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AsstrACT. Al agents can perform tasks, but unlike workers they can be copied at the price of
compute. This paper asks what that does to the economics of production. In a task-based
model, a firm can let agents perform a task only after implementing it: integrating the agent,
redesigning the workflow and preparing the data. Implementation uses a distinct kind of labour
and is a fixed cost per task, independent of scale. Four results follow. Automation depends on
market size relative to organisational frictions, so Al-native entrants can out-automate larger
incumbents. Cheaper agents raise the demand for implementation labour: the technology
substitutes for the workers who perform tasks and complements those who deploy it. When
implementation capacity is inelastic, a fall in the price of Al raises the implementation wage
rather than the number of automated tasks, and its effect on unit costs is bounded by the
current automation share, the Hulten term that existing macroeconomic estimates take as
given. Finally, the same bottleneck shields production workers: displacement is triggered by
the expansion of implementation capacity, not by the falling price of Al. Agents are abundant;
what is scarce is the organisation able to deploy them.

Preliminary draft (v0). This is a theory paper. Sections 3-6 develop the model, with all propositions proved in
Appendix A and verified symbolically and numerically in the replication code; Section 7 illustrates them with
stylised parameters that are not estimates; Section 8 sets out testable predictions. Comments welcome; please do
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1 Introduction

The price of machine intelligence is falling faster than that of almost any input in economic
history. The cost of a given level of model capability has fallen by orders of magnitude in a few
years, and Al agents, systems that execute multi-step tasks with limited supervision, are now
sold by the unit of compute. Yet the measured economic footprint of the technology remains
small. Only a few per cent of US firms reported using Al to produce goods or services in
2023-24 (Bonney et al., 2024). Labour-market effects in the first years of generative Al are close
to zero (Humlum and Vestergaard, 2025). Workers adopted the technology faster than the
organisations that employ them (Bick et al., 2024). At the same time, firms are hiring a new
class of workers, forward-deployed engineers, Al engineers and implementation consultants,
whose job is not to perform tasks but to make it possible for agents to perform them.

This paper argues that these facts have a common explanation and builds a model to make
it precise. The starting question is whether Al agents should be treated as a new factor of
production. They perform tasks, as labour does, but they are owned and bought, as capital is.
They are also reproducible: once a model exists, an additional instance costs only the compute
it consumes. The answer the model gives is that the agent is not the scarce factor. Because
agents can be bought in whatever quantity is needed at price p 4, they earn no scarcity rent.
The factor that becomes scarce, and that captures rents as Al becomes cheaper, is the capacity
to implement them.

The model is a task-based model of production in the tradition of Zeira (1998) and Acemoglu
and Restrepo (2018), with one addition. Before agents can perform a task inside a firm, the
task has to be implemented: the agent integrated with the firm’s systems, the workflow
redesigned, the data prepared and the output evaluated. Implementation uses a distinct input,
implementation labour, and it is a fixed cost per task. Once a workflow is built, agents replicate
at constant cost, whatever the scale of the firm. Agents are thus non-rival in design and rival in
deployment, and implementation is a fixed cost in organisation. Firms have increasing returns
that come from the organisation, not from the code.

Four results follow.

Automation (Proposition 1). A firm automates more tasks when agents are cheaper, when
its market is larger, and when implementation is cheaper. Market size and implementation
costs enter only through their ratio, the firm’s market size per unit of organisational friction. A
start-up without legacy systems can therefore automate more than an incumbent with a far
larger market. The advantage of Al-native firms is organisational rather than technological:
both buy the same model at the same price.

Complementarity (Proposition 2). Cheaper agents raise the firm’s demand for implementation
labour. The same technology substitutes for the workers who perform automated tasks and
complements the workers who deploy it. This is a Jevons effect operating on the complement
rather than on the input itself. It explains why firms hire more people to implement Al as Al
gets cheaper.

The bottleneck (Proposition 3). When the supply of implementation labour is inelastic, a fall
in the price of agents does not change the set of automated tasks. It raises the implementation
wage instead, which absorbs the value of the tasks that would otherwise be automated. The
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effect of cheaper Al on unit costs is then exactly the current automation share. This is the
Hulten term on which macroeconomic estimates of the impact of Al are built (Hulten, 1978;
Acemoglu, 2025). Here, the share is endogenous and its growth is governed by implementation
capacity. The gap between what the technology can do and what the economy gets from it is a
property of organisations, not of models.

Labour (Proposition 4). The bottleneck also shields production workers. With implementa-
tion capacity fixed, cheaper agents only reduce costs on tasks already automated, so the firm
expands and hires more production labour. Displacement requires that the set of automated
tasks grow, and that in turn requires implementation capacity. Whether a fall in the price
of Al raises or lowers employment depends on the elasticity of supply of implementation
labour, and it switches sign at a threshold. The prediction concerns timing: small or positive
employment effects at first, followed by displacement as implementation capacity accumulates.

The paper is a theory paper. All propositions are proved in Appendix A and checked
symbolically and numerically in the replication code. Section 7 illustrates them with stylised
parameters that are not estimates. Section 8 sets out testable predictions. Section 9 discusses
extensions, the most important of which is the possibility that Al lowers its own implementation
cost.

The paper is the fourth in a series. WP 2 shows that variable inference costs erode the
economies of scale of software firms. This paper shows that those economies reappear one
level down, in the organisations that deploy the software: scale economies migrate from code
to organisation. WP 3 studies how the gains from Al are distributed across workers of different
ability. This paper studies how they are distributed across factors.

7 Related literature

Tasks and automation. The model is built on the task framework (Zeira, 1998; Autor et al., 2003;
Acemoglu and Autor, 2011; Acemoglu and Restrepo, 2018, 2019, 2022). In that framework,
the set of automated tasks is pinned down by relative factor costs, and automation has a
displacement effect and a productivity effect. The departure here is that the extensive margin
of automation is rationed by a scarce input with a fixed cost per task. This changes three
conclusions. The price of a complement rises when the price of the automating technology
falls. The aggregate effect of cheaper Al is bounded by the current automation share. And the
sign of the employment effect depends on the supply of the complement, not on the price of
the technology. Hémous and Olsen (2022) also model a cost of automation, but as directed
innovation at the aggregate level rather than as organisational work inside the firm.

Al and the macroeconomy. Aghion et al. (2019) emphasise that growth may be constrained by
inputs that are essential but hard to improve, a Baumol logic of which implementation capacity
is an organisational instance. Acemoglu (2025) uses Hulten’s theorem (Hulten, 1978) to bound
the macroeconomic effect of Al by the share of tasks affected times the cost saving, taking that
share as given. Proposition 3 endogenises it. Scenario analyses of transformative Al (Korinek
and Suh, 2024; Trammell and Korinek, 2023) focus on substitutability between compute and
labour. Restrepo (2025) distinguishes between “bottleneck” work, essential for growth, and
supplementary work. The word is shared but the concept is different: our bottleneck is the
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capacity to deploy agents, not a class of tasks.

General purpose technologies and organisational complements. The closest antecedents are empiri-
cal and historical. Electricity raised factory productivity only after plants were redesigned
around it (David, 1990). General purpose technologies require co-invention in the sectors that
adopt them (Bresnahan and Trajtenberg, 1995). Information technology paid off in firms that
reorganised and hired skilled workers (Brynjolfsson and Hitt, 2000; Bresnahan et al., 2002), and
in firms with better management practices (Bloom et al., 2012). Intangible complements that
are not measured produce a productivity J-curve (Brynjolfsson et al., 2019, 2021). Milgrom and
Roberts (1990) formalise complementarities through supermodularity, the method used for
Proposition 1 (Topkis, 1978). This literature shows that complements matter. The contribution
here is a price-theoretic mechanism that links the falling price of Al to the rising price of its
complement and to a bound on its aggregate effect.

Organisation capital and absorptive capacity. Organisation capital (Prescott and Visscher, 1980;
Atkeson and Kehoe, 2005) and absorptive capacity (Cohen and Levinthal, 1990) are stock
concepts. Here implementation is a flow of labour with a market price. The stock version, in
which implementation capacity accumulates through experience, is the dynamic extension in
Section 9. Corrado et al. (2009) discuss the measurement of these intangibles.

Al in organisations. Agrawal et al. (2018, 2022) argue informally that the returns to Al require
“system” rather than “point” solutions, that is, redesign of the surrounding workflow. This
paper formalises that argument. Knowledge-hierarchy models with Al (Garicano, 2000; Ide
and Talamas, 2025) study how Al reshapes the organisation of expertise. The present model is
complementary: it treats the organisation as the scarce input in deploying AL

Diffusion and evidence. ~Adoption lags are a long-standing theme (Griliches, 1957; Comin and
Hobijn, 2010). Recent evidence on Al adoption fits the mechanism. Adoption is concentrated
in large and young firms (McElheran et al., 2024). Firms that adopt report organisational
changes and few employment reductions (Bonney et al., 2024). Employment effects are small
(Humlum and Vestergaard, 2025). Task-level productivity gains are large (Brynjolfsson et al.,
2025; Eloundou et al., 2024).

3 The model

3.1 Environment

Demand. A firm faces isoelastic demand y = D p~¢ with ¢ > 1, as in monopolistic competition
(Dixit and Stiglitz, 1977). D measures the size of its market.

Tasks. Output is produced from a unit continuum of tasks,

1
Iny:/O Iny(7)di. (1)
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Task i can be performed by production labour, y(i) = y1(i) [(i), at wage w. If the task has
been implemented, it can also be performed by agents, y(i) = ya(i) a(i), at price pa per unit of
compute. Within a task, labour and agents are perfect substitutes. Comparative advantage
Y(i) = ya(i)/yL(i) is continuously differentiable and strictly decreasing, so tasks are ordered
from most to least automatable.

Agents. Model weights are non-rival: a model, once trained, serves any number of users. Each
deployed instance is rival, because it consumes compute. The firm buys agent services at price
pa with perfectly elastic supply, so agents are reproducible. One can think of p4 = (1 + u)ca, a
markup over the marginal cost of inference charged by the model provider to recover the fixed
cost of training. In the baseline p4 is exogenous. Write 0 = —Inp4, so that an increase in 0
means cheaper Al

Implementation. Agents cannot perform a task inside the firm until the task has been imple-
mented: the agent integrated with the firm’s systems and data, the workflow redesigned
around it, and its output evaluated. Implementing a task requires 7 units of implementation
labour H, paid wage v. The requirement is per task, incurred once and independent of how
much of the task the firm performs. Once a workflow exists, agents replicate at constant unit
cost. Implementation is therefore a fixed cost in organisation, while production with agents
has constant marginal cost in compute.

Markets. In Sections 4 and 6, the production wage w is given: the firm, or the sector, is small
in the market for production labour. Section 5 closes the market for implementation labour.
3.2 Costs

Let
s(i)=1n

p()w "
pa

denote the log cost saving from performing task i with agents rather than labour. It is strictly

decreasing in i and increasing one-for-one in 0. Let I(0) be the task at which s = 0 (or 1 if

s > 0 everywhere). Implementing tasks beyond I yields nothing, because agents are more

expensive there, and since s is decreasing an optimal firm implements an interval [0, I] with

I <I. Write S(I) = /()Is(i) diforl <I.

Lemma 1 (Costs and factor shares). Given the implemented set [0, 1], the firm’s unit cost is
c(I) = coe™5W, where ¢y = exp fol In(w/y1) is the unit cost with no automation. Agents account for
a share I of variable cost and production labour for 1 — I. Total variable cost, revenue R and operating

profit T satisfy

— _1)¢e—1
TC(I) = € 1R =(e=1)mn=(e¢-1)xD cé_ge(s_l)s(”, K= % 3)
The firm chooses I to maximise
H(I):Zcf(ll)—vnl. 4)
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The first term is operating profit, which rises with automation through lower costs and through
the larger scale that lower prices bring. The second is the cost of implementation.

Assumption 1. At the optimum, (e — 1)s(I)? + s’(I) < 0.

Assumption 1 is the second-order condition. It requires that comparative advantage decline
faster across tasks than the scale feedback from automation to profit rises. Propositions 1 and 2
do not use it. Propositions 3 and 4 use it to obtain closed forms. Interior optima satisfy

TC(I")-s(I")=vn. (5)

Because each task accounts for an equal share of variable cost, TC - s is the cost bill of the
marginal task times the log saving from automating it. The firm implements the marginal task
when that saving covers the cost of implementation.

4 Automation and the demand for implementation

Proposition 1 (Automation). The largest optimal automation set I* is weakly increasing in O
(decreasing in pa) and in D, and weakly decreasing in v and 1. Market size and implementation costs
affect I only through the ratio D /(vn).

The proof uses monotone comparative statics. A lower price of agents raises the marginal
value of automation for two reasons: each automated task is cheaper, and a lower unit cost
expands the firm’s scale, which raises the value of every cost saving. No concavity is needed.

The ratio D /(vn) is the firm’s market size per unit of organisational cost. It collapses two
very different sources of advantage into one number.

Corollary 1 (Al-native advantage). Consider an entrant with (D,,1.) and an incumbent with
(Di, n:), facing the same p s, w and v. The entrant automates more tasks if and only if D./n. > D;/n;.

An incumbent with ten times the market of an entrant automates fewer tasks if its imple-
mentation requirement is more than ten times larger, because of legacy systems, fragmented
data or processes that must be renegotiated. The entrant has no technological advantage: both
buy the same model at the same price. Its advantage is that it has less organisation to change.

Proposition 2 (Jevons for complements). The firm’s demand for implementation labour, H% = nI"*, is
weakly increasing in O: cheaper agents raise the demand for implementation labour. Under Assumption 1,
at an interior optimum with v fixed,

dr- -r '
dév:%w’ QE_[(5—1)5+S;]>0, (6)

with s and s’ evaluated at I*.

The same technology is a substitute for production labour on the tasks it automates and a
complement to the labour that deploys it. The two relations follow from the same fact. Agents
enter production with a constant marginal cost, while implementation is a fixed cost that
unlocks their use. When agents get cheaper, each implemented task is worth more and the
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firm implements more of them. This is Jevons (1865) applied to a complement: cheaper agents
raise the demand for the input that makes them usable.

The numerator of (6) has two terms. (¢ — 1)I* is the scale effect: lower costs on already-
automated tasks expand output and raise the value of every task. 1/s is the direct effect:
cheaper agents raise the saving on the marginal task, proportionally more when that saving is
small.

5 The organisational bottleneck

Implementation labour is supplied by people who know both the technology and how
organisations work: forward-deployed engineers, Al engineers, solution architects. Its supply
is limited in the short run and expands as people are trained and gain experience. Consider a
unit mass of identical firms and a supply of implementation labour with constant elasticity
c=0:

nl=Ho". 7)

Because demand for H falls with v (Proposition 1), the market has a unique equilibrium (I, v).

Proposition 3 (The bottleneck). Under Assumption 1, at an interior equilibrium:

(a) The automation set responds to cheaper agents according to

il (e-1DI+1/s 8
6= Qv ®

which is increasing in C, equal to zero when C = 0, and converges to (6) as C — oo.

(b) The implementation wage rises when agents get cheaper:

dlnv  (e-1)I+1/s
o 1+Q

>0, 9)

and the response is largest when supply is least elastic.

(c) The elasticity of the unit cost with respect to the price of agents is

dinc dl
=1+
dlnpa

SE > 1, (10)

with equality if and only if C = 0.

Part (c) is the central result. By Hulten’s theorem, the first-order effect of a fall in an input
price on unit cost equals the cost share of that input. Here the share of agents in variable cost
is I, the automation share. When implementation capacity is fixed, this first-order effect is the
whole effect. The extensive margin, automating tasks that are not yet automated, is closed. A
fall in the price of Al then lowers costs only on tasks already automated, and today that share
is small.

This is the economic content of the gap between technological and economic capability.
A model that becomes ten times cheaper and twice as capable does not raise productivity in
proportion if the organisations using it cannot implement new workflows. In Acemoglu (2025),
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the macroeconomic effect of Al is bounded by the share of tasks affected, which is taken as
given. Proposition 3 says what governs that share: the supply of implementation capacity.

Part (b) says where the value of the closed margin goes. With C = 0, the value of every
task that would be automated at the lower price of agents accrues to implementation labour
as a rent. The workers who deploy Al gain most from cheaper Al, and the rise in their wage
measures the bottleneck. Cheaper Al produces the shortage of forward-deployed engineers,
rather than relieving it.

The bound in part (c) applies to the short run. As C rises, through training, learning by
doing or the entry of implementation firms, the extensive margin opens and the response of
costs to the price of Al grows towards its frictionless value. The model thus produces a J-curve
shaped by organisational capacity, not by unmeasured intangibles alone (Brynjolfsson et al.,
2021).

6 Production labour

Production labour is employed on the tasks that are not automated. By Lemma 1, the
production wage bill is a share 1 — I of variable cost, so employmentis L = (1 -1)TC/w.

Proposition 4 (The bottleneck shields labour). Under Assumption 1, at an interior equilibrium of
the implementation market,
1 1dI

dl
dr(;L — (e -+ [(g -5 - |55 (11)

with d1/d6 given by (8).
(a) If C=0,thendInL/dO = (¢ — 1)I > 0: cheaper agents raise employment in production.

(b) If (e = 1)s(1 —I) < 1, the second term of (11) is negative and its magnitude increases in C.
Comparing economies with the same initial equilibrium, there is at most one threshold C such that
cheaper agents raise production employment for C < C and lower it for ¢ > C.

The first term of (11) is a scale effect. Cheaper agents lower costs on automated tasks, the
firm cuts its price and expands, and it needs more labour on the tasks that remain manual.
The second term combines displacement, the loss of the newly automated tasks (-1/(1 - I)),
with the scale effect of automating them ((¢ — 1)s). Displacement requires that the automation
set grow, and by Proposition 3 that requires implementation capacity.

The implication is about timing. Falling Al prices do not on their own displace workers.
While implementation capacity is the binding constraint, they raise employment. Displacement
comes when that capacity expands. A finding of small employment effects in the first years of
a technology (Humlum and Vestergaard, 2025) is therefore not evidence that later effects will
also be small. It is what the model predicts while organisations are the bottleneck.

The labour share of revenue is (1 — I)(¢ — 1)/ ¢ and changes only through the extensive
margin. It too is held in place by the bottleneck.
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Ficure 1. Automation share (left) and implementation wage (right) as the price of agents falls, for four
elasticities of implementation supply. All economies share the equilibrium at 6 = 0.

7/ Numerical illustration

This section illustrates the propositions with a linear benchmark for comparative advantage,
Iny(i) = a — i, so that s(i) = mg + 0 — pi. Parametersare ¢ =2, =3, mg=12andn = 1.
All values are illustrative and are not estimates. The supply of implementation labour is
normalised so that v = 1 at 0 = 0 for every elasticity C. All economies therefore start from the
same equilibrium, with automation share I = 0.27, and differ only in how implementation
capacity responds. The horizontal axisis 0 = —Inpa. Its right end, 6 = 0.8, corresponds to a
55% fall in the price of agents.

Automation and the implementation wage. Figure 1 shows the automation share and the
implementation wage as agents get cheaper. With elastic implementation supply, the 55% fall
in p4 raises the automation share from 0.27 to 0.58. With C = 2, it rises to 0.54. With fixed
capacity (C = 0), the share does not move, and the implementation wage rises to 3.68 times
its initial level, against 1.43 times with C = 2. The same technological shock shows up as

automation in one economy and as implementation rents in another.

The Hulten bound. Figure 2 plots the elasticity of unit cost with respect to p4 at 0 = 0 against
C. With fixed capacity it equals the automation share, 0.27, the Hulten term. It rises to 0.39 at
C = 2 and approaches 0.42 as supply becomes perfectly elastic. Over the full range of Figure 1,
unit cost falls by 19% with fixed capacity and by 36% with elastic supply. Organisational
capacity thus determines almost half of the productivity effect of the same fall in the price of
AL

Production labour. The right panel of Figure 2 plots the elasticity of production employment
with respect to the fall in p4, dInL/d6. It is 0.27 with fixed capacity, where cheaper agents
expand the firm without displacing anyone. It falls with , crosses zero at { = 1.32 and reaches
-0.11 with elastic supply. The same price shock raises employment when organisations are the
bottleneck and reduces it when they are not.
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Ficure 3. Automation share against market size per unit of organisational cost. Firms on the same
curve differ only in D/(vn).

Who automates. Figure 3 plots the automation share against In[D /(v7)], relative to the baseline.
An incumbent with four times the market of an entrant, but eight times its implementation
requirement, automates a share 0.10 of its tasks, against 0.27 for the entrant (Corollary 1).

8 Testable predictions
The model yields five predictions. Each can be tested with data that exist or can be assembled.

1. Implementation wages rise when Al prices fall (Propositions 2 and 3b). Large cuts in API
prices by model providers are discrete, public and plausibly exogenous to any individual
employer. The model predicts that job postings and posted wages for forward-deployed
engineers, Al engineers and implementation consultants rise after such cuts, and more so
in occupations and regions where implementation supply is less elastic. Posting data with
occupation and wage fields allow an event-study design.

2. Adoption depends on scale relative to legacy (Proposition 1, Corollary 1). Holding size
fixed, firms with more legacy complexity (older IT systems, more fragmented data, higher
shares of on-premise software) automate less. Holding legacy fixed, larger firms automate
more. Survey data on Al adoption linked to firm characteristics (McElheran et al., 2024;
Bonney et al., 2024) can test both margins and the ratio between them.
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3. Short-run productivity responds in proportion to the AI cost share (Proposition 3c). The
short-run response of firm or industry productivity to a fall in Al prices should be close to
the current share of Al in costs, and larger where implementation labour is more elastically

supplied.

4. Employment effects change sign over time (Proposition 4). Early in adoption, employment
effects in exposed occupations are small or positive. They turn negative as implemen-
tation capacity accumulates. The model predicts heterogeneity by the local supply of
implementation labour, not only by task exposure.

5. Adopters report organisational change before labour change (Propositions 3 and 4). Firms
using Al should report new workflows, training and integration work well before they
report changes in headcount. The Census Business Trends and Outlook Survey finds exactly
this pattern (Bonney et al., 2024). The model turns the pattern from a description into a
prediction about which comes first.

9 Extensions

Al that implements itself. The most important extension lets the implementation requirement
fall with model capability, n = n(0) with n” < 0. If models can integrate themselves into
workflows, write their own connectors and evaluate their own output, the bottleneck loosens
from within. In the market (7), a fall in 7 is equivalent to an increase in H measured in tasks.
The question is then a race between two rates: how fast capability lowers 7, and how fast
falling pa raises the demand for implementation. The bound of Proposition 3(c) survives if
the first is slower. Deriving the condition is the first item on the agenda.

Accumulation. Implementation capacity is built through experience. Letting H grow with
past implementation, H = ¢ nl, gives an endogenous J-curve (Brynjolfsson et al., 2021).
Productivity responds slowly at first and accelerates as capacity accumulates, and displacement
(Proposition 4) lags the price of AL This is the dynamic counterpart of organisation capital
(Prescott and Visscher, 1980; Atkeson and Kehoe, 2005).

Rents in the Al stack. With ps = (1 + y)ca and competition among model providers, a fall in
the cost of inference c4 is shared among the provider (through u), implementation labour
(through v) and the adopting firm. When implementation is the bottleneck, a larger part of the
surplus from cheaper inference goes to v. This links the paper to WP 2, where competition
passes common cost reductions to customers.

Heterogeneous firms. With a distribution of (D, ), implementation labour is allocated to firms
with high D /1, raising concentration in automation. Whether cheaper Al increases or reduces
concentration depends on whether it raises the demand for implementation more in large
incumbents or in entrants.

General equilibrium. Closing the market for production labour lets w fall when automation
displaces workers. That raises s and accelerates automation, and it moves real income toward

10
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the owners of implementation capacity. Allowing an elasticity of substitution between tasks
different from one changes the share formulas but not the logic of the bottleneck.

Jagged integration. Tasks may differ in how hard they are to implement, 1 = 1(i). Firms then
automate tasks in order of s(7)/n(i) rather than s(i), and the tasks that are easiest to automate
technically may not be the first to be automated in practice. This parallels the jagged frontier
of WP 3.

10 Conclusion

Al agents look like a new factor of production. They perform tasks as labour does and are
owned as capital is. Because they are reproducible at the price of compute, however, they do
not become scarce, and a factor that is not scarce earns no rent and imposes no constraint. This
paper argues that the scarce factor in an economy of abundant agents is the capacity to deploy
them. Implementation is a fixed cost per task, carried out by a distinct kind of labour. That
single feature implies that cheaper Al raises the demand for, and the price of, the people who
implement it. The effect of cheaper Al on productivity is bounded by the current automation
share for as long as implementation capacity is fixed. And displacement of production workers
is triggered by the expansion of that capacity, not by the fall in the price of Al

The intended contribution is to locate the gap between what Al can do and what the
economy gets from it. That gap is not a lag that closes on its own, and it is not mainly a
measurement problem. It is the price of a scarce input, and it can be observed in the wages
of the people who supply it. Policies and strategies that expand implementation capacity,
through training, through tools that lower the cost of integration, or through organisations
designed around agents from the start, determine how much of the technology reaches the
economy. Agents are abundant. What is scarce is the organisation able to deploy them.
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A Proofs

Throughout, s(i) = In[¢(i)w/pa] is strictly decreasing in i and ds/dO = 1. Every step below is
checked symbolically and, for the equilibrium formulas, against finite differences on randomly
drawn parameterisations in the replication code (code/01_model_checks.py).

Proofof Lemma1. With the Cobb-Douglas aggregator (1), the unitcostof yisInc = /01 Inc(i)di,
where c(i) is the minimum unit cost of task i. For i < I thisis p4/ya(i), because s(i) > 0 there.
Fori > I itisw/yr(i). Hencelnc = /01 In(w/yr) - /OI s = Incg — S(I). Under Cobb-Douglas,
expenditure is equal across tasks, so agents receive a share I of variable cost and labour a
share 1 — I; equivalently dInc/dInps = and dInc/dInw =1 — I. With constant marginal
cost ¢ and demand Dp~¢, the profit-maximising price is p = ec/(e — 1). Revenue is R = Dp!~¢,
operating profit is m = (p — c)y = R/¢, and variable costis TC = cy = (¢ = 1)R/e = (¢ = 1)m.
Substituting p gives m = xDc'~¢, and with ¢ = ¢(I) this yields (3). O

Proof of Proposition 1. Extend S to [0,1] as S(I) = /01 max{s(i), 0} di. Implementing a task
beyond I(0) costs vn > 0 and saves nothing, so maximising (4) on [0, 1] is equivalent to the
original problem. ITis continuous on the compact set [0, 1], so maximisers exist and the set of
maximisers has a largest element. Write TC(I) = D g(I; 0) with ¢ nondecreasing in I. Then:

» JI1/960 = TC(I) - min{I, I(6)}, a product of two nonnegative functions that are nonde-
creasing in I. So IT has increasing differences in (I, 0).

e JI1/dD = g(I;0)/(e — 1), nondecreasing in I: increasing differences in (I, D).
e JI1/d(—vn) = I: increasing differences in (I, —v7).

By Topkis (1978), the largest maximiser is nondecreasing in 6, D and —vn. Finally, IT/(vn) =
[D/(vn)] g(I; 0)/(e — 1) — I, so the set of maximisers depends on (D, v, 1) only through D /(vn).
The corollary follows because entrant and incumbent share 6, w and v, and I* is nondecreasing
inD/n. 0

Proof of Proposition 2. H® = nI* is nondecreasing in 0 by Proposition 1. At an interior optimum,
s(I*) > 0 because TC - s = vn > 0, so the first-order condition can be written as F(I,0) =
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InTC(I,0) +1Ins(I,0) —In(vn) = 0. Since IInTC/dI = (¢ —1)s and dInTC /IO = (¢ - 1)I,

JdF s’ JoF 1
E—(S-l)s-i';——Q, %_(8_1)14_5.

Differentiating the first-order condition gives IT”(I*) = TC [(¢ — 1)s?> + s’]. Assumption 1
therefore makes the optimum strict, and dividing it by s > 0 gives Q > 0. The implicit function
theorem yields (6). O

Proof of Proposition 3.  Equilibrium. Demand nI*(v) is nonincreasing in v and supply Ho® is
strictly increasing for C > 0, so there is at most one equilibrium. For C =0, = H/ n, and
v = TC s/n from the first-order condition, which is positive when H/n < I.

(a) For C > 0, substituting In v = [In(nI) — In H]/C into the first-order condition gives

G(I,0) =InTC +Ins —Inn— [ In(y]) -InH| =0,

with dG/dl = -Q —1/(CI) < 0 and dG/dO = (¢ — 1)I + 1/s. The implicit function theorem
gives (8). At a given equilibrium point, the denominator is decreasing in C, tends to Q as
C — coand to +o0 as L — 0. For C =0, I = H/n does not depend on 0.

(b) For C > 0,dInv/d6 = (CI)"'dI/dO, which gives (9). For ( =0,Inv =InTC +Ins —In7p
with I fixed, so dInv/d6 = (¢ — 1) + 1/s, which is (9) at C = 0. Positivity follows from s > 0
and Q > 0, and the expression is decreasing in C.

(c)Inc =Inco— S(I, 0) and ¢y does not depend on 6. Hence dInc/dInps = —dInc/dO =
dS/9d0 +sdl/dO =1 +sdl/dO. Since s > 0 and dI/d6 > 0, with equality if and only if C =0
by part (a), the inequality and its equality case follow. O

Proof of Proposition 4. InL =1In(1-1)+InTC — Inw, and w is fixed. Differentiating,

dlnL__ 1 ﬂ
d9 ~ 1-1d6

which is (11). (a) With C =0, dI/d6 = 0. (b) Let B = (¢ —1)s —1/(1 —I), which is negative when
(e —1)s(1 = I) < 1. Fix the initial equilibrium (I, v) and vary , adjusting H so that Hv® = nl.

+ (e - 1)(I+Sj_é)’

Then (I, s, Q) are unchanged and, by part (a) of Proposition 3, X(C) = dI/d0 is strictly increasing
from X(0) =0. SodInL/dO = (¢ — 1)I + B X(C) is strictly decreasing in C and positive at C = 0.
It has at most one zero (, and it has one if and onlyif (e —1)I+B[(e -1)I+1/s]/Q <0. O
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