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for norms for when and how Al developers should compensate the exposed Workery |
more starkly, if Al makes human workers economically redundant, society wij Need to"tn
tablish new norms for how to provide humans with income when labor income js 05
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for Al systems that become increasingly adept at m ipulating consumers, Mor ‘ _,

Social Alignment Norms Imposed on Whom?

Up until the recent past, governance to ensure the social alignment of Al systemg b5 relie
entirely on society imposing norms on the operators of Al systems, who would be du,w
with ensuring the alignment of their systems. This is the case, which we may ¢y sociy
alignment by extension, illustrated in panel (a) of Figure 3.2, which employs arrows {0 {n.
dicate that an entity imposes norms on another entity. Such an arrangement woy|q be
that is needed if (1) the operator were perfectly aligned with the social norms, and (2) if the
direct alignment between the operator and the Al system held perfectly.

However, when one of these two conditions is violated, it makes it desirable for society tg
directly impose social norms on Al systems, as illustrated in panel (b) of Figure 3., [ s
consider each of the two conditions in turn.

When the operator of an Al system is not in compliance with social norms, then im.
posing social norms directly on Al systems may substitute for the operator’s lack of compli
ance. Such an arrangement may also make it easier to monitor the social alignment o
operator. Consider, for example, an unethical corporation that pursues blind profit m
zation to the detriment of other values of society. If the Al systems deployed by

poration need to satisfy certain enforceable norms, such as being unbiased, :;

COr-
space

| for unethical behavior of the corporation is curtailed. In fact, norms impo
may even make it possible to regulate behaviors that violate social n
to regulate before. For example, when lending decisions were m
officers, it was harder to establish whether they were unbiased

When an operator is generally aligned with social no
direct alignment problem between her and an Al system, that are imposed di-
rectly on the AI system may also help. Such norms can be tho a5 best prac ices, and

¥ | el
Operator — Al System
| VAT

L) O

5..

%ﬂ reaching their programmed goals, no matter if these goals correspond to our true goals

O

ALIGNED WITH WHOM? 81

o — — —
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they may contribute to all three steps of the direct alignment problem that we previously
explored: determining the right goal, conveying the goal, and implementing the goal. For
example, they may help a well-intended but inexperienced entrepreneur to ensure that the
Al system she develops does not unintentionally impose harm on society.

As Al systems become more agentic and have ever more discretion over decisions that

used to be reserved for humans, we believe that imposing norms directly on Al systems is
becoming increasingly important.”

more powerful and are deployed in a growing number of areas,
ur goals becomes ever more vital. However, the expression “our goals”
is often used" Y. crucial to emphasize that Al alignment has two distinct

ns: £ et and social alignment. The two dimensions require some-
, but we need to solve both to ensure a future that is desirable

v them. They are becoming better and better at doing what we are asking them to do

or if we mistakenly assign them the wrong goals, such as excessively narrow subgoals that
lead to disastrous unintended side effects because they fail to fully capture what we want.

Regarding direct alignment, we need to work on determining, conveying, and
implementing the goals that we want Al systems to pursue in a robust manner. Regarding
social alignment, sod'gltxlgggg% t;gd\gerﬁ”lgq\}vgat‘sogd goals and norms we want Al sys-
tems to pursue. preferences can only determine a parti al ordering over all available
choices. It is import: '
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NOTES 10.
A

1. An example is Al-powered financial trading systems (see Boukherouaa & Shabsigh, 202)) 11,

2. Throughout the paper, we use the convention of referring to the entity that js 12

Creatj
operating, and controlling an Al system as the “operator.” In principle, each of th %

For 2
. Fo Q ple, SO
@n' ¢ outco

- S ALIGNED WITH WHOM? a3

principal-agent problem in economics can be Viewed as a situation in which the prin-
cipal ’has only limited ability to affect the agent’s architecture (e.g, to reprogram the
agent’s primal drive to avoid hard work) and needs to find workarounds (“incentives”)

to make the agent pursue the desired goal Programmers frequentl imi
; ex similar
situations. For example, the architecture of ML librar equentiy pcrtence.

they can write their code and makes some results far
situations, they need to write workarounds buildi

ability to “reprogram” agents, For example, parents greatly appreciate the importance of

instilling proper goals.into their offspring; managers and military leaders know the im-
portance of “inspiri ir agents to pursue desired goals; and a significant part of our

orals, etc.) revolves around reprogramming humans’ goals in
Cieties operate more harmoniously.

For exam strom (2014) describes valye alignment as one element of Al control
alongside mechanisms such as capability controls,
gh and ’. g-edge technical introduction see Russell and Norvig (2020).
itions of alignment only capture the intentions of the Al system,

human culture (
a way to m

ese tagks e ther ex m;:chthe Al system was trying to achieve the human's goal.
. s : " : S to accomplish the goal, but i : -
e pemey e i sogsdon cmpioty s e 8 ()Y ek o oo e e
en T ! . . » . 2
3. There are many alternative ways of defining alignment but with similar flayor. For ex. 13. In matiematics, a full order ing (or total order) is a binary relation on a set that satisfies.

ample, an Al system could be aligned to the humans instructions, intentions, revealed \
preferences, informed preferences, interests, or values, among other options. See Ga} @

(2020) for a fuller discussion. b
4. This is a shallow definition of agency that is, however, useful for our purposes his

inspired by, but distinct from, Dennett’s work on stances (see Dennett, 1987 nt

contexts, other definitions may be more useful. For example, in ethics, am nt i

entity that is morally accountable for its actions. For an elaboration on alt@

of agency, see Franklin and Graesser (1996) or Orseau et al. (2018)
5. Another way to express goals is in the form of a “utility function”

merical value to each possible X which ranks the different possibi
more restrictive than preference orderings. In other wor &
set of preferences, but not every set of preferences can be r
example, for lexicographic preferences, doing so is impossible.
- 6. Specifically, for a set of preferences to map into a utility function req
- assumptions that may be violated, including completeness, transitivity, Aty
- 7~ Unfortunately, this nomenclature involves some overloading of the term “agent.” In the
previous section, we called any entity that can be described as pursuing a goal as an agent
in this section, we follow the conventions of principal-agent theory. Throughout the re vl
mainder of this article, the meaning of the term will be clear from the context.

* Infact, some of the interactions among other social species such as bees or an

NG
QO

16.

17.
18.

Py :

described as simple forms of delegation

el ML '}..l’lm >
. . o
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yQther conditions, that it is transitive and that any two elements are comparable (see

tpsi//en.wikipedia.org/wiki/Total_order). The assumption that society’s preferences
represent a full ordering is also a necessary conditio

n for describing them via social wel-
are functions,

Although it is possible to add such considerations with a negative weight in consequen-
tialist specifications of welfare functions, it is difficult to determine desirable weights.

Specifically, when three or more people are asked to express their preferences over three or

more alternative choices in pairwise votes, they frequently arrive at outcomes like A > B. B

>Cand C > A, making it impossible to establish a full order of the available social choices.

of utility functions of all members of society will not satisfactorily address the problem,

since it may lead to Pareto-dominated outcomes. See Eckersley (2019) for a fuller descrip-
tion of the problem in the context of Al alignment.

See https://www.stopkillerrobots.org/.
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ificial intelli Al) is likely to change the woy]
ext several decades, artificial intelligence (. . tld
i?,v::mt:o:s ways. When trying to describe just how significant these changes could pe,
commentators tend to reach for historical comparisons. One influential .re.searcher, Andrew
'g, has famously called Al “the new electricity” (Ng» 2017). Elsewhere it is possible to fin

; ' Allen & Chan, 2017), industriali
analogies to fire (Clifford, 2018), nuclear weapons (
(Bry(;ilfsson & McAfee, 2014), the first computer software (Karpathy, 2021), and

occasion, life itself (Tegmark, 2017). | | .
This chapter also takes a history-oriented approach to discussing the impaci«

than drawing comparisons to individual technologies, however, the chaptes
AT within two “reference classes” of technologies that share common &@ "

common patterns in how technologies wi
world, then we might expect Al to display some of the sam Q‘

e n
The first reference class I consider is the set of gener po

General purpose technologies are distinguished by their unus
dency to spawn complementary innovations, and their large inherent po : tech-
nical improvement. Modern examples include computers, the inten&bustion engine,
and—in keeping with Ng's suggestion—electricity. Many economists now regard artificial
ntelligence as an emerging GPT. S S
report a few key lessons from the literature on general purpose technolpgl lesson
hat the early applications and iterations of GPTs tend to be unassu ning. It normall
¢s several decades for them to achieve large-scale impacts. However, n the long run,
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The other, strictly smaller reference class I then consider is the set of revolutionary
rechnologies. A revolutionary technology is a GPT that supports an especially funda
mental transformation In the nature of economic production. There are only two ob-
vious examples of revolutionary technologies. The first example is domesticated crops,
which supportcd the transition from hunting and gathering to widespread agricultural
production. The second example is the steam engine, which supported the transition
from an economy where muscle power is the “prime mover” to an economy that is highly

mechanized and energy-intensive. Although the concept of a “revolutionary technology”
is not a standard one, I believe it is useful for making the point that not all GPTs are

created equal. It is plausible that artificial intelligence will eventually emerge as another
revolutionary technology by drastically reducing the role of human labor in economiic

production.

One important les thc study of previous revolutionary technologies is that they
can facilitate large galasting changes in economic and social trends. For instance, thc
rate of tcchno$rogrcss increased dramatically around both the Neolithic Revolution
and the Indu evolution. A number of prominent economists have argued that Al-
driven a could lead to another increase of this sort. If Al does prove to be a rev-
olutio olo emit could produce changes that are far more fundamental and

policymakers have experienced.
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ral purpose technologies

e concept of a general purpose technology was first developed in the early 19g0s by
Bresnahan and Trajtenberg (1995). Their central idea was that some technologies sunply
matter much more than others. As they put it: “Whole eras of technological progress and
growth appear to be driven by a few ‘General Purpose Technologies' (GPTs)” The key
features that distinguish these technologies from others are their unusually pervasive use,
their tendency to spawn complementary innovations, and their large inherent potential for
technical improvement.’

Some evidence for the notion that GPTs have outsized economic impacts comes from
the history of total factor productivity (TFP) growth. TEP is a measure of how efficiently
investments of labor and other resources can be transformed into goods and services
that people wish to buy. It is ¢ 50 ofte a. proxy for the rate of technological prog-
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Waves in the American productivity growth rate, over the past hundregd years
“Term Productivity Database ( Bergeaud et al., 2017). Not
that a high-pass filter, with A = 500, has been used to smooth out short-run 'ﬂucmaﬁol‘s. The
most recent wave shown here is normally attributed to the successful adOpnPn ofcomputm
and the internet, two recent GPTs (Brynjolfsson & Saunders, 2009).. Electnﬁca.non and the
internal combustion engine are often believed to have played outsized roles in the larger

mid-century waves (Bergeaud et al., 2017; Bakker et al., 2019).

FIGURE 4.1
according to estimates in the Long

Table 4.1 General purpose technologies from
across human history, as identified by
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The concept of a “general purpose technology” is used primarily by economists, with
economic impacts tending to serve as the primary standard for inclusion in the category
However, as should be clear from this list, GPTs nearly always have spillover effects on mil-
itary affairs and politics that are also highly deserving of attention.

The case of electricity

As a useful illustration of the effects a GPT can have across economic, political, and military
domains, we can consider the case of electricity. Beginning roughly with the invention of
the battery in 1800, or the electric motor in 1821, electricity began to find an increasing array
of applications. Beyond ling methods of long-distance communication like the tele-
graph, it served as an niversally applicable method of transmitting energy from the
engines or turb nerated it to machines that could take advantage of it. Although
the adoption of electricity proceeded gradually, in countries at the economic frontier, the

of electrification, first, in early twentieth century productivity
ding countries such as the United States. We can also see the
f how daily life changed for the typical person, as new products like
washing machines, lightbulbs, and telephones were introduced (Gordon,
anges significantly raised living standards, while also helping to reduce the
urdens placed on women and very plausibly accelerating their entry into the
ce in the latter half of the twentieth century (Coen-Pirani et al., 2010). Electronic
munication technologies like the telegraph and radio also enabled stronger forms of

use in a number of mid-twentieth century totalitarian regimes. At the same time, electricity
played a key role in enabling a “revolution in military affairs™ due to the significant military
applications of the radio, the spark-ignition engine, radar, and code-breaking computers
(Krepinivich, 1994). The radio, in particular, was core to the Blitzkrieg tactics that Germany
successfully implemented in the Second World War. In more recent times, electricity has of
course enabled all modern information technology and its various impacts as well.

Modest beginnings
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Revolutionary technologies !

then it becomes clear that some periods of techng,

: st. Economic historians commonly ¢jt. th
2 re radxcal than the re ¢
logical change are mo

. iods that involved y
, trial Revolution as perio A nusuau:
Neolithic Re\gutxon ::d the Indus ic produ ction.” I believe it is usefy] tq clas
fundamental changes

e hange. Gcneral purposc tCChHOIOgics lha;
: : bringin '
SIlfy Su&mﬁ?nﬁsolz in sugPIPgrtins revolutionary change can hCabe S revoly.
piay pro

tionary technologies. , ion from an economy largely based g
38 tion involved a transition : N ng.
m Neol.lthxc R:"Olt;c:;g to an economy largely based on sedentary agricultura] Pro.
madic hunting and g3 2 between approximately 10,000 BCE and 5000 BCE

: : Asi
duction. It occurred in Western elays of varying lengths. Because domesticated Crops

: . ing after d .
with other regions following le in this transition, it is natural to classify them as a reygl,.

. :h N l :
tlo‘xrlharyltndust(:'i(::.lgyRevolution involved a transition from an economy largely based on
é conomy largely based on industrial production and the

: roduction to an ¢ |
;%g:i:il:)lef }:ervu:cs It occurred in Western Europe and the United States between ap.

proximately 1750 and 1850, with other regions agairf following, after delays .o.f varying ®\
length. In one interpretation, the Industrial Revolution was an energy transition more

than anything else (Landers, 2005; Smil, 2018).. The region mo.ved beyond primari Q
relying on organic sources of energy and material—such as grain, wood, and m

from grass-fed animals—and in doing so opened new productive possibiﬁties% :
:ntensive machines have increasingly supplanted the muscles of humans als.
also

Because the steam engine played a very important role in this trmsi&%
- 2 |
i

classified as a “revolutionary technology.”
Shifts in the human trajectory Q’K §
Both the Neolithic Revolution and Industrial Revolution were ac¢ompanied | be(”

dramatic and long-lasting changes in economic and social trends. In 0 . ,.
their qualitative impact on economic production, both these revoluti e said to have

o

shifted the human trajectory in significant ways. UL 1k RATROGS
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FIGURE 4.2:0°81} n of global energy capture over time. Although we lack
reliable niumefical estim e growth rate before the twentieth century, we can be

fairly donfident that it @ d dramatically around both the Neolithic Revolution and the

iR evoluth.)

@ "Morris puts it, “get things done in the world™ (Morris, 2010). Higher
er a Acapture growth have tended to reflect higher rates of technological prog-
amaterial change. Energy capture also lends itself more naturally to discussions of
an trends than more sophisticated economic metrics. For instance, metrics such as
mestic product and total factor productivity are not obviously applicable to hunter-
rer societies.
Unsurprisingly, there are no reliable numerical estimates of global energy capture in pre-
modern times. Nonetheless, we can be fairly confident that the rate of growth increased
dramatically over the course of both economic revolutions (Smil, 2018). Sedentary farming
societies, which manage dense concentrations of high-value plants and animals, extract
far more energy per unit of land than mobile hunter-gatherer societies do. As a result, the
spread and intensification of agriculture over several thousand years likely enabled an un-
precedented rate of energy growth. The later transition away from organic sources of energy
and toward fossil fuels, which began around the Industrial Revolution, then raised the rate
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merged toward larger, more complex; and more hierarcmqll -
b

2010). A typical pre-Neolithic group of hunter-gatherers Pro

a very clear trend ¢

institutions (Morris obably exhibited a relatj i
' Juded no more than a few dozen people. It also Probar’y relatively g T |

cial hierarchy, with many important dcfisions bei.ng rcach;d through rough °°n8en3u 3
The millennia that followed the Neolithic Rc.volutnon saw t :leme:}cnce of i"Creas lng';
large settlements, states, and ultimately .empnrcs. :Ihere wz;s SO ? ear upwarg e
the complexity of these institutions, for instance, in the volume of records majngy;,

- : ed
states and in the sophistication of the military operations. An increasingly large pom:
of people came to live under the rule of powerful autocrats. Slavery also became

INCreg,
ingly prevalent.
“Ssj;jetal records and anthropological research suggests that, compared tq by
be more malnourished and sick but safer from imefperso;:

gatherers, farmers tended to
violence (Diamond, 1998; Wittwer-Backofen & Tomo, 2008; Eshed et al., 2010: Morris, 201

Gat. 2017). In addition, it seems, farming societies tend to have stricter gender divig;
than hunter-gatherer societies (Morris, 2015). One plaus.iblc.partial explanation for this
sharpening of gender roles is that the transition to farming }ncrcases the importanc, of
upper body strength, for work outside the home, and men typically have more uppe;
strength than women. At the same time, women tend to become more tied to their homes
partly because sedentism allows for larger family sizes. Therefore, as agricultural pr Clices
diffused across the world, it is fairly likely that average living standards, levels of gender
equality, and levels of violence all declined over thousands of years.

Average income (2011 USD)

age global income over time, according to estimates in the Maddison
I8 Van Zanden, 2020). The data point for 1000 CE is based solely
r Uitina, which contained a large portion of the world’s population at the
YeSpecific numbers given in the dataset are controversial, the qualitative
is not. There was no substantial, sustained. global income growth before

Further shifts: The Industrial Revolution \ the In evolution.

Perhaps the most notable outcome of the Industrial Revolution was the beginnin 0 Q

sustained growth in the average person’s wealth (fig. 4.3). The current tendency f 6

generation to be noticeably wealthier than the generation that came before is Ri %

anomalous. The transition to a much higher energy capture growth rate cen@]‘md O - Democracy Over Time
4 -

an important role in supporting the emergence and sustainability of this t
growth is only possible when total output grows quickly enough to og

N

growth rate.

The Industrial Revolution was also accompanied by a new trend
democracy. Before the eighteenth century, democracy was
Although some pre-modern states did have democratic
constrained the actions of rulers, the ability of common peo
quite limited.® Furthermore, at the start of the eighteenth century,
of a global trend toward widespread democracy. Nonetheless, ovef*the
obvious trend has emerged (fig. 4.4). o e oved 2 i

The Industrial Revolution was certainly not the sole cause of this new trend (Stasava
2020). A number of seemingly critical intellectual and political »,,7 1€r |
date the revolution or appear rather disconnected from it. The American Revoltion,
 instance, cannot be chalked up to industrialization. Nonetheless, many economist
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likely to demand massive land redistribution, A popul atiog
countryside is also less able to coordinate and exert presg,, e On‘hat iy
there is also a clear statistical association betweey, indeme‘

"Stri,

ordinary people are
spread out across the
Empirically, in modern times,
alization and democratization. .

Other trends that appear to have emerged around the time of the Industrig] Rév

. N 1 B S e D s
with at least a plausible causal link to it, include rising lifespans (Deaton, 2013), Fisin uﬁ(‘ﬂ. ’ ................................................... Senl

cation (Lee & Lee, 2016), rising between-region inequality (Pomeranz, 2001; Degy,, ?d"‘ |
rising gender egalitarianism (Morris, 2015), and declining rates of slavery. ), Al today
Today, artificial intelligence systems can perform only a very small portion of the tasks that
humans are capable of. With some e€Xceptions, existing systems also typically h:vt: m,rtrow
Summary specialties: a typical system might just play a particular video game, recognize the faces of
a particular group of Q, ¢, or something of the sort. Although the' tcrr?:‘miﬁcial inteili-
In summary, throughout history, GPTs have tended to ha’we broadly transformatjye impg gence” sometimes@ -Spopular depictions of human-like machines, capable of the same
However, these impacts have also tended to emerge quTte .gradually. typically taking Cts, sort of ﬂexibﬁ ng that people engage in, nothing like this exists today.”
dzdcs bto become fully apparent. There are always frictions and barriers to impact thay fAI s?'ste% Signeizcg:ave t?n nuar;:beir of important applications. Nonetheless, at the time
need to dDe overcome. | of w 8 ce still pales in comparison to the signif;
At least two GPTs, domesticated crops and the steam engine, stand out from the reg,  &cnologies,Thig point holds regardless of whether S: 10?::: ;fopmmﬂmo

These two revolutionary technologies both supported unusually fundamental changes ¢, the gal impact

nature of economic production. These economic changes in turn supported unusually o
nificant and long-lasting shifts in the trajectory of humanity (Box 4.1). 8

When considering the future of artificial intelligence, it is useful to ask whether it will
constitute a general purpose technology. We should also ask, though, whether it has the\

ost profitable present-day and near-term applications appear to be
keting and sales systems, which make recommendations, select offers,
isements in response to user data. Systems that help with supply chain
;for instance, by suggesting changes to order sizes and schedules. also appear

» -
e \
. & :

ighly valuable." Other applications include more accurate fraud detection and more

: : to b
potential to become something even more transformative. If so, then popular analogie% * data center coolin :

T . : : 3 g. While there are many other miscellaneous applications. such

; recent GPTs SUCh as electricity and the internal combustion engine may actually un t %e speech recognition software now installed on most smartphones.a?;xcir total value

its ultimate significance. 60 consumers still appears to be modest. Large investments have also been made into de-

veloping or exploring other more novel applications, particularly self-driving cars, but
these are not yet in widespread use. Artificial intelligence has yet to have any clear im-

pact on productivity growth, inequality, unemployment, or other macroeconomic trends
(Brynjolfsson, Rock & Saunders, 2019).

In the military domain, its most valuable present-day applications may be associated
with image recognition and the analysis of bulk-collected reconnaissance data (Pellerin,
2017). It is too soon to judge, though, just how much advantage will be gained

Box 4.1
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could be ubstantially more eftective or p, anigy
Existing systems for generating convin cing { ajt
politically significant, for instance if they 5,
gures in compromising situations (Br““da;
is category are either not yet in Widespr a;

o have had obvious soci?ty-level impa.\cts“on Crime fateg
levels of incarceration, and the like,

e e

targeted political advertisemen
:i?:‘ :h:)g:pical political advertisements.
hotograpixs and videos could also bc(.:(?me
Esod to generate false depictions of political fi

ot al. 2018). Again, thoug
ase or not yet effective enough t

voting patterns, intergroup disparities,

Barriers to impact
oeais O ¢ rs. First, there are technical boy eck
_the impact of Al has been limited in t‘\.o hks isti i e
ng:;lalt Al engm?aecrs can accomplish today. THISENCHS CM SXUL A qURs e o

data, and quantities of available ¢ omputing power are not sufficient to develop A] SYStems
capable of performing many tasks of interest. The tasks that Al systems can perform today,

such as targeted advertising and image recognition, possess a number of somewhat Unusy,|

: 12
traits that make them especially tractable. |
Second. there are implementation challenges. This means that even for poteny

applications that are not currently “out of bounds,” the process of c.ijscovering, devel.
oping, and widely deploying these applications may be quite slow. Limiting factors jp.

cdude the scarcity of expertise, regulatory barriers, the unavoidable complexity of many
engineering projects, the need to invent complementary technologies and services, ang

the need to attract large investments of capital. The relatively slow process of getting self.
driving cars into widespread use has provided a clear illustration of several of these factors

(Fagella, 2020). Q
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Although its impact remains comparatively modest, artificial intelligencelis
candidate for a new general purpose technology. As we have seen, it igralead -
an one per d

AT’s general purpose potential

in a wide range of domains. It is also inspiring enormous research 2
which, by some estimates, might now account for substantially o
the world’s total R&D spending.”® Furthermore, if researchg - $S 01
relevant technical bottlenecks, then the technology’s potexﬁD |
1S enormous.
In fact, 2 growing number of economists have begun to identify ATa
includes Manuel Trajtenberg, the founder of the GPT literature, and Efik Brynj
is also a leading expert on the economic impact of information -tethiblé'giéi‘q"
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could then be in the carly stages of an impact trajectory that several other technolog

followed before, In keeping with the two varieties of limitatior oned aboye
bt expect technical bottlenecks to decrease significantly over time, thereby “unlockin

«7
4 ATl :
RS T .
e 4 | n~ "’.‘—';.( :
U : ‘_ o :
. M S ol
Ll

y mew applications* Second, even without much of a change in caps

_Tl‘-”’. IMPACT OF ARTIPICIAL INTELLIGENCE 97

reasonably expect many more applications to be developed and come into widespread use in

the coming decades. The process of discovering what is alre sible 3nd trn i
it could continue for a very long time,” ady pos plementing

Economically, two especially significant applications that might be nearly within reach
are self-driving cars and customer service systems. Given that over five million Americans
are currently employed as vehicle operators or in call centers, Erik Brynjolfsson argues that
automating a large portion of these roles over the next few decades would significantly
boost national productivity and impact many workers’ lives (Brynjolfsson, 2019). There has
also been major recent progress in developing various kinds of generative models, such as
systems that produce illustrations when given text prompts, that produce essays when given
opening sentences, and even systems that produce lines of code when given descriptions
of the desired code (B '& et al., 2020; Chen et al., 2021). At the time of writing, these sys-

ayfor’very widespread commercial use. However, progress continues
able applications might ultimately be very close at hand. A final

e prediction suggests that artificial intelligence could find significant near-

ns relatgdhto drug design (Jumper et al., 2021).
§ authors b@ﬁoduced dramatic estimates of the portion of current jobs that
be automated, given present capabilities, often producing numbers in the
Arntz€tal., 2016; Chuietal., 2016; Frey & Osbourne, 2017; Winick, 2018). Some
onomists havedlso suggested, controversially, that such a wave of automation drawing on

chniques could raise income inequality or unemployment.'® However, there is
ensus about the near-term economic impact of AI (Cukier, 2018).

ense and defense. Weaponized drone swarms, intended to overwhelm the defenses of
large weapons platforms such as aircraft carriers, are one application that could have an
especially large impact on the character of war (Scharre, 2014). There may also be valuable
applications involving the acceleration or improvement of behind-the-scenes processes,
such as vetting individuals for security clearances or determining vehicle maintenance
schedules (DARPA, 2018). Ultimately, artificial intelligence could increase military effec-
tiveness substantially. It might also shift import egic param
lihood of accidental escalation, t '
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