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117-219-D  When Supply Chains Become Feedback Loops At 
Machine Speed 

AI May Transform the Economy from a Network of Transactions into a Network of Interacting Control 
Loops 

 
 

We Have Traditionally Drawn Supply Chains as Lines 
• The familiar picture of economic production is directional. 

Raw Material 
↓ 

Supplier 
↓ 

Manufacturer 
↓ 

Distributor 
↓ 

Retailer 
↓ 

Customer 
• Information travels backward. 
• Goods travel forward. 
• Companies forecast demand, place purchase orders, manufacture products, replenish inventories 

and adjust prices. 
• Humans supervise the process. 
• Enterprise software accelerates it. 
• But fundamentally, the mental model remains: 

o A chain of economic actors conducting transactions. 
o AI may change the nature of that system. 
o Not simply because AI makes each participant more efficient. 
o AI may turn the connections among participants into continuous adaptive feedback loops. 

Put an Agent at Every Node 
• Imagine an ordinary consumer-products ecosystem. 
• The retailer has agents continuously monitoring: 

o Sales 
o Inventory 
o Competitor prices 
o Weather 
o Promotions 
o Customer behavior 

• The distributor has agents optimizing: 
o Inventory allocation 
o Transportation 
o Warehousing 
o Replenishment 
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• The manufacturer has agents optimizing: 
o Production schedules 
o Materials 
o Capacity 
o Pricing 
o Maintenance 

• Suppliers have agents optimizing: 
o Raw-material purchases 
o Production 
o Capacity 
o Delivery commitments 

• Banks have agents adjusting: 
o Credit 
o Working capital 
o Risk 
o Financing terms 

• Logistics companies have agents optimizing: 
o Routes 
o Capacity 
o Pricing 
o Delivery commitments 

• Now connect them. 
• Something fundamentally different appears. 

The Supply Chain Closes Upon Itself 
Suppose a retailer's agent detects increasing demand. 

• It raises its forecast. 
• That causes its procurement agent to increase orders. 
• Supplier agents observe increased orders. 
• They infer increasing demand. 
• They increase procurement. 
• Commodity agents detect increasing purchases. 
• Prices move. 
• Manufacturer agents observe higher input prices. 
• They modify production and pricing. 
• Retail pricing agents respond. 
• Consumers alter purchasing behavior. 
• The retailer observes the changed behavior. 
• And feeds it back into its forecast. 

We have created: 
Demand 

↓ 
Forecast 

↓ 
Procurement 

↓ 
Production 

↓ 
Commodity Demand 
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↓ 
Price 

↓ 
Retail Price 

↓ 
Consumer Behavior 

↓ 
Demand 

• That isn't a chain anymore. 
• It is a: Feedback Loop. 

Now Introduce Time 
And immediately we encounter GUDIYA's first-class variable. 
Write: 

• Demand(t) 
• Forecast(t) 
• Inventory(t) 
• Price(t) 
• Production(t) 
• Credit(t) 
• Transportation Capacity(t) 

 
Each is changing. 
And each agent is reacting to some representation of the others' changing states. 
The question is no longer merely: 

• Did Walmart order 20,000 units? 
It becomes: 

• At what rate is Walmart's purchasing agent changing its orders relative to the rate at which the 
manufacturer's production agent, supplier's capacity agent, logistics agent and pricing agents are 
changing their own states? 

• That is a dynamics problem. 

The Old Economy Contained Natural Damping 
• Humans are slow. 
• That has obvious economic disadvantages. 
• But slowness can also inadvertently provide damping. 

o A purchasing manager sees a demand increase. 
o She examines it. 
o She talks with sales. 
o She calls the supplier. 
o The supplier reviews capacity. 
o Someone approves additional production. 
o A purchase order gets issued. 

• Perhaps: 
• hours 
• or: 
• days 
• pass. 
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• During that interval additional information arrives. 
Some transient signals disappear. 

o People reconsider. 
o Organizations impose approval friction. 
o Inventory buffers absorb variation. 
o The system possesses numerous forms of accidental damping. 
o We normally call them: 

o Inefficiency. 
o But Stability Engineering asks an uncomfortable question: 

o How much of yesterday's inefficiency was also tomorrow's damping? 

AI Removes Friction 
• AI promises exactly what businesses want: 

o Lower latency 
o Faster decisions 
o Smaller inventories 
o Better forecasts 
o Dynamic pricing 
o Automatic procurement 
o Automatic scheduling 
o Real-time logistics 
o Autonomous negotiation 
o Each improvement makes enormous sense locally. 

• But now remember the lesson of 2008: 
o Local optimization does not guarantee global stability. 
o Company A reduces its response time. 
o Company B does the same. 
o Company C does the same. 

• Eventually: 
o Observe → Decide → Act 
o that once took days may take seconds. 
o The supply chain's effective Cognition Velocity rises enormously. 

VII. And the Agents Begin Observing Other Agents 
Now comes the subtle transition. 

• A pricing agent isn't merely responding to consumers. 
• It may respond to another company's pricing agent. 
• A procurement agent responds to supplier agents. 
• A logistics agent responds to shipping-market agents. 
• A trading agent responds to other trading agents. 

Therefore: 
• Agent A observes Agent B 

while: 
• Agent B observes Agent A. 
• A changes because B changed. 
• B changes because A changed. 
• Now: 
• A(t) ⇄ B(t) 
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And with hundreds or thousands of participants: 
A ⇄ B ⇄ C ⇄ D ⇄ … ⇄ A 
The economy begins acquiring machine-speed cognitive loops. 

The Bullwhip EJect Already Warned Us 
Supply-chain science already knows a phenomenon remarkably relevant to this hypothesis: ‘The 
Bullwhip Effect’. Small changes in consumer demand can create progressively larger fluctuations farther 
upstream. 
Conceptually: 

Consumer Demand +2% 
↓ 

Retail Order +4% 
↓ 

Distributor Order +8% 
↓ 

Manufacturer Schedule +15% 
↓ 

Supplier Response +25% 
 

• Those numbers are illustrative, not a general formula. 
• But the mechanism matters. 
• Information distortion, forecasting, batching, delays and local optimization can amplify a 

relatively small disturbance. 
• AI doesn't invent the bullwhip effect. 
• The important question is - What happens when autonomous agents participate in those feedback 

mechanisms at dramatically higher Cognition Velocity? 

AI Could Damp the Bullwhip 
This is where we must avoid making the argument one-sided. 

• AI could make supply chains more stable. 
• Better visibility can reduce uncertainty. 
• Better forecasts can reduce unnecessary inventory movements. 
• Shared information can reduce distortion. 
• Agents can detect anomalies faster. 
• Production can respond more smoothly. 
• GUDIYA should therefore not claim: 

o AI → Supply Chain Instability 
• The correct proposition is: 

o AI increases the speed and adaptivity of the control system governing the supply chain. 
Whether that produces greater stability or greater instability depends upon the dynamics 
of the resulting coupled system. 

o That is a much stronger scientific claim. 

The Inter-Actant Nyquist Problem Appears Again 
• Suppose Retail Agent R updates every second. 
• Manufacturer Agent M updates every minute. 
• Supplier Agent S updates every fifteen minutes. 
• Logistics Agent L continuously optimizes. 
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• Bank Agent B reassesses credit hourly. 
• They are coupled. 
• Yet they are observing and responding to the world at different rates. 
• Now our recent question reappears: 

o Inter-Actant Cognitive Nyquist. 
o Can one participant's relevant state change faster than another participant can adequately 

observe and reconstruct it? 
o If so, B may not be responding to: 
o A(t) 
o but effectively to an inadequate representation of A's trajectory. 

§ That could produce: 
§ Overshoot 
§ Oscillation 
§ Delayed correction 
§ False inference 
§ Repeated counter-correction 
§ The economic meaning of Cognitive Nyquist suddenly becomes concrete. 

Autonomous Pricing Is an Obvious Example 
• Imagine thousands of pricing agents. 
• Agent A sees B reduce price. 
• A responds. 
• C observes A. 
• D predicts C's response. 
• Inventory agents change replenishment. 
• Procurement agents infer changing demand. 
• Competitors' agents react. 
• The original price change can propagate through: 

 
Pricing 

↓ 
Demand 

↓ 
Inventory 

↓ 
Procurement 

↓ 
Production 

↓ 
Transportation 

↓ 
Commodity Demand 

↓ 
Cost 

↓ 
Pricing 

• The price isn't merely a number anymore. 
• It is a signal circulating through a machine-speed adaptive system. 



Stability Engineering – Volume 9 
 

www.manhattanproject20.com 
 

7 

Finance Joins the Loop 
Then add finance. 
Banks' AI systems observe: 

• Inventory 
• Orders 
• Prices 
• Commodity costs 
• Cash flow 
• Credit risk 

They dynamically alter: 
• Credit limits 
• Interest rates 
• Working capital 
• Those changes alter corporate behavior. 

Corporate agents respond by changing: 
• Purchasing 
• Inventory 
• Hiring 
• Production 
• Pricing 
• Those changes alter the signals the financial agents observe. 

Now: 
• Real Economy ⇄ Financial Economy 
• becomes another feedback loop. 
• This is where the 2008 analogy becomes particularly important. 
• The system does not need one defective participant. 
• It can develop systemic dynamics. 

Inventory Becomes a Stability Reservoir 
• This also suggests a fascinating reinterpretation. 
• Businesses normally consider inventory economically undesirable. 
• Inventory ties up capital. 

 
Hence decades of: 

• Just-in-Time 
• Lean 
• Inventory Optimization 

 
But from a stability perspective, inventory performs another function. 

• It is a: Buffer. 
• A temporary demand spike does not immediately require production to change if inventory 

absorbs it. 
Likewise: 

• Warehousing capacity 
• Spare transportation capacity 
• Cash reserves 
• Supplier redundancy 
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• Production slack 
 
all look inefficient from the standpoint of maximum utilization. 

• From Stability Engineering they may represent: ‘Stability Reservoirs’. 
• This connects directly to our earlier GUDIYA work on slack, expansion joints and stabilization 

capacity. 

AI Will Be Tempted to Optimize the Reservoirs Away 
• And here lies the danger. 
• An optimization agent may conclude: 

o Unused inventory = waste 
o Unused capacity = waste 
o Idle trucks = waste 
o Excess suppliers = waste 
o Cash buffer = inefficient capital 

• Individually, those conclusions can be rational. 
• Collectively, they may remove the system's ability to absorb disturbances. 
• The economy becomes: 

o More efficient 
o and simultaneously more brittle. 

• That is precisely the kind of phenomenon Stability Engineering must recognize. 

Machine-Speed Local Optimization 
Imagine millions of autonomous agents all receiving objectives such as: 

• Minimize inventory. 
• Maximize margin. 
• Reduce transportation cost. 
• Optimize working capital. 
• Respond immediately to demand. 
• Every agent becomes better at accomplishing its local objective. 
• That sounds wonderful. 

But: 
• What objective is responsible for the stability of the coupled system? 
• Possibly none. 
• This is the same systems problem GUDIYA has encountered repeatedly. 
• Intelligence is local. 
• Instability can be global. 

The Economy Could Develop Oscillatory Modes 
• Suppose inventories fall. 
• Procurement agents respond aggressively. 
• Suppliers increase output. 
• Inventories recover. 
• Procurement agents cut orders. 
• Suppliers reduce output. 
• Inventories fall again. 
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At human speed, perhaps months separate these cycles. 
At machine speed, perhaps the relevant adjustment cycle becomes: 

• weeks 
• days 
• hours 
• or in some digital markets: 
• seconds. 

The important variable isn't merely speed. 
It is the relationship among: 

• Delay 
• Gain 
• Response Rate 
• Coupling 
• Buffer Capacity 

and: 
• Feedback. 

 
Those determine whether the loop: 

• converges 
• or: 
• oscillates 
• or: 
• diverges. 

Cognitive Contagion Enters the Economy 
Our recent 100-agent research example showed behavioral strategies propagating through an agent 
population. 

• Now imagine economic agents. 
• One purchasing agent changes strategy. 
• Others observe the resulting market conditions. 
• Their strategies change. 
• Suppliers adapt. 
• Pricing agents learn. 
• Financial agents update. 
• A behavior can propagate without anyone issuing a central command. 

 
Thus: 

Strategy A 
↓ 

Market Effect 
↓ 

Agent Observation 
↓ 

Strategy Adoption 
↓ 

Larger Market Effect 
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This begins to resemble: Economic Cognitive Contagion. Again, not necessarily harmful. 
• Some contagion could stabilize the market. 
• Other contagion could amplify disturbances. 

Cognitive Dead Drops Become Economic Signals 
Persistent environmental state also matters. 
An agent writes: 

• Price 
• Order 
• Forecast 
• Inventory level 
• Credit decision 
• into some shared substrate. 

Another agent later consumes it. 
• The first agent may no longer even be executing. 
• Yet its cognition continues influencing the system. 
• That is structurally similar to our: Cognitive Dead Drop. 
• The economic environment becomes filled with persistent machine-generated cognitive artifacts 

that subsequently alter other machines' decisions. 

The Supply Chain Becomes a Cognitive Field 
At some point it becomes misleading to describe this merely as: Supply-chain automation. 
The system contains: 

Cognitive actants 
•  

Persistent state 
•  

Machine-speed observation 
•  

Adaptive decisions 
•  

Repeated rendezvous 
•  

Feedback 
•  

Recursion 
•  

Environmental influence 
•  

Emergence 
 

• This begins looking remarkably like a: Cognitive Field. 
• And therefore the supply chain becomes a candidate HCAS: Complex Adaptive System operating 

at machine speed. 

Supply-Chain Management Becomes Stability Engineering 
Today's supply-chain control tower asks: 

• Where is my shipment? 
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• How much inventory do I have? 
• What is tomorrow's forecast? 

The future control system may additionally need to ask: 
• Is coupling density increasing? 
• Are agents synchronizing unintentionally? 
• Is procurement gain rising? 
• Are response rates mismatched? 
• Is an oscillatory mode emerging? 
• Is a behavior propagating? 
• Are stability reservoirs being depleted? 
• Is the system approaching an unstable operating regime? 

 
Those are not ordinary supply-chain questions. 
They are dynamic-stability questions. 

The Economic ECG 
And once again we arrive at the cardiology analogy. 
Imagine observing: 

• Inventory Velocity 
• Order Velocity 
• Price Velocity 
• Credit Velocity 
• Capacity Margin 
• Coupling Density 
• Response-Time Distribution 
• Oscillation Amplitude 
• Stability Reservoirs 

over time. 
Instead of merely seeing economic statistics, we might begin seeing the: Rhythm of the economic system. 

• Healthy. 
• Stressed. 
• Oscillating. 
• Arrhythmic. 
• Approaching cascade. 

This is essentially the GUDIYA ECG concept moved into economic infrastructure. 

The 2008 Lesson Becomes a Warning 
The pre-2008 financial system accumulated: 

• Leverage 
• Coupling 
• Correlation 
• Funding dependency 
• Opacity 
• while stability margins deteriorated. 

Then a series of disturbances pushed the system into cascade. 
An AI-mediated economy could accumulate a different combination: 

• Cognition Velocity 
• Coupling Density 
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• Automated Gain 
• Recursive Optimization 
• Persistent State 
• Reduced Buffers 
• Synchronized Behavior 
• Response-Rate Mismatch 
• while appearing extraordinarily efficient. 

 
The danger is therefore not necessarily: 

• An AI makes a terrible decision. 
• The deeper danger may be: 
• Millions of AIs make individually sensible decisions whose interactions create an unstable 

economic trajectory. 

The Strange Possibility: Success Creates the Instability 
• This may be the most important point. 
• Suppose AI succeeds spectacularly. 
• Forecasts improve. 
• Response times fall. 
• Inventories shrink. 
• Utilization rises. 
• Capital efficiency improves. 
• Prices adjust instantly. 
• Procurement becomes autonomous. 
• Logistics becomes continuously optimized. 
• Each improvement is celebrated. 

 
Yet simultaneously: 

Damping ↓ 
Slack ↓ 

Buffers ↓ 
Response Velocity ↑ 

Coupling ↑ 
Feedback Gain ↑ 

 
Then: 

• The success of local AI optimization may itself change the stability characteristics of the 
economic system. 

• That is not an argument against AI. 
• It is an argument for Stability Engineering accompanying AI. 

Perhaps “Supply Chain” Becomes an Obsolete Term 
A chain implies: 
A → B → C → D 
But the future system may look more like: 
A ⇄ B ⇄ C 
↕ ↕ ↕ 
D ⇄ E ⇄ F 
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↕ ↕ ↕ 
G ⇄ H ⇄ I 
with millions of adaptive nodes continuously changing one another. 
That isn't really a chain. 
It is a: Dynamical Economic Network. 
Or from the GUDIYA perspective: Economic Cognitive Field. 

The GUDIYA Question 
This leads to a question that conventional AI economics may not yet be asking loudly enough: 

• Who stabilizes the machine-speed economic feedback loops created when independently 
optimized autonomous agents begin controlling the world's supply chains? 

• The answer cannot simply be: 
o Each company stabilizes its own agent. 

• Because the unstable mode may exist between companies. 
• Just as: 
• A may be correct. 
• B may be correct. 
• C may be correct. 
• while: 

o A ⇄ B ⇄ C 
o is unstable. 

The Same Root Principle Appears Again 
And remarkably, we arrive back at GUDIYA's distinctive contribution: 
Introduce Time as a First-Class Variable. 
Without time: 

• Supplier → Manufacturer → Distributor → Retailer 
• is an architecture. 

Introduce time: 
• Supplier(t) ⇄ Manufacturer(t) ⇄ Distributor(t) ⇄ Retailer(t) ⇄ Consumer(t) 
• and it becomes: 
• Dynamics. 

o Then appear: 
o Velocity 
o Delay 
o Gain 
o Phase 
o Feedback 
o Oscillation 
o Persistence 
o Contagion 
o Trajectory 
o and: 
o Instability. 

 
The conceptual progression is almost unavoidable: 

• Time turns transactions into dynamics. 
• AI turns dynamics into machine-speed dynamics. 
• Machine-speed dynamics turn supply-chain management into a stability problem. 
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Final Principle 
• For centuries, economic actors interacted at approximately human organizational speed. 
• AI may progressively remove that speed limit. 
• The consequence will not merely be faster commerce. 
• It may transform supply chains from sequences of transactions into densely coupled networks of 

autonomous adaptive control loops. 
• Those loops can produce extraordinary efficiency. 
• They can also produce dynamics that belong to no individual company, no individual agent and 

no individual transaction. 
• The central risk is therefore not necessarily that an AI will make an irrational decision. 
• It may be exactly the opposite: 

o Every AI may make a locally rational decision—and the resulting economic system may 
still become globally unstable. 

o That is the lesson of Complex Adaptive Systems. 
o And it suggests a profound extension of Cognitive Stability Engineering: 

§ When supply chains become feedback loops at machine speed, economic 
infrastructure itself begins to require stability engineering. 

§ Perhaps the great AI productivity question is: 
§ How much friction can we remove? 
§ The GUDIYA question is one level deeper: 
§ How much friction can we safely remove before we discover that some of what 

we called inefficiency was actually damping? 
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