00,11
00,01,00
00,01,01
00,01,10
00,01,11
00,10,00
00,10,01
00,10,10
00,10,11
00,11,00
00,11,01
00,11,10
00,11,11

01,00,00
01,00,01
01,00,10
01,00,11
01,01,00
01,01,01
01,01,10
01,01,11
01,10,00
01,10,01
01,10,10
01,10,11
01,11,00
01,11,01
01,11,10
01,11,11

10,00,00
10,00,01
10,00,10
10,00,11
10,01,00
10,01,01
10,01,10
10,01,11
10,10,00
10,10,01
10,10,10
10,10,11
10,11,00
10,11,01
10,11,10
10,11,11

11,00,00
11,00,01
11,00,10
11,00,11
11,01,00
11,01,01
11,01,10
11,01,11
11,10,00
11,10,01
11,10,10
11,10,11
11,11,00
11,11,01
11,11,10
11,11,11

48 The oughtmation algorithm’s data processing sequence to determine which sentences of a logic gate are 'invoked' has itself gone 
through several design iterations, and has benefitted from peer review of industry practitioners (Van De Ven & Johnson, 2006), as
well as partial elaboration into working reference implementations (Maranzana et al., 2008). 
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Figure 24 illustrates a rule which would have a dock-worker designate a container in a port with risk 

code green, yellow or red, and to inform the active stevedore when the code is yellow or red, and 

also, under some conditions, to co-sign a certificate for errors and omissions insurance.

Columns A through H of Figure24 illustrate eight sample scenarios of the container example as they would 

appear in a logic gate of the RuleMaker interface. These columns reproduce the highlighted number sets 

among the 64 possibilities in Table 27.

Figure 24. A Selection of 8 Scenarios for a Container on a Dock

Although humans expect full natural language sentences, the essential data unit that a declarative computer 

program works with is a subject-predicate-object triple (SPOT). That’s to say, when “The container is 

‘loaded’, we have data involving a subject (“container status”), a predicate (“is”), and an object (“loaded”).

This is what makes the bilattice in Figure 18 understandable, even without full sentences. Generally speaking,

the DWDS algorithm relates [is.dwd] input data to [ought2.dwd] output data as portrayed in Table 28. In the 

RuleTaker component one SPOT (what linguists refer to as an ‘argument’) which is shown in this table with a

dark background) is embedded into another SPOT (a second ‘argument’, extended with a light background). 

But each conjoint relation as a whole is assigned a number {00,01,10,11 | 00,01,10,11} that signifies a state.
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Table 28. Input-Output DWDS Data Endpoints

Transmitted
Input Data

Stored
Input Data

Transmitted
Output Data

[is.dwd] message [rule.dwd] [ought2.dwd] message

““container status” : “loaded”” : “00”,

““validation status” : “inspected”” : “01”,

““door status” : “locked”” : “00”,

⟾
““risk code” : “yellow”” : “01”,

““stevedore” : “notified”” : “11”,

““errors and omissions insurance” : “co-signed”” : “01”,

Input state “00” means “NO”
Input state “01” means ”YES”
Input state “10” means ”YES AND NO”
Input state “11” means ”YES OR NO”

Output state “00” means “NOT”
Output state “01” means ”MUST”
Output state “10” means ”MAY”
Output state “11” means ”SHOULD”

Once a RuleTaker component receives back an [ought1.dwd] response message containing one or more rows 

of [rule.dwd] records, there are several operations to be performed before processing their logic gates.

• RuleMaker Logs and Validates Incoming   [ought1.dwd]   Metadata:   The first action the RuleTaker 

component performs upon receiving an [ought1.dwd] response message, is to log the incoming 

message header data, the contained metadata and classification data. It then checks that these match 

the contents of the corresponding digitally-signed [is.dwd] message that was recently sent out. If so, 

RuleTaker proceeds to process the incoming data. If the [is.dwd] data does not match, RuleTaker logs

the message header data from the incoming [ought1.dwd] as an ‘unsolicited’ message, creates an 

administrator notification (see “Notify” below), then deletes the message, and terminates the session. 

(Optionally, a user can configure RuleTaker to send all rejected [ought1.dwd] messages to an external

storage location for analysis.)

• RuleMaker End-User May Further Reduce an   [ought1.dwd] Package  : The operator of a RuleTaker 

component, upon receiving a new [ought1.dwd] message from the RuleReserve network, has the 

option to run an additional ‘in effect’ and ‘applicable’ sifting routine in order to add or alter metadata 

and classification data relative to what was sent out to the RuleReserve network in the originating 

[is.dwd] request. There are two main reasons to enable additional metadata and classification sifting:

◦ The DWDS is not premised upon rule-taker agents needing or wanting to expose all of their sift-relevant
information to the distributed decentralized RuleReserve network. The rule-taker agent always retains 
prerogative to withhold, shroud or mask their data from exposure to the RuleReserve network. 
An astute rule-taker agent working under a non-dislosure constraint will generally expose just enough 
information to the network as would be required to obtain a wide-scope shortlist of rules. The 
resulting [ought1.dwd] package can then be sifted more thoroughly on the end user’s own 
computing equipment and local secured infrastructure, using data this is restricted. 

◦ The moment a RuleTaker component receives a new [ought1.dwd] message from the 
RuleReserve network is the optimal step in the process for a rule-taker agent to screen against 
[rule.dwd] spam, malware and noise. The DWDS does not presume that rule-taker agents would 
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want to have such screening imposed, since such process running in the background can be 
indistinguishable from censorship. Instead of re-running the ‘in effect’ and ‘applicable’ sifting 
routines, a user or user community could run their own Subset RuleReserve, or delegate this role 
to a service provider of their choice. 

This option to re-sift the [ought1.dwd] package is usually straightforward to accomplish because the 

default deployment configuration for every node of a DWDS network includes all three functional 

components: RuleMaker, RuleReserve and RuleTaker. So the received [ought1.dwd] can be staged in 

the user’s local RuleReserve node, and modified data can be run against it to obtain a more narrowly 

sifted [ought1.dwd] result. 

• RuleMaker Checks Dependencies:   RuleMaker quickly scans the Input Condition and Output 

Assertion data of all the logic gates in the [rule.dwd] rows of the received [ought1.dwd] message to 

locate all Resource Identifiers of external [lookup.dwd] and [rule.dwd] dependencies. Previously the 

RuleReserve node will have checked the metadata of each [rule.dwd] row for these dependencies, but

the DADS would not enable a RuleReserve to inspect the logic gates. Now however, RuleTaker 

checks the logic gate of each [rule.dwd] to determine whether any [rule.dwd] or [lookup.dwd] 

resources are missing from the [ought1.dwd] message, and to validate that they are available on the 

RuleReserve network. RuleTaker does not automatically fetch them however, unless user settings 

have been configured to do so; it only validates that they exist. If any of these resource dependencies 

cannot be found on the RuleReserve network, an alert is logged (see “Alert” below), but otherwise 

the rest of the process continues. 

• RuleMaker Appends Diagnostic Rule 256 (and any Additional Diagnostic Rule):   To each 

[ought1.dwd] response message RuleTaker appends diagnostic Rule 256. The operator of a 

RuleTaker component can also set the component to include additional diagnostic rules in the 

[ought1.dwd] package. 

With all the above-mentioned preliminary steps completed, a RuleTaker component then proceeds to sift 

through the logic gate of each [rule.dwd] row.

Sifting a DWDS logic gate is a multi-step operation, but is quite simple. First the RuleTaker component uses 

data from both the [rule.dwd] and the [is.dwd] to build a transitory in-memory data structure called 

[sieve2.dwd]. Specifically, it reproduces in-memory the SPOTs found in the Input Condition sentences of the 

logic gate within the [rule.dwd] row, and then it obtains from the [is.dwd] the data required to determine the 

appropriate numeric states for any of the matching SPOTs it contains. At least one of the SPOTs of the 

[is.dwd] message is expected to be found among the SPOTs of the logic gate, directly or indirectly via a lookup 

table of synonyms. If not, RuleTaker creates an administrative notification that data is lacking in the [is.dwd], 

so that this rule cannot be processed. The processor then moves on to the next [rule.dwd] row in the 

[ought1.dwd] package.

Data Sifting 143



Figure 19 illustrates the data structure required to sift through the logic gate of a [rule.dwd] record. The 

transitory [sieve2.dwd] data package is on the left, listing all the same Input Condition SPOTs as are 

contained in the logic gate. The sample rule has eight scenarios {A,B,C,D,E,F,G,H}, each a combination or 

permutation of the quaternary state variables: 01≡YES; 00≡NO; 10≡YES AND NO; 11≡YES OR NO. With 

these meanings present in mind, and knowing that one should read vertically down the columns of the Input 

Conditions, it is not difficult to interpret the rule logic directly.49

Figure 25. RuleTaker Creates an ‘In-Memory’ [sieve.dwd] from the Input Conditions of a Rule

The RuleTaker component now performs a simple fast “conjunction search” (Treisman & Gelade, 1980). 

For each SPOT it compares the numeric elements of the [rule.dwd] versus the numeric elements of the 

[sieve.dwd]. The RuleTaker component can be implemented do this in series, row-by-row or column-by-

column, or it can be designed to perform the comparison operation in parallel upon all rows, or all columns, 

or indeed upon all cells of the array simultaneously. In each case, the process registers a ‘HIT’ when the 

numeric elements are operationally equivalent, and a ‘MISS’ when they are not.50 For the purpose of 

assigning HIT and MISS tags, the elements {00, 01} are each ‘operationally equivalent’ to {10, 11}, even 

49 The same four numeric symbols across the same three Input Conditions can support up to 64 potential scenario combinations and
permutations. But that would be a very complicated rule! A good informal assumption is Nelson Cowan’s working constraint of 
4±1, (Cowan, 2001). For example, a well-formed rule is considered to have a maximim of three to five Output Assertions. To the 
extent there are more, such a rule can be workable but is expected to be less comprehensible. A rule-taker agent’s conformance 
with hard-to-grasp rules is probably going to be lower than for those which can be readily understood. On the other hand, when 
needed, the Data With Direction Specification has no prohibition against rules with many Output Assertions. 

50 Whereas the DMN specification identifies various types of “hit policy” options (Unique, Priority, Any, First), the 
default being a single scenario result, our design can accommodate more than one scenario with uncertainty.
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though they do not mean the same thing. That’s to say, a {01} maps as at ‘HIT’ when compared with a {10}, 

as well as with a {11}. 

Figures 20a and 20b below illustrate how two particular [sieve.dwd] packages produce different sift results. 

Not every cell of the input conditions actually has to be compared, because the moment any cell is assigned a 

00≡MISS, its entire column is known to be irrelevant to the scenario described in the [sieve.dwd]. But here 

we show the comparison results for all the cells of the Input Conditions.

In the first case, Figure 20a, only the column for Scenario C has all of its Input Condition elements showing a 

‘HIT’. This signals the RuleTaker component to proceed down that column to read the symbols provided for 

each of the Output Assertions. Any Output Assertions marked with 00≡NOT are ignored. The other SPOTs 

are invoked with 01≡MUST, 10≡MAY, or 11≡SHOULD, so they are assembled into an [ought2.dwd] message.

The [sieve.dwd] in Figure 20a gives the following result:

• Scenario C: “The risk code is yellow: [MUST].”
• Scenario C: “The stevedore is notified: [SHOULD].”
• Scenario C: “Errors and omissions insurance is co-signed: [MUST].”

But the [sieve.dwd] in Figure 20b produces both Scenarios B and D with all of elements of their Input 

Conditions showing a ‘HIT’. When RuleTaker looks down those two columns to the symbols for the Output 

Assertions, and then reads the invoked SPOTs, we obtain some apparently contradictory information:

• Scenario B: “The risk code is green: [MUST].”
• Scenario D: “The risk code is red: [MUST].”
• Scenario B: “The stevedore is notified: [MAY].”
• Scenario D: “The stevedore is notified: [MUST].”
• Scenario B: “Errors and omissions insurance is co-signed: [MUST].”
• Scenario D: “Errors and omissions insurance is co-signed: [MAY].”

However this contraditory output is a correct and meaningful result: it means there are decisions for the rule-

taker agent to make. This rule is intentionally written to communicate that when a shipping container is 

loaded and locked, but has not been inspected, a decision-maker (human or machine) must further assess the 

circumstances and decide whether the risk code assigned to this container shall be green or red. If they choose

risk code green, then the errors and omissions insurance must be co-signed, and the stevedore may be 

notified, though notification is not mandatory. And if instead they choose risk code red, in that case the 

stevedore must be notified, and the errors and omissions insurance is not mandatory. 
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Figure 26a. Example A: RuleTaker Compares the [sieve.dwd] to Elements of Each Input Condition Scenario

Figure 26b. Example B: RuleTaker Compares the [sieve.dwd] to Elements of Each Input Condition Scenario
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Earlier in this document it was proposed that that a rule is only deemed to exist when communicated. But

a rule is only communicated to the extent it is recalled or found when needed, in a precise and usable form. 

The foregoing steps complete this circle.

In general when the resolution of a DWDS logic gate results in two or more scenarios and:

•  Output Assertions of at least two scenarios are   contradictory  , then is is the role of the rule-taker agent 

to consider the outcome, and take one of the following actions:

◦ Make a choice from among the presented options, where evidently the rule-maker intended the 

choice to be delegated to the rule-taker agent (reflecting ‘human-centred automation’); or,

◦ Report a mistake in the composition of the [rule.dwd], which could range in significance from a 

minor bug fix to the rule implementation, to a formal amendment to the source rule; or

◦ Validate that the [is.dwd] source data that is used to build the [sieve.dwd] is correct and complete; or

◦ Ignore the result.

•  Output Assertions of these scenarios are   identical  , then this is due to an inefficiency in rule design, 

since two or more columns of its logic table could be consolidated into one column. Such an outcome

is logical and usable, however it is either a sloppy rule, or this situation is indirect evidence of an error. 

When this occurs, the RuleTaker component requests permission of the rule-taker agent to generate 

an automated message to the rule-maker agents (Manager and Author) listed in [rule.dwd] metadata. 

As this is an efficiency not an error, there is no need for to log an alert to the RuleReserve network.

There is also the potential that the facts documented in an [is.dwd] message will result in no scenarios from the

sift operation within a RuleTaker component. Such an outcome would indicate an error in the metadata of the 

[rule.dwd] or in the logic of the [rule.dwd] record. The prior sifting operation performed through the 

RuleReserve network categorized the rule in question as being ‘in effect’ and ‘applicable’ to the facts 

documented in the [is.dwd] message. Every [rule.dwd] record assembled into the [ought1.dwd] collection is 

expected to result in at least one Output Assertion ‘invoked’. In the event that no scenarios result from the sift 

operation on the logic gate, the RuleTaker component would request permission of the rule-taker agent to 

issue an automated message with generic information to the rule-maker agents (Manager and Author) 

who are listed in the metadata of that [rule.dwd] record. The RuleTaker component would also log an 

alert about this rule’s error to the RuleReserve network. A background network service periodically scans 

for error and inefficiency notices in the log files, and generates automated error summaries to the Managers 

and Authors listed in [rule.dwd] metadata. RuleTaker components can be configured to run quality 

assurance [rule.dwd] records that refer to the [lookup.dwd] representation of those network log files, in order 

to flag [rule.dwd] records and rule-maker agents with persistent or frequent errors. 
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Perform Data Transformations   

The [rule.dwd] and [is.dwd] artifacts consist of functionally inert declarative facts, with no procedural 

code. Furthermore, the DWDS requires that RuleTaker be incapable of performing any procedure that 

is expressed directly within an Output Assertion or that is called from a [lookup.dwd] resource. On 

the other hand, there is no prohibition against any such procedural function being employed by end-

users, but they must be expressed and implemented via some external, adjacent or underlying platform, 

never within a DWDS component or application. 

The DWDS design does allow for RuleTaker to draw upon a constrained internal library of simple 

static digitally-signed methods for data transformations, Boolean operations and arithmetic functions, 

any of which can be employed in sentences expressing the Input Conditions and Output Assertions of

a [rule.dwd] record. This would be just a small subset from the standard ISO/IEC 80000-2:2019 

Quantities and units — Part 2: Mathematics (ISO/IEC, 2019). Such methods include multiplication 

and division (a×b) ; addition and subtraction (a±b); as well as mini-max determinations min(a, b) | 

max(a, b). These methods can be referred to with synonyms using a [lookup.dwd] (such as “>=half” 

in place of “>=0.5)”, but no functional methods can be added in an ad hoc way to be run within the 

RuleTaker component. Some common statistical functions would be included, such as standard 

deviation, z-score, and t-statistic (Alfieri et al., 2007). A RuleTaker component can also be 

configured to receive [ought1.dwd] output as flat string data only, or as multi-typed data. When multi-

typed data is allowed, then for example it would parse numbers as a currency data type when they are 

preceded by the ASCII symbol for currency ‘¤’ and then one of the three-letter currency codes from 

the ISO 4217 standard (e.g. USD; CAD) (ISO, 2015), as follows: ¤EUR2419. The formal standard 

currency codes can be readily extended to units defined by independent entities and distributed 

autonomous organizations (e.g. XRP, BTC, ETH) through a [lookup.dwd] reference. 
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Chapter 7: Conclusion

7.1 Contributions to the Project Management Discipline

This research fllls an large gap in project management theory and practise, which concerns how any

project stakeholder discovers and obtains factual knowledge of the significant rules that are ‘in

effect’ for dates/times and prerogatives relating to identities and jurisdictions of a given context; that are

‘applicable’ to  the  class  of  endeavour  and task  being  undertaken;  and that  are  ‘invoked’ by  a

particular circumstance of the moment. 

The most essential concept contributed in this work is expressed in the subtitle:

'IS + RULE  OUGHT'⟾

This relation is already intrinsic to an extensive philosophical literature on normative and deontic 

logic, but it has not been previously expressed as succinctly as this. Something supplies the direction 

to human endeavours such as projects. Rules are precisely that: the directional gravitas between what ‘is’ 

and what ‘ought’ to be, established among two or more individuals or entities. In practical, logical, 

ethical and aesthetic matters, rules express obligation, permission or encouragement through the 

commonly capitalized terms MUST, MAY and SHOULD, or their various negatives and synonyms. 

The literature review in Chapter 2 was presented in three parts. Section 2.1 situated the substance 

of this dissertation in the formal project management literature where a ready-built conceptual 

framework for rule systems has been provided by Gernot Grabher, relying upon the micro-meso-

macro foundation of Kurt Dopfer, John Foster, Jason Potts, which sits upon the layered bedrock of 

Joseph Schumpeter’s institutional interpretation of socio-political-economic history. This complex setting

is beyond the scope of explicit concern of most of the project management literature, yet is clearly 

implicit to the rule-based setting within which any project is undertaken. Section 2.2 then situated the 

functional aspect of this design research of this dissertation in relation to several existing types of rules 

systems used by project managers and other decision-making agents, both to acknowledge their 

complementary roles in this field, and to distinguish the particular contribution of the present work to 

rule systems design. Section 2.3  traces the multi-generational and multi-threaded roots of the particular 

technical DWDS design that emerged in the course of this research. 

Every project team is responsible to arrange their undertakings in relation to the parameters of rules 

that are ‘in effect’ for the context, that are ‘applicable’ to the category of activity or event, and that 

are invoked’ by the circumstance. Each person with agency exercises their discretion about whether or 

not, or to what degree, to act in accordance with various rules that various other persons or entities haves 
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asserted. But to do so, they need know about such asserted rules.

This dissertation is equivalently conceptual and empirical. Chapter 3 explained three criteria for 

the success of this design: feasibility, generalizability and utility. In the course of this research, 

which has been licensed 100% free/libre/open from the outset, collaborative teams have arisen and 

become very active towards implementing this work for rules systems in the domains of cross-

border trade, infrastructure finance, ecological protection, monetary anchoring, data licensing, smart

contracts and digital investment instruments. Some of these are referred to in Appendix B. Each of 

these is a significant initiative, but the actual response among project managers in the real world 

provides a convincing case for the feasibility, generalizability and utility of this design outcome. 

Tangible interest in the product of this research is therefore managed through a federally 

incorporated not-for-profit foundation and several online management applications. 51

Chapter 4 is a conceptual excavation to the philosophical foundations of how humans 

communicate obligation, permission, and encouragement. This philosophical pursuit has 

contributed an essential distinction to the the operational design. The DWDS system is limited to 

conveying ‘normative propositions’, which is to say that it has been designed to be incapable of 

end-to-end automation, and to be non-Turing-complete. If any DWDS implementation is to operate 

in alignment with the very rules it would convey, them it MUST operate in conformance with rules 

of prerogative. RuleReserve network designers, implementers and administrators MUST NOT  

usurp the prerogative of rule-makers or rule-takers. This attitude is referred to here as Artificial 

Naïvety (A )∅  to differentiated it from Artificial Intelligence (AI) systems. 

This research also makes a fundamental contribution to communications and information theory. In 

this work normative data expressing MUST, MAY and SHOULD, and their various negatives and 

synonyms is categorized as a distinct class of data with intrinsic directionality that can be 

instantaneously discovered and transmitted over the Internet, in a form that is directly usable by 

non-specialized humans and machines, for any purpose, in any language. 

No previous literature in data science categorizes data which embodies intrinsic normative direction

(obligation, permission and encouragement) as a distinct class of ‘data with direction’. 

51 The Data With Direction Specification (DWDS) and various use cases are managed under Xalgorithms Foundation, 
of which the present author is founding Executive Director. Omline acctivity is convened through the follow URLs:
• Website: https://xalgorithms.org and https://era.xalgorithms.org/ 
• Source code management environment: https://gitlab.com/xalgorithms-alliance 
• Project management environment: https://xalgorithms.redminepro.net 
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Figure 27.  ‘An Internet of Rules’ Illustrated with a Use Case Diagram
Overlaid Onto RuleMaker, RuleReserve and RuleTaker Sequence Diagrams



This underlying categorization inspired the design of a general-purpose solution to the problem of 

communicating which way is 'forward' when orienting decisions involving many people, in on-

going micro-level decisions for the day-to-day management of projects, programs, portfolios or 

platforms, and in core macro-level system design initiatives, mechanisms and structures. 

A lengthy detailed Chapter 5 develops the relation IS + RULE  OUGHT into a compete Data ⟾

With Direction Specification (DWDS) for a fully operational data processing pipeline with 

reference implementations. Once deployed, this is intended to give rise to a decentralized 

distributed emergent meso-level phenomenon which seems appropriate to refer to as “an Internet of 

Rules’. This moniker arising from the present design research has already been picked by some  

external parties who make reference to this forthcoming dissertation, including in an overview of 

emerging methods for digital rules published by the Organization for Economic Cooperation and 

Development (OECD) (Mohun & Roberts, 2020, pp. 48-49).  This reference demonstrates third-

party assessment of the utility of this design research for project management.

A detailed illustration in Chapter 6 completes the demonstration of the feasibility of the DWDS, in 

terms of its function as a data processing pipeline. What is described there maps to what has 

actually being operationalized in the working reference implementations.  

7.2 Implications for Project Management Practice

This dissertation reports on the successful design of a novel method to afford any person or 

organization the ability to author, publish, discover, fetch, scrutinize, prioritize and optionally 

automate rules across any digital network, with precision, simplicity, scale, speed and resilience, along 

with deference to prerogatives, agreements and preferences. 

This design research has produced the end-to-end structure and component specifications for ‘an 

Internet of Rules’ as a decentralized distributed emergent meso-level system arising from their 

implementation and operation. The end-to-end DWDS is illustrated in Figure 27 with the example 

from Chapter 6 of a dock worker responsible for the management of shipping containers. The 

agents, their roles and the various actions are summarized with a comprehensive Use Case Diagram 

overlaid onto the three Sequence Diagrams from Chapter 5, Section 5.1 (Figures 13(a)(b)(c)). 

The background text is not intended to be readable from this image, rather the purpose of including 

the Sequence Diagrams here is only to facilitate visual cross-referencing with the full-sized 

versions. Also it should be noted that the RuleTaker Sequence Diagram is flipped horizontally from 

the original so that it maps to the right-hand side of the RuleReserve Sequence Diagram. 



A project manager (in this illustration, a dock worker managing or co-managing the loading of a 

container ship) should be able to easily discover and obtain all third party rules that are ‘in effect’ 

for given dates/times, identities and jurisdictions; are ‘applicable’ to an undertaking; and are ‘invoked’ 

by a circumstance. What the manager obtains should be directly readable in their preferred natural 

language Or when this is expressed from the other direction, a project manager issuing rules should 

be able to have those rules readily discovered on-demand by all parties who are in the midst of a 

circumstance to which those rules may be applicable, without depending on having specific 

knowledge about those other parties or their activities.

Project management practice outside the academic realm obtains, with these results, a complete 

end-to-end Data With Direction Specification (DWDS), with external work by practitioners already 

underway on three working reference implementations. 

This dissertation further serves as both a conceptual primer and an operations planning manual for 

teams of people in public and private sector organizations who are actively considering deployment,

and require management understanding of how DWDS implementations are intended to work. 

7.3 Limitations of this Research

This dissertation is limited to conceptual foundations and formal design research, with only a very 

superficial reach into the concurrent fieldwork that has been underway in diverse domains. In the 

course of this research, which has been licensed 100% free/libre/open from the outset, collaborative 

teams have arisen and become very active towards implementing the DWDS. A sample of external 

references to this design research is provided in Appendix B. However it would be impractical to 

incorporate all of these initiatives into this design research body of work, even in summary form. 

Not only do they each require considerable explanation, given the depth of change that this 

conceptual structure and practical implementation portends, but they are all moving forward under 

the initiative of other individuals in business, government and academia. DWDS and its functional 

elements are inherently auxiliary, making it difficult to share information here about the real project 

examples without having to delve too deeply into the details of the projects themselves, and in those

details losing the plot that’s central of the present design research. The scope and depth of this 

dissertation is already bordering on unwieldy, therefore a decision has been made to set the 

boundary to include only the theory and the design, and to including the results of some ‘lab’ 

development through working software implementation by others, but to leave the real-world 

implementations that are germinating in industry and government to the future research category.
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More generally, this research suffers from a limitation that every multi-disciplinary researcher 

contends with: the pursuit of multiple different domains of knowledge outside ones own core 

domain leaves the author at greater risk of error, than would be the case when staying safely within 

one’s own specialization. However the class of problem addressed here does not seem to be either 

thinkable or solvable through any narrowly targeted domain. It’s meso. So the narrowing of this 

undertaking to a manageable target has involved restricting the scope to the design of a single 

operational improvement in how humans communicate obligation, permission, and encouragement.

7.4 Future Research

Real-world projects that adaptively implement the Data With Direction Specification (DWDS) are 

already underway, most led by other people in other academic, commercial and government 

institutions, as well as some involving the present author as co-initiator. 

In the realm of project management theory, this dissertation points to three significant questions 

directly relevant to the future of this discipline. I am tempted to provide genuine illustrations to 

explain precisely what I intend with these questions, but instead will keep them abstracted to the 

generic class of problem, and invite the reader to consider the essence of the matter in relation to 

their own perspectives and experiences.

1. How does one determine whether a project is forward or backward?

2. How can the principles of human-centred automation assure that project managers using an 
efficient digital rule system actively accept and assert their prerogative to manage the 
project they are responsible for, rather than passively neglect their role?  

3. What methods and metrics would be helpful to undertake a genuine comparative 
assessment and refinement of rules, sets of rules, and rule systems? 52

4. What potential is there for ‘meso-level projects’ to advance rule systems infrastructure 
performance to tackle the most pivotal issues of our time? 

The fourth question is being pursued already, as mentioned above, in relation to cross-border trade, 

infrastructure finance, ecological protection, monetary anchoring, data licensing, smart contracts 

52 The three DWDS Postulates given earlier are:  
• An optimal rule system within a jurisdictional cluster of arbitrary individuals and entities is one that demands 

the least effort for them to categorize and communicate their respective normative propositions.
• An optimal rule between any two individuals or entities is one that is centred upon their respective priorities, 

while also intersecting their shared points of agreement. 
• An optimal set of rules among multiple individuals or entities is one which all the rules together reveal an 

emergent straight line of reasoning.
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and digital investment instruments. The meso-level projects is not new, but the project management 

literature of academia has not yet taken on the challenge that Kurt Dopfer, John Foster and Jason Potts

have tabled. In my view, they invite us to distinguish the methods and (inter-related) dynamics of micro-

level projects that engage decision-makers amongst organizations, meso-level projects that seek to advance 

normative infrastructure and practices amongst industries and markets, and macro-level projects that are 

designed to influence characteristics of whole societies and economies. DWDS is a meso-level project.

In parallel to the project management domain, there are interesting and useful technical research 

questions that need to be resolved to fully operationalize the three reference implementations:

• Xalgo-rads: a genuine production-class Rules-oriented Autonomous Decentralized System;

• Xalgo-dev: a developer-oriented command-line implementation for experiments and diagnostics;

• Xalgo-abm: an agent-based model to test meso-level changes on micro- and macro-levels. 

Certainly there needs to be at least one genuine production-class elaboration of Xalgo-rads that 

fully optimized for volume and speed. 

Each of these provides a basis for a wide range of interesting and valuable empirical research. Some

very specific questions already being pursued with colleagues are: 

• How should large multi-factor data streams (e.g. selected satellite data, market data, 
epidemiological data) be structured into [lookup.dwds] records in manner that will be 
relatively easy and highly efficient for [rule.dwds] sentences to draw upon? 

• What is the best way to incorporate [rule.dwds] and [lookup.dwds] records into agent-based
modeling environments?  

• What graphical symbols and colours to display NOT, MUST, MAY and SHOULD would 
make the most intuitive sense across cultures, for implementation in the RuleMaker user 
interface? 

There are many other detailed questions of that sort currently underway. However the most difficult 

part of future applied research will be to convert conventional natural language rules into structured

natural language rules at scale, and to exploit those experiential feedback loops. When asked about 

this earlier in 2021 by the Deputy Director of digital governance in a national government, 

I described the following experiment (lightly edited from my original message):

“I presume that the purpose of your question is to consider whether this approach can scale to tens or 
hundreds of millions of rules that have to be made computationally operational.

We have considered some ways to create the human equivalent of "massive parallel processing" to get 
there. I'll explain...

Each year in your country about 1,500 law graduates pass the National Bar Examination. Imagine if 
your organization were to invite all the country’s law schools to incorporate into their programs a type of
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capstone project which involves expressing one statute in JSON with the most up-to-date DWDS 
RuleSchema. Longer or more complicated legislation could involve larger student teams. The 
volunteering students, their professors, teaching assistants and external advisors (i.e. working lawyers 
specialized in the relevant sub-domain) assure the nuanced semantic equivalence of the original legal 
texts is accurately conveyed in the sets of declarative statements in RuleSchema. Your organization 
could also offer recognition and/or bursaries for the best results. One of the criteria would be whether 
the output patterns and lexicon produced by a team have become useful towards simplifying or to 
improving the quality of work by other teams. All of this work would be free/libre/open licensed. So one
of the essential criterion would be whether a team has made efficient and effective use of patterns and 
lexicons produced by other teams. This gamification design rewards co-opetition. 

All the results would be empirically testable in three ways: 

1. Invite private companies to test the resulting JSON-expressed DWDS rules in their existing systems;

2. Test the rules with transactions/events that are generated in an economic agent-based model.

3. Test rule discovery across an "Internet of Rules" created by a network of DWDS RuleReserve nodes. 
(Our three XRR reference implementations are still being built, but there’s no requirement that any party
has to use our components end-to-end. Independent implementations of RuleReserve can be created by 
anyone with relevant understanding and know-how.)

Similar initiatives can be run in other jurisdictions. This approach works equivalently in any language. 
Each jurisdiction can have a winning team. 

Then, some international competitions can be run, where winning teams compete to express clauses 
from a highlighted multilingual international law or agreement. I imagine a 3-day competition which 
begins with the contestants not knowing which international legal text will be the focus (trade law; 
mergers & acquisitions law; securities law; aviation rules; etc. At the starting bell, all teams are pointed 
to the current official site for the target agreement, with whatever format it currently has. At the end of 
the three days the winning team will be the one that has the best quantitative and qualitative result. 
Initially it might seem that a default incentive would be to target the easiest clauses in order to transcribe
the highest number of clauses, but because of the co-opetition criteria, there is also an incentive to target
the most difficult clauses in order to produce elegant patterns and lexicon improvements that will be 
adopted by competing teams to save time in order that they can produce more clauses.

Teams should be able to use any free/libre/open source machine parsing systems that they want to use: 
their choice of system can be secret until the end of each competition. This would also stimulate an 
enormous push for better machine interpretation.

I wonder if my country’s team can beat both your national team in the first season? Core contributors 
like me cannot also be on competing teams.” (Potvin, personal communication, January 29, 2021)

The above style of open collaborative research undertaking would create a valuable opportunity for 

researchers of legal linguistics to look for patterns in how conventional natural language rule 

expression can be converted into structured natural language rules. 

As DWDS design and use is refined, and if it proves to be desirable and feasible at scale, it would 

be worthwhile to consider whether and how official rule expression in legislation, contracts, and 

other document types begin to incorporate some aspects of the expression structure, and even 

whether there would be any utility in going back to conventional natural language rule expression in

formal documents.
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Appendix A: Thesis Project Timeline

This doctoral design research was initiated in 2013, took shape operationally in 2015, attracted 

multiple genuine implementation communities beginning in 2016, and achieved operation design 

completion in 2021. 

The foundational research, design and preliminary implementation of the software components of 

an Internet of Rules was largely completed from Q1/2016 through Q3/2021, and all of the 

supporting academic papers were are also drafted during that period, except the section linking 

abstract information theory to this topic, which the same doctoral candidate first drafted while 

enrolled in a doctoral program at University of Waterloo which was not completed.

The operational proof-of-concept implementation of the Internet of Rules software on production-

class platforms achieved alpha-testing status in Q4/2018, with a small number external researchers 

participating on 100% free/libre/open licensing terms. 

Research Calendar

Months Objective

Submit proposal to jury

Jury comments 

Public defense

Corrections to the proposal

Finalization of four foundational articles

Submission of four foundational articles to journals and to jury

Finalization and submission of additional application articles, one per month

Some literature reviews may also be submitted for publication during this period.

Jury submits comments on the four foundational articles

Corrections completed for the four foundational articles

Public defense 

Corrections completed and final version deposited with Dean’s office

Continued experimental development of the working systems and associated documentation will 

out-live the research schedule of this doctorate. Several academic papers are drafted outside of this 

dissertation document.
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Appendix B: External References to This Research 

The many developmental drafts of this dissertation were shared under the Creative Commons 

Attribution 4.0 International License, and its software reference implementations were shared under the 

Apache 2.0 and GNU Affero General Public License 3.0 in order to facilitate on-going peer review and 

guidance, and to thereby optimize for the feasibility, generalizability and utility of this design outcome. 

Following is a brief selection of excerpts53 from other parties to the potential use of the results of my 

design research in various sectors. Some of these refer to Xalgorithms Foundation, the federally-

incorporated (est. 2015) not-for-profit for which I am Executive Director. It was created to effectively 

manage research funding, contracts for supporting work, and working group communications, relating 

to the substance of this dissertation project.

Some of these sources refer to ‘oughtomation’. Recently I renamed this to the Data With Direction 

Specification (DWDS), as it appears in this dissertation. 

7.5 Potential Use of DWDS for Cross-Border Trade Facilitation 
Mohun, J., & Roberts, A. (2020). Cracking the Code: Rulemaking for humans and machines 
(OECD Working Papers on Public Governance No. 42; OECD Working Papers on Public 
Governance, Vol. 42). pp. 48-49. https://doi.org/10.1787/3afe6ba5-en (Mohun & Roberts, 2020)

“Box 4.4. Automating international trade rules.  

All parties require simultaneous, consistent and verifiable data about their obligations regarding inter
alia licencing, tariffs and taxes. An ‘Internet of Rules’ (IoR) (Potvin et al. 2020) – a networked 
repository of executable commercial policies – could fulfil the necessary cross-platform function. ...

Members of the not-for-profit Xalgorithms Foundation have designed an open source method and 
general-purpose online service that enables any organization or individual to publish, discover, fetch 
and prioritize rules in the form of JSON control tables. This is done in a simple tabular style that is 
readable by non-technical people and directly usable by computers for data filtering and 
transformation. Once any rule or reference table is expressed in this ‘rules-as-data’ form, it can be 
directly exchanged among, or embedded into, any application built in any programming language 
and either used natively or auto-transcribed into ‘rules as code’ form. This promises to create, in 
essence, an 'Internet of Rules'. The design is usable with both ‘single window’ and 'distributed' 
architectures for trade, commerce, logistics and value-chain administration and is compatible with a 
diversity of other use cases. Trade, fiscal, and related statutes can include an attached 'schedule' with 
control table(s), or they can employ an ‘incorporation by reference’ clause to authoritative online 
sources where they are maintained. 

Central to realising the benefits of this approach is interoperability. That is, it must be possible for 
various actors and enterprises, of any jurisdiction, to discover, access, inspect and run the rules. This 
use case further highlights the role for technical standards. Rapidly changing trade policies could be 
more easily published, maintained, used and tested via a common Internet methodology that works 
with all applications. Ensuring that this ‘rules as data’ method of expression is human-readable also 

53 These quoted excerpts from third parties explain the concepts through substantial use of my own orginal texts which are 
all under the Creative Commons Attribution 4.0 International License. In relation to copyright law, my quoting them at 
length is a correct use of a third party derivative expression of my original expressions of these domain applications.
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helps to ensure validation of the integrity of automated taxes, exemptions, credits, and import/export 
duties. 

In Atkinson’s assessment, the development of an interoperable, accessible and consumable IoR could
usher in a new era of trade or ‘Trade 3.0’ where ‘the distinctive character…is that countries will be 
able to publish both natural language and digitally executable language versions of laws and 
regulations’. This has the potential to democratise access to international trade in ways that are 
specific and directly quantifiable. For example, governments would be able to ‘see’ real-time market 
responses to rule updates, ascertained from signal-generation or automated reporting in a rule (within
all appropriate disclosure controls).” (Mohun & Roberts, 2020)

Atkinson, C., & Schubert, N. (2021). Augmenting MSME Participation in Trade with Policy 
Digitalization Efforts. Trade, Law and Development, 13(1). 
http://www.tradelawdevelopment.com/index.php/tld/article/view/9 

“Akin to the system of international economic governance between countries, the Internet is a set of 
networks and software elements that allows for exchange through protocols and standards. 124 To 
extend the functionality of the Internet for the standardised transmission of rules, a general- purpose 
computational method known as ‘oughtomation’ is now emerging. Joseph Potvin has put forward a 
design: Oughtomation represents a different sort of pursuit: a general- purpose method to 
communicate rules as simple data, with minimal dependencies, equivalently usable by any 
application, in any language, on any device, without retrofits or refactoring. A peer-to-peer 
decentralized network instead lets each autonomous node accommodate the [Application 
Programming Interfaces] (APIs) of the applications operated by end-users, so that the end- user 
controls this, and lets the default for each node function in both ‘server’ and ‘client’ roles. 
Oughtomation’s tabular [RaD] formats are optimized for efficient storage, querying and 
computation. 126 Providing functional inputs for any system, the oughtomation method avoids many
complications of the RaC approach to initially express rules in a ‘code’ form (i.e., siloed into a given 
procedural programming language). In contrast, oughtomation presents a way to fully express rules 
as platform-agnostic Java Script Object Notation (JSON) data packages. The method gives effect, 
“to must, may and should assertions amongst individual and organisational agents to … use 
upcoming action data to filter rules on the Internet, map the data to input/output tables in the rules …
and then, determine out how the action must, could or should be carried out.” 127 Thus, an IoR, “is 
created when computational algorithms can be readily transmitted from any independent source 
repositories within which they are maintained, to any applications that would use them.” 128 This 
infrastructure can enable computational rules, system integration, and process automation on a 
global scale as well as accommodate the dynamic nature of the Internet and changes in laws and 
regulations. In complement to the method, Xalgorithms Foundation is concurrently developing 
essential software components as reference implementations under ‘free/libre/open’ licenses, so that 
any person or entity can use, adapt or re-implement them to operationalise normative RaD online. 
(Atkinson & Schubert, 2021)

Footnote: “An Internet of Rules” was coined in 2016 by Joseph Potvin, Executive Director, 
Xalgorithms Foundation, to describe the emergent system enabled by the ‘oughtomation’ 
specification. This is elaborated in his forthcoming doctoral thesis at University of Quebec, Joseph 
Potvin et al., Oughtomation (forthcoming, 2021) (unpublished Ph.D. in Administration (Project 
Management) dissertation, Université du Québec). 
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Atkinson, C., & Potvin, J. (2022). Algorithmic Governance for Resilient Trade and 
Development in Africa. In F. Olayele & Y. Samy (Eds.), Unpacking Trade and Development 
Financing in Africa: Rethinking Resource Mobilization Pathways. Routledge.

“To extend the functionality of the Internet for the standardised transmission of rules, an emergent 
general-purpose computational method known as ‘oughtomation’i, describes, “any distributed, 
general purpose system that individuals and organizations can use to author, publish, discover, fetch, 
scrutinize, prioritize and, with agreement, automate rules across digital networks with precision, 
simplicity, scale, speed, resilience, and deference to prerogative. ” (Potvin, 2021). 

In this simple method , the logic of rules is expressed as generic JSON tuples (ordered lists), which 
can be considered ‘Rules as Data’ (RaD). “For normative logic to become functionally integrated 
into computational logic, there’s a need for some method of triage relative to each rule’s source (de 
jure authority, de facto origins), subjectivity (degree of commitment of beneficiaries towards 
fulfilment), and strength (gravity of non-compliance).” (Potvin et al, 2020, p. 3). Providing 
functional inputs for any system, the oughtomation method avoids the expressing rules in a ‘code’ 
that is siloed into a given programming language. 

An ‘Internet of Rules’ (IoR), “is created when independent self-contained normative data, authored 
and maintained by rule-maker individuals and entities, can be transmitted efficiently and flexibly 
from a decentralized network repositories, to the distributed applications used by rule-taker 
individuals, entities, directly or via their machines.” (Potvin 2021, p. ) (Atkinson & Potvin, 2022)

7.6 Potential Use of DWDS for Monetary Anchoring

Pringle, R. (2019). The Power of Money: How ideas about money shaped the modern world. 
Palgrave Macmillan. p. 283. https://link.springer.com/book/10.1007/978-3-030-25894-8  

“An original approach is pioneered by Joseph Potvin in his proposal for an Earth Reserve Assurance 
(ERA). This is a framework for valuing assets, including currencies, in a multi-currency system with 
no central reference unit of account. ERA does not itself create a currency unit. It is a new type of 
primary commodity reserve system. The method of valuation is designed to mirror the long-term 
capacity of a currency region to produce primary commodities. It uses practical and measurable 
factors such as topsoil volume, fertility and distribution, fresh water availability, quality and 
regularity, various ores for metal and minerals, species populations, genomic diversity and integrity, 
the extent and condition of local, regional and global habitats, essential biogeochemical cycles, and 
other indicators of sustainable productive capacity. Assurance of this capacity in the form of Earth 
Reserve deposit receipts—audited by independent certified authorities, and issued by banks—would 
serve as collateral for a market in these receipts. Each currency obtains its own Earth Reserve Index. 
As the index accorded to each currency changes, a participating currency becomes more expensive 
or cheaper depending on whether ecosystem integrity and resource availability are worsening or 
improving within each currency zone. A currency becomes more expensive as the Earth Reserve is 
undermined in the areas where it is used. A currency becomes more affordable as ecosystem integrity
and resource availability are enhanced in areas where it is used. Potvin argues that this would create 
a dynamic force in global trade that is the opposite to what occurs presently. Income and jobs will 
generally migrate towards regions that enhance the Earth Reserve (Potvin 2019). (Pringle, 2019)
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7.7 Potential Use of DWDS for Dynamic Pricing in Smart Contracts

TransportXtra. (2019, February 4). Rail-Powered Property - Property-Powered Rail: A 
transformational approach?  
https://www.transportxtra.com/publications/local-transport-today/news/60202/rail-powered-
property--property-powered-rail-a-transformational-approach-/ 

“Between 31 May 2018 and 31 July 2018, the Department for Transport held a 'Call for ideas' in 
respect of rail market-led proposals (MLPs); essentially a call for proposals that were 'financially 
credible without government support'. ... 

In Canada's National Capital Region (over a dozen municipalities including Ottawa Ontario and 
Outaouais Quebec), a consortium of companies is taking a market-led design from a business design 
innovator to its logical conclusion. The ‘Rail-Powered Property – Property-Powered Rail’ (RPP-
PPR) Open Market Development Model is designed to optimise return on investment in property by 
delivering metropolitan-scale passenger railway systems and services on a commercial open market 
basis, without dependence upon government subsidies, public debt or taxes.  

Joseph Potvin will be speaking and running a Q+A session at the Rail Stations and Property Summit 
on February 27 in London. ... A key enabler of the process is the sharing of value-added in 
transactions through a 'smart-contracts' component co-designed by Potvin in his capacity as 
Executive Director of the Xalgorithms Foundation, a Canadian high-tech not-for-profit that is 
dedicated to 'the development and evolution of a free/libre/open, standard way to publish and to 
fetch computational algorithms over the Internet, with particular attention to advancing the fairness 
and efficiency of markets through algorithmic commerce’.

Essentially, a passenger railway project management company plans a high quality train service, then
in an open market it sells licenses to independent station enterprises. Under a framework agreement, 
trains service each participating  locality in exchange for a monthly fee based upon a formula that 
makes use of independent empirical data on the property market effects of that railway access.

The increment attributed to the railway service by a mutually agreed property valuation company 
sets the price, but each station enterprise remains free to assemble funds by their preferred method 
(for example, affirmative covenants; common elements freehold condominium; municipal tax 
instruments).

This RPP-PPR model can bootstrap all start-up funds for the railway and generate sustained income, 
at a scale enabling straightforward capital financing of infrastructure. This eliminates dependence on 
government subsidies, public debt or taxes, and it directs investors towards diverse property 
development opportunities around stations.

This model is designed to respect each municipality’s prerogatives over zoning, approvals, taxation, 
bylaws and municipal transportation planning in accordance with normal application review and 
approval processes, whilst providing for rail systems that would normally involve massive public 
sector spending, and tricky co-operation among several municipalities.” (TransportXtra, 2019)
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Kelter, J., Conboy, W., Potvin, J., & Wilensky, U. (Forthcoming). A Macroeconomic Agent-
based Modeling Framework with Arbitrary Supply Network Complexity (Poster Submission). 
Computational Social Science Society of the Americas (CSS2021) Annual Conference, Online. 
https://computationalsocialscience.org/conferences/css2021/ 

“Our model is designed to test a choice of indexing methods for supply contracts as described in 
concurrent research by Potvin [5]. The model still contains a single type of firm selling goods 
directly to consumers but allows for an arbitrarily complex network of primary and intermediate 
firms supplying goods to one another, and ultimately, to the consumer goods firms. The purpose of 
this added complexity compared to prior MABMs is to address two interrelated research questions: 
1. How does the network structure of firms in the economy affect volatility of macro-level variables?
2. What effect can indexed supply contracts have on both individual firm performance and volatility 
of macro-level variables? ... 

In addition to their relationships with households, firms have trading relationships with one another 
known as framework agreements, following the structure described by Potvin [5]. A framework 
agreement specifies an index (e.g., an index of primary goods prices), an index- multiplier and an 
expiration date. The price at any given time equals the current value of the index times the index-
multiplier. If a framework agreement is not indexed, then the price is a fixed dollar amount.” (Kelter 
et al., Forthcoming)
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