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Democratization of data may be mere
lippenbekenntnis unless tools are made
accessible to the bottom billions to
benefit from the data. Technology, which
was supposed to bridge the chasm
between “haves” and “have-nots” remain
under first world control, with data as a
prime commodity for monetization. In
this workshop we wonder whether the
commercial sector is oblivious of the fact
that it is leaving trillions of potential
revenue on the table by ignoring what
software can do for the next billion users
who can pay but pays a penny per use
(PAPPU). However, democratization of
data is not a panacea. There is a set of
scenarios for which software is the right
tool. It may not be the correct tool for all
use cases, questions, and all scenarios.
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Billion Of Users — SIMMS Workshop (SOFTWARE INNOVATION IN MATERIAL MANAGEMENT SYSTEMS)

[0] Preface

Between the volatility of the economics of altruism and the uncertainty of social
welfare programs lies the elusive quest for growth in most developing countries. The
punctuated equilibrium of nonlinear development in underserved nations is a PQRSTU
wave of boom, bust and business. In this workshop we descend from the ivory tower
of philanthropy to embrace ethical profitability. Pragmatic ethical profitability is not
oxymoronic, but it is that rare metaphorical fulcrum between need and greed. Can we
create the social business of science we need as a service but limit net operating profit
after taxes (NOPAT) to less than or equal to one percent (ETOP) of revenue?

ETOP NOPAT is the rallying cry for SIMMS (software as a service) to aid
economic growth in less affluent nations (Asia, Africa). Billions of users (BOU) of
products and services are in the AA nations but the spectrum varies with respect to
buying power. The objective of SIMMS is to try to reduce the information gap in “poor
economics” which could distribute the total profit from the supply chain of products
and services between various actors (in contrast to capitalistic market economies
where parties with access to information are most likely to amplify wealth creation).

Convergence of principles and confluence of ideas from transaction cost
economics, reduction of information asymmetry, software engineering, business
process design, and mobile systems, are expected to seed entrepreneurial innovation
for business to customer (B2C) experimentation in development economics (which
B2B can also adopt, if relevant) to help economic growth for BOU (billions of users).

The daily (hourly, weekly) interaction of BOU with FEWSH (food, energy, water,
sanitation, health) is the rationale underlying ETOP NOPAT social businesses focused
on these domains and to monetize each unit of transaction using the PAPPU paradigm
(pay-a-penny-per-use) to reduce the barrier to market entry. PAPPU could create new
BOU BAZAR (markets of billions) by engaging even those who may earn $2-$3 per day.

SIMMS may find creative ways to transform the basic elements of the economic
principles of information asymmetry (see “note”') and transaction cost (see “note”?).
Implementation of SIMMS must be linked to innovative business process engineering
and software development to capture operations in FEWSH verticals for activities
involving food, energy, water, sanitation, health/healthcare (some more than others).
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At the heart of PQRSTU - you, the people. Demand is driven by people. Poor people?
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[1] What strategists, analysts and leadership often tends to ignore or may even forget

Demand is driven by demographics and their need (if disposable income is in
the positive domain). If you can’t predict demand then products, sales and services
will be out of sync, directly in B2C and indirectly in B2B (loss of opportunity vs excess
inventory, e.g., Cisco “legend” which is still making headlines?®). There are exceptions,
of course, and both positive* and negative® outcomes are now classic case studies.

The BOU workshop on “billions of users” explores how to find strategic markets
where products and services (SIMMS) may add value (used by) for billions of users.
Unlike instant success or rapid decline, products and services for billions of users
(BOU) will be a punctuated evolutionary process which will demand “staying power”
as well as the wisdom of pennies (pennies® per transaction will generate trillions, over
time). One principle is transaction cost economics’, the work of Ronald Coase®. The
practice of pricing each transaction (each as a modular software unit) is the key. It
must hide technology yet enable non-expert lay users to “operate” each unit using
push-pull-add-delete and simple Boolean logic, comprehensible to most (?) users.

Demographics suggest we look to Asia and Africa (AA) with ~6.5 billion people
(~8 billion global population). This number may decrease to about 6 billion by 2100.
Japan may be an outlier. Its population of ~125 million may decrease® by ~50% to
about 60-70 million people, with an estimated median age of ~55 years, by 2100

The world's population is projected to By 2100, China's population Is
peak before the end of the century projected to shrink by more than half
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The constraint in this line of thinking is the percentage of disposable income
and the AA literacy rate'°, which, in combination, will drive buying power. In US, ~63%
of the ~340 million!! citizens are in the civilian labor force. Thus ~214 million unique
individuals who earn money can spend money (disposable!? income is ~3% in US'3).
Primary earners in the EU (~283 million) and US, combined, presents ~500 million
buyers. If 10% of the ~6.5 billion citizens of AA countries possess disposable!* income
then the market potential of AA exceeds that of US and EU, combined. AA markets may
become potentially profitable for BOU services.

[2] Market (BAZAR) for Billions Of Users (BOU) - FEWSH, BOU BAZAR & Public Goods

Tools which will facilitate everyday necessities stands to profit from billions of
users. Design of BOU products/services (software as a service) may be viewed through
the lens of global public goods, e.g., FEWSH (food, energy, water, sanitation, health).
Users must interact with FEWSH on a daily basis because life depends on it. Sourcing
and consumption of FEWSH is globally ubiquitous, both in non-affluent AA countries
with ~6.5 billion people and ~1 billion citizens of the affluent world.

Software tools for interaction with FEWSH could become ubiquitous, too, if the
software system and tools facilitate access to and sourcing/consumption of FEWSH.
Affordability (pricing) of mobile software tools for FEWSH is key to reduce the barrier
to market entry. Dissecting the business process components of FEWSH into unit
transaction packets will define the innovation at the heart of software engineering. A
dynamic pricing scheme where users pay less than a penny for each unit of software
used in (transaction) the supply chain will be key to monetization (nano-payments).
Ultra-low transaction cost for modular mobile digital processing (access to FEWSH)
may increase the frequency of use from daily to hourly for some users (e.g., home
healthcare monitoring). Reducing the cost of operations will determine the degree of
market penetration for BOU. A fraction of the profit from pennies per transaction may
drive earnings to astronomical amounts in view of the immense market potential of
BOU (which may dwarf earnings from all affluent OECD nations, combined).

Business process engineering of each sub-group (and sub sub-group) of each
strand of operation into transaction units (sequence of process workflow, data stream,
and financial supply chain) is at the core of this deconstruction. The clarity of the
minutiae (software function) must be embedded in each unit and reconstructed to
offer actionable value by integrating data/information flow. The systems must connect
to update operations (as necessary) prior to or at the point of action (point of sale).
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Each software unit (of an executable process) will behave as a software agent
and will cooperate with other agents (“agency” may be hierarchical) in that process
(sub-process) to execute the end-to end process or sub-process (e.g., a process/sub-
process may be composed of linear or branched poly-strings/poly-units of transaction
steps, each constructed as a modular software unit and/or behaving as a software
agent). The implementation of agent-based modular software as a sub-unit with
transactional properties within an unit of transaction or within a sub-process (or
process) follows the principles of agent-based software described by Maes et al and
summarized by Datta'® (2001, 2025). Modular agents enable software to be recycled.
The agents in this approach (cartoon) are “Al agents” but without the hype (ref 128).
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[3] An underlying principle - Information Asymmetry: Can its reduction help BOU?

The financial incentive in data as a business model is driven by the proclivity to
profit from controlling information flow. The currency in the information economy
depends on the creative and dynamic restriction of data flow necessary for decision
systems. Preventing or delaying access to data in the information arbitrage juggernaut
can alter financial outcomes where the party with information will benefit, unless the
value of the information in locked data is leaked or perishes (e.g., groceries, election
polling, research results, insurance, used car dealers). Thus, information asymmetry'®
is an economic tool and exploited for monetization of data. It may introduce risks if
consumers/users are unable to access sequestered data (e.g., medical device or
electronic health data which are not shared or proprietary software preventing data
interoperability!’). In game theory!® (signaling game theory) the use of information
asymmetry may be used to guide strategy'®, policy, profit, etc. Information asymmetry
manifests as “bullwhip effect” in supply chains (cartoon, left). Reducing information
asymmetry?° may increase profit (cartoon, right) for all parties in the value chain.
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One strategic objective for SIMMS is to reduce information asymmetry for BOU. The
assumption, albeit quite imperfect, is that reducing information asymmetry will trigger
information sharing which will offer financial advantage (gain) for billions of users
(BOU) under economic constraints. Markets may resist any equilibrium?! state of
information which will handicap their bargaining strategy but end users may benefit if
the monetary playing field were less turbulent and more transparent.
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One purpose of the software (SIMMS outcome) is to offer a dynamic, networked,
mobile tool connected to relevant data streams to monetize the “value of information”.
The software may be a “thin client” operating on a smartphone but the value of the tool
will be directly proportional to its connectivity. The engineering innovation (expected
to be embedded in this tool) could benefit from in-network online processing systems
from advances in sensor networks?* developed over the past quarter century since the
diffusion of cyberphysical systems leading to internet of things (IoT?°) and industrial
IoT (IToT?4). This process requires to converge the sources of relevant data. The latter
depends on the type of vertical. The nature of the vertical and the anticipated use will
inform the business process. Deconstruction of the business process and generation
of modular units (software engineering) may inform how to create the necessary data
scaffolds where this bi-directional data exchange and/or information arbitrage can be
automated. The unit(s) will be assigned a monetary value in terms of transaction cost.
Establishing alliances (crowd sourcing) may be necessary to enable data/information
curation and integration with time series? data for pricing, inventory, logistics, etc.

Ethical, judicial and real-time use of this data is essential to transform incoming
data into information (if there is information in the data). Data/information is supposed
to help in-network decision support systems (engines in the cloud) to analyze, update
and feed the outcome (data/information) to the logic layer of the tinyDB?® on the mobile
tool (smartphone operating in densely populated areas with limited communications
bandwidth) to catalyze and optimize its ability to be sufficiently/adequately informed
when answering a query or executing a transaction (triggered by the end user).

Itis expected that this information arbitrage may converge on dynamic pricing
(buying/selling) at each node. The goal of this tool is to optimize the advantage in terms
of pricing for the benefit of end users (BOU). The efficacy of the tool can be improved
from basic operations to future refinements using digital semantics?” and/or error
correction models? (e.g., predict future pricing, volatility). Reduction of information
asymmetry and innovative software engineering will benefit BOU. Thus, science and
engineering can be an on-demand networked service (ODNS) to help poor societies.

Profit from ODNS will depend on design, based on deconstruction of business
processes and reconstruction of service flow as transaction units. The deployment
will depend on communications infrastructure in the region, penetration of mobile
devices (smartphones), necessity of use (FEWSH value chains), market adoption (ease
of use), financial benefit from use, cost of frequent use, net gain for users, interaction
with financial services (fintech) and ease of termination of service without any penalty.
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[4] Software user friendliness must scale new heights for massive adoption by BOU

R&D exploratory outcomes from academic-industry “blue sky” thinking often
hangs to dry in repositories as digital dust. BOU ideas could fail to translate data and
information as catalysts for B2C economic growth because the technology and tools
rarely cross the B2B mind-set (sophisticated software, e.g., SAP, handled by experts).
In the BOU context, B2C is not about the educated consumer being the best customer
in an affluent nation but super-simple accessibility for billions of people (canonically
uneducated) who do not eat with forks but use fork-lifts and toil in farms and fields.

Software sophistication will be the nail on the coffin for mass adoption. The
diffusion of any idea in the context of BOU require tools to provide a clear economic
incentive which is easily usable by anyone, anywhere, anytime, without assistance.
The assumption is that the non-technical yet (barely) literate user understands the
common (natural, spoken) language, can use Boolean operators (and, or, not) in that
language and has a grasp of prepositions® or equivalent grammar to construct or
express or design relationships (for query, transaction, price optimization). For some
transactions or negotiations, creating relationships (voice commands) may be
necessary. It remains to be seen if the syntactic clarity of user commands (voice) can
be semantically “understood” by the software system (based on a limited semantic
dictionary) to proceed through the pre-programmed workflow (units/steps in business
process). Simplification of the software may be an asymptotic scenario and may only
serve the literate poor. Even minimal degree of linguistic complexity may result in loss
of users. We can stem the loss in distant future by adapting to vertical-dependent,
vernacular-specific, location-aware versions for syntax-semantics dictionaries (auto
add/drop cloud-based semantic dictionaries [logic tools, engines] based on point-of-
use GPS coordinates, unbeknownst to user). This is a push-pull (agile) case of depth,
breadth, and rigor which the software must possess (adaptability®°) to deliver the
desired functionality via simple and user-friendly operation (key to mass adoption).

[5] Software engineering rigor - absolutely essential ® Software use - absolutely simple

The core engine of this software tool must be designed with uncompromising
engineering rigor. Near real-time dynamic pricing requires multifactorial optimization.
The sophisticated heart of this software with complex connectivity must become a tool
as easy as playing digital tic-tac-toe. The user only needs to understand the context of
the application (why is she/he using the tool). The operation will follow, intuitively,
from asking “what do I want to accomplish” using intuitive and tangible interfaces
guided by a plain-speaking Socratic mode (Q&A) to guide users, preferably through a
menu of options, to choose goals, tasks and instances the user needs for the task.
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Intuitive iconography, common on digital devices, especially smartphones,
often consists of dragging and dropping icons, adding/deleting (and, or, not, if this,
then that, above, below, with, without) or cutting/pasting icons (entities embedded with
cryptic logic and/or rules) to enable users customize and/or optimize their goals/tasks.
As an example of engineering rigor, refer to the engineering workbench and simulation
tools from Ansys?! (cartoon).
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The user experience may mimic SCRATCH?? developed over two decades at the
Lifelong Kindergarten Lab?®® at MIT Media Lab. The predecessor3* of Scratch evolved
into Lego Mindstorms which enabled children to become creative with computational
logic tools but unaware about technology and programming. The concept and lessons
from Scratch may translate the engineering by transforming sophisticated software
systems to become accessible to BOU. Using child-friendly (idiot-proof) Scratch-esque
platform as a tangible user interface® (TUI) may aid business transactions and assist
to optimize ethical profitability for BOU (billions of users).
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The functional and elegant convergence of complexity with simplicity must be

the hallmark of any effort to innovate software services for BOU. Data-informed
dynamic pricing optimization is a staple for revenue management (field of optimization
theory®). It is useful as a decision tool with potential for mass adoption (fuzzy area of
behavioral economics®’) in any line of business (FEWSH). Transparent (reduced
information asymmetry) market design will depend on capturing and building agile
and adaptable models to connect market variables, components and data networks.

Perhaps we need to explore, adapt and use principles of spatiotemporal®® time
series modeling to map, in part, market heterogeneity. It may reveal nodes with gaps in
data transparency. Innovative bridging of data gaps with source-specific mobile
software agents (add/delete agents as sources/sinks change) may reduce pricing under
uncertainty (information asymmetry) and find favorable outcomes for BOU.
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[6] Specific examples related to food (the “F” in FEWSH) for SIMMS software tool

Eggs in Indonesia®* (example provided by Alya Defa Aninda*’) are 4X more
expensive (or less expensive) between two cities (regency) in the same country. In
rural India, a farmer sell tomatoes at $0.14 per kilogram while the price a few miles
away is almost 4X or $0.54 per kilogram (example provided by Rohan Putatunda*).

Information asymmetry creates extractive pricing where the data gap
perpetuates unequal access to information and breeds inequality in quality of life.
Reducing information asymmetry and democratizing data are difficult but egalitarian
route to promote equity and efficiency (other examples are in the Appendix). In this
example of SIMMS, the focus is to design market transparency through pricing*?
infrastructures to improve profitability for BOU (in developing economies). The
approach is to create a relatively bias-free information arbitrage tool to distribute the
(value of) information. In other words, computational systems (software tools) which
could aid in democratizing access to market intelligence, transform opaque pricing
into transparent, data-informed mechanisms to benefit all supply chain actors.

A spatiotemporal working model of this value chain will need to capture these
(and more) variables and there dependencies: [1] farmers lack access to real-time
demand data, [2] transportation (cost) forecasts, [3] competitor pricing. In the current
climate, intermediaries exploit this information gap, profit from margins, deprive the
producers and maintain a higher cost for the consumer. Traditional rural solutions,
cooperative structures, minimum support prices, may address some symptoms. But
the underlying problem is the cost of acquiring and processing market information
(e.g., creatively using DIG* or domain-specific* information-knowledge graphs).
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These costs remain prohibitively high for small-scale actors. Information
asymmetry, therefore, manifests as a transaction cost problem. When information is
asymmetrically distributed, excess transaction costs emerge from institutional
friction. Thus, uninformed parties consistently lose value to informed parties (moral
hazard*®, adverse selection). This is an operational challenge (at ground zero) which
invites innovators to design a real-time pricing tool (minimize the cost of information
and embed ethical profitability for all actors in the value chain).

Resistance to reducing information asymmetry may be due to the fact that it is
detrimental® for the business of wealth creation for the wealthy (only). The poor continue to be
poor because they are trapped by the wealthy. The poor lack enough assets to be productive.
Reduced productivity makes it difficult to accumulate enough assets. The biased, skewed and
imperfect financial market prevents the poor from borrowing the necessary assets. The rich
continue to stay rich because they have enough assets to earn high return on their assets and
accumulate even more wealth*® (so much so that the top 1% of Americans held 31.7% of the
nation's total wealth — US $55 trillion — in Q3 of 2025%).

Software Infrastructure - Principles and Practice

For this example, the core (spatiotemporal) model of near-real-time operations
optimization must continually learn to synthesize multiple data streams, micro- and
macro-climate predictions, transportation network status, regional demand signals,
storage capacity constraints, predictive pricing trajectories, supply-demand factors,
uncertainty/volatility of local/regional issues (regulations, policies, politics) and the
environment, which may inform/re-inform decision making and/or decision rules.

How people make choices under uncertainty is a prime factor in behavioral
economics. The latter will influence operations optimization because market
participants (farmers, traders) exhibit a range of bounded rationality, cognitive biases,
and heterogeneous risk preferences. Hence, models must integrate behavioral
economics into stochastic control frameworks.

However, behavior is unlikely to be universal even though economic theory may
build models of “toy universes” where assumptions overshadow the behavioral
complexity of micro-societies and micro-environments in daily life*°. Being a standard
model (e.g., in behavioral economics) does not make an assumption to be actually true.
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The plethora of confounding variables which a model of behavioral economics
must accommodate may lead to state space explosion (large number of parameters are
also inversely related to their precision) when combined with operations optimization
models. Perhaps, this field may benefit from weighted parameters according to
impact/importance/influence. In addition, there may be lessons gleaned from the
mathematical study of waves®!, which are influenced by a plethora of confounding
variables. Can we embed these lessons within a SCRATCH?®? interface (GUI/TUI)?

Operation at Ground Zero - Serving Simple Solutions Require Healthy Dose of Science

Amplifying information asymmetry is the key for-profit strategy for US health
and insurance cartels. Reduction of information asymmetry is also strategic for US and
affluent nations, e.g., in the 20™ century the prices of stocks were printed in the Wall
Street Journal and the birth of Amazon (.com) with public access to the internet. For
BOU in the 21 century it could be about a farmer using a mobile interface to input
harvest volume, quality, grade, etc. The system, drawing on regional supply data,
weather forecasts affecting competing regions, and historical demand patterns, may
provide a (transparent) price range, with confidence intervals. Exploitative pricing is
kept on check if buyers and sellers can access the same information (reducing the
asymmetry). The system learns regional behavioral patterns: how risk-averse are local
farmers? Will buyers respond to quality signals? Behavioral calibration (weighted
according to preference, importance, seasonality) could improve system performance.

Various tools already exist to perform combined optimization. But, students
may benefit from exploring the science and mathematics of thermodynamics as a
fundamental principle applicable to this problem (in practice, as a software tool). In
this case, information asymmetry between supply chain actors results in a non-
equilibrium state (e.g., unlike game theoretic Nash equilibrium where all parties are
assumed to possess the same information).

In trying to address this non-equilibrium state perhaps we can explore (borrow)
the concepts and principles from non-equilibrium thermodynamics. Physical systems
evolve toward energy-minimizing configurations under entropy constraints (entropy
can decrease®®). Can we model markets as evolving toward information-minimizing
equilibria? In this analogy, price functions as potential gradient guiding system
evolution, while decision noise corresponds to entropy (market uncertainty due to
human behavior and choices).
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The mathematical structure of non-equilibrium systems (their use of gradient
dynamics, entropy production, dissipation functions) may translate to market models
where SIMMS software agents may update beliefs and dynamic pricing may reflect
adjustments made to minimize informational friction®*. The product is a pricing
mechanism that naturally stabilizes transparent, efficient outcomes rather than
requiring external enforcement. In designing systems that promote inclusive growth
without sacrificing efficiency, we may operationalize fairness as a constraint within
the optimization problem. Equity and efficiency are no longer competing objectives but
complementary (competition becomes regenerative rather than extractive) outcomes
from reducing information costs (all participants access same market intelligence).

The fish industry in Japan (example provided by Hideki Sakai®®, Tokyo) further
illustrates how non-equilibrium thermodynamics is applicable in market economics
by treating "price" as a potential gradient and "decision noise" as entropy (offers rigor
and scientific basis for creating SIMMS engine). The "snap and sell" effort is reducing
information asymmetry and reshaping Japan's seafood industry by transitioning from
a "high entropy" (opaque auction) state to a "low entropy" state involving transparent
direct sales. UUUO% is a B2B platform connecting ports directly to buyers. Fishermen
upload photographs of their catch (immediately, from the boat). The app uses data to
predict demand and allows fishermen to set prices, bypassing traditional multi-
layered auctions. In another instance, SAKAMA®” connects fishermen with the dining
industry (restaurants) focusing on monetization of "unutilized fish" (miriyo-gyo) which
are irregular in size or shape (often discarded as waste — high entropy - in traditional
markets). This example demonstrates how SIMMS tool can recover value from "noise”.

[7] “H” in FEWSH - Health — immensely complex yet it may be a profitable ‘killer app’

Oxymoronic may be an apt adjective to describe how health related mobile app
could be simple (in principle) to implement (in practice) despite the fact that health
and healthcare are infinitely complex compared to creating dynamic pricing software.

Globally, healthcare is a field with high information asymmetry agnostic of the
wealth of nations. The chasm of knowledge (“all evils are due to lack of knowledge”>®)
between the non-medical lay person (user) and the medical professional (provider) is
so profound that it is nonsensical to refer to a patient as a customer who can “choose”
from a menu of options given a range of “costs” for treatment. It is absurd to model
healthcare as a business supply chain of operations and subject it to the same rules of
supply/demand. The supply chain part of healthcare exists only for products, devices,
non-emergency transportation and human resources (human capital necessary for
non-medical operations) which are used in healthcare, like any other industry.
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Literacy, or rather the lack of literacy, exacerbates health and healthcare
information asymmetry. Lack of literacy reduces the individual’s ability to grasp the
basic concepts of health which could go a long way to improve their ability to deal with
common/daily health/healthcare issues (e.g., self-monitoring with medical devices).
This knowledge gap increases the demand for medical professionals. The scarcity of
trained medical personnel in less affluent nations amplifies the inability of nations to
offer adequate/effective healthcare services.

SIMMS and technology can help the literate user but can it bridge the healthcare
literacy knowledge gap? Only half of the ~6.5 billion people in AA countries may
possess sufficient literacy to use SIMMS tool for health/healthcare monitoring needs.

Having said that, it still remains a fact that if 10% of the ~6.5 billion people in AA
countries were sufficiently literate and possessed disposable income then the market
of 650 million users could turn substantial profit even if they were to pay a penny per
use (PAPPU). It may not be an instance of irrational exuberance to suggest that by 2100
about a third of the ~6 billion people in AA countries may be sufficiently literate and
possess adequate disposable income to become future users. Thus, SIMMS health
services may become a market of 2 billion users paying a penny per use (PAPPU) for
each unit (transaction) of software (SIMMS tool). (For OECD nations, ask $1 per use?)

A digital health social business in AA nations can earn 2 billion pennies per day
for measuring blood pressure, 2 billion pennies per day for measuring blood glucose,
2 billion pennies per day for measuring blood cholesterol, 2 billion pennies per day for
measuring hemoglobin, 2 billion pennies per day for measuring urea in urine. SIMMS
digital health pennies (3.650 trillion pennies per annum) amounts to $36.5 billion in
revenue per year, not in the 1st year but perhaps by the 10" anniversary. (A similar
business for 500 million affluent users paying $1 per use approaches $1 trillion p.a.).

From an optimist’s perspective, perhaps, for five (US) pennies a day, a third of
the population in the AA countries can create their personal health profile or PSPP*°
(person-specific physiological profile). PSPP may be a guide to predict future state of
health and wellness as well as suggest preventive measures, when applicable. The
health of nations is proportional to the productivity of nations and the productivity of
nations, in turn, is proportional to the wealth of nations (“wealth of nations® is directly
related to the wellbeing of its citizens”).
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[8] Sanitation is a hygiene driver for the health of nations and wellbeing of its citizens

In 2000, 1.3 billion people were defecating outdoors. In 2024, ~3.5 billion people
still suffer without access to safe toilets and half a billion (conservative estimate) still
must practice open defecation®. November 19, 2024, was the UN’s World Toilet Day®.
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Confluence of cross-pollinating counter-intuitive connectivity may be worth
exploring to create incentives to usher a digital role in sanitation improvements. For
sanitation practices information asymmetry may be an issue since sanitation is also
inextricably linked to the health of nations. The ubiquity of the oral-fecal microbiome®
in global health is not limited to ~8 billion humans, only, but must include ~50 billion
animals® in the factory farming industry which influences health through food and co-
existence. If we are what we eat® then it follows that we are what we excrete®. Hence,
wastewater epidemiology is a crucial indicator of public health, globally. Reducing
information asymmetry is imperative for preventive public health and precision of
early detection is critical to reduce transmission of disease agents®’.

Can ethical entrepreneurial innovation help to create a social business using

PAPPU (pay-a-penny-per-unit) model for managed sanitation services? Can we
incentivize users lacking (inadequate) sanitary health services to use such options?
There isn’t any easy answer because sanitation is an infrastructure issue and
inseparable from water infrastructure for any viable solution. Anything that is shoddy
or second grade masquerading as a good enough solution poses the grave risk of
contaminating water supplies with excrements. The latter will take us back to 1854
and cholera (to re-invent waterborne® disease vectors).

17 ° SIMMS Workshop — Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)




[9] W in FEWSH is a challenge, conundrum, dilemma (to monetize global public goods)

Monetization of water is troubling agnostic of cost or asymmetry. Can water be
free and sustainable? Water contamination can demolish even affluent nations®°.
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Public health” risk and chronic” Arsenic’® toxicity”® affects millions’ (photos”
show symptoms”® of Arsenic poisoning”’). Sensing”® Arsenic in water”® can save lives®®
if solutions venture beyond measuring®!. Display of Arsenic concentration (parts per
million) in drinking water (GIS map) was accomplished (Nokia Ul, bottom) and geo-
tagged data was accessible (to a few?). Is this reduction of information asymmetry?
What is the value of science?? and data for a thirsty child, who is without a mobile
phone, but standing in front of the tube well®® expecting to drink water? Should she
drink the Arsenic-laced water from the tube well because she doesn’t know and/or
can’t afford a penny to access the reduced information asymmetry data?
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[10] E for Energy - FEWSH for BOU must adapt and may re-purpose existing tools

The statistics of access to electricity (map?®!) must divide SIMMS expectations of
AA because Africa and Asia are poles apart in access to energy. The “statistics” of
“access” is a government “view” where the ability to have one electric light bulb in a
hut or village® is good enough “access” for that region/zone. In reality “access” in AA
countries is far from the practice of managed utilities, we assume in affluent nations.

It is not unreasonable to assume that half of the ~5 billion people in Asia may
have baseline access to electricity and ~10% of Asia (market of ~500 million) may have
access to managed utility grid services including the use of electrical appliances. Thus,
bridging diverse®® information asymmetry in the energy sector must adapt to BOU. It is
unnecessary to re-invent, better to re-purpose existing energy management tools®. If
the streets®® in India are an indicator of reality (extrapolate for AA) then ~1 billion
people in India (~1.5 billion population) are surviving on $2-$3 per day. The AA market
for SIMMS may be limited to one third of ~6.5 billion people (market of ~2+ billion).

60% of India's nearly 1.3 billion people live on approximately $3 a day.

21% or more than 250 million people, survive on less than $2 a day.
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[11] Fiscal Reality Check - Is PAPPU (pay-a-penny-per-use) an irrational expectation?

Existing information suggest that tools for bridging information asymmetry may
provide value to the buyer (end user) and offer a return on investment for businesses
(seller) if we serve about a third of the AA population (market of ~2+ billion). The social
business volume will generate a hefty EBITDA®® and profit will be tidy even if we limit it
to ~1% of gross revenue. The net operating profit after taxes (NOPAT) for US grocery
stores® is ~1.6% on average. Car manufacturers claim a slightly higher NOPAT®*.

Ticker Company IC Tums  NOPAT Margin
™ Toyola Motor Corp 1.0 B%
GM General Motors Co % 1.5 &%
HMC Honda Motor Co., 4% 1.0 5%
F Ford Motor Company 8% 21 4%
NSANY Nissan Molor Co 6% 1.4 4%
STLA Stellantis N.V 5% 1.3 4%
TSLA Tesla Inc 4% 1.5 3%
NIO NIO Inc -41% 1.2 =33%
RIVN Rhvian Automotive -25% 0.4 -68%
LCID Lucid Group Ing 2% 0.1 258 %

The PAPPU idea of 1 US penny is ~1 Rupee (INR) or ~170 IDR (Indonesian
Rupiah). $2-$3 per day in India translates to less than INR 200-300 per day. Healthcare
example (aforementioned PSPP) suggested spending 5-10 pennies per day to create a
health profile (PSPP), i.e., INR 5-10 per day for monitoring health. Let us add another
INR 5-10 per day for other SIMMS FEWSH tools. Thus, we are assuming that the per
capita earning of INR 200-300 can sustain payments of INR 10-20 daily for SIMMS
services (~10% of daily earnings for FEWSH). But, is this INR 200-300 “per day per
capita statistic” reflects one person or is it feeding/clothing/housing a family or an
extended family? The silver lining here is that the AA nations have plenty of room for
economic growth. The market of ~2 billion can grow to a market of ~6 billion.
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[12] Appendix - Beyond FEWSH

Gender imbalance, social inequity and sex-based malnutrition are core issues
in AA nations. Women’s education and economic freedom may alleviate ills slowing
development and wealth of AA nations. School meals can help girls get educated®.

Several non-FEWSH verticals will influence FEWSH related outcomes. One
example is transportation® and logistics where not filling free space (LTL) with cargo
is leaving money on the table®. Tools for auctioning available cargo space are
available to build a TL (truck load) volume. Bidders (with cargo) can optimize
transportation and logistics costs using these software tools and systems (have been
around for at least a quarter century). In Japan (2001) SpaceTraders® created auctions
to fill (TL) space on trucks, used GPS and on-board diagnostics (OBD port) data from
trucks through NTT DoCoMo i-mode (before “i-pod” buzz) packet data mesh network
for real-time logistics decision support. This is a complementary B2B operation but
relevant to B2C.

Healthcare (health of nations) may be the most desirable outcome for BOU
because it can reduce direct cost (healthcare) and sow productivity increases (indirect
improvement of wealth of nations). Unrelated to SIMMS and information asymmetry is
the pivotal role of general wellness (e.g., obesity®) but public health and healthcare
care issues in AA nations are different. Reduction of transaction cost is germane to
enable access to health®”. Mass vaccinations® are salient to reduce public health
catastrophes with ensuing economic damage. Low-cost sensors® and the cottage
industry of vaccines (free from the claws of the cold supply chain industry) for self-
administered oral vaccination'?’, combined, are proven scientific solutions, awaiting
implementation. The latter may change the quality of life in impoverished nations
where people bemoan pompous pontifications'°! and corporate sponsored media
serving as mouthpieces-for-hire to advertise/amplify wealth and wellness by peddling
prosperity!?? through error prone digital'®® health.

SIMMS could also play a crucial role for (home) or workplace risk reduction by
using the tool to anonymously report unsafe working conditions (if the authorities care
or wishes to support worker’s safety). Siena Quinn!® cites the example of Rana Plaza
collapse’® on 24 April 2013, near Dhaka, Bangladesh'%®. The 8-story building
contained 5 clothing factories. 2,438 people (mostly women garment workers) were
evacuated, >1100 people died, and many were left with life-long injuries. The ready-
made garment industry accounts for ~80% of exports and employs ~4 million people
(three-quarters are women). It is estimated that the garment industry supports ~25
million people and plays a pivotal economic role in the development of Bangladesh.
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The staggering scale of death, destruction and the economic ripple effects of the
disaster reaches far beyond FEWSH (e.g., Rana Plaza collapse). It plunges good ideas
into darkness and it lurks behind forward thinking initiatives, e.g., SIMMS. Is SIMMS
even possible in such developing economies? The principles outlined here are quite
rigorous, robust and credible (e.g., number of global recognition'’” and prizes awarded
for these principles) but in practice where is the leadership to start SIMMS or similar
technology initiatives specifically to serve the less affluent population? There is a
chasm of disconnect between intentions, ideas and implementation beyond the pilot or
the social experiment'® in an underserved community. SIMMS may be drowned with
other “agents of social change” in that chasm. The answers that leadership must find
rests squarely on the shoulders of giants who can resuscitate those who drowned in
that trench of disconnect between ideas and reality. That answer is neither in SIMMS
nor in this workshop or in the author’s mind. SIMMS is an aspirational attempt for
science to serve the underserved society (BOU) but the facets of science which may
serve the “poor” is mired in quagmire!®®. An optimist may view SIMMS as a NOKIA'1?
evolution example (Nokia started as a paper mill in 1865, Tampere). Perhaps SIMMS
may be compared with chess!'! which may celebrate intellectual prowess irrespective
of bias''?, e.g., race, religion or riches. Can the lack of bias level the playing field?
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[13] Conclusion — Remediable Injustice? Poor Software for Poor Economics'?

Convergence''*is a compass to uncover new paths and may even (ever so
slightly) alleviate the state of global poverty''°. Confluence of science and engineering
ideas in SIMMS are not new''® but for BOU we suggest a continuum of end-to-end
business process connectivity with financial supply chains. Transforming lessons
from models and frameworks through software engineering may unleash or unveil
profitable outcomes, if the software tools are accessible and applicable wherever
asymmetric information creates inequitable or biased information arbitrage. SIMMS
and its products and services for billions of users (BOU) may be applicable to all
verticals of FEWSH in developing economies as well as established markets in affluent
nations (e.g., physical supply chains, financial supply chain, labor, logistics [see
Appendix], energy, utilities, retail, housing). Beyond “markets of 1” there is room for
entrepreneurial innovation to trigger a paradigm shift from laissez-faire mechanisms
that naturally achieve efficiency to engineered systems, by design, to align individual
incentives with collective welfare, in the context of ethical globalization. In an era of
increasing inequality and economic fragmentation, socially transformative systems
innovation may catalyze institutions that are both efficient and just. But, adoption of
innovation is sluggish due to barriers, e.g., risk''” and the lack of education'®.

E-kiosks''?, smartphones!?® and SMS texts were once'?! “innovative” (data
display, point solutions). Currently, value demands data fusion and synthesis
(actionable information) from a broader network (curated connectivity relevant to
context). For SIMMS, the nexus of business process deconstruction, analysis and
reconstruction of services through business process re-engineering must lift many
boats and deliver profit by focusing on solutions rather than bursts of information or
reintroducing digital inequalities'?? or peddling alerts'**. SIMMS must provide service
for the benefit BOU and avoid the hyperbole!** of technical tools. We offer clues to
solutions by reducing transaction cost and information asymmetry. We propose a low-
cost (PAPPU) decision system tool, not a data tool but logic tools to stitch information
to empower billions and annihilate a few of the past irremediable injustices'*.

SIMMS is not about technology'?®. SIMMS is about accessible services. Tools
(e.g. reliable agents'?” without the hype!?®) are a means to an end (end is greater than
the sum of the parts). SIMMS outcome must be measured (impact, productivity, and
usage are influenced by many factors'?® and supply/value chain'® networks). We will
use RCT™! (randomized controlled trials!*?) as a measurement tool. RCT is a standard
for clinical trials'®3, social development programs'3, agriculture® as well as a gold'%¢
standard for experimental development economics and perhaps even optimism*®’.
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https://dspace.mit.edu/handle/1721.1/107893
https://uvammm.github.io/docs/theoryofgames.pdf
https://press.princeton.edu/books/paperback/9780691130613/theory-of-games-and-economic-behavior
https://press.princeton.edu/books/paperback/9780691130613/theory-of-games-and-economic-behavior
http://www.jstor.org/stable/j.ctt1r2gkx
https://competitionandappropriation.econ.ucla.edu/wp-content/uploads/sites/95/2017/08/HistoryGameTheory.pdf
https://competitionandappropriation.econ.ucla.edu/wp-content/uploads/sites/95/2017/08/HistoryGameTheory.pdf
https://doi.org/10.1006/game.2000.0794
https://people.math.harvard.edu/%7Eelkies/FS23j.03/zermelo.pdf
https://www.hetwebsite.net/het/profiles/edgeworth.htm

monopoly. In the 20" century, prior to John von Neumann and Oscar Morgenstern, the
work by Frederik Ludvig Bang Zeuthen on bargaining (Schneider, E. (1959). Frederik
Zeuthen: In Memoriam (1888-1959). Econometrica, 27(4), 685-687.
www.jstor.org/stable/1909360; www.hetwebsite.net/het/profiles/zeuthen.htm) and

Heinrich Freiherr von Stackelberg on oligopoly
(https://hetwebsite.net/het/profiles/stackelberg.htm) were later reinterpreted in game-
theoretic terms. The “Stackelberg equation” is often used by the airline industry in the
21°% century internet-era for dynamic pricing changes online based on inventory and/or
demand. It is used by businesses for contracts, based on “signals” related to demand
and “private information” which may allow the seller to fashion offers and pricing.
Basar, T. (2021). Game Theory: A General Introduction and a Historical Overview. In:
Baillieul, J., Samad, T. (eds) Encyclopedia of Systems and Control. Springer, Cham.
https://doi.org/10.1007/978-3-030-44184-5_26

9 An explosion of game theory in practice was the use of “prisoner’s dilemma” (in
principle) transformed as the “buzz” of business in the last decade on the 20" century
and applied (willy-nilly) as a hammer in search of a nail, with exceptions, of course,
where the strategy was indeed informative and advanced our understanding:

The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel, 2005.
https://www.nobelprize.org/prizes/economic-sciences/2005/summar

The Prize in Economic Sciences, 2012.
https://www.nobelprize.org/prizes/economic-sciences/2012/summar

Glynatsi NE, Knight V, Harper M. (2024) Properties of winning Iterated Prisoner's
Dilemma strategies. PLoS Comput Biol. 2024 December 26; 20(12):e1012644.

doi: 10.1371/journal.pcbi.1012644. PMID: 39724033; PMCID: PMC11670945.

Nalebuff Barry (2002) Prisoners’ Dilemma. In: Newman, P. (eds) The New Palgrave
Dictionary of Economics and the Law. Palgrave Macmillan, London.
https://doi.org/10.1007/978-1-349-74173-1_285

Prisoners’ Dilemma still continues to inform strategy and its mathematical approach:
Game Theory — History & Overview (2019)

https://www.setzeus.com/community-blog-posts/game-theory-history-overview

20 Datta, S. et al (2002) Adaptive Value Network. Chapter 1 (pages 3-67). In Evolution of
Supply Chain Management: Symbiosis of Adaptive Value Networks and ICT. Chang, YS,
Makatsoris, HC and Richards, HD, eds. ISBN 978-1-4020-7812-5 Kluwer Academic
Publishers, Boston https://doi.org/10.1007/b110025 MIT Library
https://dspace.mit.edu/handle/1721.1/41908
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https://pmc.ncbi.nlm.nih.gov/articles/PMC11670945/pdf/pcbi.1012644.pdf
https://doi.org/10.1007/978-1-349-74173-1_285
https://www.setzeus.com/community-blog-posts/game-theory-history-overview
https://doi.org/10.1007/b110025
https://dspace.mit.edu/handle/1721.1/41908

21 John F. Nash Jr. (1994) Sveriges Riksbank Prize in Economic Sciences in Memory of
Alfred Nobel 1994. Nash Equilibrium https://www.nobelprize.org/prizes/economic-
sciences/1994/nash/lecture/

22 Baek, Y., et al (2025) “Edge Intelligence through In-Sensor and near-Sensor
Computing for the Artificial Intelligence of Things.” Npj Unconventional Computing,
vol. 2, no. 1, October 2025, p. 25. https://doi.org/10.1038/s44335-025-00040-6

# Pandey, S., Chaudhary, M. & Téth, Z. (2025) An investigation on real-time insights:
enhancing process control with IoT-enabled sensor networks. Discover Internet of
Things 5, 29 (2025). https://doi.org/10.1007/s43926-025-00124-6

What is “Internet of Things” (1998 - IoT - MIT Auto ID Center - https://autoid.mit.edu)
30 years ago - Weiser's "what to call that allegiance" (see email) - became - about - IoT
1997 Hiroshi Ishii, MIT Media Lab - Tangible Bits (please see reference number 35)
1998 Sanjay Sarma, MIT MechE - Internet of Things (IoT)
https://trackr-media.tangiblemedia.org/publishedmedia/Papers/668-
OTY3M/Published/PDF (below) and see https://tangible.media.mit.edu/event/27/
Sanjay Sarma, MIT - 1998, MIT Auto ID Center - https://autoid.mit.edu/

Sanjay Sarma, MIT - https://meche.mit.edu/people/faculty/sesarma%40mit.edu

Sanjay Sarma, MIT - https://en.wikipedia.org/wiki/Sanjay_Sarma
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https://www.nobelprize.org/prizes/economic-sciences/1994/nash/lecture/
https://doi.org/10.1038/s44335-025-00040-6
https://doi.org/10.1007/s43926-025-00124-6
https://autoid.mit.edu/
https://trackr-media.tangiblemedia.org/publishedmedia/Papers/668-OTY3M/Published/PDF
https://trackr-media.tangiblemedia.org/publishedmedia/Papers/668-OTY3M/Published/PDF
https://tangible.media.mit.edu/event/27/
https://autoid.mit.edu/
https://meche.mit.edu/people/faculty/sesarma%40mit.edu
https://en.wikipedia.org/wiki/Sanjay_Sarma

24 Koulamas C, Lazarescu MT. (2020) Real-Time Sensor Networks and Systems for the
Industrial IoT: What Next? Sensors (Basel). 2020 September 4; 20(18):5023. doi:
10. 3390/820185023 PMID: 32899631; PMCID: PMC7571236.

2 Renne, Jean-Paul. Chapter 7 ARCH and GARCH Models | Introduction to Time

Series. https://jrenne.github.io/TimeSeries_Bookdown/ARCHGARCH.html

Robert Engle (2003) GARCH 101: An Introduction to the Use of ARCH/GARCH models in
Applied Econometrics https://web-static.stern.nyu.edu/rengle/ GARCH101.PDF

26 Philip Levis, Sam Madden, David Gay, Joseph Polastre, Robert Szewczyk, Alec Woo,
Eric Brewer, and David Culler (2004) The emergence of networking abstractions and
techniques in TinyOS. In Proceedings of the 1st conference on Symposium on
Networked Systems Design and Implementation - Volume 1 (NSDI'04). USENIX
Association, USA. https://dl.acm.org/doi/10.5555/1251175.1251176
https://sing.stanford.edu/site/assets/publications/nsdi04levistinyos.pdf

27 Datta, S. (2012) Unified Theory of Relativistic Identification of Information in a
Systems Age: Convergence of Unique Identification with Syntax and Semantics
through Internet Protocol version 6 (IPv6). International Journal of Advanced Logistics
1 66-82 http://dspace.mit.edu/handle/1721.1/41902

28 Datta, S. and Granger, Clive W.J. (2006) Advances in Supply Chain Management:
Potential to Improve Forecasting (ESD-WP-2006-11) MIT Library

https://dspace.mit.edu/handle/1721.1/41905 (original MIT ESD working paper)
Other version https://dspace.mit.edu/handle/1721.1/41906

Published version https://dspace.mit.edu/handle/1721.1/41913

Applications https://dspace.mit.edu/handle/1721.1/43943
http://dspace.mit.edu/handle/1721.1/43948

The Sveriges Riksbank Prize in Economic Sciences in Memory of Alfred Nobel, 2003.

https://www.nobelprize.org/prizes/economic-sciences/2003/summar

2 English Prepositions https://www.englishclub.com/grammar/prepositions-list.php
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https://web-static.stern.nyu.edu/rengle/GARCH101.PDF
https://dl.acm.org/doi/10.5555/1251175.1251176
https://sing.stanford.edu/site/assets/publications/nsdi04levistinyos.pdf
http://dspace.mit.edu/handle/1721.1/41902
https://dspace.mit.edu/handle/1721.1/41905
https://dspace.mit.edu/handle/1721.1/41906
https://dspace.mit.edu/handle/1721.1/41913
https://dspace.mit.edu/handle/1721.1/43943
http://dspace.mit.edu/handle/1721.1/43948
https://www.nobelprize.org/prizes/economic-sciences/2003/summary
https://www.englishclub.com/grammar/prepositions-list.php

30 Heinrich, Claus E. and Betts, Bob (2003) Adapt or Die: Transforming Your Supply
Chain into an Adaptive Business Network. J. Wiley & Sons, 2003.
https://books.google.com/books/about/Adapt_or_Die.html?id=nGBNQhokCoUC
van Hoek R (2004), "Adapt or Die: Transforming Your Supply Chain into an Adaptive

Business Network". Supply Chain Management. Vol. 9 No. 1 pp. 118-119,
doi: https://doi.org/10.1108/13598540410517647

31 Ansys Workbench www.ansys.com/products/ansys-workbench

32 SCRATCH. Massachusetts Institute of Technology https://scratch.mit.edu/

33 Llfelong Klndergarten Lab, MIT Media Lab Massachusetts Institute of Technology

https://www.media.mit.edu/groups/lifelong-kindergarten/overview/

https://www.media.mit.edu/

34 Sylvan, Elisabeth (2008) Predecessor of “SCRATCH” https://lisard.com/
Based on her PhD research (thesis, 2008) https://dspace.mit.edu/handle/1721.1/42404

% Ishii, Hiroshi, and Brygg Ullmer (1997) “Tangible Bits: Towards Seamless Interfaces
between People, Bits and Atoms.” Proceedings of the ACM SIGCHI Conference on
Human Factors in Computing Systems [Atlanta Georgia USA], 1997, pp. 234-241
https://doi.org/10.1145/258549.258715
https://dl.acm.org/doi/pdf/10.1145/258549.258715

Ishii, Hiroshi (2006) Tangible User Interfaces.
https://www.cs.tufts.edu/~jacob/workshop/papers/ishii.pdf

Orit Shaer and Eva Hornecker (2010) Tangible User Interfaces: Past, Present, and
Future Directions. Foundations and Trends in Human-Computer Interactions 3, 1-2
(January 2010), pages 1-137. https://doi.org/10.1561/1100000026

Tangible Media, Massachusetts Institute of Technology https://tangible.media.mit.edu/
Tangible Interfaces (2025) MIT Course Number: MAS.834
https://www.media.mit.edu/courses/MAS834-2025/

Tangible “bits” and the idea of connecting “bits to atoms” was the predecessor to the

gradual evolution of the internet of things (IoT) in the 20" century, first at PARC, Xerox
Palo Alto Research Center (Perry, T.S. & Wallich, P. (1985) Xerox Parc’s Engineers on
How They Invented the Future - IEEE Spectrum. https://spectrum.ieee.org/xerox-parc)
and then at the MIT Auto ID Center (https://autoid.mit.edu/people.html). The latter was
followed by the Industrial IoT, which was ushered into the business world, among
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https://www.media.mit.edu/groups/lifelong-kindergarten/overview/
https://www.media.mit.edu/
https://lisard.com/
https://dspace.mit.edu/handle/1721.1/42404
https://doi.org/10.1145/258549.258715
https://dl.acm.org/doi/pdf/10.1145/258549.258715
https://www.cs.tufts.edu/%7Ejacob/workshop/papers/ishii.pdf
https://doi.org/10.1561/1100000026
https://tangible.media.mit.edu/
https://www.media.mit.edu/courses/MAS834-2025/
https://spectrum.ieee.org/xerox-parc
https://autoid.mit.edu/people.html

others, by Dr Joseph Salvo of GE Global Research, NY (Salvo, J. (2016() SATURN 2016
Keynote: Architecture and the Evolution of Complex Systems. 30 June 2016.
https://www.sei.cmu.edu/library/saturn-2016-keynote-architecture-and-the-

evolution-of-complex-systems/).
At present, the Center for Bits and Atoms at the MIT Media Lab pursues research

representing a broad spectrum of fundamental explorations and applications:
https://www.media.mit.edu/graduate-program/center-for-bits-and-atoms/

3 “Field of Optimization Theory” requires a brief note before getting immersed in the
academic treasures pioneered by the erudite scholars of INFORMS which forms the
basis of most software used in optimization issues, both in academia and business,
under the amorphous label of “decision support” (www.informs.org). The latter relies

on the trinity of linear programming (George Dantzig), dynamic programming (Richard
Bellman) and system dynamics (Jay Forrester). The field of system dynamics erupted
from MIT in the 1950’s and was created by Professor Jay W. Forrester (at MIT).

*https://mitsloan.mit.edu/faculty/academic-groups/system-dynamics/about-us
*https://systemdynamics.org/news/memorial/jay-w-forrester/
*https://systemdynamics.org/origin-of-system-dynamics/

shttps://www.harvardsquarelibrary.org/biographies/jay-wright-forrester

shttps:// www.mckinsey.com/~/media/McKinsey/Business%20Functions/Strategy%20a

nd%20Corporate%20Finance/Our%20Insights/The%20beginning%200f%20system %20
dynamics/The%20beginning%200f%20system%20dynamics.pdf).

It appears that “the world forum on decision making” excludes BOU and its tools may
need a closer inspection (www.decisionprofessionals.com). SDP derives their thrills

from high-impact decisions with a small set of choices (but very complex forms of
uncertainty). INFORMS promote decisions under uncertainty for deterministic
problems. It is sheer brilliance but how much of it can serve BOU? We need stochastic
optimization in SIMMS but the abundance of sophisticated tools makes it necessary to
extract the wealth of wisdom which will be pragmatic for BOU using the SIMMS tool.

Shaw, William (2008) History ofOptlmlzatlon

william_shaw_0_0.pdf
Floudas, Christodoulos A., and Panos M. Pardalos, ed. Encyclopedia of Optimization.

Springer US, 2009 https://doi.org/10.1007/978-0-387-74759-0

https://www.diag.uniromal.it/~roma/Encyclopedia.pdf
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https://www.gresham.ac.uk/sites/default/files/25apr08_-_history_of_optimization_-_william_shaw_0_0.pdf
https://www.gresham.ac.uk/sites/default/files/25apr08_-_history_of_optimization_-_william_shaw_0_0.pdf
https://doi.org/10.1007/978-0-387-74759-0
https://www.diag.uniroma1.it/%7Eroma/Encyclopedia.pdf

Sinha, G. R. (2019) “Introduction and Background to Optimization Theory.” Modern
Optimization Methods for Science, Engineering and Technology, edited by G. R. Sinha,
IOP Publishing, 2019, pp. 1-18. https://doi.org/10.1088/978-0-7503-2404-5ch1
https://iopscience.iop.org/book/edit/978-0-7503-2404-5/chapter/bk978-0-7503-2404-
5chi.pdf

Judith V. Grabiner (2021) “It’s All for the Best”: Optimization in the History of
Science," Journal of Humanistic Mathematics, Volume 11 Issue 1 (January 2021),
pages 54-80. DOI: 10.5642/jhummath.202101.05
https://scholarship.claremont.edu/jhm/vol11/iss1/5

https://scholarship.claremont.edu/cgi/viewcontent.cgi?article=1834&context=jhm

Kennedy, Graeme (2023) History of Optimization.
https://gkennedy.gatech.edu/OutreachBlogPosts/history.html

37 Kahneman, Daniel (2011) Thinking, fast and slow. Farrar, Straus and Giroux, NY.

https://www.princeton.edu/news/2024/03/28/daniel-kahneman-pioneering-
behavioral-psychologist-nobel-laureate-and-giant-field

Daniel Kahneman www.nobelprize.org/prizes/economic-sciences/2002/summary/
Vernon Smith www.nobelprize.org/prizes/economic-sciences/2002/summary/
Richard Thaler www.nobelprize.org/prizes/economic-sciences/2017/thaler/facts/

“Nobel Laureates Daniel Kahneman and Richard Thaler: Pioneers in Behavioral

Economics.” (2024) https://socialstudieshelp.com/nobel-laureates-kahneman-thaler-

pioneers-in-behavioral-economics/

Beatty A, Moffitt R, Buttenheim A, eds. (2023) Behavioral Economics: Policy Impact and
Future Directions. Washington (DC): National Academies Press (US); 2023 Apr 20. 1,
Introduction. Available from: https://www.ncbi.nlm.nih.gov/books/NBK593512/
National Academies of Sciences, Engineering, and Medicine; Division of Behavioral
and Social Sciences and Education; Board on Behavioral, Cognitive, and Sensory
Sciences; Committee on Future Directions for Applying Behavioral Economics to

Policy. www.ncbi.nlm.nih.gov/books/NBK591019/pdf/Bookshelf NBK591019.pdf

38 [a] Dong, Zheng, et al. (2024) “Heterogeneity-Informed Meta-Parameter Learning for
Spatiotemporal Time Series Forecasting.” Proceedings of the 30th ACM SIGKDD
Conference on Knowledge Discovery and Data Mining [Barcelona], 2024, pp. 631-641
https://doi.org/10.1145/3637528.3671961

[b] Jin, Ming, et al. (2021) “Large Models for Time Series and Spatio-Temporal Data: A
Survey and Outlook.” arXiv:2310.10196, arXiv, 20 October 2023
https://doi.org/10.48550/arXiv.2310.10196 & https://arxiv.org/pdf/2310.10196
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[d] Saad F., Burnim, J., Carroll C. et al. (2024) Scalable spatiotemporal prediction
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Nov 11. Erratum in: Cell. 2025 Mar 20;188(6):1744. doi: 10.1016/j.cell.2025.02.026

[i] Bhattacharjee, S., Madl, J., Chen, J., Kshirsagar, V. (2022). Spatiotemporal
Modeling. In: Daya Sagar, B.S., Cheng, Q., McKinley, J., Agterberg, F. (eds)
Encyclopedia of Mathematical Geosciences. Encyclopedia of Earth Sciences Series.
Springer, Cham. https://doi.org/10.1007/978-3-030-26050-7_418-1

[i] Isabella Habereder, Thomas Kneib, Isao Echizen, Timo Spinde (2025) A Systematic
Review of Spatio-Temporal Statistical Models: Theory, Structure, and Applications.
https://arxiv.org/pdf/2511.00422

39 https://ekonomi.bisnis.com/read/20250304/12/1844533/data-bps-harga-telur-ayam-
di-bawah-hap-februari-2025

40 Alya Defa https://www.alyadefa.co.uk/

41 Rohan Putatunda ttps://ihar umbc edu/rohan-putatunda

activity-7289747569008607232-Grg2/

34 o SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://pmc.ncbi.nlm.nih.gov/articles/PMC10094468/pdf/ijerph-20-05295.pdf
https://doi.org/10.1038/s41467-024-51477-5
https://doi.org/10.3390/ijgi13030097
https://doi.org/10.1080/27684520.2025.2568891
https://www.publichealth.columbia.edu/research/population-health-methods/spatiotemporal-analysis
https://www.publichealth.columbia.edu/research/population-health-methods/spatiotemporal-analysis
https://doi.org/10.1007/978-3-030-26050-7_418-1
https://arxiv.org/pdf/2511.00422
https://ekonomi.bisnis.com/read/20250304/12/1844533/data-bps-harga-telur-ayam-di-bawah-hap-februari-2025
https://ekonomi.bisnis.com/read/20250304/12/1844533/data-bps-harga-telur-ayam-di-bawah-hap-februari-2025
https://www.alyadefa.co.uk/
https://iharp.umbc.edu/rohan-putatunda/
https://www.linkedin.com/posts/iharp_rohan-putatunda-successfully-defended-his-activity-7289747569008607232-Grq2/
https://www.linkedin.com/posts/iharp_rohan-putatunda-successfully-defended-his-activity-7289747569008607232-Grq2/

42 Heike Baumiiller (2017) Assessing the Role of Mobile Phones in Offering Price
Information and Market Linkages: The Case of M-Farm in Kenya. The Electronic
Journal of Information Systems in Developing Countries 68, 1 (May 2015), 1-16.
https://doi.org/10.1002/j.1681-4835.2015.tb00492.x and
https://www.wired.com/story/mfarm/

43 Kejriwal, Mayank (2026) “Turning the Web against Sex Traffickers: Scalable Artificial
Intelligence Is Harnessed for Investigative Search.” Science, vol. 391, no. 6785,
February 2026, pp. 567 https://doi.org/10.1126/science.aee1347
https://www.science.org/doi/epdf/10.1126/science.aee1347

4 Tlrtscher PL, Reiher M. (2023) Pathfinder — Navigating and Analyzing Chemical
Reaction Networks with an Efficient Graph-Based Approach. J Chem Inf Model. 2023
January 9; 63(1):147-160. doi: 10.1021/acs.jcim.2c01136. PMID: 36515968;
https://pmc.ncbi.nlm.nih.gov/articles/PMC9832502/pdf/ci2¢c01136.pdf

4 O'Ryan et al (2025) An Automated Approach for Domain-Specific Knowledge Graph
Generation — Graph Measures and Characterization. J Chem Inf Model. 2025 February
10; 65(3):1243-1257. doi: 10.1021/acs.jcim.4c01904. PMID: 39874149.

46 Rowell, D., & Connelly, L. B. (2012). A History of the Term “Moral Hazard.” The
Journal of Risk and Insurance, 79(4), 1051-1075 www.jstor.org/stable/23354958

47 Kim, Tae. (2018) “Goldman Sachs Asks in Biotech Research Report: ‘Is Curing
Patients a Sustainable Business Model?’” CNBC 11 April 2018
https://www.cnbc.com/2018/04/11/goldman-asks-is-curing-patients-a-sustainable-

business-model.html

48 Leibenstein, H. (1957) Economic Backwardness and Economic Growth. Wiley, NY.
58-67. ASIN BOO012FAKK

Dasgupta, P. and Ray, D. (1986) Inequality as a Determinant of Malnutrition and
Unemployment: Theory. The Economic Journal, 96, 1011-
1034.http://dx.doi.org/10.2307/2233171
https://debrajray.com/wp-content/uploads/2017/12/DasguptaRay86.pdf
https://ocw.mit.edu/courses/14-771-development-economics-fall-

2021/pages/readings/

35 o SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://doi.org/10.1002/j.1681-4835.2015.tb00492.x
https://www.wired.com/story/mfarm/
https://doi.org/10.1126/science.aee1347
https://www.science.org/doi/epdf/10.1126/science.aee1347
https://pmc.ncbi.nlm.nih.gov/articles/PMC9832502/pdf/ci2c01136.pdf
http://www.jstor.org/stable/23354958
https://www.cnbc.com/2018/04/11/goldman-asks-is-curing-patients-a-sustainable-business-model.html
https://www.cnbc.com/2018/04/11/goldman-asks-is-curing-patients-a-sustainable-business-model.html
https://debrajray.com/wp-content/uploads/2017/12/DasguptaRay86.pdf
https://ocw.mit.edu/courses/14-771-development-economics-fall-2021/pages/readings/
https://ocw.mit.edu/courses/14-771-development-economics-fall-2021/pages/readings/

Abhijit V. Banerjee and Andrew F. Newman (1993) Occupational Choice and the
Process of Development. The Journal of Political Economy, Vol. 101, No. 2. pp. 274-

298. April 1993 https://pages.nyu.edu/debraj/Courses/Readings/BanerjeeNewman.pdf

¥ Inequality Hits Post-War High https://www.bloomberg.com/news/articles/2026-01-
21/us-inequality-hits-postwar-high-as-wealth-of-the-richest-surges

50 Abhijit Vinayak Banerjee (2019) Field Experiments and the Practice of Economics.
Nobel Prize Lecture (December 8, 2019)
https://www.nobelprize.org/uploads/2019/10/banerjee-lecture.pdf

5t Dorfler, Willy, et al., editors. Mathematics of Wave Phenomena. Springer
International Publishing, 2020. Trends in Mathematics. https://doi.org/10.1007/978-3-
030-47174-3

52 SCRATCH - Lifelong Kindergarten, MIT
https://mitchresnick.substack.com/p/natalie-rusk-building-on-interests Created by
Elisabeth Sylvan https://lisard.com/ @ Based on PhD thesis
https://dspace.mit.edu/handle/1721.1/42404

5% Jerry Liu. “Entropy Can Decrease” www-cs.stanford.edu/people/zjl/pdf/entropy.pdf

54 Angeletos, George-Marios, and Jennifer La’0O. (2020) “Optimal Monetary Policy with
Informational Frictions.” Journal of Political Economy, vol. 128, no. 3, pp 1027-1064
March 2020 https://doi.org/10.1086/704758
https://economics.mit.edu/sites/default/files/inline-
files/policy%20JPE%20published.pdf

Angeletos, George-Marios, and Jennifer La’0. (2011) “Optimal Monetary Policy with

Informational Frictions.” SSRN Electronic Journal, 2011.
https://doi.org/10.2139/ssrn.1940674

5® Hideki Sakai https://www.linkedin.com/in/hideki-sakai-b34b4845/

and https://salestrek.co.jp/

56 UUUO https://uuuo.co.jp/en

57 SAKAMA https://sakama.co.jp

36 ° SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://pages.nyu.edu/debraj/Courses/Readings/BanerjeeNewman.pdf
https://www.bloomberg.com/news/articles/2026-01-21/us-inequality-hits-postwar-high-as-wealth-of-the-richest-surges
https://www.bloomberg.com/news/articles/2026-01-21/us-inequality-hits-postwar-high-as-wealth-of-the-richest-surges
https://www.nobelprize.org/uploads/2019/10/banerjee-lecture.pdf
https://doi.org/10.1007/978-3-030-47174-3
https://doi.org/10.1007/978-3-030-47174-3
https://mitchresnick.substack.com/p/natalie-rusk-building-on-interests
https://lisard.com/
https://dspace.mit.edu/handle/1721.1/42404
https://www-cs.stanford.edu/people/zjl/pdf/entropy.pdf
https://doi.org/10.1086/704758
https://economics.mit.edu/sites/default/files/inline-files/policy%20JPE%20published.pdf
https://economics.mit.edu/sites/default/files/inline-files/policy%20JPE%20published.pdf
https://doi.org/10.2139/ssrn.1940674
https://www.linkedin.com/in/hideki-sakai-b34b4845/
https://salestrek.co.jp/
https://uuuo.co.jp/en
https://sakama.co.jp/

%8 Deutsch, David (2012). The Beginning of Infinity: Explanations That Transform the
World. Penguin Books, 2012. ASIN 0143121359
https://avalonlibrary.net/ebooks/David%20Deutsch%20-

%20The%20Beginning%200f%20Infinity%20-
%20Explanations%20that%20Transform%20the%20World.pdf

% Datta, S. (2023) The Health of Nations — Part Il in Healthcare, Clinical Research and
Digital Health Systems (unpublished) MIT Library
https://dspace.mit.edu/handle/1721.1/152921

50 Smith, Adam (1776) An Inquiry into the Nature and Causes of the Wealth of Nations.
Publisher W. Strahan and T. Cadell, London.
https://www.earlymoderntexts.com/assets/pdfs/smith1776.pdf

www.gla.ac.uk/explore/adamsmith300/lifeworkandlegacy/keyworks/wealthofnations/

51 Anna Fleck (2024) World Toilet Day https://www.statista.com/chart/18419/progress-
against-open-defecation/

52 UNICEF World Toilet Day (2024) https //[www.tovima.com/world/world-toilet-day-

8 Datta, S. (2023) “SOFT” and “The Health of Nations — Part II” in Healthcare, Clinical
Research and Digital Health Systems (unpublished) MIT Library
https://dspace.mit.edu/handle/1721.1/152921

54 US Department of Agnculture (USDA) Ammal Productlon

https://worldanimalfoundation.org/advocate/factory-farming-statistics/;
https://www.ciwf.org.uk/our-campaigns/end-it/

% Cizza G, Rother KI. (2011) Was Feuerbach right: are we what we eat? J Clin Invest.
2011 August; 121(8): 2969-2971. doi: 10.1172/JCI58595
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3148750/pdf/JCI58595.pdf

37 o SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://avalonlibrary.net/ebooks/David%20Deutsch%20-%20The%20Beginning%20of%20Infinity%20-%20Explanations%20that%20Transform%20the%20World.pdf
https://avalonlibrary.net/ebooks/David%20Deutsch%20-%20The%20Beginning%20of%20Infinity%20-%20Explanations%20that%20Transform%20the%20World.pdf
https://avalonlibrary.net/ebooks/David%20Deutsch%20-%20The%20Beginning%20of%20Infinity%20-%20Explanations%20that%20Transform%20the%20World.pdf
https://dspace.mit.edu/handle/1721.1/152921
https://www.earlymoderntexts.com/assets/pdfs/smith1776.pdf
http://www.gla.ac.uk/explore/adamsmith300/lifeworkandlegacy/keyworks/wealthofnations/
https://www.statista.com/chart/18419/progress-against-open-defecation/
https://www.statista.com/chart/18419/progress-against-open-defecation/
https://www.tovima.com/world/world-toilet-day-unicef-world-toilet-day-nearly-half-a-billion-defecate-outdoors-where-is-greece/
https://www.tovima.com/world/world-toilet-day-unicef-world-toilet-day-nearly-half-a-billion-defecate-outdoors-where-is-greece/
https://dspace.mit.edu/handle/1721.1/152921
https://www.usda.gov/farming-and-ranching/animal-science/animal-production
https://worldanimalfoundation.org/advocate/factory-farming-statistics/
https://www.ciwf.org.uk/our-campaigns/end-it/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3148750/pdf/JCI58595.pdf

% Rose C, Parker A, Jefferson B, Cartmell E. (2015) The Characterization of Feces and
Urine: A Review of the Literature to Inform Advanced Treatment Technology. Crit Rev
Environ Sci Technol. 2015 September 2; 45(17): 1827-1879. doi:
10.1080/10643389.2014.1000761
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/pdf/best-45-1827.pdf

57 Datta, S. (2025) See Figure 25 in Digital Twin Meets Digital Cousin. DT-2025
(unpublished) available from the MIT Library (see version DT-2025)
https://dspace.mit.edu/handle/1721.1/140791

5 Tulchinsky TH. (2018) John Snow, Cholera, the Broad Street Pump; Waterborne
Diseases Then and Now. Case Studies in Public Health. 2018: 77-99. doi:
10.1016/B978-0-12-804571-8.00017-2. Epub 2018 March 30. PMCID: PMC7150208.

https://pmc.ncbi.nlm.nih.gov/articles/PMC7150208/pdf/main.pdf

% Butler, L. J., M. K. Scammell, and E. B. Benson. (2016) The Flint, Michigan, water
crisis: A case study in regulatory failure & environmental injustice. Environ Justice 9.4
(2016): 93-97. https://ui.adsabs.harvard.edu/abs/2016EnvlJ....9...93B/abstract

Campbell C, Greenberg R, Mankikar D, Ross RD.(2016) A Case Study of Environmental
Injustice: The Failure in Flint. Int J Environ Res Public Health. 2016 Sep 27;13(10):951.
doi: 10. 3390/1]erph13100951 PMID: 27690065; PMCID: PMC5086690.

70 Bellinger, David C. (2016) "Lead contamination in Flint—an abject failure to protect
public health." New England Journal of Medicine 374.12 (2016): 1101-1103.
https://www.nejm.org/doi/pdf/10.1056/NEJMp1601013?articleTools=true

71 Ratnaike RN (2003) Acute and chronic arsenic toxicity. Postgraduate Medical
J. 2003; 79:391-396 https://pmj.bmj.com/content/postgradmed;j/79/933/391.full.pdf

72Yunus FM, Khan S, Chowdhury P, Milton AH, Hussain S, Rahman M. (2016) A Review
of Groundwater Arsenic Contamination in Bangladesh: Millennium Development Goal
Era and Beyond. Int J Env Res Public Health. 2016 February 15;13(2): 215 doi:

10.3390/ijerph13020215 www.ncbi.nlm.nih.gov/pmc/articles/PMC4772235/pdf/ijerph-
13-00215.pdf

73 Campbell JP and Alvarez JA. (1989) Acute arsenic intoxication. Am Fam Physician.
1989 December; 40(6): 93-97.

38 o SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4500995/pdf/best-45-1827.pdf
https://dspace.mit.edu/handle/1721.1/140791
https://pmc.ncbi.nlm.nih.gov/articles/PMC7150208/pdf/main.pdf
https://ui.adsabs.harvard.edu/abs/2016EnvJ....9...93B/abstract
https://pmc.ncbi.nlm.nih.gov/articles/PMC5086690/pdf/ijerph-13-00951.pdf
https://www.nejm.org/doi/pdf/10.1056/NEJMp1601013?articleTools=true
https://pmj.bmj.com/content/postgradmedj/79/933/391.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772235/pdf/ijerph-13-00215.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4772235/pdf/ijerph-13-00215.pdf

74 McLellan F. (2002) Arsenic contamination affects millions in Bangladesh. Lancet.
2002 March 30; 359(9312): 1127. doi: 10.1016/S0140-6736(02)08179-5

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(02)08179-5/fulltext

7> Datta, S. (2025) See Figure 24 in Digital Twin Meets Digital Cousin. DT-2025
(unpublished) available from the MIT Library (see version DT-2025)
https://dspace.mit.edu/handle/1721.1/140791

76 Allan H Smith, Elena O Lingas and Mahfuzar Rahman (2000) Contamination of
drinking-water by arsenic in Bangladesh: a public health emergency http://www.sos-

arsenic.net/english/contamin/smith.html

77 Mudur, G. (2000) Half of Bangladesh population at risk of arsenic poisoning. BMJ.
2000 March 25; 320(7238): 822B

www.ncbi.nlm.nih.gov/pmc/articles/PMC1127187/pdf/822a.pdf

7 MOBOSENS https://ece.illinois.edu/newsroom/news/3092

79 de Villiers CA, Lapsley MC, Hall EA. (2015) A step towards mobile arsenic
measurement for surface waters. Analyst. 2015 April 21; 140(8): 2644-2655.
doi: 10.1039/c4an02368d

80 Haley Dunning (March 5, 2018) Simple Arsenic Sensor Could Save Lives. Imperial
College, London. https://www.imperial.ac.uk/news/185132/simple-arsenic-sensor-

could-save-lives/

8l yan Geen A, Trevisani M, Immel J, Jakariya M, Osman N, Cheng Z, Gelman A, Ahmed

KM. (2006) Targeting low-arsenic groundwater with mobile-phone technology in
Araihazar, Bangladesh JHealth Popul Nutr. 2006 September; 24(3)° 282-297.

82Y. Rong, A.V. Padrona, K. J. Hagerty, N. Nelson, S. Chic, N. O. Keyhani, J. Katz ,
S.P.A. Datta, C. Gomes, and E.S. McLamore (2018) Post Hoc Support Vector Machine
Learning for Impedimetric Biosensors Based on Weak Protein-Ligand

Interactions. The Analyst, vol. 143, no. 9, 2018, pp. 2066-2075
doi:10.1039/C8AN00065D
https://pubs.rsc.org/en/content/getauthorversionpdf/C8AN00065D

39 o SIMMS Workshop - Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(02)08179-5/fulltext
https://dspace.mit.edu/handle/1721.1/140791
http://www.sos-arsenic.net/english/contamin/smith.html
http://www.sos-arsenic.net/english/contamin/smith.html
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1127187/pdf/822a.pdf
https://ece.illinois.edu/newsroom/news/3092
https://www.imperial.ac.uk/news/185132/simple-arsenic-sensor-could-save-lives/
https://www.imperial.ac.uk/news/185132/simple-arsenic-sensor-could-save-lives/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3013249/pdf/jhpn0024-0282.pdf
https://pubs.rsc.org/en/content/getauthorversionpdf/C8AN00065D

8 KTH Royal Institute of Technology (2014) Methods Will Reverse Arsenic Danger in
Bangladesh Water Supply. https://medicalxpress.com/news/2014-10-methods-

reverse-arsenic-danger-bangladesh.html

84TEA (International Energy Agency) SDG7: Data and Projections (2024) Access to
Electricity https://www.iea.org/reports/sdg7-data-and-projections/access-to-

electricity

8 Number of Villages in India https://villageinfo.org/
Number of Villages in India with Electricity
www.statista.com/statistics/1232956/india-number-of-electrified-villages

8 “Power Hungry.” (2026) MIT Technology Review.
https://www.technologyreview.com/supertopic/ai-energy-package

% Energy Management Tools https://energymanagersguide.uk/energy-management-

software/ https://www.getapp.com/industries-software/energy-management/

8 Basu, Moni (2017) Seeing the new India through the eyes of an invisible woman.
https://www.cnn.com/interactive/2017/10/world/i-on-india-income-gap/

8 Rudy Setyopurnomo, Sudarso K. Wiryono, Yuliani Dwi Lestari, Subiakto Sukarno
(2025) Enhancing operation effectiveness by maximizing daily EBITDA as a turnaround
strategy execution system to enhance operation performance and profitability. Journal
of Open Innovation: Technology, Market, and Complexity. Vol 11, Issue 1. 2025.
100431. ISSN 2199-8531 https://doi.org/10.1016/j.joitmc.2024.100431
https://www.sciencedirect.com/science/article/pii/S2199853124002257

9 Grace Jidoun (2025) How much do supermarkets make?

91 David Trainer (2025) General Motors is All Gassed Up for Profit Growth. Forbes
(November 21, 2025)
https://www.forbes.com/sites/greatspeculations/2025/11/21/general-motors-is-all-

gassed-up-for-profit-growth/

40 ° SIMMS Workshop — Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://medicalxpress.com/news/2014-10-methods-reverse-arsenic-danger-bangladesh.html
https://medicalxpress.com/news/2014-10-methods-reverse-arsenic-danger-bangladesh.html
https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity
https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity
https://villageinfo.org/
http://www.statista.com/statistics/1232956/india-number-of-electrified-villages/
https://www.technologyreview.com/supertopic/ai-energy-package/
https://energymanagersguide.uk/energy-management-software/
https://energymanagersguide.uk/energy-management-software/
https://www.getapp.com/industries-software/energy-management/
https://www.cnn.com/interactive/2017/10/world/i-on-india-income-gap/
https://doi.org/10.1016/j.joitmc.2024.100431
https://www.sciencedirect.com/science/article/pii/S2199853124002257
https://pos.toasttab.com/blog/on-the-line/how-much-do-supermarkets-make
https://www.forbes.com/sites/greatspeculations/2025/11/21/general-motors-is-all-gassed-up-for-profit-growth/
https://www.forbes.com/sites/greatspeculations/2025/11/21/general-motors-is-all-gassed-up-for-profit-growth/

921n the 20™ century (1950’s-1960’s) free school meals were provided in South India
(the MDMS or the Mid-Day Meal Scheme) which encouraged poor families to send their
daughters, too, to school. MDMS improved school enrollment among girls in poor
communities, by addressing hunger. The latter incentivized education and catalyzed
the software (mathematics education) success of Bangalore, India, in the 215 century.

'If 1 Go To School, Will You Give Me Food?': The
Question That Launched Mid-Day Meal Scheme
In India

Source: Parishmita Saikia (1% February 2025) News18 (English Edition)
https://www.news18.com/education-career/if-i-go-to-school-will-you-give-me-food-

the-question-that-launched-mid-day-meal-scheme-in-india-ws-ab-9210726.html
Midday Meal Scheme https://en.wikipedia.org/wiki/Midday_Meal_Scheme

Kamat, A. R. (1976) Women’s Education and Social Change in India. Social Scientist,
5(1), 3-27. https://doi.org/10.2307/3516600

Rebecca J. Williams (2011) Rockefeller Foundation Support to the Khanna Study:
Population Policy and the Construction of Demographic Knowledge, 1945-1953
https://rockarch.issuelab.org/resource/rockefeller-foundation-support-to-the-

khanna-study-population-policy-and-the-construction-of-demographic-knowledge-
1945-1953.html

R. J. Williams - https://experts.exeter.ac.uk/24024-rebecca-williams
R. J. Williams - https://cultureandhealth.exeter.ac.uk/about/people/williams/
R. J. Williams - https://imperialglobalexeter.com/2024/12/09/introducing-dr-rebecca-

williams-co-director-of-the-centre-for-imperial-and-global-history-at-exeter

Chutani, Alka Mohan (2012) School lunch program in India: background, objectives

and components. Asia Pac J Clin Nutr. 2012; 21(1):151-4. PMID: 22374572.
https://apjcn.qdu.edu.cn/21_1_11.pdf

Chakrabarti S, Scott SP, Alderman H, Menon P, Gilligan DO. (2021) Intergenerational
nutrition benefits of India's national school feeding program. Nature Communications
2021 July 12; 12(1):4248 doi: 10.1038/s41467-021-24433-w. PMID: 34253719
https://pmc.ncbi.nlm.nih.gov/articles/PMC8275765/pdf/41467_2021_Article_24433.pdf
Raveenthiranathan L, Ramanarayanan V, Thankappan KR. (2024) Impact of free school

lunch program on nutritional status and academic outcomes among school children in
India: A systematic review. BMJ Open. 2024 July 17; 14(7):e080100. doi:
10.1136/bmjopen-2023-080100. PMID: 39019632; PMCID: PMC11256073.

41 o SIMMS Workshop — Products & Services for BOU (Billion of Users) ® Shoumen Datta (shoumen@mit.edu)



https://www.news18.com/education-career/if-i-go-to-school-will-you-give-me-food-the-question-that-launched-mid-day-meal-scheme-in-india-ws-ab-9210726.html
https://www.news18.com/education-career/if-i-go-to-school-will-you-give-me-food-the-question-that-launched-mid-day-meal-scheme-in-india-ws-ab-9210726.html
https://en.wikipedia.org/wiki/Midday_Meal_Scheme
https://doi.org/10.2307/3516600
https://rockarch.issuelab.org/resource/rockefeller-foundation-support-to-the-khanna-study-population-policy-and-the-construction-of-demographic-knowledge-1945-1953.html
https://rockarch.issuelab.org/resource/rockefeller-foundation-support-to-the-khanna-study-population-policy-and-the-construction-of-demographic-knowledge-1945-1953.html
https://rockarch.issuelab.org/resource/rockefeller-foundation-support-to-the-khanna-study-population-policy-and-the-construction-of-demographic-knowledge-1945-1953.html
https://experts.exeter.ac.uk/24024-rebecca-williams
https://cultureandhealth.exeter.ac.uk/about/people/williams/
https://imperialglobalexeter.com/2024/12/09/introducing-dr-rebecca-williams-co-director-of-the-centre-for-imperial-and-global-history-at-exeter/
https://imperialglobalexeter.com/2024/12/09/introducing-dr-rebecca-williams-co-director-of-the-centre-for-imperial-and-global-history-at-exeter/
https://apjcn.qdu.edu.cn/21_1_11.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8275765/pdf/41467_2021_Article_24433.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11256073/pdf/bmjopen-14-7.pdf

93 US Government, Bureau of Transportation Statistics (December 9, 2024)
Transportation Services Contributed 6.5% to U.S. GDP in 2023; a Decrease from 6.6%
in 2022 but Still Above the Pre-Pandemic 2019 6.3%
https://www.bts.gov/newsroom/transportation-services-contributed-65-us-gdp-2023-

decrease-66-2022-still-above-pre

9 Monetizing Empty Space (2025) https://consolid.ai/blog/how-to-make-money-on-
free-space-in-trucks-monetizing-empty-space

9 SpaceTraders (2001) personal communication [Susumu Takahashi, Masami
Kinugasa, Hideki Sakai]

% DeCleene NK, Kahn E, Yuan CW, Gakidou E, Mokdad AH, Murray CJL, Johnson CO,
Roth GA. (2026) US State-Level Prevalence of Adult Obesity by Race and Ethnicity From
1990 to 2022 and Forecasted to 2035. JAMA. 2026 March 17; 335(11):975-985.

doi: 10.1001/jama.2025.26817. PMID: 41604179; PMCID: PMC12853291.
https://jamanetwork.com/journals/jama/article-abstract/2844495

“Overweight & Obesity Statistics - NIDDK.” National Institute of Diabetes and
Digestive and Kidney Diseases.
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity

9 Tian X, Cao C, Wang L, Zhang J, Chen Y, Tian R, Zhou B, Sun L, Zhang C, Gan L, Jin
Y, Liu J, Wang T, Shen Y, Huang S, Zhang L, Zhang S, Chen P, Tong C, Kang J, Fan H,
Zhou G, Xiang L, Wen Y, Gan R, Chen Y, Li X, Zhai L, Zhang Q, Ma D, Han Z, Hu Z.
(2026) Testing menstrual blood for human papillomavirus during cervical cancer
screening in China: cross sectional population based study. British Medical Journal
2026 February 4; 392:e084831. doi: 10.1136/bmj-2025-084831.
https://www.bmj.com/content/bmj/392/bmj-2025-084831.full.pdf (also see PMID:
24433684 and PMID: 40457337).

% Branswell, Helen (2026) “A Titan of Vaccine Development Sees His Field’s
Achievements Slip Away.” STAT. 2 March 2026.
www.statnews.com/2026/03/02/stanley-plotkin-
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https://www.bts.gov/newsroom/transportation-services-contributed-65-us-gdp-2023-decrease-66-2022-still-above-pre
https://consolid.ai/blog/how-to-make-money-on-free-space-in-trucks-monetizing-empty-space
https://consolid.ai/blog/how-to-make-money-on-free-space-in-trucks-monetizing-empty-space
https://jamanetwork.com/journals/jama/article-abstract/2844495
https://www.niddk.nih.gov/health-information/health-statistics/overweight-obesity
https://www.bmj.com/content/bmj/392/bmj-2025-084831.full.pdf
http://www.statnews.com/2026/03/02/stanley-plotkin-profile-godfather-of-vaccines-worried

9 McLamore, Eric S. and Datta, Shoumen P.A. (2023) A Connected World: System-Level
Support through Biosensors Ann Rev Analytical Chem vol. 16
https://doi.org/10.1146/annurev-anchem-100322-040914

MIT Library https://dspace.mit.edu/handle/1721.1/123983

E. S. McLamore, E. Alocilja, C. Gomes, S. Gunasekaran, D. Jenkins, S.P.A. Datta, Y. Li,
Y. Mao, S. R. Nugen, J. I. Reyes-De-Corcuera, P. Takhistov, O. Tsyusko, J. P. Cochran,
T-R. Tzeng, J-Y. Yoon, C. Yu, A. Zhou (2021) FEAST of Biosensors: Food, Environmental
and Agricultural Sensing Technologies (FEAST) in North America. Biosensors and
Bioelectronics. 2021, 113011. https://doi.org/10.1016/j.bios.2021.113011
https://dspace.mit.edu/handle/1721.1/123983

Nicola Jones (2026) Why quantum proteins could be the next big thing in biology.
https://www.nature.com/articles/d41586-026-00662-1 (3 March 2026)

100 Datta, S. (2022) “POV” (unpublished paper) download from MIT Library
https://dspace.mit.edu/handle/1721.1/145774

101 Green, Duncan (20130 The Idealist: A Brilliant, Gripping, Disturbing Portrait of
Jeffrey Sachs | From Poverty to Power. https://frompoverty.oxfam.org.uk/the-idealist-

a-brilliant-gripping-disturbing-portrait-of-jeffrey-sachs/

Williamson, Anne (2017) The Many Reinventions ofJeffrey Sachs

Pompous Pontifications of JDS https://www.jeffsachs.org/

102 Scaling Integrated Digital Health (2025) Sponsored by ROCHE. MIT Technology
Review

www.technologyreview.com/2025/06/23/1119009/scaling-integrated-digital-health/
https://assets.roche.com/f/176343/x/384d971d45/mit-roche-report_final 062225-1.pdf
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https://dspace.mit.edu/handle/1721.1/123983
https://doi.org/10.1016/j.bios.2021.113011
https://dspace.mit.edu/handle/1721.1/123983
https://www.nature.com/articles/d41586-026-00662-1%20(3
https://dspace.mit.edu/handle/1721.1/145774
https://frompoverty.oxfam.org.uk/the-idealist-a-brilliant-gripping-disturbing-portrait-of-jeffrey-sachs/
https://frompoverty.oxfam.org.uk/the-idealist-a-brilliant-gripping-disturbing-portrait-of-jeffrey-sachs/
https://chroniclesmagazine.org/view/the-many-reinventions-of-jeffrey-sachs/
https://www.jeffsachs.org/
http://www.technologyreview.com/2025/06/23/1119009/scaling-integrated-digital-health/
https://assets.roche.com/f/176343/x/384d971d45/mit-roche-report_final_062225-1.pdf

103 Jordana B. Cohen, Daniel K. Addo, Joshua A. Jacobs, Tom H. Greene, Yizhe Xu,
Dean S. Picone, Daichi Shimbo, and Adam P. Bress (2026) Impact of a Smartwatch
Hypertension Notification Feature for Population Screening. JAMA 2026; 335(11):1001-

1003. doi:10.1001/jama.2025.26925 https://jamanetwork.com/journals/jama/article-
abstract/2844767
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This figure (Cohen et al) depicts visualization of risk based on expected alert patterns
using the reported sensitivity and specificity of Apple Watch hypertension notification
feature. A, Blue dots represent true-positive or appropriate alerts and gray dots
represent false-negative or inappropriate absence of alerts. B, Pink dots represent
false-positive or inappropriate alerts, and light gray dots represent true-negative or
appropriate absence of alerts. Each panel is scaled to 100 individuals to illustrate the
relative frequency of correct and incorrect notifications.

Perhaps part of the problem rests with analytical software embedded in digital health
tools which uses forms of Al. Hard-coded equation-based Al algorithms are generic
formulas which lack context awareness. Al introduces errors and flaws related to
interpretation of data. The proclivity of some humans to view Al as an oracle is to
blame. Al is useful if Al approximations are treated as a “humble helper” for human-

in-the-loop decision support (https://news.mit.edu/2026/creating-humble-ai-0324).

Arslan J, Benke K, Cajas Ordones SA, Castro R, Celi LA, Cruz Suarez GA, Delos Reyes
R, Engelmann J, Ercole A, Hilel A, Kinyera L, Lange M, Lunde TM, Meni MJ, Ocampo
Osorio F, Premo AE, Sedlakova J, Vig P. (2026) Engineering framework for curiosity-
driven and humble Al in clinical decision support. BMJ Health Care Inform. 2026
March 23; 33(1):e101877. doi: 10.1136/bmjhci-2025-101877. PMID: 41871866.
https://informatics.bmj.com/content/bmjhci/33/1/e101877.full.pdf
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https://news.mit.edu/2026/creating-humble-ai-0324
https://informatics.bmj.com/content/bmjhci/33/1/e101877.full.pdf

104 Sjena Quinn https:// www.linkedin.com/in/siena-quinn-4b8573247

105

https://media.vogue.co.uk/photos/64464140a2d00f48b810db24/master/w_1600%2Cc
limit/rana_plaza_april23_Gettylmages540050828.j

106 The Rana Plaza Disaster Case Study (10 April 2014)
https://www.gov.uk/government/case-studies/the-rana-plaza-disaster

197 The award of the Nobel Prizes cited in this document leaves little doubt as to the
authenticity of the principles underlying SIMMS, if we assume that the Nobel Prize
perhaps serves an index of credibility in science. The latter is no longer true. The
credibility of the Nobel Prize organization was shattered in 2024 due to the disgraceful
FOMO (fear of missing out) in awarding the undeserved Nobel Prize in Physics, 2024,
for bogus, unproven, spurious and plagiarized work related to so-called machine
learning and artificial intelligence inventions. However, this was not the first time that
the Nobel Committee has shown sloppy understanding and poor judgement. The 2008
Nobel Prize in Chemistry, omitted and even failed to recognize the true “inventor” of
GFP (green fluorescent protein), who was no longer in academia at the time of the
award (Douglas Prasher — The Man Who Wasn’t There. Science. 13 February 2009.
https://www.science.org/content/article/man-who-wasnt-there). In non-science

matters the organization is vulnerable and questionable relative to the peace prize
fiasco www.nytimes.com/2025/03/24/us/politics/trump-nobel-peace-prize.html).
Having said that, I hasten to add that blaming the Nobel Committee, exclusively, is
perhaps unfair because plagiarism is a fact of life and in practice over the centuries by

iconic scientists who are venerated figures in the august halls of science and learning.
Howlett, Joseph (25 February 2026) “The Man Who Stole Infinity.” Quanta Magazine.
25 Feb 2026. https://www.quantamagazine.org/the-man-who-stole-infinity-20260225
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https://www.science.org/content/article/man-who-wasnt-there
http://www.nytimes.com/2025/03/24/us/politics/trump-nobel-peace-prize.html
https://www.quantamagazine.org/the-man-who-stole-infinity-20260225/

198 Agents of Global Change https://d-lab.mit.edu/ as well as https://shass.mit.edu/
There are an opulence of good intentions (e. g Alison Rufo at MIT working in Lake

https://www.instagram.com/reels/DR4wKnRj7gL/) but creating change is, often, just

lip service (lippenbekenntnis). Positive change is difficult, e.g., increasing volume of
global food waste despite the fact that ~2.3 bllhon people Suffer from food insecurity

and the number of people going hungry each day is increasing to approach 1 billion
(https:/mews.un.org/en/story/2025/10/1166108). In a world currently immersed in the
absence of empathy, it is important to re-discover timeless beacons of humanity which

has served civilization for centuries without pomp, self-aggrandizement or bombastic
marketing campaigns to peddle the ‘every child’ panacea (www.gatesfoundation.org/).
One example is the Fugger Foundation in Augsburg, DE. Jakob Fugger (1459-1525), a
benefactor of the Fuggerei established an account with 10,000 florins on behalf of his
deceased brothers Georg and Ulrich in the 16" century. 500 years later there are nine
Fugger Foundations which are still continuing the tradition of providing “assistance”

so that people can help themselves (https://www.fugger.de/en/foundations).
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https://blogs.worldbank.org/en/opendata/five-alarming-statistics-on-global-hunger
https://news.un.org/en/story/2025/10/1166108
http://www.gatesfoundation.org/
https://www.fugger.de/en/foundations
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The 500-year old Fugger Foundation is now planting new seeds for the next 500 years
(see www.fugger.de/en/press/start-of-construction-of-the-first-fuggerei-of-the-future).
Itis rooted in basic integrity, trust, ethics, science (BITES). It is devoid of stupidity,
such as selling sunlight on demand or sunlight as a service (www.reflectorbital.com).
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109 Note: Facets of science serving the “poor” may be mired in quagmire refers to the
concept of what science can do - which may be viewed differently between wealthy
nations and poor nations. One significant metric is to evaluate mathematics and
science related educational accomplishments of school students in nations, e.g., US,
where the scores are plummeting. The U.S. has spent ~$30 billion on laptops and
tablets in schools, since the dawn of the 21 century, accelerated by behemoths
interested in increasing sales of information technology related products and services.
[Rogelberg, Sasha (2026) American Schools Weren’t Broken until Silicon Valley Used a
Lie to Convince Them They Were - Now Reading and Math Scores Are Plummeting.
Fortune. March 1, 2026. https://fortune.com/2026/03/01/american-schools-broken-
silicon-valley-edtech-gen-z-test-scores/]. A quarter century later there is evidence of

cognitive decline in children, i.e., GenZ versus the cognitive abilities of their parents.
[Angel Benegas Orrego (2 March 2026) Life in the Endless Scroll: What We’re Losing.
Medscape. https://www.medscape.com/viewarticle/life-endless-scroll-what-were-

losing-2026a100050d]. The “poor” nations, unable to spend resources to purchase

information technology products may wish to view this “computer delusion” as a
blessing. [Todd Oppenheimer (1997) The Computer Delusion. July 1997. The Atlantic.
https://www.theatlantic.com/magazine/archive/1997/07/the-computer-
delusion/376899/ and https://www.thetedkarchive.com/library/todd-oppenheimer-

the-computer-delusion.pdf]. Undeniably the “poor” in the poor nations are rich in

cognition. It may be almost poignant to point out that poverty may be shielding the
poor in poor nations from the march of unreason due to the artificial intelligence (AI)
tools being shoved down the throat of affluent nations in the name of productivity and
prosperity. Al is not about productivity but about sales of products and services. In
affluent nations parents leave toddlers with smartphones and iPads to entertain
themselves much to the chagrin of neuroscientists. In affluent nations “poor people”
may be identified as obese (unable to afford Wegovy, Ozempic, Ro) and with cognitive
impairment. In poor nations, poor people cannot afford FEWSH but are still cognitive
enough to master mathematics, if the opportunity for education was made available.

In 1996, school administrators in Mansfield, MA, had eliminated art, music, and
physical-education positions in favor of buying computers. Michael Bellino, an
electrical engineer at BU’s (Boston University’s) Center for Space Physics, appeared
before the Massachusetts Board of Education to protest. “The purpose of the schools
[is] to, as one teacher argues, ‘Teach carpentry, not hammer,’” he testified. “We need
to teach the whys and ways of the world. Tools come and tools go. Teaching our
children tools limits their knowledge to these tools and hence limits their futures.”

www.theatlantic.com/magazine/archive/1997/07/the-computer-delusion/376899/
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https://www.thetedkarchive.com/library/todd-oppenheimer-the-computer-delusion.pdf
http://www.theatlantic.com/magazine/archive/1997/07/the-computer-delusion/376899/

The evolution of intelligence may ignore artificial intelligence. [Isabelle C. Hau (2026)

Welcome to the Era of Relational Intelligence. Stanford Social Innovation Review 2026

https://ssir.org/articles/entry/era-of-relational-intelligence]. The “poor” in the poor

nations are perhaps richer in relational intelligence. However, is “intelligence” turning

out to be a poor choice of a word? Isn’t it a trite and hackneyed expression, by now?
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Comment from reviewer Dr Gérald Santucci related to ‘relational intelligence’

https://ensadfuture.org/gerald-santucci/

https://www.linkedin.com/in/geraldsantucci/

www.trustech-event.com/en/event/news/interview-gerald-santucci-ensa

education-new-society-association

I do support the vision provided by the Table (The Co-Evolution of Human and
Social Intelligence). It reminds me of the various facets of “information” e.g.,
information may be un-meaningful (a message) by the mere fact it exists or
not, cybernetic (a signal) by the need that it meets, semantic (a discourse) by
the technology that it contains, semiotic (a symbol) by any system of signs that
it reflects and, as it reflects the relations in society, relational by the meaning
it has for the person for whom - supplier or user - it is an object.

The economic history of industrial systems is the one of the slow rise of the
use of cybernetic information, then semantic information, then semiotic
information, and finally relational information, for an identical quantity of
energy. But by an increased use of semantic information, economic
development increases the quantity of energy consumed very rapidly and to
varying degrees from one country to another. In other words, the energy
consumed is more and more informed but the consumption of energy is more
and more significant. It is as if a mechanism was hindering the evolution of
social complexity towards an increased use of information. This mechanism
is the interdiction of the rise of information to its ultimate level (relational). In
other words, social innovation is blocked each time it creates the conditions
of wellbeing without generating a revenue stream. Only scarcity and
marketable products (and services) create value. Hence, the goal of industrial
systems is to channel the aspirations of humans towards new markets
through their behavior as consumers of cybernetic and semantic information,
and not as creators of relational information.
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110 “Nokia: From Paper Mill to Mobile Giant — The Untold Story of Evolution.” Substack
newsletter Inv131ble Founders, 10 September 2024

pioneer/

111 Prejudices linked to race, religion and riches are at the core of fractured society.
The latter manifests as global inequity in terms of freedom, rights and wealth
distribution. SIMMS is an attempt to “level the playing field” (viewed as reducing
information asymmetry with respect to BOU). The idiomatic expression (level playing
field) is applied to chess, because the so-called ‘game of kings’ can defy prejudices by
celebrating the intellectual prowess of winners, irrespective of their race, religion and
riches. “Chess is thought to have developed sometime in the 6" century in the Gupta
Empire in India, from where it spread across the Silk Roads both eastward and
westward. Played by people from the wealthiest and the poorest strata alike from the
Outer Hebrides to Samarkand, by the end of the first millennium it was popular across
Asia, Africa, and Europe. The history of chess is therefore deeply intertwined with
cross-cultural interaction. While most of this process took place through untraceable
chains of anonymous interactions, concrete encounters are also recorded. According
to a medieval tradition, the Abbasid caliph Hartn al-Rashid (circa 786-809 A.D.) gifted
a chess set to Charlemagne (circa 768-814 A.D.) upon his coronation as emperor in
801 A.D. In 13" century communal Florence, a Muslim traveler entered a contest
where he master-fully defeated two Italian “white” opponents while playing
blindfolded. Chess was also a potent tool of intercultural communication between
civilizations that had never been in direct contact before. The commander of the first
Portuguese expedition to Malacca in 1509 was playing chess when a Javan (Java,
Indonesia) came aboard his ship. The Javan immediately recognized the game, and
they started to discuss the different forms of the pieces, through which first contact
was established. Yet, despite its potential as a tool to facilitate cross-cultural
communication, previous scholars have primarily examined medieval chess to
understand how gameplay developed.” (Quote from paper by Krisztina Ilko)

Krisztina Ilko (2024) Chess and Race in the Global Middle Ages. Speculum 2024 vol 99,
issue 2, pages 480-540 https://www.journals.uchicago.edu/doi/10.1086/729294
appears in “Race, Race-Thinking, and Identity in the Global Middle Ages” Speculum
Volume 99, Number 2 (4/2024) https://www.journals.uchicago.edu/toc/spc/2024/99/2
https://www.cam.ac.uk/stories/medieval-chess-promoted-racial-harmony
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https://kabinews.com/nokia-corporation-full-story-from-finnish-paper-mill-to-5g-pioneer/
https://www.journals.uchicago.edu/doi/10.1086/729294
https://www.journals.uchicago.edu/toc/spc/2024/99/2
https://www.cam.ac.uk/stories/medieval-chess-promoted-racial-harmony

It begs to be noted that race thinking in the 215 century is darker than the dark ages:

C. L. Dancy and P. K. Saucier (2022) "AI and Blackness: Toward Moving Beyond Bias
and Representation,” in IEEE Transactions on Technology and Society, vol. 3, no. 1, pp.
31-40, March 2022, doi: 10.1109/TTS.2021.3125998. https://arxiv.org/pdf/2111.03687

112 Buolamwini, Joy (11" January 2022) Facing the Coded Gaze with Evocative Audits
and Algorithmic Audits. PhD thesis, MIT (Submitted in partial fulfillment of the
requirements for the degree of Doctor of Philosophy, MIT. February 2022)
https://dspace.mit.edu/handle/1721.1/143396

113 Banerjee, Abhijit and Duflo, Esther (2012) Poor economics. PublicAffairs.
https://www.nobelprize.org/prizes/economic-sciences/2019/summar
https://news.mit.edu/2019/esther-duflo-abhijit-banerjee-win-2019-nobel-prize-

economics-1014

https://paxmongolica.org/wp-content/uploads/2019/11/poor-economics-a-radical-

Sen, Amartya. (1999) Development As Freedom. 1st. ed. Knopf, 1999.
https://sen.scholars.harvard.edu/publications/development-freedom

https://www.nobelprize.org/prizes/economic-sciences/1998/sen/facts/

Mullainathan, Sendhil. and Eldar Shafir (2013) Scarcity: Why Having Too Little Means
so Much. First edition. Times Books Henry Holt and Company, 2013.

14 A, N. Kapanidis et al (2026) From sequence to function: Bridging single-molecule
kinetics and molecular diversity. Science 391, 458-465(2026).
DOI:10.1126/science.adv4503

115 Poverty is akin to the “800 1b. gorilla" myth but it is very much a reality, raised to
power infinity. Herculean efforts over the centuries did not dampen poverty’s march

of unreason https://www.povertyactionlab.org/. However, the 215 century, unlike
others, is immersed in a quagmire of false and fake approaches created by humans
www.povertyactionlab.org/blog/11-5-25/ai-social-good-evidence-informed-agenda

which are potent tools for publicity https://news.mit.edu/2026/new-j-pal-research-
policy-initiative-to-test-scale-ai-innovations-fight-poverty-0212 but low on purpose.

116 Alexander, Lynsey (2021) “4 Mobile Applications Elevating Farmers in Kenya.” The
Borgen Project, 26 Oct 2021. https://borgenproject.org/elevating-farmers-in-kenya/
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https://news.mit.edu/2019/esther-duflo-abhijit-banerjee-win-2019-nobel-prize-economics-1014
https://paxmongolica.org/wp-content/uploads/2019/11/poor-economics-a-radical-rethinking-of-the-way-to-fight-global-poverty-by-abhijit-v-banerjee-and-esther-duflo-pdf.pdf
https://paxmongolica.org/wp-content/uploads/2019/11/poor-economics-a-radical-rethinking-of-the-way-to-fight-global-poverty-by-abhijit-v-banerjee-and-esther-duflo-pdf.pdf
https://paxmongolica.org/wp-content/uploads/2019/11/poor-economics-a-radical-rethinking-of-the-way-to-fight-global-poverty-by-abhijit-v-banerjee-and-esther-duflo-pdf.pdf
https://sen.scholars.harvard.edu/publications/development-freedom
https://www.nobelprize.org/prizes/economic-sciences/1998/sen/facts/
https://www.harvardmagazine.com/sites/default/files/pdf/2015/05-pdfs/0515-38.pdf
https://www.povertyactionlab.org/
http://www.povertyactionlab.org/blog/11-5-25/ai-social-good-evidence-informed-agenda
https://news.mit.edu/2026/new-j-pal-research-policy-initiative-to-test-scale-ai-innovations-fight-poverty-0212
https://news.mit.edu/2026/new-j-pal-research-policy-initiative-to-test-scale-ai-innovations-fight-poverty-0212
https://borgenproject.org/elevating-farmers-in-kenya/

17 Abadi Ghadim, A. & D. J. Pannell (1999) A Conceptual Framework of Adoption of an
Agricultural Innovation. Agricultural Economics, vol. 21, no. 2, October 1999, pp. 145-
154. https://doi.org/10.1016/S0169-5150(99)00023-7

118 Stefanie Koperniak (2026) “MIT Open Learning Has Opened Doors I Never Imagined
Possible.” MIT News, MIT. 29 January 2026. https://news.mit.edu/2026/mit-open-

learning-opened-doors-i-never-imagined-possible-0129

119 E-Choupal Project (2000) https://www.ceew.in/sustainable-agriculture-

initiatives/e-choupal-initiative-case-study

120 Luo X, Zhu S, Song Z. (2023) Quantifying the Income-Increasing Effect of Digital
Agriculture: Take the New Agricultural Tools of Smartphone as an Example. Int J
Environ Res Public Health. 2023 Feb 10; 20(4):3127. doi: 10.3390/ijerph20043127.
https://pmc.ncbi.nlm.nih.gov/articles/PMC9959579/pdf/ijerph-20-03127.pdf

121 Arora, B., & Cummings, A. (2010). Reuters Market Light: Creating Efficient

Agriculture Markets in Rural India.
https://research.aston.ac.uk/en/publications/reuters-market-light-creating-efficient-

agriculture-markets-in-ru/ https://www.slideshare.net/slideshow/reuters-market-
light/5423236

122 Gouthon, M., Gouroubera, M. W., Tama-Imorou, C., & Moumouni-Moussa, 1. (2024).
Digital inequalities among smallholder farmers in Benin: Determinants of attitude,
material access, skills and usage. Information Development, 0 (0).
https://doi.org/10.1177/02666669241280411 and
https://www.interesjournals.org/articles/impact-of-ict-use-on-access-to-markets-of-

pineapple-smallholder-farmers-in-benin.pdf
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https://www.slideshare.net/slideshow/reuters-market-light/5423236
https://www.slideshare.net/slideshow/reuters-market-light/5423236
https://doi.org/10.1177/02666669241280411
https://www.interesjournals.org/articles/impact-of-ict-use-on-access-to-markets-of-pineapple-smallholder-farmers-in-benin.pdf
https://www.interesjournals.org/articles/impact-of-ict-use-on-access-to-markets-of-pineapple-smallholder-farmers-in-benin.pdf

123 Pruitt ZM, Bocknek LS, Busog DNC, et al. (2023) Informing Healthcare Alarm Design
and Use: A Human Factors Cross-Industry Perspective. Patient Safety. 2023; 5(1):6-14.
do0i:10.33940/med/2023.3.1 https://patientsafetyj.com/api/v1/articles/73905-
informing-healthcare-alarm-design-and-use-a-human-factors-cross-industry-
perspective.pdf

Lee EK, Mejia AF, Senior T, Jose J. (2010) Improving Patient Safety through Medical
Alert Management: An Automated Decision Tool to Reduce Alert Fatigue. AMIA Annual
Symp Proc. 2010 November 13; 2010:417-21. PMID: 21347012; PMCID: PMC3041356.

https://pmc.ncbi.nlm.nih.gov/articles/PMC3041356/pdf/amia-
2010_sympproc_0417.pdf

124 Sam Ransbotham et al (2025) “The Emerging Agentic Enterprise: How Leaders Must
Navigate a New Age of AL.” MIT Sloan Management Review, November 2025.
https://sloanreview.mit.edu/projects/the-emerging-agentic-enterprise-how-leaders-

must-navigate-a-new-age-of-ai/ and

https://www.science.org/doi/10.1126/science.adz1697
Kristin Burnham (2026) How to Navigate the Age of Agentic Al. MIT

www.normaltech.ai/p/fact-checking-moravecs-paradox

https://mitsloan.mit.edu/ideas-made-to-matter/how-to-navigate-age-agentic-ai

125 Sen, Amartya (2010) The Idea of Justice. Harvard University Press paperback ed,
Belknap Press of Harvard University Press, 2011. ISBN 9780674060470
https://philosophy.fas.harvard.edu/publications/idea-justice

https://dutraeconomicus.wordpress.com/wp-content/uploads/2014/02/amartya-sen-
the-idea-of-justice-2009.pdf

126 Acemoglu, D. 2024 Simple Macroeconomics of Al
https://shapingwork.mit.edu/research/the-simple-macroeconomics-of-ai/

https://www.nobelprize.org/prizes/economic-sciences/2024/acemoglu/facts/

https://mitsloan.mit.edu/ideas-made-to-matter/a-new-look-economics-ai

www.hsgac.senate.gov/wp-content/uploads/Testimony-Acemoglu-2023-11-08.pdf

127 Stephan Rabanser, Sayash Kapoor, Peter Kirgis, Kangheng Liu, Saiteja Utpala, and
Arvind Narayanan (2026) Towards a Science of AI Agent Reliability.
arXiv:2602.16666v2 preprint as of February 24, 2026 https://arxiv.org/pdf/2602.16666
https://doi.org/10.48550/arXiv.2602.16666 & https://hal.cs.princeton.edu/reliability
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http://www.normaltech.ai/p/fact-checking-moravecs-paradox
https://mitsloan.mit.edu/ideas-made-to-matter/how-to-navigate-age-agentic-ai
https://philosophy.fas.harvard.edu/publications/idea-justice
https://dutraeconomicus.wordpress.com/wp-content/uploads/2014/02/amartya-sen-the-idea-of-justice-2009.pdf
https://dutraeconomicus.wordpress.com/wp-content/uploads/2014/02/amartya-sen-the-idea-of-justice-2009.pdf
https://shapingwork.mit.edu/research/the-simple-macroeconomics-of-ai/
https://www.nobelprize.org/prizes/economic-sciences/2024/acemoglu/facts/
https://mitsloan.mit.edu/ideas-made-to-matter/a-new-look-economics-ai
http://www.hsgac.senate.gov/wp-content/uploads/Testimony-Acemoglu-2023-11-08.pdf
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128 Caution: “Agents in this approach (section 2) are “Al agents” but without the hype.”

This reference/note continues for 20 pages. The role of some form an agent system or
“agency” may be necessary for SIMMS decision tool to collect, analyze and evaluate
the data, determine relevant data, process some type of data fusion (with pre-existing
data?) and (hopefully) stitch the data into plausible actionable information to support
humans at the point of use. Hence, the cartoon in section 2 could be central to billions
of users (BOU) who are trying to benefit from the SIMMS decision tool.

Therefore, it is necessary to digress and elaborate about (real) agents in an attempt to
separate facts about software agents from the fiction of “agentic AI” which eludes logic
and sanity with its march of unreason. The Al panacea, FOMO and hype has infected
august institutions and credible efforts by scaling the Al propaganda to reach new
heights of absurdity, e.g., to fight poverty, as promoted by the MIT Poverty Action Lab
(J-PAL) endeavor PAIE - Project Al Evidence https://news.mit.edu/2026/new-j-pal-

research-policy-initiative-to-test-scale-ai-innovations-fight-poverty-0212
https://www.povertyactionlab.org/initiative/project-ai-evidence-paie

“Al agents” are currently a corporate buzz word for marketing the myth of human-
level “intelligence” in “AI” agents. Agents were conceived during the 20" century (early
years of the “Al” illusion). The (robust) ideas about useful software agents proposed by
Pattie Maes (https://www.media.mit.edu/people/pattie/overview/)

Katia Sycara (https://www.cs.cmu.edu/~sycara/)

H. Van Dyke Parunak (https://openreview.net/profile?id=~H._Van_Dyke_Parunak1) &
Eric Bonabeau (https://ieeexplore.ieee.org/author/37275947800) extended the

metaphor of insects learning to accomplish defined tasks (small units, specific tasks,

bite size jobs, working as a groups or “agencies”, collective knowledge, i.e. swarms).
Eric Bonabeau, Marco Dorigo, and Guy Theraulaz (1999) Swarm Intelligence: From
Natural to Artificial Systems. Oxford Academic Press, OUP. New York, 1999.
https://doi.org/10.1093/0s0/9780195131581.001.0001

Download the book from https://s3.amazonaws.com/arena-
attachments/600989/985fd31a26bedfda84c32ab5f7d38df3.pdf

H. Van Dyke Parunak (2026) Insects and Agents: Extending the Metaphor in The 26th
International Workshop on Multi-Agent-Based Simulation (see cartoon in section 2)
https://openreview.net/pdf?id=W3ls7aYphi
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https://www.media.mit.edu/people/pattie/overview/
https://www.cs.cmu.edu/%7Esycara/
https://openreview.net/profile?id=%7EH._Van_Dyke_Parunak1
https://ieeexplore.ieee.org/author/37275947800
https://doi.org/10.1093/oso/9780195131581.001.0001
https://s3.amazonaws.com/arena-attachments/600989/985fd31a26bedfda84c32ab5f7d38df3.pdf
https://s3.amazonaws.com/arena-attachments/600989/985fd31a26bedfda84c32ab5f7d38df3.pdf
https://openreview.net/pdf?id=W3ls7aYphi

One seminal observation about the current state of propaganda about Al obfuscation
was made by Daron Acemoglu who suggested the term “machine usefulness” rather
than the drivel about intelligence in Al and the “cognitive capabilities” of Al agents.
Daron Acemoglu (2024) Al is “Machine Usefulness”
https://dspace.mit.edu/handle/1721.1/155442

Daron Acemoglu

https://economics.mit.edu/people/faculty/daron-acemoglu

https://mitsloan.mit.edu/faculty/directory/daron-acemoglu

https://www.nobelprize.org/prizes/economic-sciences/2024/summar

Predicted by Daron Acemoglu

https://mitsloan.mit.edu/ideas-made-to-matter/a-new-look-economics-ai

https://shapingwork.mit.edu/research/the-simple-macroeconomics-of-ai/

https://www.nobelprize.org/prizes/economic-sciences/2024/summar

(MIT Report) "95% of generative Al pilots at companies are failing."
https://mlg.ai/media/quarterly_decks/v0.1_State_of_AI_in_Business_2025_Report.pdf

https://manda.media.mit.edu/

https://fortune.com/2025/08/18/mit-report-95-percent-generative-ai-pilots-at-companies-

failing-cfo/

Cal Newport (2025) Why Al didn’t transform our lives in 2025
https://www.newyorker.com/culture/2025-in-review/why-ai-didnt-transform-our-
lives-in-2025

https://timesofindia-indiatimes-

com.cdn.ampproject.org/c/s/timesofindia.indiatimes.com/technology/tech-

Schrage, Michael and Kiron, David (16 January 2025) Philosophy Eats AI. MIT Sloan

Management Review. https://shop.sloanreview.mit.edu/philosophy-eats-ai

Walsh, Dylan (21 January 2025) A New Look at the Economics of AI. MIT Sloan. 21
Jan 2025. https://mitsloan.mit.edu/ideas-made-to-matter/a-new-look-economics-ai
McLaughlin, Laurianne (12 November 2025) “Agentic Al: Nine Essential

Questions.” MIT Sloan Management Review. 12 November 2025.

https://sloanreview.mit.edu/article/agentic-ai-nine-essential-questions/

Stackpole, Beth (18 February 2026) Agentic Al, Explained. MIT Sloan. 18 Feb 2026.
https://mitsloan.mit.edu/ideas-made-to-matter/agentic-ai-explained.

Walsh, Dylan (24 February 2026) 5 ‘Heavy Lifts’ of Deploying AI Agents. MIT Sloan. 026.
https://mitsloan.mit.edu/ideas-made-to-matter/5-heavy-lifts-deploying-ai-agents
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https://nanda.media.mit.edu/
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https://www.newyorker.com/culture/2025-in-review/why-ai-didnt-transform-our-lives-in-2025
https://www.newyorker.com/culture/2025-in-review/why-ai-didnt-transform-our-lives-in-2025
https://timesofindia-indiatimes-com.cdn.ampproject.org/c/s/timesofindia.indiatimes.com/technology/tech-news/openai-ceo-sam-altman-just-publicly-admitted-that-ai-agents-are-becoming-a-problem-says-ai-models-are-beginning-to-find-/amp_articleshow/126215397.cms
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https://shop.sloanreview.mit.edu/philosophy-eats-ai
https://mitsloan.mit.edu/ideas-made-to-matter/a-new-look-economics-ai
https://sloanreview.mit.edu/article/agentic-ai-nine-essential-questions/
https://mitsloan.mit.edu/ideas-made-to-matter/agentic-ai-explained
https://mitsloan.mit.edu/ideas-made-to-matter/5-heavy-lifts-deploying-ai-agents

Sketchy summaries about agents, Al and facts about why Al lacks “intelligence” may
be found here (with ample supporting evidence cited in the list of references):
Datta, S. (2001) Agents: Where Artificial Intelligence Meets Natural Stupidity
http://dspace.mit.edu/handle/1721.1/41914

Datta, S. (2016) Intelligence in Al https://arxiv.org/ftp/arxiv/papers/1610/1610.07862.pdf
Datta, S. (2017) “Prescription for Profit” Journal of Innovation Management 5, 2 (2017) 3-7
http://hdl.handle.net/10216/105431 https://repositorio-
aberto.up.pt/bitstream/10216/105431/2/200962.pdf

MIT Library https://dspace.mit.edu/handle/1721.1/108000

MIT Library https://dspace.mit.edu/handle/1721.1/140791

Datta, S. (2022) Digital Twin Meets Digital Cousin (please see DT-2024 and DT-2025)
WWwWw.preprints.org/manuscript/202411.1638

MIT Library https://dspace.mit.edu/handle/1721.1/140791

NIH NIBIB https://www.imagwiki.nibib.nih.gov/sites/default/files/Datta_DT-2024.pdf
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Artificial intelligence meets natural stupidity
Author Feay B LI

B R T1AET Lmfi ] i & Haghs 2 & Mt | ui

Published: &1 April 1976 Pusiicition 4 P Cogen o e

Drew McDermott https://www.cs.yale.edu/homes/dvim/

Drew McDermott https://onlinelibrary.wiley.com/doi/10.1002/aaai.12072
Drew McDermott https://direct.mit.edu/books/monograph/1824/Mind-and-Mechanism
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https://direct.mit.edu/books/monograph/1824/Mind-and-Mechanism

(Why) What may work for agents and BOU using the SIMMS decision software tool

The decade of general-purpose A.l. agents failed to emerge in 2025. Andrej Karpathy,
co-conspirator of the publicity machine OpenAl, left the company and started an A.I.
education project. Belatedly he described agents as “cognitively lacking” and said,
“It’s just not working.” Gary Marcus, a longtime critic of tech-industry hype, recently
wrote on his Substack that “AI Agents have, so far, mostly been a dud.” This gap
between prediction and reality matters. Fluent chatbots and reality-bending video
generators are gimmicks and cannot usher any instance where machines take over
human activities. The majority of A.I. companies are besotted with pecuniary greed.
They are unable to deliver broadly useful agents and are unable to deliver on their
promises of an Al powered future. It is time for Al charade to rest in peace and allow
reasonable use of logical software agents, e.g., the agents for SIMMS and other
purposes (for healthcare see “SOFT” https://dspace.mit.edu/handle/1721.1/152921).

The type of [AI] agents proposed and created by Pattie Maes at MIT CSAIL circa 1985,
Katia Sycara at CMU and H. Van Dyke Parunak, are specific purpose-driven, data-
gathering/data-informed, "discoverable" mobile units which may be transferrable
(think “air drop”) and may [collectively] support decision systems (e.g., SIMMS). Al
was and still is a misnomer but a very attractive buzz word bereft of "intelligence" in
any form because software lacks cognition and causality. Al is as dumb as "monkey
see, monkey do" (it can only “do” what a program/programmer has programmed)
irrespective of fake claims (the computer is as dumb as a door knob - Steve Jobs).

In a book chapter, elsewhere, I will include many more references (now available in a
zip folder on the MIT external drive - About LLMs and Wittgenstein.zip) as to why large
language models (LLMs) — one of the forces behind “intelligence” in “agentic AI” — are
merely language models bereft of knowledge and devoid of understanding (see below).

Language models cannot grasp semantics, yet. But, language models (ChatGPT) are
useful in searches for casual queries but are not consistent, reliable, and authentic.

Parshin Shojaee, Iman Mirzadeh, Keivan Alizadeh, Maxwell Horton, Samy Bengio and
Mehrdad Farajtabar (2025) The Illusion of Thinking: Understanding the Strengths and
Limitations of Reasoning Models via the Lens of Problem Complexity. Proceedings of
NeurlIPS https://arxiv.org/abs/2506.06941 and https://arxiv.org/pdf/2506.06941

Apple ML Research https://machinelearning.apple.com/research/illusion-of-thinking

Kimia Hamidieh, Veronika Thost, Walter Gerych, Mikhail Yurochkin and Marzyeh
Ghassemi (2026) Complementing Self-Consistency with Cross-Model Disagreement for
Uncertainty Quantification. ICLR 2026. https://openreview.net/pdf?id=100RJo8xWy
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Radiologists and large language models (LLMs) both struggle to discern real X-ray scans from
those generated by artificial intelligence. In a study that asked 17 radiologists about the
technical quality of a series of X-ray images, only 41% raised concerns that AI scans had
infiltrated the data. When asked to identify fake images, LLMs such as ChatGPT were only 57—
85% accurate. These Al-generated images could pollute the scientific literature or
compromise insurance claims, says radiologist and study co-author Mickael Tordjman. Such
images could also creep into the training data of AI models being used to read medical
imaging data, distorting their output.

E‘djman M, Yuce M, Ammar A, Huang M, Mihoubi Bouvier F, Lacroix M, Meribout A,.
Bolger I, Ozkaya E, Joshi H, Geahchan A, El Rahi R, Almansour H, Parihar AS, Horst C,
Ozturk S, Isleyen ME, Pamuk GG, Cimilli AT, Deyer T, Calinghen A, Guillo E, Husain R,
Laredo JD, Fayad ZA, Mei X, Taouli B. (2026) The Rise of Deepfake Medical Imaging:
Radiologists' Diagnostic Accuracy in Detecting ChatGPT-generated Radiographs.
Radiology. 2026 March; 318(3):€252094. doi: 10.1148/radiol.252094. PMID: 41874300.
https://doi.org/10.1148/radiol.252094 ; www.nature.com/articles/d41586-026-00892-3

e e R Hicks, Michael Townsen, Humphries,
A James and Slater, Joe (2024) ChatGPT is
bullshit. Ethics and Information
Technology, Volume 26, Issue 2 (June

2024) https://doi.org/10.1007/s10676-
Wil Totwmand Hlcka’ O e Haraehilas' © Jos S8aie ' 024-09775-5

ChatGPT is bullshit
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Expecting LLMs to morph into or eventually become "knowledge models" is a fool's
errand unsupported by the mathematics which is at the base of AI/ML. Also, an useful
analogy comes from Wittgenstein’s rule-following problem/paradox - repeating a rule
is not the same as grasping it or applying it in the semantic context. Al can recite
instructions (why “auto”coding is a useful and powerful outcome of Al) until the
context demands thinking, judgment, adjudication or anastomosis of ideas (cognitive
abilities). Then Al recital collapses to irrelevance (hallucinates). Al in LLM “thinking” is
closer to karaoke than to musicianship - AI LLM can carry the tune while the backup
track is simple. LLMs are lost in the middle and in between (Fig 1 in "Lost in the
Middle" https://cs.stanford.edu/~nfliu/papers/lost-in-the-middle.arxiv2023.pdf).

Messy, real-world data and tasks are laced with uncertainty. Such data is rarely used
to test LLM models. Failure rate is high and trust/safety is very low (e.g., in healthcare)
because published research results can be false. LLMs unconditionally "hoover up"
(vacuum) text and other garbage on the internet. Thus, garbage is turned into fake
"gold" in the hands of LLM/AI (it is worse than garbage in and garbage out because
LLM/AI is turning tabloid fodder into veritable truth which could kill people). See
perspective here - https://www.ox.ac.uk/news/2023-11-20-large-language-models-

pose-risk-science-false-answers-says-oxford-study

The nail on the coffin of LLM's as "knowledge" models can be related to Wittgenstein’s
Language Games — context in syntax implying semantics (papers are in a zip folder on
the MIT external drive — Wittgenstein.zip). The latter (logic) falls flat in the rule-

following scenario (lack of sense, lacking the ability to "grasp") because the context in

a cognitive inflexion (e.g., if I said "what did you eat" at 12:30pm versus if it is 7:30pm)
is opaque or abstract for machine systems (AI) unless coded (programmed) as an
instruction set/sequence/cascade/relationship (www.jstor.org/stable/42968425). In a

quite different context, I addressed this issue (multiple meanings of a syntactical word
which are not sufficiently - digitally - dissected for their semantic relevance) in a paper
(circa 2005 - please see ESD WP 2007 version of my paper in the MIT Library using this
URL https://dspace.mit.edu/handle/1721.1/41902).

In the Al context — Stern's interpretations of Wittgenstein are noteworthy — explore:
https://www.cambridge.org/us/universitypress/subjects/philosophy/philosophy-

general-interest/wittgensteins-philosophical-investigations-introduction

The rule-following paradoxical paradigm is beyond the reach of Al:
https://www3.nd.edu/~jspeaks/courses/2007-8/93914/ HANDOUTS/kripkenstein.pdf
(Perhaps Alan Turing was influenced by this paradox while creating the Turing Test.)
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One wonders if Wittgenstein was aware of the work related to pattern recognition in

social and behavioral science by non-humans (animals, birds, etc.). It is known that

birds, ducks, chickens can imprint on people they encounter when they are born or

"first" open their eyes or something very close to the "first" sensual moments in these

animals. These newborn animals can recognize patterns (someone walking, shapes,
colours) that stays with them (for the rest of their life?). This pattern
recognition event during the "clean slate" status in the animal brain is a "learning"

experience, albeit primordial, primeval, primitive. Nothing in the known domain of

machine learning or so-called Al is capable of copying even that baseline "learning"

without being taught (coded, programmed). Research on animal imprinting was
rewarded with the 1973 Nobel Prize
(https://www.nobelprize.org/prizes/medicine/1973/summary/). Informed people think
that this idea may have started with a Swedish children's tale in the 1900's (The
Wonderful Adventures of Nils https://www.gutenberg.org/ebooks/10935) by the
Swedish author Selma Ottilia Lovisa Lagerlof who received the 1909 Nobel Prize for
Literature (https://www.nobelprize.org/prizes/literature/1909/lagerlof/facts/).

THE WONDERFUL

ADVENTURES OF

NILS

SELMA LAGERLOE
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Linguist Noam Chomsky (MIT) and education pioneer Jean Piaget debated (in the
1960's at the Sorbonne, Paris) whether learning is innate (Chomsky) or whether itis an
outcome of being taught (Piaget). What would be the case for birds, ducks, chickens?
Imprinting is a form of learning (I think we have to accept that fact) but is the state of
pattern recognition innate or is pattern recognition is a learned event? Are "brains"
born with the ability to recognize patterns? Once we recognize a pattern, of course, the
pattern we recognize happens due to learning and cognition. But, why do we learn to
recognize patterns? Is "patterning" an intrinsic property of neurons, neural networks
and neural architecture even in primitive (under-developed) brains? We now know
that the brain-less single-celled protozoa S. coeruleus is capable of Pavlovian learning.

Doan, Nhi, Austen Theroux, Tejas Ramdas, Samuel J. Gershman (2026) “Associative
Learning in the Protozoan Stentor coeruleus.” 25 February 2026. Cell Biology.
https://doi.org/10.64898/2026.02.25.708045
https://www.biorxiv.org/content/10.64898/2026.02.25.708045v1.full.pdf

https://www.newscientist.com/article/2519284-single-celled-organism-with-no-brain-

is-capable-of-pavlovian-learning/

Rajan D, Makushok T, Kalish A, Acuna L, Bonville A, Correa Almanza K, Garibay B,
Tang E, Voss M, Lin A, Barlow K, Harrigan P, Slabodnick MM, Marshall WF. (2023)
Single-cell analysis of habituation in Stentor coeruleus. Current Biology 2023
January 23; 33(2) 241-251.e4. d01 10.1016/j.cub.2022.11.010 PMID: 36435177

Can this justify Noam Chomsky's argument for the "innate"” nature of learning? Can
this "innate" form of learning (e.g., thinking of thoughts that has never been thought,
before) a part of natural evolution — perhaps in the neuron-astrocyte networks in the
context of associative memory that the brain (any brain with a neural network?) may
possess as its natural (evolutionary) property. The latter may not be (amenable to)
mathematically transformed into portable equations or copied to make sense in any
binary logic format for knowledge representation in machine readable context. See
www.pnas.org/doi/epub/10.1073/pnas.2417788122. Note that this neuron-astrocyte
network was usurped by John Hopfield (Hopfield networks) and Geoffrey Hinton for

their undeserved Nobel Prize in Physics, 2024 (fake claims in a committee of errors).

These unanswered questions about learning is far from human comprehension (even
for Tomaso Poggio https://poggio-lab.mit.edu/people/tomaso-poggio/). It could be
foolhardy for any sane person possessing rational logic to consider that human-made

machines and human-coded software for Al can possess intelligence (in its traditional
sense) even if it were reduced to the level of birds, ducks, chickens, or even worms,
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e.g., Caenorhabditis elegans, which manages very well with ~700 neurons and neural
responses using an electro-chemical gradient as information-informed triggers for its
actions/actuations. We know every neuron in C. elegans (Robert Horovitz, MIT (2002);
Victor Ambros and Gary Ruvkun (2024) at MGH)
https://www.nobelprize.org/prizes/medicine/2002/summar
https://www.nobelprize.org/prizes/medicine/2024/summar

Caenorhabditis elegans review by six Nobel Prize winners:

Ambros VR, Chalfie M, Daul AL, Fire AZ, Hall DH, Horvitz HR, Mello CC, Ruvkun G,
Schroeder NE, Sternberg PW, Rougvie AE. (2025) From nematode to Nobel: How
community-shared resources fueled the rise of Caenorhabditis elegans as a research
organism. Proc National Academy Sci U S A. 2025 December 2; 1 22(48):2522808122
doi: 10.1073/pnas.2522808122. PMID: 41284858; PMCID: PMC12685049.
https://pmc.ncbi.nlm.nih.gov/articles/PMC12685049/pdf/pnas.202522808.pdf

EXAMPLE: what actually happens “under the hood” using LLM search engines

This example was performed using LLM engines under the brand "Claude". In the
name of Al, Claude uses keyword search - where the ‘input’ string (words used to
search/sentence) are “matched” (with what — material “hoovered up” from the internet
and stored as, unreliable, LLMs). A cursory look at “references” will reveal keywords
which overlap in multiple publications - in other words - the outcome lists references
where authors, titles, journals, do not match. Not surprising, if you are fishing for
words by relevance! That's the "search" outcome from the “Claude” store of LLMs.

If you ask where is the Al, don’t hold your breath. This "search" performed by “Al
Claude” is a version of the common technique known as "nearest neighbour (NN)
search" where keywords are used to search for "word association" or “close” to other
"relevant" words (in the LLM jungle). The so called Al-algorithm pulls out everything
"relevant" and serves you a "formatted" version ("schema") as if it is a reference (MLA
or APA). In other words, it can be rubbish or correct by chance, for a few instances.
This is a non-discriminate practice that Al has "learned" and fills an empty “shell”
(software) with the extracted rubbish which then looks like a "reference" (APA/MLA).
The formatting of bullet points and paragraphs which sounds like sentences are
"shells" created from other papers/chapters/publications "extracted" by LLMs. That’s
all for “Al Claude” search. This NN search is a 1,000 year old technique (see exact
quote and reference below) but re-branded, re-buzzed and re-broadcasted as "AI".
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From unpublished DT-2024 on page 88 https://dspace.mit.edu/handle/1721.1/140791

So, what is new? Not ANN from ~100 years ago but even older NN, from 1,000
years ago is the new “new” under the “hood” of GPT-4 (see reference below - [i])
and generative AI. We find principles of NN - nearest neighbor - analysis (k-
nearest neighbor algorithms used in data mining) as “intelligence” in generative
Al / ChatGPT. Nearest neighbor (NN) classification appears in Alhazen’s Book of
Optics and it is due to Al-Khalili's work, circa 1011A.D. to 1021A.D. (see ref [ii]).
[i] Martinez, Eric (2023) Re-Evaluating GPT-4's Bar Exam Performance (05-08-23)
http://dx.doi.org/10.2139/ssrn.4441311
https://saxelab.mit.edu/people/eric-martinez

[ii] George H. Chen and Devavrat Shah (2018) “Explaining the Success of Nearest
Neighbor Methods in Prediction” (May 31, 2018) Foundations and Trends in
Machine Learning. ISBN 978- 1680834543
https://devavrat.mit.edu/wp-content/uploads/2018/03/nn_survey.pdf

i | o2 natEw comyieicleas a1 ABG-00G linE -

The intelligence illusion: why Al isn't as smart as it is made out to be

Whois being deceived?

The general public, by the technology companies and organizations that
benefit from the hype around Al These companies are ina race 1o
develop the technology and are incentivized to promote the idea of
human-like artificial general intelligence to secure funding and market
dominance. Members of the scientific community, particularly those who
are not directly involved in the race for Al funding, acknowledge the
reality that Al is a set of specialized tools, rather thian a unified intelligent
entity, This distinction is crucial, but it is blurred by commercial interests
that amplify the illusion for monetary gain.

Luc Julia (14 April 2026) "The Al Illusion" Wiley. ISBN-13 978-1394412174
https://www.amazon.com/Al-Illusion-Machines-Arent-Creative/dp/1394412177
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LLM’s tsunami of fake citation pollution machines are brute force regurgitation and
roughshoding of venerable methods which harness thousands of years of scholarship
and erudition but transmogrified and twisted to be trite, trivial, tetchy and troubling
drivel. Nearest neighbor (NN) concept is ~1,000 years old (discussed in the preceding
pages) and context-sensitive (context-aware) lexing is ~2,500 years old rule from
Sanskrit grammar (discussed in the next few pages).

HOW FAKES CAN LOOK REAL

This citation, generated by Al as part of a 2025 study, looks
plausible even though it points to research that doesn't exist.

The first author has The co-authors The authors have
published research on have published published papers with
single-sesslon papers with the some of the same
Interventions for first author. words in the titles,
teenage mental health, l

Schleider, J. L.,|| Abel, M. R., & Weisz, J. R.|(2022).

Single-session interventions for mental health:
Current status and future directions.

Annual Review of Clinical Psychology, | 18, 351-378. ‘ *\

https://doi.org/10.1146/annurev-clinpsy-081219-102012 J

e ——_ 2 . N _"II._'
/

Although the DOI doesn't point to any The pages listed are plausible
publication, It begins in the same way as for the volume, and the volume
DOIs for other papers in this journal. Is plausible for 2022.

NELLTE

Naddaf, Miryam, and Elizabeth Quill (01 April 2026) “Hallucinated Citations Are
Polluting the Scientific Literature. What Can Be Done?” Nature, vol. 652, no. 8108,
April 2026, pp. 26-29 https://doi.org/10.1038/d41586-026-00969-z
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Hallucinated citations are polluting the scientific literature. What can be done?

The tithe in the citation resembilied that of s preprine: he hind posted in 2021 and never
published formally. but the journal was listed as Matare and the DOL - the unique identifier
assigned by publishers and preprint repositories - did not lesd to the original preprint. *1 got
very concerned.” adds Cabanac, who immediately suspected that the cltation had been
hallucinated by artificial mtelligence.

This is just one example of a rapidly growing problem, Surveysand related studies have
shown that sesearchers are increastoply tesimyg larye Lingeage maodels (LLMs) to helpto
conduct literature searches, write mamuscripts and format bibliographies. And sometimes,
these models generate non-existent peademic references.

Owverthe past vear, eiforts have begun turning up such
hallucinated citations in the literature. One analvsis of nearly
18,0040 papers sccepted by three computer scieiny conferences
found a sharp increase in references that connet be traced to
actual scholarly publications”, The results, reported in January,
Iindicated that L&Y of papers in 2025 had o least one potentially
hallucinated citation — up from about 03% in 2024, Another
analysls, released In February, estimated that 2-6% of papers in
four other 2025 computer-sclénce conferences included
references with rephrased titles or citatbons of publicatlons that
the authors couldn 't verify by searching through databases and journal archives®.

In using Claude, the fake references (gumbo of words, titles, doi and journal names)
that appeared, are a product of this great debacle which is detrimental on all counts.

Naddaf, Miryam, and Elizabeth Quill (01 April 2026) “Hallucinated Citations Are
Polluting the Scientific Literature. What Can Be Done?” Nature, vol. 652, no. 8108,
April 2026, pp. 26-29 https://doi.org/10.1038/d41586-026-00969-z
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Nearest neighbour (NN) methods are ~1,000 years old but the concept in NN is about
context-sensitive lexing (i.e., meaning of a sequence of characters/words depend on
its context) which is a rule-based grammar created ~2,500 years ago and still used in
the Sanskrit language.

These rules/methods are at the core of training in Al (neural net training) using LLMs,
for example, Claude and its ilk. Neural net training (so-called ANN AI) uses recursive
descent to produce a function. The outcome is an approximation and this is the heart
of the matter (approximation). That’s all there is to AIl. Choosing an approximation to
use (which answer, number, range) may be guided by rules or randomness. This is
where bias creeps into the selection process. The “selected” answer is presented as
output (multiple answers are likely). Recursive descent parser (advances from
compiler design) works with context-free grammar. Backus-Naur [ref 1a-1¢g in table,
below] form is a widely used metasyntax for context-free grammar. The concept is
traced to Panini [ref 2a-2b in table], Sanskrit grammarian (520-460 B.C.). Context-
sensitive lexing (meaning of a sequence of characters/words depend on its context)
may be computationally possible using Panini's rule-based grammar, decoded after
~2,500 years by a PhD student at the University of Cambridge [ref 3a-3b in table].

1 | Backus, J. W. (1959). "The syntax and semantics of the proposed international algebraic
language of the Zurich ACM-GAMM Conference". Proceedings of the International Conference on
Information Processing. UNESCO. pp. 125-132.
https://www.softwarepreservation.org/projects/ALGOL/paper/Backus-

Syntax_and_Semantics_of Proposed_IAL.pdf

1 | Naur, Peter (1961). "A course of ALGOL 60 programming with special reference to the DASK
b | ALGOL system" Copenhagen: Regnecentralen.
https://archive.computerhistory.org/resources/text/algol/ACM_Algol_bulletin/1064048/frontmatt

er.pdf

1 | Chomsky, Noam (1956). "Three models for the description of language". IRE Transactions on
Information Theory. 2 (3): 113-24. d0i:10.1109/TIT.1956.1056813. S2CID 19519474.
https://chomsky.info/wp-content/uploads/195609-.pdf
https://ieeexplore.ieee.org/document/1056813

1 | Chomsky, Noam (1957). Syntactic Structures. The Hague: Mouton.

d | https://tallinzen.net/media/readings/chomsky_syntactic_structures.pdf

Lees, R. B. (1957). [Review of Syntactic Structures, by N. Chomsky]. Language, 33(3), 375-408.
https://doi.org/10.2307/411160

1 | Knuth, Donald E. (1964). "Backus Normal Form vs. Backus Naur Form". Communications of the
ACM. 7 (12): 735-736. d0i:10.1145/355588.365140. S2CID 47537431
https://dl.acm.org/doi/pdf/10.1145/355588.365140

1 | Ingerman, P. Z. (1967). ""Panini Backus Form" suggested". Communications of the ACM. 10 (3):
f 137. doi:10.1145/363162.363165. S2CID 52817672.
https://dl.acm.org/doi/pdf/10.1145/363162.363165

1 | Recursive Descent - an Overview | ScienceDirect Topics.
g | https://www.sciencedirect.com/topics/computer-science/recursive-descent
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https://www.softwarepreservation.org/projects/ALGOL/paper/Backus-Syntax_and_Semantics_of_Proposed_IAL.pdf
https://archive.computerhistory.org/resources/text/algol/ACM_Algol_bulletin/1064048/frontmatter.pdf
https://archive.computerhistory.org/resources/text/algol/ACM_Algol_bulletin/1064048/frontmatter.pdf
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1109%2FTIT.1956.1056813
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:19519474
https://chomsky.info/wp-content/uploads/195609-.pdf
https://ieeexplore.ieee.org/document/1056813
https://tallinzen.net/media/readings/chomsky_syntactic_structures.pdf
https://doi.org/10.2307/411160
https://dl.acm.org/doi/pdf/10.1145/355588.365140
https://dl.acm.org/doi/pdf/10.1145/363162.363165
https://www.sciencedirect.com/topics/computer-science/recursive-descent

(table continued)

2a | JJ O'Connor and E F Robertson (2000) Panini. School of Mathematics and Statistics, University

of St Andrews, Scotland, UK. https://mathshistory.st-andrews.ac.uk/Biographies/Panini/

2b | Gerald Penn and Paul Kiparsky (2008) On Panini and the Generative Capacity of Contextualized
Replacement Systems. https://web.stanford.edu/~kiparsky/Papers/panini-1.pdf

3a | Rishi Rajpopat (15 December 2022) In Panini We Trust: Discovering the Algorithm for Rule
Conflict Resolution in the Astadhyayi.

University of Cambridge Repository. DOI: 10.17863/cam.80099
https://www.cam.ac.uk/system/files/rajpopat_phd_thesis_15_dec_2022.pdf

https://www.bbc.com/news/articles/cg3gw9v7jnvo

https://www.repository.cam.ac.uk/handle/1810/332654
https://www.cam.ac.uk/stories/solving-grammars-greatest-puzzle

https://phys.org/mews/2022-12-ancient-grammatical-puzzle-years.html

https://www.cambridge-news.co.uk/news/real-life/student-solves-sanskrit-
problem-25755865

3b | PA, Sam Russell, and Shane Jarvis. (2022) “Student Solves Sanskrit Grammatical Problem That
Puzzled Scholars for Centuries.” Wales Online, 15 December 2022. https://www.cambridge-

news.co.uk/news/real-life/student-solves-sanskrit-grammatical-problem-25755865

A zrammatical peablem that has perpleed scholars aines the Steoeesturg BG has hean aclead by a Cambricgs
Liniwarsity studant (20270 and canle resnlnticnize the stucky of Banskeit, ndizn @00 student RBishi Ba papsat, 77,
decncird & rale taught By Panini.

Parini's gramimar, Known a8 the dstachay, relizd an g systers that tuncticned liks as algarthm tofum the
hiaze and sty of & s inte gramenat cally corrsct words and sertennes, |inwever, ta nf mere of Faninis
rles citte app iy sinuJditanenusly, rasaiting in mile corthets, Panini, & masten ot the ancient Sansknit ngusge
v ~2, 300 vears agn. Bsnsked is 710 spaken i a by an estmated 25,000 penple ik of ~1.5 hkian).

Farini taught a "mectarule®, intorprocd v schelars sa: "in the cvert of 5 conflict botwecn tao ralzs of cqual
strength. the rule tat comse Leter in the grammer's scial orderwins® This ofter led to gremmatics Ly
incorreet resultE. Mr Rejpopat rejoctod th o traditional interpretation of the motarolz., Instead, he argucd that
Farini maeant that betaczn olos gpplieals te the left ard right sides of sword, respectively, Maring we mtod us
to choose the -ule applicabls to the right side. Emploving this istorpretacion, MrRajpoapst feund the Manini's
“langaage maching” prodused grammatically corrzot warcs with almost no cxceptions.

‘b cnn o dgge- rewa ook rewsdizal-liretsocensaolves-soake g ammatica -prallem-25733 863
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https://www.bbc.com/news/articles/cg3gw9v7jnvo
https://www.repository.cam.ac.uk/handle/1810/332654
https://www.cam.ac.uk/stories/solving-grammars-greatest-puzzle
https://phys.org/news/2022-12-ancient-grammatical-puzzle-years.html
https://www.cambridge-news.co.uk/news/real-life/student-solves-sanskrit-grammatical-problem-25755865
https://www.cambridge-news.co.uk/news/real-life/student-solves-sanskrit-grammatical-problem-25755865
https://www.cambridge-news.co.uk/news/real-life/student-solves-sanskrit-grammatical-problem-25755865
https://www.cambridge-news.co.uk/news/real-life/student-solves-sanskrit-grammatical-problem-25755865

Billions of impecunious users of SIMMS software deserve an honest approach rather
than the quagmire of what can or cannot be trusted if Al is used (it will be double-
Dutch to BOU). It may be a tetchy topic with the titans of the tech industry but any
association between SIMMS tool and the US-led industry-peddled “Al chatbots” must
be an anathema for BOU in less affluent (AA) nations. The vitriolic bias that appears to
have seeped into LLMs makes Al untrustworthy (for BOU to use Al tools). The latter is
a mechanism for BOU to avoid being subjected to Al malice, unbeknownst to the user.

== | aEl i edus 2O AUk - sl e PPy - prrawstle - less g runate- nliasma b oo sul e bibe ey 02 15

Large language models (LLMs) have been championed as toaols that could
democratize access to information worldwide, offering knowledge in a usatr-
friendly interface regardless of a person's background or location. However,
raw research fraom MIT's Centear for Constructive Communication (CCC)
suggests these artihoal intelligence systems may actually perform worse for
the very users who could most benefit from them.

A study conducted by researchers at CCC, which is based at the MIT Meadia
Lab, found that state-of-the-art Al chatbots — including OpenAl's GPT-4,
Anthropic's Claude 3 Opus, and Msta's Llama 3 — sometimes provide less-
accurate and less-truthlul responses to users who have lower Enaglish
proficiency, less formal education, ar whe onginate from cutside the United
States. The models also refuse lo answer questions at hugher rates for these
usars, and in some cases, respond with condescending or patronizing

language.

Poole-Dayan, Elinor, Deb Roy and Jad Kabbara (6 November 2025) “LLM Targeted
Underperformance Disproportionately Impacts Vulnerable Users.” arXiv:2406.17737
https://doi.org/10.48550/arXiv.2406.17737 and https://arxiv.org/pdf/2406.17737

LLM Targeted Underperformance Disproportionately Impacts Vulnerahle Users
Elinor Peale-Uayan, Beh Hoy, Jad Kabbhara

Melawancitmmpty dystinome of Techmodogy
elivmirpad ¥ mal. ok
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Perhaps for affluent nations and a certain class (caste? demographics?) of users, Al
may be a splendid tool (occasionally?). The expectation from Al must be screened as a
“humble helper” (not oracle or “khoja”) in a decision support capacity for humans-in-
the-loop receiving suggestions (There’s an Al for That https://theresanaiforthat.com)
(https://informatics.bmj.com/content/bmjhci/33/1/e101877.full.pdf). The latter may be
useful to guide decision support if Al tools are applicable (for non-critical scenarios).
Cai, Alice, et al. (2026) Where Can AI Be Used? Insights from a Deep Ontology of
Work Activities. https://arxiv.org/abs/2603.20619v1; https://arxiv.org/pdf/2603.20619

Al approximations (biased or not) based on principles of mathematics are created by
humans with intelligence but approximations are neither intelligent nor intelligence.
Al can provide some numbers but not the answers. In Why Machines Learn author
Anil Ananthaswamy (https://anilananthaswamy.com/) unleashes the mathematics
which exposes and explains that Al puffery about intelligence in Al conceals centuries
old mathematics, which fuels the approximations. By nature, approximations are
error prone because the model leading to the approximation may be built with a few
approximations (or corrupted data?). The cumulative errors could make the outcome
(data, information) false (one reason why Al is known to lie and hallucinate). Those
involved with implementing applications of Al must understand what Al can or cannot
do and learn to know how to understand the difference (see AI Snake Oil by Arvind
Narayanan and Sayash Kapoor, Princeton University).
https://press.princeton.edu/books/hardcover/9780691249131/ai-snake-oil and also

this talk https://www.cs.princeton.edu/~arvindn/talks/MIT-STS-AI-snakeoil.pdf plus

the news www.theguardian.com/business/2025/oct/12/ai-workslop-us-emplovees

"Never attribute to malice that which can be explained by stupidity.”
Arthur Bloch (1980)

Murphy's Law Book Two: More Reasons Why Things Go Wrong!
https://www.worldofbooks.com/products/murphy-s-law-and-other-
reasons-why-things-go-wrong-book-arthur-bloch-9780417064505

Steve Holland (21 January 2025) Trump announces private-sector $500

billion investment in Al infrastructure. Reuters News.

www.reuters.com/technology/artificial-intelligence/trump-announce-

private-sector-ai-infrastructure-investment-cbs-reports-2025-01-21/
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https://arxiv.org/abs/2603.20619v1
https://arxiv.org/pdf/2603.20619
https://anilananthaswamy.com/
https://press.princeton.edu/books/hardcover/9780691249131/ai-snake-oil
https://www.cs.princeton.edu/%7Earvindn/talks/MIT-STS-AI-snakeoil.pdf
http://www.theguardian.com/business/2025/oct/12/ai-workslop-us-employees
https://en.wikipedia.org/wiki/Arthur_Bloch
https://archive.org/details/murphyslawbooktw00bloc
https://www.worldofbooks.com/products/murphy-s-law-and-other-reasons-why-things-go-wrong-book-arthur-bloch-9780417064505
https://www.worldofbooks.com/products/murphy-s-law-and-other-reasons-why-things-go-wrong-book-arthur-bloch-9780417064505
http://www.reuters.com/technology/artificial-intelligence/trump-announce-private-sector-ai-infrastructure-investment-cbs-reports-2025-01-21/
http://www.reuters.com/technology/artificial-intelligence/trump-announce-private-sector-ai-infrastructure-investment-cbs-reports-2025-01-21/

CAUTION: What “not to do” for BOU/SIMMS if considering use of (Al) agents. Why
Al fails in the real world? Will it continue to fail when dealing with uncertainty?

Neither unreasonable nor unjustified to point a finger at POMDP (partially observable
Markov decision processes) used in modeling two-agent problems. Let us explore how
POMDP can still proceed with gusto yet the model builds a house of cards. In this
example (from Powell, 2022), the POMDP model is using the context of flu mitigation
but the controlling agent (health agency) did not know infection levels or transmission
rates. The model assumes there is an unknown true state capturing the values of these
parameters (state in agent) and the assumed distribution (error rates in distribution?)
of these parameters are updated as new observations (data) arrive [Bonamente, M.
(2017) Three Fundamental Distributions: Binomial, Gaussian, and Poisson. In:
Statistics and Analysis of Scientific Data. Graduate Texts in Physics. Springer, New
York, NY. https://doi.org/10.1007/978-1-4939-6572-4_3].

An application of Bayes theorem (cartoon, below) produces the transition function for
the belief distribution. This feeds in a Markov decision process where the application
of Bellman’s equation (equation based model with prior assumptions and standards
based on beliefs and/or distributions which are frequently assumed to be normal) will
generate an optimal policy for treatment decisions.

This 1965 method (POMDP) generated over 6,000 papers, published in 2025 alone. The
assumption that the agent knows the “process” (function created about disease
transmission) and its application to “flu” (strains? virulence?) should disqualify this
generic model application for any rational use, in any context of health / healthcare.
The “process” (of disease transmission) are conditional probabilities which are

2 ¢

approximations of approximations (“process” “probably” functions in this manner).
Assumptions, approximations, and arbitrary distribution of probabilities are created
as an equation based “model” (POMDP) which is the bread and butter of the this two-
agent application. It is still used wherever a “two agent” model is needed, irrespective
of context or semantics of the context (which could change immensely if using the two-
agent model is used for different diseases, different verticals, different demographics).

If this is packaged under as an “agentic AI” solution, is there any doubt why Al fails in
the real world and why it will continue to fail when we are dealing with uncertainty.
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Butler, Declan (2013) When Google got flu wrong. Nature. 2013 February 13; vol 494,
no. 7436, pp.155-156 https://doi.org/10.1038/494155a PMID: 23407515.

Why do so many
healthcare Al
companies with
genuinely impressive
technology fail to
reach the patients
who need it?

Powell, Warren B.(2022) Reinforcement Learning and Stochastic Optimization: A
Unified Framework for Sequential Decisions. Wiley, 2022. Cartoon of POMDP from
Ch. 20 - Multiagent Modeling & Learning https://doi.org/10.1002/9781119815068.ch20
Cartoon shows an application of Bayes Theorem with respect to POMDP application.
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Marvin Minsky Elon ]

-(1967) (2024)

lusk

“Within a generation ... “Al will probably be
the problem of creating smarter than the smartest
“artificial intelligence” human by next vear

will substantially be sabved.” within bwo vears,”

Marvin Minsks Elon Musk

Quote Source for Marvin Minsky — Massachusetts Institute of Technology (MIT DSpace)

Quote Source for Elon Musk - https://www.reuters.com/technology/teslas-musk-

redicts-ai-will-be-smarter-than-smartest-human-next-vear-2024-04-08

Other Quotes https://web.eecs.umich.edu/~kuipers/opinions/Al-progress.html
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senall mueribey of strutegic Al platforms. Beneuth the record headiine numbyers,
the quarter reveuled a more uneven reality: extreme conceniration ot the top,
fragile breadth underneath, and @ crypio recovery that remained selective
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Executive Summary

o Celobul venture Tending i () 2000 redet the scale of “recond quarters”,
renching roughly S300bn across about /000 fended companies, with
lake=atighe and technobngty growth iounds doing mdst of the workc

Al capuured the clear mugoriey of Gipital: Crunchbase estimates rougdhly
2420, around BU% of the guarter’s total, wup materially froim Al's shane a
witir wirller.

#» The queertor reinforced o bl strocture; unpreceilented cagpritisl pooby
Tour @ few ghohally strategie plocforms while broader deal counts remained
rmuted and fundrazng conditions for most funds stayed wesk

Howard, Philip K. (1994) The Death of Common Sense: How Law Is Suffocating
America. Random House, 1994. https://www.philipkhoward.com/the-death-of-
common-sense & https:// www.beyondintractability.org/bksum/howard-death
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129 Apoorv Gupta, Jacopo Ponticelli and Andrea Tesei (2020) Language Barriers,
Technology Adoption and Productivity: Evidence from Agriculture in India. NBER
Working Papers 27192, National Bureau of Economic Research, Cambridge, MA.
https://ideas.repec.org/p/nbr/nberwo/27192.html &
https://www.nber.org/system/files/working_papers/w27192/w27192.pdf
Mdoda, L., Christian, M. & Agbugba, 1. (2024) Use of Information Systems (Mobile
Phone App) for Enhancing Smallholder Farmers’ Productivity in Eastern Cape

Province, South Africa: Implications on Food Security. J Knowl Econ 15, 1993-2009
(2024). https://doi.org/10.1007/s13132-023-01212-0
https://link.springer.com/content/pdf/10.1007/s13132-023-01212-0.pdf

130 Michalscheck, Mirja, et al (2024) “An Evaluative Framework for Inclusive
Agricultural Value Chain Policies and Interventions — Case: Mali.” Global Food
Security, vol. 42, September 2024, p. 100769.
https://doi.org/10.1016/j.gfs.2024.100769
https://knowledgedpolicy.ec.europa.eu/publication/evaluative-framework-inclusive-

agricultural-value-chain-policies-interventions-%E2%80%93-case_en

131 Benjamin A. Olken (2020) Banerjee, Duflo, Kremer, and the Rise of Modern
Development Economics
https://economics.mit.edu/sites/default/files/publications/200505%20Nobel%20Prize

%20Paper.pdf https://www.nobelprize.org/prizes/economic-sciences/2019/summary/

132 Chalmers I, Milne I, Trohler U, Vandenbroucke J, Morabia A, Tait G, Dukan E; James
Lind Library Editorial Team. (2008) The James Lind Library: explaining and illustrating
the evolution of fair tests of medical treatments. J R Coll Physicians Edinb. 2008
September; 38(3):259-264. PMID: 19227602.
https://pubmed.ncbi.nlm.nih.gov/19227602/ https://www.jameslindlibrary.org/wp-
data/uploads/2014/05/jll-article.pdf

Bhatt A. (2010) Evolution of clinical research: a history before and beyond James Lind.
Perspectives in Clin Res. 2010 January; 1(1):6-10. PMID: 21829774, PMCID:
PMC3149409. https://pmc.ncbi.nlm.nih.gov/articles/PMC3149409/pdf/PCR-1-6.pdf

133 Bothwell LE, Greene JA, Podolsky SH, Jones DS. (2016) Assessing the Gold
Standard--Lessons from the History of RCTs. New England J of Medicine. 2016 June 2;
374(22):2175-81. doi: 10.1056/NEJMms1604593. PMID: 27248626.
https://www.nejm.org/doi/10.1056/NEJMms1604593
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https://doi.org/10.1007/s13132-023-01212-0
https://link.springer.com/content/pdf/10.1007/s13132-023-01212-0.pdf
https://doi.org/10.1016/j.gfs.2024.100769
https://knowledge4policy.ec.europa.eu/publication/evaluative-framework-inclusive-agricultural-value-chain-policies-interventions-%E2%80%93-case_en
https://knowledge4policy.ec.europa.eu/publication/evaluative-framework-inclusive-agricultural-value-chain-policies-interventions-%E2%80%93-case_en
https://economics.mit.edu/sites/default/files/publications/200505%20Nobel%20Prize%20Paper.pdf
https://economics.mit.edu/sites/default/files/publications/200505%20Nobel%20Prize%20Paper.pdf
https://www.nobelprize.org/prizes/economic-sciences/2019/summary/
https://pubmed.ncbi.nlm.nih.gov/19227602/
https://www.jameslindlibrary.org/wp-data/uploads/2014/05/jll-article.pdf
https://www.jameslindlibrary.org/wp-data/uploads/2014/05/jll-article.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC3149409/pdf/PCR-1-6.pdf
https://www.nejm.org/doi/10.1056/NEJMms1604593

134 Fernanda Marquez-Padilla, Susan W. Parker, and Tom S. Vogl, "Rolling Back
Progresa: School and Work After the End of a Landmark Anti-Poverty Program," NBER
Working Paper 33527 (2025), https://doi.org/10.3386/w33527

https://www.nber.org/system/files/working papers/w33527/w33527.pdf

https://ministerialleadership.
From-Progresa-to-Prospera-Case-Study-final-draft.pdf https://cmepr.gmu.edu/wp-

content/uploads/2024/10/Parker_2024_APCWorkingPaper.pdf

135 Campenhout, Bjorn Van (2021) “The Role of Information in Agricultural Technology
Adoption: Experimental Evidence from Rice Farmers in Uganda.” Economic
Development and Cultural Change, vol. 69, no. 3, April 2021, pp. 1239-1272.
https://doi.org/10.1086/703868
https://www.journals.uchicago.edu/doi/epdf/10.1086/703868

136 Webber, S., & Prouse, C. (2018). The New Gold Standard: The Rise of Randomized
Control Trials and Experimental Development. Economic Geography, 94(2), 166-187.
https://doi.org/10.1080/00130095.2017.1392235
https://ideas.repec.org/a/taf/recgxx/v94y2018i2p166-187.html
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137 Robert Fitzgerald Kennedy (1966) “Ripple of Hope” from Day of Affirmation.
University of Capetown, Capetown, South Africa
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ripple-of-hope-speech-in-south-africa

capetown-june-6-1966

DAY OF AFFIRMATION ADDRESS, UNIVERSITY OF CAPETOWN, JUNE 6, 1966

Robirt F. Kennedy

Lintversity of Capetown
Capetown, South Alrica
June &, 1966

"There is," said an Italian philosopher, "nothing more difficult to take in hand,

more perilous to conduct, or more uncertain in its success than to take the
lead in the introduction of a new order of things." Yet this is the measure of
the task of your generation and the road is strewn with many dangers.

Firstis the danger of futility; the belief there is nothing one man or one woman
can do against the enormous array of the world's ills — against misery, against
ignorance, or injustice and violence. Yet many of the world's great
movements, of thought and action, have flowed from the work of a single man.
A young monk began the Protestant reformation, a young general extended an
empire from Macedonia to the borders of the earth, and a young woman
reclaimed the territory of France. It was a young Italian explorer who
discovered the New World, and 32 year old Thomas Jefferson who
proclaimed that all men are created equal.

Each time a man stands up for an ideal, or acts to improve the lot of others, or
strikes out against injustice, he sends forth a tiny ripple of hope, and crossing
each other from a million different centers of energy and daring those ripples
build a current which can sweep down the mightiest walls of oppression and
resistance.
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Bryan Bryson says, “She
instilled a sense of ‘you
can do what you want
to do, and a sense of
optimism. There are so
many ways that you can
say that something will
fail, but why don’t we
look to find the reasons
to continue?”

Quote is attributed to Professor Bryan Bryson (BME, MIT) https://be.mit.edu/faculty/bryan-bryson/
https://news.mit.edu/2026/bryan-bryson-engineering-solutions-tough-problem-tuberculosis-0125
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“Where are the future markets?

11 million children die each year from preventable causes. 70% of deaths are due to 6 diseases.
The mortality is concentrated in just ten countries but mostly in the Sub-Saharan region of Africa.

-

M e d i a n a ge by C O u nt ry (CIA World Factbook 2014)
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MOTIVATION & PROBLEM

Information Asymmetry

Information gaps limit access to information and data tools for low-income populations
in emerging markets (LIC) which increases transaction cost for supply chain actors.

Economic Exclusion

Inequities cause inefficient supply chains and extractive pricing, excluding producers
and consumers from sharing the total supply chain profit.

Empowering the Next Billion Users

Providing affordable, accessible technology which can attempt to unlock latent value
and thereby democratize the opportunity to share profit.

Global Adoption

Solutions must align with local contexts, literacy, and affordability to promote fair and
sustainable growth by reducing transaction cost to remove barriers to market entry.

DEVELOPMENT
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SIMMS (ASPIRATIONAL)

Ethical Profitability

SIMMS limits net operating profit to < 1% of gross revenue to promote equity,
sustainability and potential for reinvestment.

Modular Software

SIMMS to use interoperable transactional units to support end-to-end business
workflows to enable pay-per-unit cost (PAPPU) and minimize transaction cost.

Reducing Information Asymmetry

The system distributes market intelligence across supply chains to drive and share the
total supply chain profit.

Accessible User Experience

SIMMS provides simple interfaces ensuring usability for users with no technical
knowledge or complex linguistic skills.

SENDHIL MULLAINATHAN
ELDAR SHAFIR

Scarcit

THE TRUE COST OF NOT HAVING ENOUGH

‘Essential reading’




PAY-A-PENNY-PER-USE (PAPPU)

POOR
ECONOMICS

A RADICAL RETHINKING OF THE

WAY TO FIGHT GLOBAL POVERTY

ABHIJIT V. BANERI]JE]
ESTHER DUFLO

WINNERS OF THE
NOREL PRIZE IN ECONOMICS

Affordable TransactionCost

PAPPU may charge about a penny per transaction,
enabling low-income users to afford and access
essential digital services.

Scalable Market Potential

Small payments across trillions of transactions
accumulate to substantial revenue, business
growth and improvements in quality of life.

Inclusive and Agile Model

Pay-per-use model adapts to income fluctuations
and promotes digital adoption in LIC.

Technological Foundation

PAPPU integrates dynamic pricing, modular
software, and mobility for scalable and flexible
services to reduce information asymmetry.



BOU
Poor Software for “Poor Economics” is an attempt to take a
bite out of the disproportionate level of gender inequality.
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FEWSH

FEWSH

FEWSH represents essential sectors for daily living —
Food, Energy, Water, Sanitation, Health — which also
involves recurring transactions and economic activity.

Digital Potential

Embedding software tools in FEWSH value chains
enables transparency, efficiency, and equity across
critical sectors.

Global and Inclusive

FEWSH tools address urgent issues and scale globally,
to bring digital transformation as a service to society.



MARKET
BILLIONS OF USERS
(BOU BAZAR)

Demographics

Asia and Africa represent a massive market with over 650 million potential digital solution
users, if only 10% of the ~6.5 billion population chooses to adopt SIMMS related service.

Growth

Market is expected to grow to more than 2 billion due to economic and literacy
improvements even if the benefits reach only a third of the ~6.5 billion population.

Accessibility

Accessibility of existing software tools and systems do not meet the needs of low-income
users and their essential (FEWSH) related needs which require information networks.

Wide Sector Impact

The FEWSH opportunity reaches beyond B2C food, agriculture and public health to
include transportation, small businesses, and eventually other B2B markets.



Information

Asymmetry

Fhoto frovm the Nobel Foondiatiisn Plioto: Anne Knudseri. Mobel Phiito froms the Nobel Founsdation
prchive Foarnadation archive archive

George A. Akerlof A. Michael Spence Joseph E. Stiglitz

Prime shares 1/3 Prijoe shares 144 Prize share: 1/3

The Sveriges Riksbank Prize in Economic Sciences in
Memory of Alfred Nobel 2001 was awarded jointly to
George A. Akerlof, A. Michael Spence and Joseph E.
Stiglitz "for their analyses of markets with asymmetric
information"

Alewiwins/ | 00z/S9ouUal0s-01WouU099/saz1id/810"azud)aqoummm//:sdny
12CON Pal)1V JO AIOWa|N Ul SBOUSI0S 21LUOUO0DT Ul 8Zlid Jueqsyly Sa81iang




Information Asymmetry

Bullwhip Effect after RFID ? (Source: Yogesh V. Joshi, 2000. MIT Thesis) Information Asymmetry
| W rEanen Unequal access to information harms market fairness and efficiency

40 I
B wiouEsALER across sectors (e.g., food, agriculture, healthcare, etc.).
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Data Integration for Transparency

SIMMS integrates diverse data streams into unified tools, providing real-
time market information and connected data (e.g., healthcare
monitoring).

Orders

Automated Decision Support

Y J Software offers real-time dynamic pricing guidance, and reduces skewed
0 4 B8 12 16 20 24 28 32 36 arbitrage, empowering users with equal negotiation power.

Week
Enhanced Market Efficiency

R E D U C I N G Transparency and fairness improve individual outcomes and create more
stable economic conditions for the community, as a whole.
INFORMATION ASYMMETRY

Datta, S. et al. (2004). Adaptive Value Networks. In: Chang, Y.S., Makatsoris, H.C., Richards, H.D. (eds) Evolution of Supply Chain Management. Springer, Boston, MA. https://doi.org/10.1007/0-306-48696-2_1
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Business process and software engineering innovation, combined, must create “unit” transactions
which will offer tangible/actionable outcomes. Users will be willing to pay a penny per use (PAPPU).



SOFTWARE D

ES

Modular Agent-Based Architecture

The software uses modular, agent-based units that
execute tasks autonomously and communicate
effectively to reduce transaction cost.

Reduced Redundancy and Scalability

Modular design reduces redundancy, lowers costs,
and scales with workflow complexity.

User Interface Abstraction

Ul abstracts underlying complexity, embedding
advanced logic without overwhelming users.

Cloud and Edge Distributed Computing

Computational load is distributed across cloud
and edge networks to optimize mobile operation.



Within threshold
(inconclusive)

Suggested action
described in text

USER EXPERIENCE FOR BOU

Simplicity and Intuitive Interaction

SIMMS prefer sim lici;cjy and intuitive, icon-based interaction
inspired by child-friendly platforms for mass adoption.

Accessibility for Low Literacy Users

Design incorporates voice input, vernacular dictionaries, and
natural language Boolean logic to support users with low literacy.

Localized and Context-Aware Features

Location-aware semantic adjustments may ensure relevance and
usability across diverse cultural and regional contexts.

Empowering Economic Engagement

The design lowers cognitive load, enabling users to perform
complex tasks without any technical training or assistance.



FOOD
SUPPLY CHAINS

Market Price Disparities

Price fluctuations in developing regions arise
from fragmented supply chains and lack of
consistent market information.

SIMMS Pricing Models

SIMMS uses spatiotemporal models based on
historical data and logistics to provide accurate

price predictions.

Mobile Access for Farmers

" Mobile interfaces give farmers access to
transparent price forecasts, and
recommendations to reduce exploitation.

Data Transparency of Digital Supply Chains

Viewing supply chain actors as information
¥ nodes creates a transparent and data-informed
» market ecosystem.




DIGITAL HEALTH
AND HEALTHCARE

Global Health Challenges

Healthcare disparities exist due to low literacy, scarce
infrastructure, and limited diagnostic access worldwide.

SIMMS Mobile Health Framework

SIMMS offers a scalable mobile system to monitor key
biomarkers (affordable using the PAPPU model).

Economic and Public Health Impact

Wide adoption can generate billions in revenue while
improving preventive public health through early detection.

Personal Health and Healthcare Profiles

PSPPs track physiological signatures over time, enabling
preventive care and future personalized treatment.
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INFRASTRUCTURE & DATA

Hybrid Infrastructure

SIMMS integrates mobile computing, spatiotemporal modeling,
cloud analytics, and sensor networks for robust infrastructure.

Mobile Distributed Computing

SIMMS uses thin clients on smartphones and distributes heavy
computation to cloud or edge systems to manage latency.

Data Integration & Real-Time Models

Data from markets, transportation, supply chains, health, and
environment feed dynamic models enabling decision support.

Scalability and Reliability

SIMMS is designed for fault tolerance, modularity, adaptability,
and reliable/secure operations in low bandwidth regions.



ETHICAL GLOBALIZATION
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Fairness and Inclusive Growth

——-@:Ei'ﬁ-ﬂﬁ; SIMMS promotes fairness by
R et R ! designing software that supports
W' inclusive growth over extraction and

exploitation.

Transparent and Fair Governance

The system emphasizes transparent
pricing and governance models
rooted in equity to empower users
and communities.

Reducing Inequality via Technology

SIMMS uses economics and
engineering to reduce injustice and
information asymmetry.

Science as a Service for Society

SIMMS values accessibility,
accountability, sustainability, access
to technology as public goods.

www.vogue.co.uk/article/rana-plaza-ten-years-on



TEMPORARY CONCLUSION

Reducing Information Asymmetry

SIMMS overcomes structural information gaps to create a more
equitable digital marketplace accessible to low-income users.

Reduced transaction cost (PAPPU Pricing Model)

Adoption of microtransaction-based pricing enables scalable and
affordable access to digital services for underserved populations.

Ethical Digital Inclusion

SIMMS promotes fairness, transparency, and opportunity to
access technology at a low cost through intuitive interfaces.

Developmental Economic Change Measured by RCT

The initiative offers a model for global digital transformation that
reduces inequality and drives measurable impact worldwide.



SCIENCE & SOCIETY
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‘ hitps’//www.nature.com/articles/d41586-024-00476-2

6. Remember that changing the world is hard

Timing and chance play a part in whether and how much a researcher can have an
impact, says Cairney. For example, a sét of results might become influential because

it emerges at just the moment that a related policy is being revamped.

Abhijit Banerjee, an economist at the Massachusetts Institute of Technolagy in

global poverty, has attributed his own career (o a series of happy accidents — the
first being that he was borm to two economists, Because chance events have a hand
in our lives, Banerjee is cautious about being too directive in telling young peaple to
enter one field or another. “A lot of it is accidents that make us who we are,” he says,
and sometimes we learn something about ourselves as a result of them.

Whatever vou do, he says, be willing to work hard. The work of Banerjee and his
collaborators has touched the lives of an estimated 00 million people, but he's
alsa been open about working long hours, Banerjee has a warning for those who
think they can change the world while making lots of money, “I'm not saying it’s
impassible, but don't fool yoursell — it's often hard,” he says, "Changing the world

might be a full-time job by itself.

“Randomistas’ who used
controlled trials to fight poverty
win economics Nobel

Abhijit Banerjee, Esther Duflo and Michacl Kremer have been awarded the
prrlze Tor thelr experimental approach to alleviating poverty.

Price m Economic Sclences 3017

A bl Bansrjes - Facty .

Esther Duflo Michael Kremer

Abhijit Baner|ea

httpe: [ newe mit.efu /2019 eather dufioc-abhit-ansree-win-2013-nobel-prita-—sconomins- 1014

'-,Lli,',;_;.! Hanerfes was borm o SMombad, Indis Betl of his o s wiers |,:|-||.:-u-.|: 4 il
geonomics After studying or the University of Calcuttn and Jawalmardn] MNehru University in

Delhie, hve-earmed his doctorare of Harvard University in the Dmited Stares o yao8, He tought o

www. nobelprize org/prizes/economic-sciences/2019/banerjes/facts/
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Mussachusetty Institutz of Technologse, whsre e pow works: Abhiiil Banerjee pnarriesd his

fedlow researvcher, Esther Duflo, with whom be aleo shared the Econonucs Prize
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It takes only one to think differently
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