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Abstract 

Much of economic theory analyzes outcomes through equilibrium existence and eĸciency, 
oŌen abstracƟng from how such outcomes are idenƟĮed in decentralized systems. This paper 
studies equilibrium selecƟon in environments with discrete acƟons and shared feasibility 
constraints. In such seƫngs, welfare-relevant allocaƟons may be easy to verify once proposed 
yet diĸcult to idenƟfy through decentralized adjustment. 

We develop a combinatorial allocaƟon economy in which agents choose among discrete acƟons 
subject to resource constraints. A sequenƟal best-response process is operaƟonal and 
converges to stable outcomes, but the resulƟng equilibria need not be welfare-maximizing. The 
underlying reason is that local improvement and global equilibrium selecƟon consƟtute disƟnct 
problems: decentralized agents can opƟmize over currently feasible acƟons without idenƟfying 
welfare-relevant equilibria in the full feasible set. 

To formalize this disƟncƟon, I show that welfare-relevant equilibrium selecƟon can be 
computaƟonally inaccessible, providing a sharp separaƟon between equilibrium existence and 
operaƟonal accessibility. As a result, realized outcomes depend on adjustment processes rather 
than on existence condiƟons alone. This generates path dependence, dispersion across 
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equilibria, and persistent eīects of policy intervenƟons even in the absence of tradiƟonal 
fricƟons. 

SimulaƟons indicate that decentralized adjustment converges rapidly while aƩaining only 75.6 
percent of benchmark welfare on average, demonstraƟng that accessibility gaps can arise even 
when convergence itself is nearly immediate. 

The contribuƟon is to idenƟfy computaƟonal accessibility as a disƟnct determinant of 
equilibrium outcomes and to show how equilibrium existence, equilibrium accessibility, and 
equilibrium selecƟon can diverge in decentralized economic systems. 

Keywords: Equilibrium Accessibility; Equilibrium SelecƟon; Decentralized Adjustment; 
ComputaƟonal Economics; Path Dependence; Feasibility Constraints; Economic Dynamics  
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1. Why Policy Remains Relevant AŌer FricƟons Disappear 

Much of modern economic policy analysis begins from the presence of fricƟons. Markets may 
fail to reach eĸcient outcomes because informaƟon is asymmetric, search is costly, transacƟons 
are costly, prices are sƟcky, contracts are incomplete, or agents cannot coordinate on superior 
equilibria. The canonical examples are familiar: asymmetric informaƟon in Akerlof’s lemons 
model, transacƟon costs in Coase and Williamson, search fricƟons in Diamond, and nominal 
adjustment costs in Mankiw’s menu-cost model (Akerlof 1970; Coase 1937; Williamson 1975; 
Diamond 1982; Mankiw 1985). 

This framework has been extraordinarily producƟve. It explains why disclosure rules, 
contracƟng insƟtuƟons, monetary stabilizaƟon, anƟtrust policy, procurement design, and 
market regulaƟon may maƩer. The underlying intuiƟon is that policy becomes relevant when 
some obstacle prevents decentralized actors from reaching otherwise feasible gains from trade 
or eĸcient allocaƟons. 

Technological change complicates this picture. Search costs have fallen sharply in many markets. 
Digital plaƞorms reduce matching costs. ArƟĮcial intelligence may further reduce informaƟon 
asymmetries, automate contracƟng tasks, improve forecasƟng, and lower the cost of 
coordinaƟon. To the extent that these developments weaken tradiƟonal fricƟons, one might 
expect the policy case to weaken as well. 

This paper argues that such a conclusion is premature. Even if informaƟon becomes abundant, 
contracƟng becomes easier, and adjustment costs fall, decentralized economies may sƟll face a 
diīerent kind of constraint: combinatorial feasibility. In many producƟon and allocaƟon 
environments, the diĸculty is not that agents lack informaƟon or that prices adjust slowly. The 
diĸculty is that the number of feasible conĮguraƟons grows rapidly with the size of the system. 
Welfare-improving allocaƟons may exist and may be easy to verify once proposed, yet remain 
diĸcult to idenƟfy, coordinate upon, or aƩain through decentralized adjustment. 

Economic analysis has tradiƟonally focused on equilibrium existence and eĸciency, with less 
emphasis on the accessibility of such outcomes. Yet for many economic quesƟons, reachability 
may maƩer as much as existence. A welfare-improving allocaƟon that cannot be reliably 
discovered through decentralized adjustment may have liƩle pracƟcal relevance, regardless of 
its theoreƟcal desirability. 

This disƟncƟon shiŌs the policy quesƟon. TradiƟonal fricƟons oŌen impede the idenƟĮcaƟon, 
coordinaƟon, or implementaƟon of desirable allocaƟons. Combinatorial constraints introduce a 
diīerent diĸculty: even when agents possess substanƟal informaƟon and act raƟonally, 
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decentralized adjustment may fail to assemble welfare-relevant feasible conĮguraƟons.. A 
market may therefore converge to an allocaƟon that is feasible and locally stable but not 
welfare-relevant, not because agents are irraƟonal or uninformed, but because the globally 
superior conĮguraƟon is not operaƟonally accessible. 

The argument connects Hayek’s insight about dispersed knowledge to a diīerent limitaƟon. 
Hayek emphasized that economic knowledge is distributed and that prices help coordinate local 
informaƟon (Hayek 1945). The issue here is not primarily that informaƟon is dispersed. Even 
when the relevant informaƟon is known, the feasible allocaƟon problem may be operaƟonally 
diĸcult. This is the seƫng in which results from combinatorial opƟmizaƟon and computaƟonal 
economics become economically relevant. The issue is not merely whether desirable allocaƟons 
exist, but whether decentralized systems can reliably idenƟfy and aƩain them. (Garey and 
Johnson 1979; Papadimitriou 1994; Sandholm 2002). 

NP-hardness provides one formal way to separate equilibrium existence from operaƟonal 
accessibility. It establishes that the existence of a welfare-relevant allocaƟon does not imply the 
existence of a tractable procedure capable of idenƟfying it. More importantly, it shows why 
reliable equilibrium selecƟon cannot generally be assumed. The existence of a welfare-relevant 
equilibrium and the ability of decision-makers to idenƟfy it are separate quesƟons. 

This disƟncƟon is not unique to decentralized systems. Even in a centralized decision-making 
seƫng or under perfect collusion, Įnding a welfare-relevant equilibrium remains an NP-hard 
combinatorial problem. Governments face the same computaƟonal limits. The contribuƟon of 
this paper is therefore not to show that centralized actors can solve such problems, but to 
idenƟfy a disƟnct economic implicaƟon of computaƟonal accessibility. TradiƟonal policy analysis 
asks how outcomes change when informaƟon, incenƟves, or adjustment costs change. This 
paper asks a diīerent quesƟon: what happens when welfare-improving allocaƟons exist, but 
decentralized systems cannot reliably discover them? The answer is that equilibrium existence, 
equilibrium accessibility, and equilibrium selecƟon can diverge. In such environments, 
adjustment dynamics rather than equilibrium condiƟons become an important determinant of 
realized outcomes. 

The central claim of the paper is that economic outcomes are determined not only by which 
allocaƟons are feasible or which equilibria exist, but by which allocaƟons are operaƟonally 
accessible through decentralized adjustment processes. 

A second claim is that the conƟnuing relevance of policy need not rest only on asymmetric 
informaƟon, menu costs, or other convenƟonal fricƟons. Decentralized adjustment may fail to 
idenƟfy welfare-improving allocaƟons even when such allocaƟons exist. Under these condiƟons, 
policy may remain relevant not because governments can reliably idenƟfy welfare-maximizing 
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outcomes, but because intervenƟons can inŇuence the paths through which decentralized 
systems explore feasible alternaƟves. 

 

2. Combinatorial Constraints in Modern Economic Systems 

The argument developed in this paper does not depend on any parƟcular industry or 
insƟtuƟonal seƫng. Rather, it concerns a structural feature that appears across a wide range of 
contemporary economic systems: the allocaƟon of scarce resources across large numbers of 
feasible combinaƟons. In such environments, economic outcomes depend not merely on prices 
or informaƟon, but on the selecƟon of feasible conĮguraƟons from an expanding combinatorial 
set. This structure appears across a variety of applied seƫngs, including supply chains, logisƟcs 
networks, infrastructure systems, and procurement environments. 

2.1 Supply Chains and LogisƟcs Networks 

Supply-chain design problems rouƟnely involve supplier selecƟon, facility locaƟon, inventory 
placement, transportaƟon rouƟng, and capacity allocaƟon. These decisions interact through 
shared constraints and are typically formulated as mixed-integer opƟmizaƟon problems (Simchi-
Levi, Kaminsky, and Simchi-Levi 2008; Snyder 2006). Likewise, logisƟcs networks give rise to 
classical vehicle-rouƟng, scheduling, and allocaƟon problems whose computaƟonal complexity 
grows rapidly with network size (Dantzig and Ramser 1959; Toth and Vigo 2014). 

The key economic feature is that feasible allocaƟons are interdependent. SelecƟng one supplier, 
route, or capacity commitment may eliminate a large number of alternaƟve conĮguraƟons. As a 
result, decentralized adaptaƟon occurs within a constrained and evolving feasible set rather 
than over a conƟnuous choice space. 

2.2 Energy, Infrastructure, and Capacity AllocaƟon 

Modern infrastructure systems exhibit similar characterisƟcs. Electric power systems require the 
allocaƟon of generaƟon, transmission capacity, storage, and interconnecƟon access while 
saƟsfying engineering and reliability constraints. Unit commitment and transmission-
constrained dispatch are typically formulated as large-scale mixed-integer opƟmizaƟon 
problems (Wood, Wollenberg, and Sheblé 2013; Bienstock 2015). 

Recent interconnecƟon queues in electricity markets provide a parƟcularly clear example. The 
challenge is oŌen not a lack of informaƟon regarding potenƟal projects, but the diĸculty of 
allocaƟng scarce transmission and grid-access capacity among a large number of compeƟng 
feasible projects. Similar allocaƟon issues arise in transportaƟon infrastructure, airport slot 
allocaƟon, port congesƟon, and telecommunicaƟons networks. 
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2.3 Procurement, AllocaƟon, and Resource Assignment 

Procurement systems provide another example. Governments and Įrms must frequently select 
feasible combinaƟons of projects, contracts, vendors, and schedules subject to budgetary and 
operaƟonal constraints. In combinatorial aucƟons and procurement environments, determining 
welfare-maximizing allocaƟons is itself a computaƟonally diĸcult problem (Rothkopf, Pekec, and 
Harstad 1998; Sandholm 2002). 

More generally, many allocaƟon problems in economics share a common structure: resources 
are scarce, acƟons are discrete, and the value of a parƟcular decision depends on the set of 
other decisions simultaneously implemented. The resulƟng problem is not merely one of 
opƟmizaƟon, but of selecƟng among large numbers of mutually interacƟng feasible 
conĮguraƟons. 

2.4 Common Structure 

These examples diīer substanƟally in insƟtuƟonal detail. Some involve private Įrms, others 
public agencies. Some rely on markets, others on administraƟve allocaƟon. Yet they share a 
common structural characterisƟc. Economic outcomes depend on selecƟng feasible 
combinaƟons of discrete acƟons under shared constraints. 

This observaƟon does not by itself establish computaƟonal diĸculty. Nor does it imply that 
decentralized systems cannot adapt successfully. It does suggest, however, that many 
economically important environments possess a combinatorial structure that diīers 
fundamentally from the conƟnuous seƫngs tradiƟonally emphasized in equilibrium analysis. 

The next secƟon turns to the computaƟonal implicaƟons of that structure. ExisƟng results from 
combinatorial opƟmizaƟon, allocaƟon theory, and computaƟonal economics imply that welfare-
relevant allocaƟons may be diĸcult to idenƟfy even when they are easy to verify once 
proposed. 

3. Why Accessibility MaƩers: Evidence from Contemporary AllocaƟon Systems 

The preceding secƟon argued that many economically important environments possess a 
combinatorial structure. That observaƟon alone does not establish that computaƟonal 
accessibility is economically relevant. A reasonable objecƟon is that Įrms, markets, and 
insƟtuƟons rouƟnely solve complex allocaƟon problems. Why should economists care whether 
some allocaƟons are computaƟonally diĸcult in principle? 

The answer is that a growing number of contemporary economic systems exhibit persistent 
allocaƟon problems that are diĸcult to explain solely through tradiƟonal fricƟons. In many 
cases, parƟcipants possess substanƟal informaƟon about the opportuniƟes available to them. 
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The diĸculty lies in selecƟng among large numbers of feasible but mutually interacƟng 
alternaƟves. 

3.1 Electric InterconnecƟon Queues 

Electric power systems provide perhaps the clearest example. Across the United States, 
thousands of proposed generaƟon and storage projects remain in interconnecƟon queues 
awaiƟng access to transmission infrastructure (Rand et al. 2024). Developers oŌen know the 
technology, expected output, Įnancing requirements, and market opportuniƟes associated with 
their projects. The diĸculty is not ignorance. It is determining which combinaƟon of projects 
can be accommodated given transmission constraints, upgrade requirements, and network 
interacƟons. 

The resulƟng problem is highly combinatorial. The feasibility of any individual project depends 
on the collecƟon of other projects simultaneously granted access to the network. Queue 
reforms repeatedly focus on sequencing, prioriƟzaƟon, and coordinaƟon rather than on 
informaƟon provision alone. The challenge is fundamentally one of allocaƟon. 

3.2 Semiconductor Capacity 

The semiconductor shortages of the early 2020s illustrate a similar paƩern (U.S. Department of 
Commerce 2022; Varas et al. 2021). Market parƟcipants broadly understood the nature of the 
shortage. The problem was not a lack of awareness that semiconductor fabricaƟon capacity had 
become scarce. 

The diĸculty was determining how limited fabricaƟon, tesƟng, transportaƟon, and assembly 
resources should be allocated across a vast number of potenƟal producƟon combinaƟons (U.S. 
Department of Commerce 2022). Automobile manufacturers, consumer electronics Įrms, 
industrial producers, and governments all competed for overlapping capacity. The relevant 
quesƟon was not whether demand existed. It was how scarce capacity should be distributed 
across compeƟng feasible uses. 

3.3 Defense Procurement and Industrial Capacity 

Defense procurement provides another example (U.S. Government Accountability Oĸce 2018; 
U.S. Department of Defense 2024). Governments oŌen face decisions involving large numbers 
of mutually dependent projects compeƟng for engineering capacity, manufacturing capability, 
skilled labor, tesƟng faciliƟes, cerƟĮcaƟon resources, and supplier networks. 

In many cases, the challenge is not idenƟfying worthwhile projects. Rather, it is assembling a 
feasible collecƟon of projects that can be completed simultaneously given underlying resource 
constraints. Recent assessments of the U.S. defense industrial base idenƟfy producƟon 
boƩlenecks, workforce constraints, supplier visibility and concentraƟon, and limited 
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manufacturing capacity as persistent challenges. Small changes in prioriƟes can alter which 
combinaƟons of programs remain feasible and which capabiliƟes remain available for future 
use. 

The resulƟng problem extends beyond budgeƟng or project selecƟon. Decisions concerning one 
program aīect the resources available to others, creaƟng interdependencies that resemble the 
accessibility challenges observed in infrastructure systems and producƟon networks. The 
relevant issue is therefore not simply which projects are desirable, but which combinaƟons of 
projects can realisƟcally be pursued simultaneously. 

4. ComputaƟonal Accessibility and Welfare-Relevant AllocaƟon 

The environments discussed above share a common characterisƟc: they require the selecƟon of 
feasible combinaƟons of discrete acƟons subject to shared constraints. The relevant quesƟon is 
therefore not simply whether desirable allocaƟons exist, but whether such allocaƟons can be 
idenƟĮed through decentralized decision-making. 

The argument diīers from the classic socialist calculaƟon debate. Hayek (1945) emphasized that 
economically relevant informaƟon is dispersed and therefore diĸcult to aggregate. The present 
paper asks a diīerent quesƟon. Suppose the relevant informaƟon is known. Suppose agents 
understand the available technologies, constraints, and opportuniƟes. Does it follow that 
welfare-relevant allocaƟons are operaƟonally accessible? The answer may sƟll be no. 
Accessibility depends not only on informaƟon but also on the computaƟonal structure of the 
allocaƟon problem itself. 

 

A large literature in computer science, operaƟons research, and computaƟonal economics 
demonstrates that many allocaƟon problems possess precisely this feature. Combinatorial 
aucƟons, packing problems, scheduling problems, rouƟng problems, and resource-allocaƟon 
problems are oŌen computaƟonally diĸcult even when feasibility can be veriĮed quickly once a 
candidate allocaƟon is proposed (Garey and Johnson 1979; Papadimitriou 1994; Sandholm 
2002). 

The disƟncƟon between Įnding and verifying is fundamental. Given a candidate allocaƟon, it is 
oŌen straighƞorward to determine whether constraints are saƟsĮed and to calculate its welfare. 
The diĸculty lies in idenƟfying the allocaƟon itself from among a large number of feasible 
possibiliƟes. 

In computaƟonal economics, complexity results for equilibrium computaƟon show that 
equilibrium objects may be diĸcult to compute even when their deĮning properƟes are 
mathemaƟcally well understood (Deng, Papadimitriou, and Safra 2003; Chen, Dai, Du, and Teng 
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2009). These results diīer in important ways from the environments considered here, but they 
reinforce a common point: economic existence theorems do not automaƟcally imply 
computaƟonal accessibility. 

The present paper focuses on a more speciĮc quesƟon. Suppose a welfare-improving allocaƟon 
exists. Suppose further that agents are fully raƟonal, possess complete informaƟon, and face no 
adjustment costs. Does it follow that decentralized behavior will reliably idenƟfy and aƩain that 
allocaƟon? 

The answer is not obvious. In combinatorial environments, the set of feasible allocaƟons may 
grow rapidly with system size. The existence of a welfare-superior allocaƟon therefore does not 
imply that decentralized agents can discover it, coordinate upon it, or move toward it through 
local adjustments. 

This disƟncƟon moƟvates the concept of operaƟonal accessibility. An allocaƟon is operaƟonally 
accessible if decentralized adjustment can plausibly discover and aƩain it using informaƟon and 
computaƟonal resources available to economic actors.1 An allocaƟon may therefore be: 

1. feasible, 

2. welfare-superior, 

3. easy to verify once proposed, 

yet sƟll fail to be operaƟonally accessible. SecƟon 10 provides simulaƟon examples illustraƟng 
precisely this possibility. 

The remainder of the paper explores the implicaƟons of this possibility. Rather than assuming 
that welfare-relevant allocaƟons are automaƟcally aƩainable, the analysis asks what 
decentralized systems do when such allocaƟons are computaƟonally diĸcult to idenƟfy. The 
answer, I argue, is that local adjustment processes become the economically relevant object. In 
such environments, observed outcomes may be governed less by the existence of globally 
desirable allocaƟons than by the dynamics through which feasible allocaƟons are constructed. 

5. What Decentralized Economies Do Instead 

The preceding secƟon argued that welfare-relevant allocaƟons may be computaƟonally 
inaccessible even when they are easy to verify once proposed. This observaƟon raises a natural 

 
1 The distinction between desirable outcomes and operationally attainable outcomes has a long history in economics. 
In spirit, the present argument resembles the broader insight that the existence of an optimal plan does not imply its 
implementation (Kydland and Prescott 1977). Unlike their analysis, however, the mechanism here does not arise 
from commitment problems or dynamic inconsistency. It arises from computational accessibility and combinatorial 
feasibility. 
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quesƟon. If globally desirable allocaƟons cannot be reliably idenƟĮed, what process governs 
decentralized economic outcomes? 

TradiƟonal equilibrium analysis oŌen leaves this quesƟon implicit. The standard approach is to 
characterize an equilibrium and then study its properƟes. Adjustment is treated as secondary. 
This methodology is oŌen jusƟĮed because, in many environments, equilibrium serves as a 
reasonable approximaƟon of observed outcomes. If agents can discover and coordinate upon 
eĸcient allocaƟons, then the adjustment process itself may have limited independent 
importance. 

A long tradiƟon in economics has nevertheless emphasized that outcomes depend not only on 
equilibrium condiƟons but also on the procedures by which decisions are made. Simon (1955, 
1957) argued that economic agents frequently rely on tractable decision rules rather than 
exhausƟve opƟmizaƟon. Hayek (1945) emphasized that decentralized systems operate through 
local informaƟon rather than global knowledge. More recently, Rubinstein (1998) examined the 
implicaƟons of computaƟonal limits for economic decision making, while Young (1998) and 
related work in adapƟve dynamics studied how decentralized adjustment can shape long-run 
outcomes. 

The present paper approaches the issue from a diīerent direcƟon. Agents may be fully 
informed and fully raƟonal, yet welfare-relevant allocaƟons may remain operaƟonally 
inaccessible through decentralized adjustment. 

This disƟncƟon maƩers because decentralized actors rarely solve global allocaƟon problems 
directly. Firms do not evaluate every possible supply-chain conĮguraƟon before selecƟng 
suppliers. Grid operators do not compare every feasible allocaƟon of transmission capacity. 
Procurement systems do not examine every possible combinaƟon of contracts and projects. In 
pracƟce, decisions are made through a sequence of local revisions, subsƟtuƟons, reallocaƟons, 
and adjustments. 

The relevant economic quesƟon therefore becomes procedural rather than existenƟal. Instead 
of asking whether a desirable allocaƟon exists, one asks how decentralized systems move 
through the space of feasible allocaƟons. The quesƟon is not what an omniscient planner could 
compute, but what decentralized agents can implement through feasible adjustment processes. 

This observaƟon suggests a simple principle: 

When globally desirable allocaƟons are computaƟonally inaccessible, decentralized systems rely 
on locally feasible improvements. 

The principle is closely related to themes that appear throughout the literature on adapƟve 
behavior, learning, and evoluƟonary dynamics. Agents typically evaluate alternaƟves that are 
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currently available rather than exhausƟvely searching all feasible possibiliƟes. Decisions are 
made incrementally. ExisƟng commitments constrain future opƟons. As a result, realized 
outcomes depend not only on preferences and technologies but also on the path through which 
feasible allocaƟons are constructed (Young 1998). 

Importantly, local adjustment need not imply irraƟonality. Agents may opƟmize over currently 
feasible opportuniƟes while the system as a whole fails to aƩain a welfare-superior allocaƟon. 
Local opƟmizaƟon and global ineĸciency are therefore compaƟble. 

The disƟncƟon between local and global reasoning is familiar in operaƟons research and 
combinatorial opƟmizaƟon. Many computaƟonally diĸcult problems admit eĸcient local-
search procedures that improve candidate soluƟons without guaranteeing globally opƟmal 
outcomes (Papadimitriou and Steiglitz 1998; Aarts and Lenstra 2003). The interpretaƟon here is 
diīerent. The objecƟve is not to design an algorithm. Rather, the local-search analogy provides 
a useful way to think about decentralized economic adjustment. Firms revise acƟons using 
informaƟon available in their immediate neighborhood of feasible alternaƟves rather than 
solving the global allocaƟon problem. 

This perspecƟve has an important implicaƟon. The economically relevant object may not be the 
welfare-maximizing allocaƟon itself. Instead, it may be the dynamic process through which 
feasible allocaƟons are generated, revised, and stabilized. If decentralized adjustment 
systemaƟcally explores only a small subset of the feasible allocaƟon space, then equilibrium 
existence alone provides an incomplete descripƟon of economic outcomes. 

The contribuƟon is not the existence of local opƟma, which are familiar throughout 
opƟmizaƟon and game theory. The contribuƟon is that decentralized equilibrium dynamics 
operaƟng under feasibility constraints may systemaƟcally select such outcomes even when 
welfare-superior equilibria exist elsewhere in the feasible set. 

The remainder of the paper studies perhaps the simplest formal representaƟon of this idea: 
sequenƟal best-response under feasibility constraints. Firms revise acƟons one at a Ɵme, taking 
the current acƟons of others as given and selecƟng the highest-valued acƟon that remains 
feasible. The resulƟng process is computaƟonally trivial at the level of the individual Įrm. Yet, as 
the following secƟons demonstrate, the outcomes reached by this dynamic can diīer 
systemaƟcally from welfare-relevant allocaƟons that exist elsewhere in the feasible set. 

The central implicaƟon is that computaƟonal inaccessibility shiŌs aƩenƟon away from 
equilibrium existence and toward adjustment dynamics. Once welfare-relevant allocaƟons are 
no longer assumed to be operaƟonally accessible, the process of decentralized adaptaƟon 
becomes a primary object of economic analysis rather than a secondary detail. 
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6. A Simple Model of Decentralized Adjustment 

The previous secƟons argued that welfare-relevant allocaƟons may be computaƟonally 
inaccessible even when they exist. If so, equilibrium existence alone is insuĸcient to predict 
outcomes. The relevant quesƟon becomes how decentralized systems move through the space 
of feasible allocaƟons. 

The model below is a minimal combinatorial allocaƟon economy. Agents are fully informed, fully 
raƟonal, and face no adjustment costs. The objecƟve is to isolate the role of feasibility 
constraints. The approach is related to the literature on adapƟve adjustment and decentralized 
learning (Young 1998) but diīers in emphasis. The issue is not why agents fail to opƟmize. The 
issue is what decentralized opƟmizaƟon implies when globally desirable allocaƟons may be 
diĸcult to idenƟfy. 

6.1 Economic Environment 

Let 𝑁 = {1,… , ݊} 
 

denote a Įnite set of Įrms and ܴ = {1,… ,  {ݎ
 

a Įnite set of resources. 

Each resource ݎ ∈ ܴ has capacity ݍ௥ ∈ ℤ+. 
 

Resources are exogenous capacity units. They may represent supplier slots, logisƟcs channels, 
transmission capacity, cerƟĮcaƟon opportuniƟes, procurement commitments, infrastructure 
access, compute capacity, or other scarce inputs. 

Each Įrm ݅ ∈ 𝑁chooses one acƟon from a Įnite acƟon set ܣ௜ . 
 

An acƟon represents a complete sourcing or allocaƟon plan. 

Associated with each acƟon ܽ ∈ ௜ܣ  is a resource-requirement vector 
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݀(ܽ) = (݀1(ܽ), … , ݀௥(ܽ)), 
 

where ݀௥(ܽ) ∈ {0,1}. 
 

A proĮle of acƟons is denoted ܽ = (ܽ1, … , ܽ௡). 
 

Feasibility 

A proĮle is feasible if aggregate resource use does not exceed available capacity: ∑݀௥௜∈ே (ܽ௜) ≤ ݎ∀௥ݍ ∈ ܴ. 
 

Feasibility is the only source of interacƟon among Įrms. The absence of direct payoī interacƟon 
is intenƟonal. The objecƟve is to isolate the role of shared feasibility constraints as a source of 
economic interdependence. A Įrm's acƟon aīects the opportunity sets available to other Įrms 
through the allocaƟon of scarce resources rather than through preferences or beliefs. Many 
economically important allocaƟon environments—including supplier selecƟon, transmission 
access, procurement systems, and capacity allocaƟon—possess precisely this structure. 

Payoīs 

Each Įrm has payoī funcƟon ݑ௜: ௜ܣ → ℤ. 
 

Payoīs depend only on the Įrm's chosen acƟon. A sourcing plan may therefore have greater 
value because it provides access to superior suppliers, lower transportaƟon costs, higher 
output, or greater reliability. The source of value is not important for the analysis. What maƩers 
is that Įrms rank feasible acƟons according to their payoīs. 

Welfare 

Aggregate welfare is deĮned as ܹ(ܽ) ௜௜∈ேݑ∑= (ܽ௜). 
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The welfare measure is intenƟonally simple. The objecƟve is not to construct a comprehensive 
welfare criterion but to disƟnguish welfare-relevant allocaƟons from allocaƟons generated by 
decentralized adjustment. 

6.2 Equilibrium 

The benchmark concept is a pure feasible equilibrium. 

DeĮniƟon 1 (Pure Feasible Equilibrium) 

A feasible proĮle ܽ∗ 
 

is a pure feasible equilibrium if no Įrm can proĮtably switch to another acƟon that remains 
feasible given the acƟons of all other Įrms. 

Formally, ݑ௜(ܽ௜∗) ≥  (ܾ)௜ݑ
 

for every Įrm ݅ ∈ 𝑁and every alternaƟve acƟon ܾ ∈ ,ܾ) ௜such thatܣ ܽ−௜∗ ) 
 

is feasible. 

Equilibrium therefore combines two requirements. 

First, all capacity constraints must be saƟsĮed. 

Second, no feasible proĮtable unilateral deviaƟon may exist. 

NoƟce that equilibrium does not require Įrms to idenƟfy the welfare-maximizing allocaƟon. It 
requires only that Įrms opƟmize over their currently feasible opportuniƟes. 

6.3 SequenƟal Best Response Under Feasibility 

The central object of the paper is not equilibrium itself but the process by which decentralized 
systems move through the feasible allocaƟon space. 

DeĮniƟon 2 (SequenƟal Best Response) 
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Let {݅௧}௧≥0 

 

be a sequence selecƟng one Įrm in each period. 

StarƟng from a feasible proĮle ܽ0, 
 

Įrm ݅௧ chooses ܽ௜೟ ௧+1 ∈ arg⁡max⁡௕∈஺೔೟{ݑ௜೟(ܾ): (ܾ, ܽ−௜೟ ௧ ) is feasible}. 
 

All other Įrms retain their previous acƟons: 

௝ܽ ௧+1 = ௝ܽ ௧∀݆ ≠ ݅௧. 
 

The rule is deliberately local. Firms do not solve a global allocaƟon problem. They evaluate only 
acƟons currently available to them. 

DeĮniƟon 3 (Absorbing State) 

A feasible proĮle ܽ is absorbing if no Įrm possesses a proĮtable feasible deviaƟon. 

By construcƟon, every absorbing state is a pure feasible equilibrium. 

6.4 ProperƟes of Local Adjustment 

The Įrst quesƟon is whether the adjustment process is well deĮned. SpeciĮcally, does 
decentralized adaptaƟon preserve feasibility and converge to a stable outcome? 

ProposiƟon 1 (Feasibility PreservaƟon) 

If ܽ0 is feasible, then every subsequent proĮle generated by sequenƟal best response remains 
feasible. 

Proof 

Suppose ܽ௧is feasible. Firm ݅௧chooses only among acƟons saƟsfying (ܾ, ܽ−௜೟ ௧ ) 
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feasible. 

Therefore the updated proĮle ܽ௧+1also saƟsĮes all resource constraints. By inducƟon, feasibility 
is preserved for every ݐ. □ 

 

The second quesƟon is whether decentralized adjustment eventually stabilizes. 

ProposiƟon 2 (Finite Convergence) 

Assume payoīs are integer-valued and Įrms move only when a strict improvement is available. 
Then sequenƟal best response converges in Įnite Ɵme to an absorbing state. 

Proof 

Recall that aggregate welfare is deĮned as ܹ(ܽ) ௜௜∈ேݑ∑= (ܽ௜). 
 

Whenever a Įrm makes a strictly proĮtable move under sequenƟal best response, ݑ௜೟  (ܽ௜೟௧+1) > ௜೟ݑ  ⁣(ܽ௜೟௧ ). 
 

Since the acƟons of all other Įrms remain unchanged, ܹ(ܽ௧+1) −ܹ(ܽ௧) = ௜೟ݑ  (ܽ௜೟௧+1) − ௜೟ݑ  (ܽ௜೟௧ ) > 0. 
 

Because the acƟon sets are Įnite, the number of feasible proĮles is Įnite. Consequently, the set 
of aƩainable welfare values is Įnite and ܹis bounded above. Since payoīs are integer-valued, 
each proĮtable deviaƟon increases welfare by at least one unit. Therefore, only Įnitely many 
welfare-improving moves are possible. 

The adjustment process therefore terminates aŌer Įnitely many steps at a proĮle with no 
proĮtable feasible deviaƟon. By DeĮniƟon 3, that proĮle is an absorbing state. □ 

 

The convergence result is related to Įnite-improvement arguments in adapƟve dynamics and 
potenƟal games (Monderer and Shapley 1996). However, the signiĮcance here is not the 
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existence of a potenƟal funcƟon itself. Rather, it is that decentralized adjustment remains 
operaƟonal even when welfare-relevant allocaƟons may not be. 

This observaƟon creates the central tension explored in the remainder of the paper. Local 
adjustment can be computaƟonally trivial, while welfare-relevant allocaƟon may remain 
computaƟonally inaccessible. The next secƟon develops this disƟncƟon formally and examines 
the consequences of the resulƟng computaƟonal–dynamic gap. 

7. ComputaƟonal Accessibility and Welfare-Relevant Equilibrium SelecƟon 

The previous secƟon established that decentralized adjustment is operaƟonal. StarƟng from any 
feasible allocaƟon, Įrms can evaluate locally feasible alternaƟves and converge to a stable 
outcome through sequenƟal best response. The existence of such a process does not imply, 
however, that the resulƟng allocaƟon is welfare-relevant. 

The key disƟncƟon is between local accessibility and global accessibility. Local accessibility 
concerns whether agents can idenƟfy improving acƟons within their currently feasible 
opportunity set. Global accessibility concerns whether a welfare-relevant equilibrium can be 
idenƟĮed among all feasible equilibria. 

The disƟncƟon can now be stated formally. Local adjustment is a problem of improvement from 
a given feasible allocaƟon. Welfare-relevant equilibrium selecƟon is a problem of choosing 
among the set of feasible equilibria. These are diīerent objects. A Įrm may be able to idenƟfy a 
proĮtable feasible deviaƟon using only local informaƟon, while the economy as a whole may 
remain unable to idenƟfy which equilibrium saƟsĮes a given welfare criterion. The Įrst problem 
concerns operaƟonal adjustment. The second concerns global allocaƟon. The possibility that 
these two problems diīer is the central computaƟonal issue addressed in this secƟon. 

To formalize this disƟncƟon, consider the following decision problem. 

DeĮniƟon 4 (Welfare-Relevant Equilibrium SelecƟon) 

Given: 

• a combinatorial allocaƟon economy ܧ,  

• a welfare threshold ܤ,  

determine whether there exists a pure feasible equilibrium ܽ∗saƟsfying ܹ(ܽ∗) ≥  .ܤ
 

The problem diīers fundamentally from the local adjustment problem studied in SecƟon 5. 
Local adjustment asks whether agents can improve upon currently feasible acƟons. Welfare-
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relevant equilibrium selecƟon asks whether there exists a stable allocaƟon saƟsfying a speciĮed 
welfare criterion. 

The disƟncƟon maƩers because the existence of an equilibrium does not imply the existence of 
a procedure capable of idenƟfying welfare-relevant equilibria eĸciently. 

Theorem 1 (ComputaƟonal Inaccessibility) 

There exist combinatorial allocaƟon economies in which welfare-relevant equilibrium selecƟon 
is NP-hard. 

Proof  

The result follows by reducƟon from the classical 3-SET PACKING problem (Garey and Johnson 
1979). 

Consider an instance consisƟng of a Įnite universe ܷ, a collecƟon of three-element subsets ࣝ = {ܵ1, … , ܵ௠}, 
 

and an integer ܭ. 

Construct a combinatorial allocaƟon economy in which: 

• each element of ܷcorresponds to a resource,  

• each set ௝ܵcorresponds to a sourcing plan,  

• resource capaciƟes equal one,  

• producƟve acƟons yield payoī one,  

• outside opƟons yield payoī zero.  

Under this construcƟon, a welfare level of at least ܭis aƩainable if and only if there exist ܭpairwise disjoint sets in the original packing problem. 

Determining whether a welfare-relevant equilibrium exists therefore solves the underlying 
packing problem. 

Since 3-SET PACKING is NP-complete, welfare-relevant equilibrium selecƟon is NP-hard. 

A complete proof is provided in Appendix A. □ 
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VeriĮcaƟon versus IdenƟĮcaƟon 

The signiĮcance of Theorem 1 lies not in the diĸculty of verifying equilibrium once proposed. 
VeriĮcaƟon remains straighƞorward. 

Given a candidate proĮle ܽ, one can directly check feasibility: ∑݀௥௜∈ே (ܽ௜) ≤ ݎ∀௥ݍ ∈ ܴ, 
 

and verify that no feasible proĮtable unilateral deviaƟon exists. 

The diĸculty lies in idenƟfying welfare-relevant equilibria among the set of feasible allocaƟons. 

This disƟncƟon mirrors a broader theme in computaƟonal economics. Equilibrium existence and 
computaƟonal accessibility are separate quesƟons (Deng, Papadimitriou, and Safra 2003; Chen, 
Dai, Du, and Teng 2009). The present seƫng diīers because the source of diĸculty is not 
conƟnuous Įxed-point computaƟon, but the combinatorial structure generated by discrete 
acƟons and shared feasibility constraints. 

Economic InterpretaƟon 

The proposiƟon has an immediate economic interpretaƟon. 

A welfare-superior equilibrium may exist. 

It may be easy to verify once discovered. 

It may even be stable once reached. 

Yet decentralized actors may be unable to idenƟfy it through local adjustment. 

The existence of welfare-relevant equilibria therefore provides only limited informaƟon 
concerning realized outcomes. If such equilibria are computaƟonally inaccessible, actual 
economic behavior will be governed less by the set of possible equilibria and more by the 
adjustment processes through which allocaƟons are constructed. 

This observaƟon moƟvates the next secƟon. If local adjustment is computaƟonally easy while 
welfare-relevant equilibrium selecƟon is computaƟonally diĸcult, the two processes need not 
produce the same outcome. The resulƟng divergence is the central economic mechanism of the 
paper. 

ProposiƟon 3 (Limits of Decentralized Equilibrium SelecƟon) 
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Suppose there exists a decentralized procedure that, for every economy in the class deĮned 
above, idenƟĮes a welfare-relevant equilibrium whenever one exists and does so in Ɵme 
polynomial in the size of the economy. 

Then that procedure solves the decision problem ALLOCATION–EQUILIBRIUM–WELFARE in 
polynomial Ɵme. 

Consequently, unless (P = NP), no decentralized polynomial-Ɵme procedure can be guaranteed 
to idenƟfy welfare-relevant equilibria across all instances of the economy. 

Proof 

Any procedure capable of idenƟfying a welfare-relevant equilibrium whenever one exists can be 
used to answer the decision problem deĮned in DeĮniƟon 4. The result therefore follows from 
Theorem 1. 

The signiĮcance of Theorem 1 is therefore not merely that a computaƟonally diĸcult problem 
exists. The result places limits on what decentralized equilibrium-selecƟon procedures can be 
expected to accomplish. The issue is not whether a welfare-relevant equilibrium exists, but 
whether decentralized agents can reliably idenƟfy it through computaƟonally feasible 
adjustment processes. 

Why SequenƟal Best Response 

The preceding results do not imply that agents are restricted to sequenƟal best response or that 
richer search procedures are unavailable. Rather, they establish a structural limitaƟon: no 
decentralized polynomial-Ɵme procedure can be guaranteed to idenƟfy welfare-relevant 
equilibria across all instances of the environment. SequenƟal best response is therefore studied 
as a minimal operaƟonal benchmark for decentralized adjustment. The purpose is not to restrict 
behavior, but to characterize the outcomes generated by tractable, locally opƟmizing 
procedures when welfare-relevant equilibrium selecƟon is computaƟonally inaccessible. Richer 
adjustment rules may alter the set of reachable allocaƟons, but they do not eliminate the 
underlying disƟncƟon between local adjustment and welfare-relevant equilibrium selecƟon 
established in Theorem 1. 

8. The ComputaƟonal–Dynamic Gap 

The previous secƟons established two disƟnct results. 

First, decentralized adjustment is operaƟonal. Firms can evaluate locally feasible alternaƟves 
and converge to a stable allocaƟon through sequenƟal best response. 
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Second, welfare-relevant equilibrium selecƟon may be computaƟonally inaccessible. IdenƟfying 
a stable allocaƟon saƟsfying a welfare criterion can require solving an NP-hard problem. 

Taken separately, neither result is parƟcularly surprising. The Įrst follows from standard Įnite-
improvement reasoning. The second follows from the combinatorial structure of discrete 
allocaƟon problems. 

The important observaƟon is that the two results concern diīerent objects. 

The local dynamic studied in SecƟon 5 asks: 

What acƟon should I choose next? 

 

The computaƟonal problem studied in SecƟon 6 asks: 

Which equilibrium is welfare-relevant? 

 

There is no reason these two quesƟons should have the same answer. 

This secƟon establishes that they generally do not. 

Theorem 2 (ComputaƟonal–Dynamic Gap) 

There exist supplier-choice economies in which: 

1. a welfare-superior equilibrium exists;  

2. sequenƟal best response converges in Įnite Ɵme;  

3. the equilibrium reached by sequenƟal best response is not welfare-maximizing.  

Proof 

Consider an economy with three Įrms 𝑁 = ,ܣ} ,ܤ  {ܥ
 

and two resources ܴ = ,1ݎ}  .{2ݎ
 

CapaciƟes saƟsfy ݍ௥1 = ௥2ݍ = 1. 
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Each Įrm possesses two acƟons: ܪ௜ 
 

and ܮ௜ . 
 

The high acƟon requires both resources: ݀(ܪ௜) = (1,1), 
 

while the low acƟon requires neither: ݀(ܮ௜) = (0,0). 
 

Payoīs are ݑ஺(ܪ஺) = (஻ܪ)஻ݑ ,3 = (஼ܪ)஼ݑ ,4 = 4, 
 

and ݑ௜(ܮ௜) = 1∀݅. 
 

Because every high acƟon requires both resources, at most one Įrm can choose a high acƟon in 
any feasible allocaƟon. 

Consider the iniƟal proĮle (ܮ஺, ஻ܮ ,  .(஼ܮ
 

Suppose Įrm ܣ moves Įrst. 

Since ݑ஺(ܪ஺) = 3 > 1 =  ,(஺ܮ)஺ݑ
 

Įrm ܣswitches to ܪ஺. 
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The resulƟng allocaƟon is (ܪ஺, ஻ܮ ,  .(஼ܮ
 

This allocaƟon is feasible. 

Neither ܤnor ܥcan switch to its high acƟon because both resources are already exhausted. 

Therefore, no proĮtable feasible deviaƟon exists. 

The allocaƟon is absorbing. 

Its welfare is ܹ(ܪ஺, ,஻ܮ (஼ܮ = 3 + 1 + 1 = 5. 
 

Now consider (ܮ஺, ,஻ܪ  .(஼ܮ
 

This allocaƟon is also feasible and absorbing. 

Its welfare is ܹ(ܮ஺, ,஻ܪ (஼ܮ = 1 + 4 + 1 = 6. 
 

Likewise (ܮ஺, ,஻ܮ  (஼ܪ
 

is feasible, absorbing, and yields welfare six. 

Thus, a welfare-superior equilibrium exists, yet decentralized adjustment can converge to a 
lower-welfare equilibrium. 

The signiĮcance of the result is not that local opƟma exist. Such outcomes are familiar 
throughout opƟmizaƟon theory. The signiĮcance is that decentralized equilibrium dynamics can 
systemaƟcally select them as equilibrium outcomes even when welfare-superior equilibria exist 
elsewhere in the feasible set. □ 
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Corollary 1 (Path Dependence) 

Diīerent update orders can generate diīerent absorbing equilibria. 

Proof 

From the same iniƟal allocaƟon (ܮ஺, ஻ܮ ,  ,(஼ܮ
 

if Įrm ܣ moves Įrst, welfare converges to Įve. 

If Įrm ܤ or ܥ moves Įrst, welfare converges to six. 

Therefore, realized outcomes depend upon adjustment history. □ 

 

InterpretaƟon 

The signiĮcance of Theorem 2 does not lie in the numerical example itself. The example is 
intenƟonally small and serves only to illustrate a more general mechanism. A decentralized 
economy may possess a welfare-superior equilibrium, a simple adjustment process, and 
guaranteed convergence, yet sƟll fail to aƩain the welfare-superior outcome. 

The source of this failure is not irraƟonality, imperfect informaƟon, adjustment costs, or 
strategic decepƟon. Rather, it arises because local improvement and global welfare selecƟon are 
fundamentally diīerent computaƟonal tasks. Firms can opƟmize over currently feasible 
opportuniƟes and converge to a stable allocaƟon without idenƟfying welfare-superior equilibria 
elsewhere in the feasible set. 

The result demonstrates that convergence and welfare aƩainment are disƟnct concepts. A 
decentralized system may converge reliably while sƟll failing to reach the highest-welfare 
equilibrium available within the economy. The economy converges because Įrms can evaluate 
nearby alternaƟves. 

The economy fails to aƩain the welfare-superior allocaƟon because no decentralized agent 
solves the global allocaƟon problem. This disƟncƟon consƟtutes the computaƟonal–dynamic 
gap. The existence of such a gap implies that equilibrium existence alone is insuĸcient for 
predicƟon. Understanding realized outcomes requires aƩenƟon not only to the equilibria that 
exist, but also to the adjustment processes through which feasible allocaƟons are explored. The 
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next secƟon examines an important consequence of this mechanism: temporary policy 
intervenƟons can generate persistent eīects even when tradiƟonal fricƟons are absent. 

9. Policy Persistence Without TradiƟonal FricƟons 

The previous secƟon established that decentralized adjustment can converge to absorbing 
equilibria that are not welfare-maximizing. The existence of such allocaƟons has an important 
implicaƟon. If outcomes depend upon the path through which feasible allocaƟons are reached, 
then temporary intervenƟons can have lasƟng consequences even aŌer the intervenƟon itself is 
removed. 

This observaƟon diīers from the tradiƟonal raƟonale for policy persistence. In standard 
accounts, persistent eīects arise because agents face adjustment costs, informaƟon fricƟons, 
contractual rigidiƟes, or other barriers that slow movement toward equilibrium. Here, 
persistence emerges from a diīerent source. The allocaƟon reached by decentralized 
adjustment may itself alter the future set of feasible acƟons. 

The result is a form of history dependence generated by feasibility rather than by fricƟon. 

9.1 Benchmark Equilibrium Reasoning 

Consider the standard equilibrium benchmark. 

Suppose a temporary policy changes payoīs for a Įnite period. Examples include: 

• a temporary subsidy,  

• a tariī,  

• preferenƟal procurement,  

• temporary transmission priority,  

• a short-lived regulatory exempƟon.  

Once the policy is removed, the underlying economic environment returns to its original state. 

Under convenƟonal equilibrium reasoning, one would expect the allocaƟon to return as well. If 
the original primiƟves are restored, the original equilibrium should again characterize 
outcomes. 

This logic implicitly assumes that the relevant equilibrium remains operaƟonally accessible aŌer 
the policy ends. 

The computaƟonal-dynamic gap suggests that this assumpƟon need not hold. 

9.2 A Temporary Policy Shock 
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Return to the three-Įrm economy introduced in SecƟon 7. 

Baseline payoīs saƟsfy ݑ஺(ܪ஺) = (஻ܪ)஻ݑ ,3 = (஼ܪ)஼ݑ ,4 = 4, 
 

and ݑ௜(ܮ௜) = 1∀݅. 
 

The welfare-maximizing equilibria allocate the scarce resources to either Įrm ܤor Įrm ܥ, 
generaƟng welfare ܹ = 6. 
 

Now suppose a temporary policy increases the payoī to Įrm ܣ's high acƟon during periods ݐ ∈ [0, ܶ]. 
 

SpeciĮcally, ݑ஺௉(ܪ஺) = 3 +  ,ݏ
 

where ݏ > 1. 
 

During the policy period, ݑ஺௉(ܪ஺) >  (஻ܪ)஻ݑ
 

and ݑ஺௉(ܪ஺) >  .(஼ܪ)஼ݑ
 

Firm ܣtherefore becomes the highest-valued claimant to the scarce resources. 

Suppose the economy begins from 
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,஺ܮ) ஻ܮ ,  .(஼ܮ
 

If Įrm ܣ updates during the policy period, it chooses ܪ஺. 

The resulƟng allocaƟon is (ܪ஺, ஻ܮ ,  .(஼ܮ
 

When the policy expires, payoīs return to baseline. 

However, ݑ஺(ܪ஺) = 3 > 1 =  .(஺ܮ)஺ݑ
 

Firm ܣtherefore remains at ܪ஺. 

Firms ܤand ܥwould prefer their high acƟons, but those acƟons remain infeasible because the 
scarce resources are already occupied. 

The allocaƟon therefore remains (ܪ஺, ஻ܮ ,  ,(஼ܮ
 

even aŌer the policy has disappeared. 

ProposiƟon 4 (Policy Persistence) 

There exist supplier-choice economies and temporary policy intervenƟons such that: 

1. the policy changes the allocaƟon reached by decentralized adjustment;  

2. the allocaƟon remains absorbing aŌer the policy is removed;  

3. the post-policy allocaƟon diīers from the welfare-maximizing equilibrium under the 
restored baseline environment.  

Proof 

The construcƟon above provides an example. 

During the policy period, Įrm ܣ acquires the scarce resources. 

AŌer the policy expires, the resulƟng allocaƟon remains feasible and absorbing. 

Yet welfare remains 
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ܹ = 5 

 

rather than ܹ = 6. 
 

Thus a temporary intervenƟon generates a persistent allocaƟon eīect. □ 

 

9.3 InterpretaƟon 

The proposiƟon does not imply that governments can solve computaƟonally diĸcult allocaƟon 
problems, nor does it imply that intervenƟon necessarily improves welfare. Rather, it idenƟĮes a 
diīerent channel through which policy may maƩer. When welfare-relevant allocaƟons are 
computaƟonally inaccessible, policy can inŇuence outcomes by altering the path through which 
feasible allocaƟons are constructed. In this seƫng, policy aīects the trajectory of adjustment 
rather than directly solving the underlying allocaƟon problem. 

This disƟncƟon becomes increasingly important in environments characterized by combinatorial 
constraints. As informaƟon fricƟons decline and computaƟonal tools improve, ineĸciencies may 
increasingly arise from the structure of the allocaƟon problem itself rather than from tradiƟonal 
market failures. Policy eīecƟveness and policy persistence therefore need not disappear with 
the eliminaƟon of convenƟonal fricƟons. They may instead emerge from the computaƟonal 
structure of decentralized coordinaƟon. 

10. SimulaƟon IllustraƟon 

The examples and formal results establish the existence of a computaƟonal–dynamic gap. The 
purpose of the simulaƟon below is to illustrate that the mechanism is not conĮned to small 
constructed examples. Even in richer environments with many Įrms, resources, and acƟons, 
decentralized adjustment can converge rapidly while selecƟng widely diīerent absorbing 
outcomes. 

10.1 SimulaƟon design 

The simulated economy has ݊ = 50 

 

Įrms and 
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ݎ = 100 

 

resources in the benchmark speciĮcaƟon. Each resource has unit capacity: ݍ௥ = 1 

 

for every ݎ. 
Each Įrm has Įve randomly generated sourcing plans. Each sourcing plan requires three disƟnct 
resources. Payoīs are drawn independently from the discrete uniform distribuƟon on {1, … ,10}. 
 

The simulaƟon proceeds in two stages. 

First, for a Įxed economy, feasible iniƟal proĮles are generated using a greedy randomized 
assignment procedure. StarƟng from each feasible iniƟal proĮle, the economy evolves according 
to sequenƟal best-response dynamics. At each sweep, Įrms update in random order and switch 
only when a strictly higher-payoī feasible sourcing plan is available. The process terminates 
when no Įrm possesses a proĮtable feasible deviaƟon. 

Second, the same economy is evaluated against a computed benchmark allocaƟon. Because 
exact enumeraƟon is infeasible at this scale, the benchmark is obtained through repeated 
randomized global search combined with greedy welfare-improving revisions. The resulƟng 
benchmark is not interpreted as a proof of the global opƟmum. Rather, it provides a high-
welfare reference allocaƟon against which decentralized outcomes can be compared. Because 
the benchmark is generated through randomized global search rather than exact opƟmizaƟon, it 
should not be interpreted as the true welfare maximum. Consequently, the reported eĸciency 
raƟos represent upper bounds on decentralized performance and lower bounds on the true 
welfare loss relaƟve to the global opƟmum. 

The principal performance measure is the eĸciency raƟo ܹ஻ோܹ஻ , 
 

where ܹ஻ோ 
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denotes terminal welfare generated by sequenƟal best response and ܹ஻ 

 

denotes the welfare associated with the computed benchmark allocaƟon. 

In addiƟon to welfare levels, the simulaƟon reports convergence speed, welfare dispersion 
across runs, the number of disƟnct absorbing equilibria, and the eĸciency raƟo relaƟve to the 
benchmark allocaƟon. 

 

10.2 SimulaƟon Results 

Across 100 runs using idenƟcal primiƟves but diīerent feasible iniƟal condiƟons and update 
orders, all runs converged. The process generated 100 disƟnct absorbing equilibria, implying 
that every run converged to a diīerent stable outcome. 

Terminal welfare ranged from 93 

 

to 188, 
 

with mean welfare equal to 142.18. 
 

The mean number of update sweeps required for convergence was 2.05, 
 

and no run required more than 4 

 

sweeps. 

To evaluate the welfare signiĮcance of these outcomes, the simulaƟon compares decentralized 
adjustment against a computed benchmark allocaƟon. The benchmark achieved welfare.  
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ܹ஻ = 188. 
 

Because the benchmark may fall short of the true opƟmum, the reported eĸciency raƟos 
should be interpreted conservaƟvely. They represent upper bounds on decentralized 
performance, and true welfare losses may exceed those documented here. 

The mean eĸciency raƟo ܹ஻ோܹ஻  

 

was 0.756, 
 

implying that decentralized adjustment aƩained approximately 75.6 percent of benchmark 
welfare on average. The lowest observed eĸciency raƟo was 0.495, 
 

while the highest was 1.000. 
 

Table 1 summarizes the benchmark simulaƟon results. 
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Table 1. Benchmark SimulaƟon Results 

 

StaƟsƟc Value 

Firms 50 

Resources 100 

AcƟons per Firm 5 

SimulaƟon Runs 100 

DisƟnct Absorbing States 100 

Lowest Welfare 93 

Highest Welfare 188 

Mean Welfare 142.18 

Welfare Spread 95 

Mean Convergence Sweeps 2.05 

Maximum Convergence Sweeps 4 

Computed Benchmark Welfare 188 

Mean Eĸciency RaƟo 0.756 

Minimum Eĸciency RaƟo 0.495 

Maximum Eĸciency RaƟo 1.000 

 

Figure 1. DistribuƟon of Terminal Welfare Across Decentralized Adjustment Runs
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Figure 1 reports terminal welfare across 100 decentralized adjustment runs using idenƟcal 
primiƟves but diīerent feasible iniƟal condiƟons and update orders. All runs converge rapidly to 
absorbing equilibria, yet the resulƟng welfare levels vary substanƟally. The distribuƟon 
illustrates the computaƟonal–dynamic gap: decentralized adjustment reliably converges, but 
convergence does not imply aƩainment of benchmark welfare. The Įgure therefore 
demonstrates that accessibility and convergence are disƟnct concepts. 

10.3 InterpretaƟon 

The simulaƟon reveals a striking contrast between convergence and eĸciency. In the 
benchmark case, decentralized adjustment converges in slightly more than two update sweeps 
on average yet sƟll leaves approximately one-quarter of benchmark welfare unrealized. 
Decentralized adjustment is extremely fast, requiring slightly more than two update sweeps on 
average. Yet the resulƟng allocaƟons achieve only 75.6% 

 

of benchmark welfare on average and, in some runs, less than 50% 

 

of benchmark welfare. 

The source of this gap is not slow adjustment. Nor is it imperfect informaƟon, bounded 
raƟonality, or adjustment costs. All Įrms are fully informed and opƟmize over currently feasible 
opportuniƟes. The welfare loss arises because local improvement and global allocaƟon selecƟon 
are disƟnct computaƟonal tasks. 

The simulaƟon therefore illustrates the computaƟonal–dynamic gap idenƟĮed in the formal 
model. Decentralized systems may converge quickly and reliably while sƟll failing to idenƟfy 
welfare-relevant allocaƟons. 

10.4 Resource Density and Accessibility 

The preceding simulaƟon considered a single benchmark environment. To examine how 
accessibility changes with the structure of the allocaƟon problem, the simulaƟon was repeated 
under varying levels of resource availability. SpeciĮcally, the number of resources was varied 
while holding constant the number of Įrms, acƟons per Įrm, and payoī distribuƟons. The 
objecƟve is to determine whether the severity of the computaƟonal–dynamic gap depends on 
the density of feasibility constraints. 
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Table 2. Resource Density and Accessibility 

Resources 
Mean 
Welfare 

Mean 
Eĸciency 
RaƟo 

Welfare 
Spread 

Mean 
Convergence 
Sweeps 

75 105.63 0.669 66 1.40 

100 138.23 0.681 82 1.97 

125 164.14 0.717 82 2.18 

150 190.98 0.746 77 2.56 

 

As Table 2 shows resource availability increases from ݎ = 75 

 

to ݎ = 150, 
 

mean welfare rises from 105.63 to 190.98. More importantly, the mean eĸciency raƟo rises 
from 0.669 to 0.746. Thus decentralized adjustment captures a larger share of benchmark 
welfare when resource constraints become less restricƟve. Although welfare dispersion and 
eĸciency do not vary monotonically across every parameter value, the overall paƩern is 
consistent with the theory: greater resource availability is associated with higher average 
eĸciency and a smaller accessibility gap. 

Welfare dispersion does not vary monotonically across parameter values. The welfare spread 
rises from 66 to 82 as resource availability increases from ݎ = 75 to ݎ = 100, remains at 82 for ݎ = 125, and then falls slightly to 77 at ݎ = 150. However, the economically relevant measure 
in the present context is accessibility rather than dispersion alone. Mean eĸciency rises 
systemaƟcally across all four cases. 

The result is consistent with the paper's central argument. When resources are scarce, acƟons 
compete more intensely for feasibility. Local decisions therefore eliminate larger porƟons of the 
feasible allocaƟon space, increasing the likelihood that decentralized adjustment converges to 
welfare-inferior absorbing equilibria. As resource availability expands, feasibility constraints 
become less binding and the accessibility gap narrows. 
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At the same Ɵme, convergence remains extremely rapid. Mean convergence sweeps increase 
only modestly, from 1.40 to 2.56. The results therefore suggest that accessibility problems arise 
not because decentralized adjustment is slow, but because local adjustment and global 
allocaƟon selecƟon remain disƟnct tasks even when convergence is nearly immediate. 

11. Economic ImplicaƟons 

The analysis developed above suggests a diīerent perspecƟve on economic policy. Much of 
modern policy analysis is organized around the presence of fricƟons. Markets fail because 
informaƟon is incomplete, prices adjust slowly, contracts are costly, or incenƟves are distorted. 
Remove these fricƟons and decentralized adjustment is generally expected to move the 
economy toward eĸcient outcomes. 

The environments studied here point to a diīerent possibility. Welfare-relevant allocaƟons may 
remain diĸcult to aƩain even when tradiƟonal fricƟons are weak or absent. The obstacle is not 
necessarily informaƟonal. It is combinatorial. 

11.1 Existence Is Not Enough 

A recurring theme in economics is that the existence of an equilibrium provides a benchmark 
for predicƟon and welfare analysis. The results above suggest that existence alone may be 
insuĸcient. 

A welfare-superior equilibrium may: 

exist, 
be stable, 

 

and 

be easy to verify once idenƟĮed, 
 

yet remain operaƟonally inaccessible through decentralized adjustment. 

The disƟncƟon is important because economic outcomes are generated by adjustment 
processes rather than existence theorems. 

In this sense, the relevant quesƟon is not merely: 

What allocaƟons are possible? 

but 

Which allocaƟons can decentralized systems actually reach? 
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11.2 A Diīerent View of Market Failure 

TradiƟonal market failures arise from informaƟon problems, externaliƟes, public goods, 
monopoly power, or contractual fricƟons. 

The mechanism idenƟĮed here is diīerent. 

The economy may fail to aƩain welfare-relevant outcomes even when: 

• informaƟon is complete,  

• agents are raƟonal,  

• contracts are enforceable,  

• adjustment costs are absent.  

The source of ineĸciency is the interacƟon between discrete choices and shared feasibility 
constraints. 

This does not replace tradiƟonal market-failure theory. It complements it. 

11.3 Policy as Path SelecƟon 

The analysis also suggests a diīerent interpretaƟon of policy. 

Policy is oŌen viewed as correcƟng distorƟons. Taxes, subsidies, regulaƟons, and procurement 
rules alter incenƟves in order to move the economy toward a preferred equilibrium. 

In combinatorial environments, policy may instead funcƟon as a path-selecƟon mechanism. 

Temporary intervenƟons can: 

• change the order in which scarce resources are claimed,  

• alter which allocaƟons become feasible,  

• inŇuence which absorbing state is reached.  

The eīect is not necessarily to solve the global allocaƟon problem. Rather, policy inŇuences the 
trajectory through which decentralized adjustment proceeds. 

11.4 ImplicaƟons for Technological Change 

The argument has parƟcular relevance for discussions of arƟĮcial intelligence and digital 
coordinaƟon. 

Many observers expect technological progress to weaken tradiƟonal jusƟĮcaƟons for policy 
intervenƟon by reducing search costs, informaƟon asymmetries, forecasƟng errors, and 
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transacƟon costs. To the extent that these fricƟons diminish, one might expect decentralized 
systems to move more reliably toward eĸcient outcomes. 

The analysis developed here suggests a more nuanced possibility. Improvements in informaƟon 
processing do not eliminate combinatorial complexity. A system may possess abundant 
informaƟon and powerful computaƟonal tools while sƟll facing a vast space of feasible 
allocaƟons. In such environments, the diĸculty is not necessarily knowing what opportuniƟes 
exist. The diĸculty is selecƟng among large numbers of mutually interacƟng possibiliƟes. 

This disƟncƟon maƩers because technological progress aīects diīerent constraints diīerently. 
InformaƟon may become cheaper. Search may become easier. CommunicaƟon may become 
faster. Yet the number of feasible conĮguraƟons in complex allocaƟon systems may conƟnue to 
grow. In some seƫngs, the combinatorial challenge may become more important precisely 
because other fricƟons have become less important. 

The implicaƟon is not that technology is ineīecƟve. On the contrary, improved computaƟonal 
tools may expand the set of allocaƟons that are operaƟonally accessible. The point is that 
accessibility itself becomes an increasingly important economic variable. As tradiƟonal fricƟons 
recede, the quesƟon shiŌs from whether desirable allocaƟons exist to whether decentralized 
systems can reliably discover and aƩain them. 

11.5 Beyond the IllustraƟve Cases 

Although the paper focuses on supplier-choice environments, the underlying logic is broader. 

The same structure appears in: 

• infrastructure allocaƟon,  

• transmission access,  

• procurement systems,  

• logisƟcs networks,  

• cerƟĮcaƟon boƩlenecks,  

• plaƞorm ecosystems,  

• health-care capacity allocaƟon.  

What these environments share is not a common industry but a common computaƟonal 
structure. 

The relevant economic problem is the selecƟon of feasible combinaƟons under shared 
constraints. 
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11.6 The Central Lesson 

The central lesson of the paper is that computaƟonal accessibility deserves a place alongside 
existence and eĸciency in economic analysis. 

For much of economics, the progression has been: 

Existence → Eĸciency → Policy. 
 

The argument developed here suggests a diīerent sequence: 

Existence → Accessibility → Adjustment → Outcomes. 
 

When welfare-relevant allocaƟons are computaƟonally inaccessible, adjustment dynamics 
become as important as equilibrium existence itself. 

The central lesson is that equilibrium existence, equilibrium accessibility, and equilibrium 
selecƟon are disƟnct concepts. TradiƟonal economic analysis focuses primarily on the Įrst. The 
environments studied here suggest that the second and third may oŌen be equally important. 

The analysis has focused on determinisƟc adjustment processes. A large literature on stochasƟc 
stability examines equilibrium selecƟon under noisy dynamics (Kandori, Mailath, and Rob 1993; 
Young 1993). Those results typically characterize long-run selecƟon among equilibria in 
environments with relaƟvely simple strategic structure. Whether analogous selecƟon results 
extend to combinatorial allocaƟon environments with shared feasibility constraints remains an 
open quesƟon. The present analysis suggests that computaƟonal accessibility may play an 
important role in determining which equilibria remain reachable under such dynamics. 

12. Conclusion 

The tradiƟonal case for policy intervenƟon is frequently grounded in fricƟons. Markets fail 
because informaƟon is imperfect, adjustment is costly, contracts are incomplete, or incenƟves 
are distorted. Remove these fricƟons and decentralized behavior is generally expected to move 
the economy toward eĸcient outcomes. 

This paper has explored a diīerent possibility. 

Many economically important allocaƟon environments possess a combinatorial structure. 
Supply chains, logisƟcs networks, infrastructure systems, procurement environments, and 
capacity-allocaƟon problems all require the selecƟon of feasible combinaƟons of discrete 
acƟons subject to shared constraints. In such seƫngs, welfare-relevant allocaƟons may exist 
without being operaƟonally accessible. 



39 

 

The central disƟncƟon is between existence and accessibility. An allocaƟon may be feasible, 
stable, and welfare-superior, yet remain diĸcult to idenƟfy through decentralized adjustment. 
The relevant economic quesƟon therefore shiŌs from whether desirable outcomes exist to 
whether decentralized systems can reliably reach them. 

To study this issue, the paper introduced a simple model of sequenƟal best response under 
feasibility constraints. The resulƟng adjustment process is operaƟonal and converges to stable 
outcomes. However, the equilibrium selected by local adjustment need not be welfare-
maximizing. The paper therefore idenƟĮes a computaƟonal–dynamic gap: decentralized 
systems can converge reliably while simultaneously failing to aƩain welfare-relevant allocaƟons. 

This gap generates several implicaƟons. It provides a mechanism for ineĸciency without relying 
on informaƟonal fricƟons or adjustment costs. It generates path dependence through evolving 
feasibility constraints. It implies that temporary policy intervenƟons can have persistent eīects 
by altering the trajectory of decentralized adjustment. 

The broader implicaƟon is that policy relevance need not disappear as technology reduces 
tradiƟonal fricƟons. Improvements in informaƟon processing, contracƟng, and communicaƟon 
may weaken some sources of market failure while leaving combinatorial allocaƟon problems 
largely intact. In such environments, the conƟnuing importance of policy may derive less from 
correcƟng informaƟonal imperfecƟons and more from inŇuencing the paths through which 
feasible allocaƟons are constructed. The tradiƟonal economic intuiƟon is that more choice 
improves welfare. In combinatorial environments, however, larger opportunity sets can make 
welfare-relevant allocaƟons harder to idenƟfy. In this limited sense, small may someƟmes be 
beauƟful. 

The paper does not argue that governments can solve computaƟonally diĸcult allocaƟon 
problems beƩer than markets. Governments face the same computaƟonal constraints. The 
claim is more limited. When welfare-relevant allocaƟons are computaƟonally inaccessible, 
realized outcomes depend on adjustment processes as much as on equilibrium existence. 
Understanding those processes therefore becomes a central task of economic analysis. 
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Appendix A. ComputaƟonal Complexity of Welfare-Relevant Equilibrium 
SelecƟon 

This appendix establishes the computaƟonal inaccessibility result discussed in SecƟon 6. The 
objecƟve is not to introduce a new complexity class or computaƟonal framework, but to 
demonstrate that allocaƟon-relevant equilibrium selecƟon can inherit the hardness of well-
known combinatorial allocaƟon problems. 

A.1 Welfare-Relevant Equilibrium SelecƟon 

Recall the supplier-choice environment introduced in SecƟon 5. 

A welfare-relevant equilibrium is a pure feasible equilibrium ܽ∗saƟsfying ܹ(ܽ∗) ≥  ,ܤ
 

where ܤis a speciĮed welfare threshold. 

DeĮne the decision problem: 

ALLOCATION–EQUILIBRIUM–WELFARE 

Input: 

• a supplier-choice economy ܧ,  

• a welfare threshold ܤ.  

QuesƟon: 

Does there exist a pure feasible equilibrium ܽ∗such that ܹ(ܽ∗) ≥  ?ܤ
 

The purpose of the theorem below is to establish that this quesƟon may be computaƟonally 
diĸcult even when equilibrium veriĮcaƟon is straighƞorward. 

A.2 Membership in NP 

The problem belongs to NP. 

Given a candidate proĮle ܽ∗ = (ܽ1∗ , … , ܽ௡∗ ), 



41 

 

 

veriĮcaƟon requires three checks. 

Feasibility 

For every resource ݎ, ∑݀௥௜∈ே (ܽ௜∗) ≤ ௥ݍ . 
 

Equilibrium 

For every Įrm ݅ ∈ 𝑁and every alternaƟve acƟon ܾ ∈ ,ܾ) ௜, verify that eitherܣ ܽ−௜∗ ) 
 

is infeasible or ݑ௜(ܽ௜∗) ≥  .(ܾ)௜ݑ
 

Welfare 

Compute ܹ(ܽ∗) ௜௜∈ேݑ∑= (ܽ௜∗) 
 

and verify ܹ(ܽ∗) ≥  .ܤ
 

Each step requires Ɵme polynomial in the size of the explicit input representaƟon. 

Therefore ALLOCATION − EQUILIBRIUM −WELFARE ∈ 𝑁ܲ. 
 

A.3 NP-Hardness 

The hardness result follows by reducƟon from the classical 3-SET PACKING problem (Garey and 
Johnson 1979). 
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An instance of 3-SET PACKING consists of: ܷ = ,1ݑ} … ,  ,{௠ݑ
 

a collecƟon ࣝ = {ܵ1, … , ܵ௞}, 
 

where each set saƟsĮes ∣ ௝ܵ ∣= 3, 
 

and an integer ܭ. 

The quesƟon is whether there exist ܭpairwise disjoint sets. 

A.4 ConstrucƟon 

Construct a supplier-choice economy as follows. 

Firms 

Create 𝑁 = {1,… ,  .{ܭ
 

Resources 

For every element ݑ ∈ ܷ, create a resource ݎ௨. 
 

Set ݍ௥ೠ = 1. 
 

AcƟons 

Each Įrm possesses: 

• one acƟon corresponding to every set ௝ܵ ∈ ࣝ,  

• one outside opƟon ܱ௜.  



43 

 

Thus ܣ௜ = ࣝ ∪ {ܱ௜}. 
 

Resource Requirements 

For each set acƟon ௝ܵ, ݀௥ೠ( ௝ܵ) = {1 if ݑ ∈ ௝ܵ,0 otherwise. 
 

Outside opƟons use no resources: ݀௥ೠ( ௜ܱ) = 0. 
 

Payoīs 

For every producƟve acƟon, ݑ௜( ௝ܵ) = 1. 
 

For outside opƟons, ݑ௜(ܱ௜) = 0. 
 

Welfare Threshold 

Set ܤ =  .ܭ
 

A.5 Correctness 

Suppose there exist ܭpairwise disjoint sets. 

Assign one such set to each Įrm. 

Because the sets are disjoint, ∑݀௥ೠ௜∈ே (ܽ௜) ≤  .ݑ∀1
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The proĮle is feasible. 

Every Įrm receives payoī one, implying ܹ(ܽ) =  .ܭ
 

No proĮtable feasible deviaƟon exists because all producƟve acƟons yield idenƟcal payoī. 

Hence a welfare-relevant equilibrium exists. 

Conversely, suppose a welfare-relevant equilibrium exists. 

Since ܹ(ܽ∗) ≥  ܭ

 

and there are exactly ܭĮrms with payoīs bounded above by one, every Įrm must receive 
payoī one. 

Therefore every Įrm selects a producƟve acƟon. 

Feasibility implies that no two selected acƟons share a resource. 

Consequently the selected acƟons correspond to ܭpairwise disjoint sets. 

Thus the original 3-SET PACKING instance is a yes-instance. 

Theorem A1 

ALLOCATION–EQUILIBRIUM–WELFARE is NP-complete. 

Proof 

Membership in NP follows from SecƟon A.2. 

NP-hardness follows from the reducƟon in SecƟons A.3–A.5. 

Therefore ALLOCATION − EQUILIBRIUM −WELFARE 

 

is NP-complete. □ 
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Appendix B. InterpreƟng the SimulaƟon Results 

The simulaƟon results reported in SecƟon 10 are intended to illustrate the economic 
signiĮcance of the computaƟonal–dynamic gap. Because the benchmark economy contains 
many Įrms, resources, and feasible allocaƟons, it is useful to provide an intuiƟve interpretaƟon 
of what the simulaƟon is actually measuring. 

The simulated economy contains 50 Įrms compeƟng for access to 100 scarce resources. Each 
Įrm possesses Įve alternaƟve sourcing plans, and each sourcing plan requires access to a 
subset of the available resources. Some plans generate higher payoīs than others, but not all 
plans can be implemented simultaneously because Įrms compete for overlapping resources. 

The simulaƟon begins from a feasible allocaƟon and allows Įrms to revise their sourcing plans 
through sequenƟal best response. At each step, a Įrm examines the opportuniƟes currently 
available to it and switches to a higher-payoī plan whenever such a plan remains feasible. Firms 
therefore behave raƟonally and opƟmize over the opportuniƟes immediately available to them. 
No Įrm possesses imperfect informaƟon, and no adjustment costs are imposed. 

The resulƟng adjustment process converges rapidly. In the benchmark simulaƟons, convergence 
occurs in slightly more than two update sweeps on average. From the perspecƟve of 
decentralized adaptaƟon, the economy funcƟons smoothly. Firms idenƟfy beƩer opportuniƟes, 
revise their acƟons, and eventually reach a stable allocaƟon. 

The surprising result is that rapid convergence does not imply high welfare. Although the 
adjustment process reliably reaches an absorbing equilibrium, decentralized adjustment aƩains 
only 75.6 percent of benchmark welfare on average. This gap emerges despite the absence of 
informaƟonal fricƟons, adjustment costs, or irraƟonal behavior. 

The reason is that Įrms solve opƟmizaƟon problems using informaƟon and opportuniƟes 
available within their current feasible set. Each Įrm asks a pracƟcal quesƟon: given the current 
allocaƟon of resources, what is the best feasible acƟon available to me? The resulƟng 
adjustment process is fully raƟonal and locally opƟmizing. The diĸculty arises not because Įrms 
are uninformed or irraƟonal, but because idenƟfying welfare-relevant allocaƟons may require 
solving a computaƟonal problem that no decentralized agent can tractably solve. Consequently, 
decentralized adjustment can converge to stable allocaƟons that are locally opƟmal yet inferior 
to higher-welfare allocaƟons elsewhere in the feasible set. 

A simple analogy is a crowded parking lot. Each driver raƟonally chooses the best available 
parking space at the moment of arrival. The process converges quickly because every driver 
eventually parks. Yet the resulƟng arrangement need not minimize total walking distance across 
all drivers. The system reaches a stable outcome without necessarily reaching the highest-
welfare allocaƟon. 
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The simulaƟon demonstrates the same principle in a more general allocaƟon environment. 
Convergence and welfare aƩainment are disƟnct concepts. A decentralized economy may adapt 
successfully, stabilize quickly, and saƟsfy all feasibility constraints while sƟll failing to reach 
welfare-relevant allocaƟons that exist elsewhere in the feasible set. 

The simulaƟon therefore provides a larger-scale illustraƟon of the computaƟonal–dynamic gap 
established analyƟcally in Theorem 2. Equilibrium existence idenƟĮes what outcomes are 
possible. Decentralized adjustment determines which outcomes are actually reached. The 
simulaƟons illustrate that these two objects need not coincide, even in environments where 
adaptaƟon itself is nearly immediate. 

GeneraƟve AI Statement 

GeneraƟve AI tools were used during the preparaƟon of this manuscript for limited research 
and editorial assistance. These uses included literature discovery, bibliographic searches, 
exploraƟon of simulaƟon design and robustness checks, and review of draŌ text for clarity, 
organizaƟon, and completeness of coverage. 

The authors designed the research, developed the theoreƟcal framework, speciĮed the model, 
conducted and evaluated the simulaƟons, veriĮed all mathemaƟcal arguments and references, 
interpreted the results, and are solely responsible for the content of the manuscript. All 
conclusions, interpretaƟons, errors, and opinions are the authors’ alone. 
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