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Let me begin with a digression

Inference will meet retrieval
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Illustrating some concepts

1. Listen to some natural text
Who can still remember the first words I used at the start of this lecture?

2. What did you have for breakfast
Distinguishing between what is relevant and not.

3. What is learning?
Connecting dots.

4. What do humans need look like in the post materialistic society?
Attention is all you need or alternatives to human flourishing.

5. What are we actually doing?
Connecting dots.
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Of bits and bytes
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How about the human brain?
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Estimated Synaptic Storage Capacity

I Number of synapses in the human brain:
∼ 1014 (100 trillion)

I Synaptic information storage capacity (SISC) per synapse:
4.1 to 4.6 bits (Samavat et al., 2024)

I Total brain capacity:

(4.1 to 4.6)× 1014 bits ≈ 51− 57 TB

I Assuming 8 bits = 1 byte and converting to terabytes
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Comparison With Other Data Sources

Data Source Size Estimate

Human brain (estimated) 51–57 TB
All of Wikipedia (text only) ∼ 20 GB
Entire English Wikipedia (with media) ∼ 200 GB
Netflix’s daily data usage ∼ 1000 TB (1 PB)
YouTube (new uploads per day) ∼ 720 TB
All digitized books (Google estimate) ∼ 15 TB
Entire web (text content) ∼ 50–100 TB
Internet Archive (Wayback Machine) > 70 PB

Table 1: Human brain vs. digital data scales (approximate).
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Key Takeaways

I The human brain likely stores ∼50–60 TB of data using synaptic strength
encoding.

I That’s more than all of Wikipedia and most of the web’s text content.
I But it’s still tiny compared to the size of the entire Internet.
I Biological information storage is efÏcient, flexible, and dynamic—not just

about raw capacity.
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How Much Information Does the Brain Process Daily?

I Visual input alone: ∼74 GB/day (Koch et al., 2006)
I Full sensory input: Estimated at >100 GB/day
I Total (incl. unconscious processing): Up to 10+ TB/day
I Most of this information is not retained in long-term memory

Takeaway
The brain filters massive streams of data, encoding only what’s salient.
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What Does This Imply About Forgetting?

I If the brain stored all incoming data, it would run out of space in:
I ∼1.5 years (100 GB/day)
I ∼2 months (1 TB/day)
I <1 week (10 TB/day)

I But that doesn’t happen.

Key Insight
Forgetfulness isn’t a flaw — it’s a feature. The brain filters, compresses, and
abstracts, retaining only what serves future decisions.
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Processing vs. Storage: The Brain’s EfÏciency
Information Processed Daily:
I ∼70–100 GB/day (conscious perception)
I Up to 10+ TB/day (all brain activity)

Long-Term Storage Capacity:
I ∼51–57 TB total (Samavat et al., 2024)
I Based on ∼ 1014 synapses × 4.1–4.6 bits/synapse

Key Insight
The brain compresses, abstracts, and forgets — storing only what matters. It’s not
a camera, it’s a meaning-maker.
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How People Process Information
I Information is not passively received — it is actively filtered and interpreted.
I Two key dimensions of interpretation:

1. Personal filters
Beliefs, values, lived experience, cognitive biases

2. Institutional or mechanical filters
Media framing, educational systems, algorithmic curation

Interpretive Divergence
Even when exposed to the same facts or evidence, individuals and groups may arrive
at radically different conclusions.
These filters play a crucial role in shaping narratives – especially during transitions,
crises, or social change.
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Processing information

from Keynote at SHAPER Workshop 2023 on the Political Economy of Climate
(In)Action. 13 / 105



How Do We Perceive Time?

I Time perception is psychological, not physical
I Influenced by:

I Attention and arousal
I Novelty and emotional intensity
I Memory encoding

I More change/events = longer perceived duration

Example
“Time flies when you’re having fun” — but we remember those moments more
vividly.
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Why Does the Brain Crave Experience?

I Brain = predictive engine
I Constantly seeks to minimize surprise
I Novel experiences provide:

I Model updates (learning)
I Emotional salience (dopamine, memory consolidation)
I Subjective expansion of time

Implication
We pursue experience not just to “feel alive” — but to update internal models of
the world.
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The Experience Economy and Cognitive Design

I Routine compresses time perception
I Novelty stretches it and anchors memory
I This has real design implications:

I Travel, art, learning, risk-taking
I Avoid passive consumption and algorithmic dullness

Designing for Memory
Shape experiences that maximize meaningful change, not just stimulation.
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Summary

I The brain filters and encodes vast amounts of information daily
I Our perception of time is shaped by memory, attention, and novelty
I The craving for experience is biological, not just cultural
I Designing for experience = designing for salience and memory

“We are not made to remember days, we are made to remember moments.”

→ the stories we tell each other to rationalize collectively what is happening are key
to shaping the informational boundaries of the state.
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Stories are part of modern service sector trade

18 / 105



Let’s begin

Production Networks Now
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Global Context

I Climate crisis, wars, and demographic transition imply a massive uncertainty
shock.

I Structural transformation of the hydrocarbon-based economic system raises
questions around public and private investment and the role of the state.

I Growing discussion on the boundaries of the state, firms, and individual
households due to the growing role of (digital) service trade amidst a fraying
global trade order.

I Escalation induces countries to focus on economic security and de-risking.
Natural question: Does localisation work?
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Rising trade barriers/disputes

physical trade bariers
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Rising trade barriers/disputes

Increasing trade disputes
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This paper
I Build, validate and deploy a new production-network

I Leverage novel AI/LLM tools to build a graphical dataset
I Recovers vertical relationships across 5, 000+ HS products
I Contrast to other measurement approaches e.g. SUTs/IOTs

I Identify how trade shocks influence
I On-shoring, aka ‘reshoring’, ‘localization’
I Industrial transformation

I Two empirical applications:
I Global impact of reduced form supply-shocks
I Difference-in-difference study of Qatar blockade
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Outline
Measurement

Validation of the Production Network

Global Patterns in Trade Data

Easy and Important Extensions

Onshoring Natural Experiment

Applications of AIPNET in a Fragmenting World

A bit of speculation
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Measurement Challenge

I Want to assess how trade shocks propagate
through production networks

I But how to measure set of relevant upstream goods?

I Ideal measurement of production-linkages

I Based on actual production processes
I Not just market transactions
I Highly granular to compliment rich trade data
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Introducing AIPNET

I AI-built Production Network (AIPNET)

I Leverages power of AI/LLM to systematically identify network structure

I Trained, tuned, and validated for this purpose

I Capable of ‘understanding’ technical requirements of over 5, 000 Harmonized
System (HS) product groups
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Why could AI produce a good representation of input mix?
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Why could AI produce a good representation of input mix?



Why could AI produce a good representation of input mix?



How is full fat milk produced?





List the capital goods I need





List the capital goods I need

List all the raw material inputs

Explain the technical equipment

List any other technical requirements

List all the raw material inputs

What machinery and plant 

equipment is used

What are the most critical inputs?





AI pipeline to build AIPNET

HS Product Codes

Build

Custom Prompt

Large Language Model

Pre-trained Model Weights

Training Corpus

Parameter Choices

Iteratively query 

LLM using each 

HS code as our 

focal product HS Code Product 

Embeddings

Vertically Linked Product 

Embeddings
Ask model to list and describe 

all products vertically linked to 

each focal product

Set of vertically linked Free-

text Product Descriptions

Set of vertically linked HS 

Product Codes

HS Product Codes with full 

set of vertical linkages

Model OutputModel OutputModel OutputN Draws of

Model Output

Aggregate 

vertically 

linked HS 

codes

Parse LLM 

responses

HS Product Codes with 

pruned set of  vertical 

linkages (i.e., AIPNET)

Create vector embeddings

Create vector embeddings

Custom Prune Prompt

Ask model to retain only 

legitimate vertically linkages

Prune

Iteratively query LLM using 

each vertical linkage

Parameter Choices

Training Corpus

Pre-trained Model Weights
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Let me walk you through the approach step by step

1. Forward prompt

2. Backward prompt

3. Dyadic plausibility false-positive filter prompt
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Forward Prompt: Retrieving Inputs for a given Output

Prompt Strategy: Forward

To produce output j∗, what
inputs i are needed?

Approach:
I Start from a known output

j∗
I Retrieve likely inputs i
I Result: Broad set of

candidate input links

j∗

i1

i2

i3

i4

i5
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Backward Prompt: Inferring Outputs from a give Input

i∗

j1 j2 j3

j4

Prompt Strategy: Backward

Given input i∗, what outputs j
could it help produce?

Approach:
I Begin with input i∗
I Infer all possible outputs
I Result: Another candidate

set of links

32 / 105



Example Prompts and Output
Prompt examples Focal finished good: Footwear, With

Outer Soles Of Rubber,...
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Use Embeddings to Map In Nomenclatures
Attach any nomenclature version to the description of the products using
embeddings. An embedding is a mapping:

f : X → R
d

where X is a set of objects (e.g., documents or words). For example with
mxbai-embed-large, |d | = 1024. Let nhs indicate the dimensionality of the
nomenclature.
We calculate
I We embed the target nomenclature, e.g. at HS6 level f (x) = R

nhs×d

I We embed the document that we want to map to a nomenclautre f (y) = R
1×d

Compute pairwise dissimilarity

sim(x , y) = f (x) · f (y)
‖f (x)‖‖f (y)‖ ∈ R

1×nhs
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Side step: Use Embeddings to Map In Nomenclatures

→ illustration of 1024 dimensional embedding vector space mapped into 2
dimensional vector space
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False Positive Pruning AI Match Validation of Confirmed Links

Intersection + Validation

Is this detected link plausible?

Approach:
I Compare forward and

backward sets
I Keep only overlaps
I Result: 1 confirmed link

shown 1 overlapping link
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Example output: High-fat Milk

High-fat Milk

Casein Products

Casein Products

Soups and Broths

Infant Food Packs
Ice Cream

Miscellaneous Food Prep

Bulk Cocoa Chocolate

Cocoa Food Prep

Milking Machines

Dairy Machinery

Dairy Machinery Parts

Purebred Breeding Cattle

Live Cattle

Purebred Buffalo

Live Buffalo

Live Goats

Live Camels

Alfalfa Meal

Forage Products

Large Steel Tanks

Yogurt Products

Fermented Milk Products

Whey Products

Natural Milk Products

Dairy Butter
Dairy Spreads

Dairy Fats & Oils

Fresh Cheese

Grated Cheese

Processed Cheese

Blue Cheese

Cheese Varieties

Steel Containers

Textile Packing Bags
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Example output: Wind-powered Generators

Machine Parts, Misc.

Wind-powered Generators

Small Electric Motors

Universal Motors >37.5W

DC Motors & Generators

DC Motors & Generators

DC Motors & Generators High Output DC Motors

Single-Phase AC Motors

AC Motors <750W

AC Motors 750-75kW

High Power AC Motors

Electric Motor Parts

Transformer Parts

Signal Generators

Miscellaneous Electrical Machines

Electrical Machine Parts

Liquid Dielectric Transformers

High-Power Transformers

High-Power Transformers

Small Electrical Transformers

High Power Transformers

High-Capacity Transformers

Copper Wire Heavy

Copper Stranded Wire

High Voltage Fuses

High Voltage Switchgear

Electrical Connectors

Insulated Copper Wire

Insulated Electric Cables

Insulated Electric CablesInsulated Electric Cables

High Voltage Cables

Insulated Electric Cables

Transmission Components

Ball Bearings

Spherical Roller Bearings

Bearings, nesoi

Bearing Parts

Transmission Components

Pulley and Hoist Parts

Forklift Truck Parts

Control Equipment Bases

Copper Wire Bars

Refined Copper Bars
Copper Wire

Copper Alloy Wire

Copper Sheets Coils

Static Converters

Tapered Roller BearingsNeedle Bearings

Cylindrical Roller Bearings

Glass Insulators

Ceramic Insulators

Electrical Insulators

Silicon Electrical Steel

Silicon Electrical Steel

Alloy Steel Semifinished

Silico-Manganese Wire

Electrical Control Parts

Hot-Rolled Stainless Steel

Industrial Robots

Specialized Machines

Transistors, nesoi

Thyristors and Triacs

Semiconductor Devices

Manostats

Power Capacitors
Tantalum Capacitors

Aluminum Electrolytic Capacitors

Multilayer Ceramic Capacitors

Fixed Paper Capacitors

Fixed Capacitors

Adjustable Capacitors

Capacitor Parts

Carbon Resistors

High Power Resistors

Variable Resistors

Printed Circuits

High Voltage Circuit Breakers High Voltage Breakers

High Voltage Switchgear

High Voltage Protection

Electrical Fuses

Circuit Breakers

Low Voltage Circuit Protection

High Voltage Relays

Hot-rolled Stainless Steel

Miscellaneous Iron/Steel

Unwrought Copper Billets

Unwrought Copper

Unwrought Copper Alloys

Copper-Nickel Wire

Copper Sheets

Copper Alloy Sheets

Welded Alloy Steel Pipes

Copper Chain Parts

Copper Articles, Unworked

Aluminium Wire

Aluminum Alloy Wire

Aluminium Alloy Wire

Aluminum Sheets

Transmission Components

Transmission Components

Electrical Inductors
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Example output: Solar Panels

High Purity Silicon

Solar Panels

Silicon Alloy

Silicon Carbides

Primary Silicones
Silver Compounds

Thin Copper Foil Copper Alloy Foil

Insulated Electric Conductors
High Voltage Cables

Insulated Electric Cables
Glass Insulators

Ceramic Insulators

Electrical Insulators

Static Converters

Transformer Parts

Semiconductor Manufacturing Equipment

Semiconductor Manufacturing Equipment
Insulated Copper Wire

Insulated Electric Cables

Insulated Electric Cables

Insulated Electric Cables

Semiconductor Parts
Amplifier Circuits

Integrated Circuit Parts

Semiconductor Devices

Electrical Measurement Instruments

Electrical Measurement Instruments

Doped Electronic Materials

Colloidal Metals

Silver Nitrate

Optical Fibers & Cables

Semiconductor Manufacturing Equipment

Semiconductor Manufacturing Equipment

Low Voltage Relays

Electrical Control Parts

Memory Chips
Electrical Lampholders

Boron & Tellurium

Boron Oxides & Acids

Phosphorus

Thin Copper Foil

Copper Foil, Backed

Printed CircuitsSemiconductor Testing Equipment

Non-defined Carbides

Cadmium Products

Antimony Products

Integrated Circuits

Analytical Instruments

Chapter 90 Parts

Metals and Powders

Specialty Metal Articles

Tantalum Products

Tantalum Scrap
Tantalum Products

Cadmium Scrap

Tantalum Capacitors

Aluminum Electrolytic Capacitors

Fixed Paper Capacitors

Fixed Capacitors

Adjustable Capacitors

Capacitor Parts
Resistor Parts

Electrical Control Panels

Analysis Instruments

Electric Furnaces & Ovens

Electric Furnaces & Ovens

Electrical EnergyArgon Gas

Arsenic Non-metal

Selenium

Rare-earth metals

Non-metal Halides

Laser Cutting Machines
Organo-Inorganic Compounds

Polarizing Sheets
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Example output: Tanks

Vehicle Spark-Ignition Engines

Tanks

Vehicle Engine Over 1000cc

Gasoline Engines

Marine Diesel Engines

Diesel Vehicle Engines

Diesel Engines

Engine Parts - Diesel

Reaction Engines

Hydraulic Cylinders

Hydraulic Motors

Pneumatic Cylinders

Pneumatic Motors

Miscellaneous Engines

Engine Parts, Other

Hot-Rolled Steel Coils

Hot-Rolled Steel Plates

Cold-Rolled Steel Sheets

Cold-Rolled Steel Sheets

Coated Steel Sheets

Coated Steel Sheets

Coated Steel Sheets

Coated Steel Sheets

Clad Steel Sheets

Hot-Rolled Stainless Steel

Hot-rolled alloy steel

Hot-rolled Alloy Steel

Cold-rolled Alloy Steel

Alloy Steel Sheets

Transmission Components

Transmission Components

Motor Vehicle Gearboxes

Motor Vehicle Axles

Motor Vehicle Clutches

Steering Components

Ball Bearings

Bearings, nesoi

Bearing Parts

Motor Vehicle Suspension

Motor Vehicle Wheels

Vehicle Brake Parts

Motor Vehicle Radiators

Artillery Weapons

Vehicle Lighting Parts

Threaded Coach Screws

Iron/Steel Fasteners

Iron/Steel Fasteners

Steel Threaded Nuts

Iron/Steel Fasteners

Iron/Steel Rivets

Aluminum Fasteners

Alloy Steel Scrap

Steel Ingots

Steel Primary Forms

Iron Semi-finished Products

Rectangular Steel Billets

Non-alloy Steel Products

Carbon Steel Semis

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils
Hot-Rolled Steel CoilsHot-Rolled Steel Coils

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils

Hot-Rolled Steel Sheets

Hot-Rolled Steel Sheets

Hot-Rolled Steel Sheets

Hot-rolled Steel Sheets

Hot-Rolled Steel Sheets

Cold-Rolled Steel Coils

Cold-Rolled Steel Coils

Cold-rolled Steel Coils

Cold-Rolled Steel Coils

Cold-Rolled Steel Sheets

Cold-Rolled Steel Sheets

Cold-Rolled Steel Sheets

Coated Steel Sheets

Coated Steel Sheets

Zinc Coated Steel

Coated Steel Sheets

Coated Steel Sheets

Coated Steel Products

Coated Steel Sheets

Hot-Rolled Steel Plate

Hot-rolled Steel Sheets

Hot-rolled Steel Sheet

Cold-rolled Steel Sheets

Cold-rolled Steel Sheet

Non-alloy Steel Strips

Coated Steel Sheets

Zinc Coated Steel

Coated Steel Sheets

Coated Steel Sheets

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils

Hot-Rolled Steel Coils

Forged Iron Bars

Hot-worked Steel Bars

Hot-worked Steel Rods
Iron Bars & Rods

Forged Iron Bars

Cold-formed Steel Rods

Iron Bars & Rods

Hot-worked Steel Sections

Hot-worked Steel L-Sections

Hot-worked U Sections

Hot-worked Steel Beams

H Sections Steel

Hot-worked Steel Sections

Hot-worked Steel Shapes

Cold-formed Steel Sections

Cold-formed Steel Sections
Iron Sections

Iron Shapes & Sections

Iron Wire

Coated Iron Wire

Stainless Steel Ingots

Stainless Steel Semifinished

Stainless Steel Semifinished

Hot-rolled Stainless Steel

Hot-rolled Stainless Steel Coils

Hot-rolled Stainless Steel

Hot-rolled Stainless Steel

Hot-rolled Stainless Steel

Hot-rolled Stainless Steel

Hot-rolled Stainless Steel

Cold-rolled Stainless Steel

Cold-rolled Stainless Steel

Cold-rolled Stainless Steel

Cold-rolled Stainless Steel

Wide Stainless Steel

Hot-rolled Stainless Steel

Cold-rolled Stainless Steel

Narrow Stainless Steel

Hot-Rolled Stainless Coils

Hot-Rolled Stainless Bars

Hot-Rolled Stainless Bars

Stainless Steel Bars

Stainless Steel Sections

Alloy Steel Ingots

Alloy Steel Semifinished

Zinc Coated Alloy Steel

Zinc Coated Alloy Steel

Alloy Steel Sheets

Silicon Electrical Steel

High-Speed Steel Sheets

Cold-rolled alloy steel

Alloy Steel Sheets

High-Speed Steel Coils

Silico-Manganese Coils

Hot-Rolled Alloy Coils

Alloy Steel Bars

Alloy Steel Bars

Alloy Steel Bars

Alloy Steel Bars

Alloy Steel Bars

Alloy Steel Shapes
Alloy Steel Wire

Steel Sheet Piling

Welded Steel Shapes

Seamless Steel Tubes

Seamless Steel Pipes

Seamless Stainless Tubes

Seamless Stainless Tubes

Alloy Steel Tubes

Seamless Alloy Steel Pipes

Large Steel Pipes

Large Steel Pipes

Welded Stainless Steel Pipes

Welded Alloy Steel Pipes

Woven Stainless Steel

Iron/Steel Woven Goods

Steel Expanded Metal

Iron/Steel Wire Articles

Miscellaneous Iron/Steel

Aluminum Sheets

Nonalloyed Aluminum Sheets

Aluminum Alloy Sheets

Metal Rolling Mills

Rolling Mill Rolls

Engine-Fitted Chassis

Motor Vehicle Bodies

Motor Vehicle Bodies

Herring-Bone Tyres

Industrial Tyres

Industrial Pneumatic Tires

Industrial Pneumatic Tires

Vehicle Safety Glass

Laminated Safety Glass

Motor Vehicle Seat Belts

Motor Vehicle Body Parts

Military Projectors

Military Weapons, Other

Military Weapon Parts

Free-cutting Steel Bars

Stainless Steel Bars

High-Speed Steel Bars

Hollow Drill Bars

Silico-Manganese Wire

Copper Alloy Profiles

Nickel Alloys Products

Aluminum Bars

Aluminum Alloy Profiles

Zinc Products

Metalworking Machines

Metalworking Machines

Metalworking Presses

Metalworking Machine Tools

Soldering and Welding Machines

Welding Machinery Parts

Copper Sheets

Bronze Sheets

Copper Alloy Sheets

Nickel Foil & Sheets

Nickel Alloys Foil

Unalloyed Aluminium

Unwrought Aluminium Alloys

Hollow Aluminum Profiles

Aluminum Alloy Sheets Aluminum Alloy Pipes

Aluminum Structures

Aluminum Articles

Thin Lead Sheets

Lead Plates & Foil

Zinc Sheets & Foil

Universal Motors >37.5W

DC Motors & Generators

DC Motors & Generators

High Output DC Motors

AC Motors 750-75kW
High Power AC Motors

Electric Motor Parts
Zinc Coated Steel Wire

Low Carbon Iron Wire

Stainless Steel Wire

Steel Stranded Cables

Stainless Steel Bands

Copper Wire Bars

Copper Alloy Wire

Copper Stranded Wire Nickel Wire

Nickel Alloy Wire

Cast Iron Scrap

Steel Scrap Ingots

Iron Steel Granules

Iron Powders

T Sections Steel

Seamless Steel Pipes

Welded Steel Pipes

Welded Steel Tubes

Welded Steel Pipes

Riveted Steel Pipes

Nonthreaded Steel Fasteners

Nonmalleable Cast Articles

Cast Iron/Steel Articles

Forged Steel Articles

Unwrought Zinc Alloys

Rolling Mill Parts

Nonalloy Pig Iron

Phosphorus Pig Iron

Alloy Pig Iron

Unwrought Nickel Alloys

Cold Rolling Mills

Steel Bridges

Copper Articles, Unworked

Unalloyed Nickel

Nickel Non-Alloyed Products

Nickel Pipes & Fittings

Ferromolybdenum Alloy

Ferrovanadium

Propellant Powders

Articulated Iron Chain

Iron/Steel Fasteners

Iron/Steel Washers

Iron/Steel Fasteners

Iron/Steel Leaf Springs

Iron Helical Springs

Vehicle Lighting Equipment

Motor Vehicle Bumpers

Exhaust Parts

Motor Vehicle Airbags

Motor Vehicle Parts

Metal Surface Treatments
Ammunition Parts

War Munitions
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AI-built Production Network (AIPNET)

Figure 1: AI-built Production Network (AIPNET) visualization
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Network Properties of AIPNET (HS6 Level)

Property HS6 HS4

Number of Nodes 5,633 1,190
Number of Edges 980,018 48,212
Average Degree 347.96 81.03
Network Density 0.03 0.03
Global Clustering CoefÏcient 0.37 0.32
Assortativity 0.14 0.06
Number of Connected Components 1 1
Size of Largest Component 5,633 1,190
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Outline
Measurement

Validation of the Production Network

Global Patterns in Trade Data

Easy and Important Extensions

Onshoring Natural Experiment

Applications of AIPNET in a Fragmenting World

A bit of speculation
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Validation
I Compare AIPNET to Human Labelling

I Explore quality of links versus human labels
I Alternative AI models for binary labelling

I Explore other AI models for quality
I Compare AIPNET to Input-Output Tables (IOTs)

I Recast Product-level network into IOT structure
I Compare Input-use intensity to AIPNET product linkages

I Compare to product-level supply chain position measures:
I ‘Upstreamness’ (Fally, 2016; Antras et al. 2018)
I Product Complexity Index (PCI) (Hausman & Hidalgo, 2014)

I Conduct perturbation/placebo tests
I Uses Erdos-Renyi network perturbations
I Evaluate validation exercises of more ‘random’ networks
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LLM-Architecture Predicts Human Labels Well
I 3 PhD students evaluated 3,000 (random) edges (50% true edges)
I The students reported difÏculty in performing the task
I Auditor labels represent a general validation rather than definitive ground truth.

Confusion Matrix

AIPNET
Auditor True False
True 44.8 5.3
False 1.0 48.8

Note: Precision = TP
TP+FP ; Recall = TP

TP+FN ;
Accuracy = TP+TN

Total ; Error Rate = FP+FN
Total ; F1

Score = 2 · Precision·Recall
Precision+Recall

Performance Metrics

Metric Value
Precision 0.98
Recall 0.89
Accuracy 0.94
Error Rate 0.06
F1 Score 0.93
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Validation Across Different LLMs

100.0% 84.3% 77.5% 84.8% 76.4% 70.9% 86.6% 74.6%

84.3% 100.0% 82.2% 88.2% 80.7% 79.0% 86.0% 69.6%

77.5% 82.2% 100.0% 87.2% 76.0% 76.8% 81.0% 64.2%

84.8% 88.2% 87.2% 100.0% 80.4% 78.1% 88.9% 71.5%
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AIPNET strongly correlates with Input-Output Tables
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Perturbing network attenuated validation estimates
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Final Thoughts on Measurement
I AIPNET is not perfect...

I Discrete edges, but can address econometrically
I Assumes globally homogeneous technical processes

I But it has several notable strengths:
I Highly granular
I Can be used directly with trade data
I Accurately recovers technical requirements
I Standardized nomenclature
I Uncensored by market configuration / vertical integration
I Strongly correlated with existing network representations
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Relationship Between BEC Classification and Number of Output
Uses for HS6 Goods

Output links by end-use type
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Integrating AIPNET with Topology of Global Trade Data

We develop a new measure of criticality or importance of an input that integrates
trade data with AIPNET

I A provides the AIPNET adjacency matrix

I TCi trade concentration captures how much of the trade in a product is
dominated by a few players or countries

I GTSi how much of the overall trade a product represents.
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Integrated Global Product Centrality (IGPC)
IGPC: Measures product importance in trade, extending PageRank algorithm.

X = (1− d)B + dAWX
X: IGPC scores, d : damping factor, B: base importance, A: adjacency matrix
(AIPNET), W: weight matrix
Base importance:

Bi = TCα
i × GTSβ

i

Weight matrix:
Wi i = GTSγ

i

where TC : Trade Concentration, GTS: Global Trade Share, and α, β, γ: weighting
parameters.
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Integrated Global Product Centrality (IGPC)
IGPC update equation for a single product i can be expressed as:

X (t+1)
i = (1− d)Bi + d

∑

j∈Nout(i)

WjjX (t)
j∑

k∈Nin(j) Wkk
(1)

where Nout(i) is the set of products using i as an input, Nin(j) is the set of products
used as inputs for j. Bi is the base importance of product i :

Bi =

(
TCi − min(TC)

max(TC)− min(TC)

)α

×

(
GTSi − min(GTS)

max(GTS)− min(GTS)

)β

(2)

where TCi is the Trade Concentration and GTSi is the Global Trade Share of
product i . The diagonal element Wi i in W corresponding to product i is given by

Wi i =

(
GTSi − min(GTS)

max(GTS)− min(GTS)

)γ

(3)

showing how the IGPC score of a product depends on its position in the AIPNET
structure, specifically its relationship to downstream products. 54 / 105



Diverging trends in IGPC weighted imports across countries and
product centrality levels

Within country trends (raw data)
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Changes in Product Importance in Global Supply Chains
Energy Products
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Changes in Product Importance in Global Supply Chains
Emerging Products
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Looking for support to extend this work
We are interested in extending this work in three particular dimensions:
I Incorporate elasticities of substitution between different inputs

think: establish which inputs could be substituted
I Capture topological sorting of a value chain around a product

think: endogeneity of industrial organisation and specialisation to topology of
production process

I Introduce local varieties of the production network that incorporates context
think: what local environmental factors may affect the production process.

I Incorporate a labor market module to capture potential K , L substitution
think: description of production process can be mapped to tasks which can be
mapped to occupations
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Learning product or input substitutability

Prompt: Is ik → j∗ valid?

Prompting Intuition
Given a confirmed link i∗ → j∗, we ask:
“Can other nearby inputs ik also be used
to produce j∗?”
Steps:
I Define a local substitution zone

(3×3 around i∗)
I Prompt the model for each ik : “Is

ik → j∗ valid?”
I Evaluate substitutability (e.g.

function, classification, taxonomic
similarity)

Constraints like substitutability within same HS4 category or physical incompatibility
to block substitutions.
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Topological sorting to understand process

→ this bundles products into close substitutes for long lists of varieties of inputs
(e.g. various yarns)
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AI-Generated Production Networks:
Global Trade Pattern and Evidence of Production Network

Spillovers

Thiemo Fetzer Peter John Lambert
Warwick, Bonn, CEPR LSE, POID

Bennet Feld Prashant Garg
LSE Imperial College, IFC

October 27, 2026
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In this part study global spillovers

Proceed with providing a collage of evidence on role of supply shocks.

I Characterize supply shocks revealed by global trade data

I Explore trends in global trade

I Present a cross-country exercise linking downstream price shocks and onshoring

I Discuss a natural experiment of a country subject to an economic blockade
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Data

I Harmonised System (HS) Codes
I 5,648 product codes from 2012 edition
I Six-digit numerical codes, hierarchical structure

I International Trade Flows
I BACI International Trade Database
I 200 countries, 5,000 products at 6-digit HS level

I Qatar Customs Data
I Monthly imports/exports (Jan 2012 - Jun 2023)
I 8-digit HS categories
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Persistent Price Shocks
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Geographic distribution of price shocks

# of shocks
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Characterisation of the Supply Shock

By BEC End-Use
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Ideal trade data to study onshoring

→ implies supply chain transparency
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Actual data typically available
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Actual data typically available
Estimate a fully dyadic specification

log(Importu,c,t) =
2022∑

τ=2012

βτ × 1(t = τ)× ωu,d + αu,d,c + ηuhs2,c,t + εu′,d′ (4)

Import of a 4-digit upstream goods u, into country c in year t The ωu,d is our binary
linkage indicator that captures whether a specific upstream good u serves as an
input to downstream good d :

ωu,d =

{
1 if input u is a an AIPNET input used to produce d
0 otherwise
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Global trend towards increasing imports of goods with many
AIPNET downstream linkages since 2016
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Cross-Country Evidence: Global Trade Dynamics
I Uses exporter×importer×product trade data for 120 countries, 2010-2022
I Study broad trends by network centrality
I Econometric specification:

I Each observation is a triple:
{upstream = i , downstream = j, destination = c}

I Price shock dummy variables: S = {0, 1}
I Network Linkages: Wi j = {1, 0}
I Doubly robust network inference estimator
I Highly saturated controls

log(Importu,c,t) =ξc,d × Shockd ,c,t

+ ηc,u × Shockd ,c,t + αu,d ,c + ηuhs2,c,t + εu′,d ′
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Countries exhibiting post 2016 differential increase in goods with many AIPNET
linkages also exhibit notable onshoring response following downstream supply shocks

ARE

ARM

AUS

AZE

BEL

BGR

BHR

BLR

BOL

CAN

CHN

CMR

CRI

CYP

CZE

DNK

DOM

EST

FIN

HKG

IRL

ISL

JPN

KHM

KWT

LKALTU

LUX

MDV

MEX MMR

MNE

MNG

NAM

NIC

PAK

POL

PRT

QAT

RWA

SAU

SEN

SLV
SVK

SVN

SWE

TGO

THA

TUN TUR

UGA

ZMB

14.2% 23.3%

40.8%21.7%

−0.02

0.00

0.02

−0.025 0.000 0.025 0.050
Post 2016 import differential of AIPNET linked goods

O
ns

ho
rin

g 
fo

llo
w

in
g 

pe
rs

is
te

nt
 p

ric
e 

sh
oc

k

Statistical significance a a a a20% 10% 5% 1%

73 / 105



Estimated supply-shock induced onshoring response across countries
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Evolution of coefÏcient length as function of perturbation

Main AIPNET Perturbation 50%
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Evolution of coefÏcient length as function of perturbation

Post 2016 coefficent ||β̂c ||L2
Onshoring coefÏcient ||β̂c,d ||L2
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Qatar Case Study: Blockade Impact on Trade

I Analysis of the 2017 Qatar diplomatic crisis and trade blockade

I Utilizes admin data from customs authority on monthly trade

I Focus on changes in import patterns and onshoring efforts

I Examination of direct and indirect effects on trade
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Example of Good that was localized
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BlockadeDram
atically

Shifted
TradeFlows
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Examples of onshoring evidence of onshoring measured through
AIPNET linkages in Qatar case
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Unpacking the Import Equation

Ln(Importjt) = β1(Ei×Postt)+β2(Ej×Postt×Wi j)+αi j+γjt+εi jt

I Ei : Exposure of product i to blockade based on pre-blockade import share

I Wi j : Dummy for whether i is used as an input to produce j

I β1: Direct effect of blockade exposure

I β2: Indirect effect of blockage exposure
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Pooled Onshoring Regression for Qatar
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Event-study style regression with flexible timing
Extensive margin
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Briefly sketch out five other applications of AIPNET
Broad range of applications for Treasury adjacent
I Tariff schedules along value chains
I Designing retaliation along value chains
I Sanctions and trade in capabilities
I Local variety version of AIPNET
I Hypothetical AIPNET in new energy paradigm
I Rethinking procurement processes

→ AIPNET is useful to understand what is going on around the world and why, in
particular in a geoeconomic context.
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Industrial policy along value chains
Chinese post WTO tariffs: export taxes on raw materials created localisation of
value chains specifically for rare earths

Dairy
Continuity

→ study China’s tariff and tax positions along known value chains
87 / 105



Forensic trade monitoring through AIPNET linkages

Final use goods
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Designing tariff retaliation along value chains

EU Regulation 654:
“Commercial policy measures [...] shall be determined on the basis of the following
criteria, in light of available information and of the Union’s general interest:
(a) effectiveness of the measures in inducing compliance of third countries with
international trade rules;
(b) potential of the measures to provide relief to economic operators within the
Union affected by third country measures;
(c) availability of alternative sources of supply for the goods or services concerned,
in order to avoid or minimise any negative impact on downstream industries, contracting
authorities or entities, or final consumers within the Union;”

→ AIPNET allows us to think about retaliation design incorporating value chains
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Designing tariff retaliation along value chains

→ 2018 escalation provided window into studying retaliation responses revealing
sophisticated political targeting
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Sanctions and trade in capabilities
Final use goods
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→ AIPNET can be leveraged for forensic trade analysis in terms of trade in
capabilities as highlighted by e.g. EU sanctions on Russia
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Hypothetical Global Production Network

Full network Circuits

→ use AI reasoning to explore how global production may be reshaped in light of
renewable energy transition benefiting countries around the equator
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Hypothetical Global Production Network

Full network Crude oil
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Hypothetical Global Production Network

Full network Passenger vehicles

→ reduction in international trade of crude oil mechanically implies global
rebalancing of power
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Leveraging AIPNET to reshape procurement or technology
transfer

→ can leverage public knowledge graph built on public data to streamline
procurement
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If we get here...

I Then it has been a long journey
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Topology of Societal Organisation

Key Insight
Input-output tables may be key to understanding societal organisation 98 / 105



Common Applications of LLMs in Applied Economics

I Data categorization or classification – applying of nomenclatures
I Information retrieval applications – retrieving a needle from a haystack
I Dimensionality reduction – summarization of large datasets
I Dataset construction – leaning on embodied knowledge in LLMs
I Retrieval augmented dataset construction – prompt and context into

context
I Reasoning tasks – complex bipartite matching tasks with incomplete

information
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Example: Data categorization or classifications

→ forthcoming in Nature: Human Behavior with interactive website on
academicexpression.online.
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Example: Dataset construction

→ presented to policy audiences and Ministries with interactive website on
aipnet.io.
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Example: Retrieval augmented dataset construction

→ rethinking how we represent papers
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Example: Reasoning tasks

→ agentic AI with reasoning capabilities to align 4000+ opinion polling micro
datasets
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Conclusion

I We construct and validate the AI-built Production Network (AIPNET)
I Allows us to study vertical substitution up the value-chain
I Three main results:

I Global trade patterns shifting towards upstream goods
I Structural breaks in unit-prices correlate with vertical substitution
I Exogenous blockade event leads to onshoring via upstream substitution

I Next steps:
I ‘Place-based AIPNET’ ie Local Production Networks
I Public data available on AIPNET website
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