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Al Hype, justified?
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TOPs  gen ar 100 MucH SPEND,
IVIIND 100 LITTLE BENEFIT?

1

Given the focus and architecture of generative Al
technology today... truly transformative changes won't

happen quickly and few—if any—uwill likely occur within
the next 10 years.

- Daron Acemoglu
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How are Power and Al Custom Baskets performing YTD? X
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Figure 2: Log of perplexity of models used in our work, of over 231 language models analyzed in our work spanning over 8 orders
of magnitude of compute, with each shape representing a model. The size of the shape is proportional to the compute used during
training. Comparable perplexity evaluations are curated from the existing literature and from our own evaluations.
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Science for Al: diffusion model
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Al for Science: AlphaFold

AlphaFold 2 AlphaFold 3
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Agentic Al

What Are Al Agents?

Al agents are poised to accelerate the
adoption of digital applications and create an

epochal shift in human-computer interaction.

Al Agents:

Understand intent through
natural language

Plan using reasoning and
appropriate context

Take action using tools to
accomplish the intent

Improve through iteration
and continuous learning

Usefulness

Siloed,
Single-Purpose
Agents

Platform-Level
Agents

SAIS
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Universal Agents

Smarter models
using more tools to
accomplish higher-
value tasks

Level Of Intelligence

v
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ARK's Big Ideas 2025: Robotics

@
Humanoid Robots Are Debuting Around The World

Why the human form factor? Key is that a humanoid robot is generalizable. While a wrench can tighten nuts better than a human hand
can, it is not a generalizable tool. The human hand is generalizable, particularly in an environment built by and designed for humans.

Boston Dynamics Unitree Figure Al Tesla

: Sanctuary Al
Atlas Gl Figure 02 Optimus

: Agility Apptronik Fourier Ix Technologies
Phoenix Digit Apollo GR-1 NEO

U d

Source: ARK Investment Management LLC, 2025. For informational purposes only and should not be considered investment advice or a recommendation to buy, sell, or hold any particular security.
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Attention on Reinforcement Learning
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Adoption

Figure 4: The Trajectory of Computer, Internet, and AI Adoption
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Converging Technologies Are Generating A Historic Technological Wave

Estimated Economic Impact of General Purpose Technologies
(Annual Percentage Point Additions to Real GDP Growth And Consumer Surplus)
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Sources: ARK Investment Management LLC, 2024. This ARK analysis is based on a range of underlying sources, including Bekar et al. 2017, which may be provided upon request. The chart uses GPT 4 prompting to survey a
comprehensive list of general purpose technologies using the identification framework detailed therein. Where available, academic literature is also used to assess attributable economic impact. A GPT-4 scoring rubric
assesses technology-by-technology impacts. The impact measured directly is matched against the scoring to tune all scores to produce technology-by-technology estimates of economic impact (even when direct measures
of economic impact are unattainable). Consistent with General Purpose Technology theory, these technologies are assumed to go through a period of investment in which economic impact is negative before productivity
advances begin to realize into economic data. All technologies are assumed to have the same diffusion and realization cycle. If recent technologies are assumed to diffuse more quickly, the current wave would appear
steeper. Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered investment advice or a recommendation to buy, sell, or hold any particular security. Past
performance is not indicative of future results.
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TFP and growth

Reconciling estimates of Al impact on GDP: Acemoglu (2024) vs. GS (2023), %
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Income Elasticity of the Relative Price
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Exposure/GPT VS our work

GPTs are GPTs: An Early Look at the Labor Market Impact
Potential of Large Language Models

Tyna Eloundou', Sam Manning'-?, Pamela Mishkin*!, and Daniel Rock®

'OpenAl
*OpenResearch
3University of Pennsylvania

March 20, 2023

Abstract

We investigate the potential implications of Generative Pre-trained Transformer (GPT) models anc
related technologies on the ULS. labor market. Using a new rubric, we assess occupations based on thei
correspondence with GPT capabilities, incorporating both human expertise and classifications from GPT-<
Our findings indicate that approximately 805 of the U.S. workforce could have at least 10% of their worl
tasks affected by the introduction of GPTs, while around 19% of workers may see at least 50% of thei
tasks impacted. The influence spans all wage levels, with higher-income jobs potentially facing greate
exposure. Notably, the impact is not limited to industries with higher recent productivity growth. Wi
conclude that Generative Pre-trained Transformers exhibit characteristics of general-purpose technologie
(GPTs), suggesting that as these models could have notable economic, social, and policy implications.
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count 1606 1606 1606
mean 0.44 0.18 0.24
std 0.26 0.18 0.21
Fine Categories Occupation Level Exposure Corr.
GLM InternLM GPT-4
GLM 1.QF** (0.284%%* 0.19]15%%*
InternLM  0.284%%%* 1.(F** 0.2887***
GPT-4 0.1915%*%  (.2887+** ] .=
Medium Categories Occupation Level Exposure
GLM InternLM GPT-4
count 63 63 63
mean 0.40 0.14 0.22
std 0.15 0.10 0.18
Medium Categories Occupation Level Exposure Corr.
GLM InternLM GPT-4
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Salary and Exposure

FEEUEERE R, Exposure Scoref] TE/KFEZIIERFIKIR,
th[E XE

@harmaceutical Manufacturing Workers

10000 - .
Exposure to GPTs by Occupation
U
9000 1
FinamGRnResenrshesss
04
8000 - o
t‘i &ngineers and Technicians -
.(—|c§ glealth Speciahsts and Technicians %
n giterarfAmbigsman; Logaly Sosil and Belisosn ool o
i §
7000 1 @fetal Smcltmgﬁnd %{)LH:IT : W%ﬁ@ﬁbﬁm&pmem and General EngineeringMatThinery Operators and Related Workers E
] e mmahﬂdrewas%erkm Workers (4]

§tWandkars! Information Technology Servicess Workers 09 -
l%§ %ﬂcﬁgsytvﬁ)g@?@cess Workers

Technicians .
§ecur1tvj Firefighting and Supptﬁw hlishing and Cultural Professionals
gheal Estate Servicess Workers

A e N QERR Workers

hemical Materials and Chemic; Manu a Luring \ orke

‘mbb@ﬂm&ﬂﬁé Fl@t@ﬁ@ﬁ%&@&@@f@@ o1 ( Htr]hugggr\rc\ror?(ekrgrs

¢Vater, Environment and Utilities Management Servicess Workers

glusbandry Produet}BHSHHHEE
etal Products Manufacturm Workers

6000 - dextiles, CWelmig,a]\im

g ccommodation and Food Services Workers

5000 1 ; . . . . ; . r r 10 10.5 1 11 § 17

010 015 020 025 030 035 040 045 050 o Rt cee)
Exposure Score (Medium-category): LLMs 0og ual Wag




Demographic Exposure/CH
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Global growth forecasting S

Table 6: Prediction of the quarterly GDP growth with multi-indicator data results for linear
regression and LSTM.

| . Linear Regression | LSTM Best Valid Model | LSTM Final Model
i ) - Seq . ] -
Dataset Period | Light Leneth Train: Test | Dims -
| | | gt -| | | MAE MSE RMSE | MAE MSE RMSE | MAE MSE RMSE
5 2092 10% 21 (LGG2G 0.7761 (L.E510 (L7845 0.9352 (0.9670 0.GG23 0.7122 (.54.30
95-19 ® 10 Dod: 104 21 (.9159 1.BELG 1.3732 (1L.E454 1.1802 10804 0.7097 ().ELEG 0.92606
12 S30: 100 21 0.9225 164033 1. 2662 (.7122 O.B16G6 0.0037 0,765 [.5043 0.9510
5 202 56 21 26646 KER.E LN 5.00350 (LEGEGD 0.876G9 (0.0364 (.6G95E 0.E8727 0.09342
¥ 10 170: 56 21 25218 15. 1833 28066 (.7555 1.0397 10196 0.7910 [.9004 0.9952
12 143: 52 21 1.2476 98113 L6767 L0640 1.7400 1.3104 0.9097 1.9994 1.1056
. ) 8 202 56 24 5.0465 105.0620 10.2500 0.7447 1.0500 1.0247 0.7443 1.2163 1.1029
GDP with sty
Other 1m*zun"., 10 170: 5 24 1424 4.0354 20044 07717 0.9947 (0.9974 ().820G2 1.2504 1.1355
Variables st 12 143: 52 24 L1717 2 118G 1.4555 (LELIL1 11020 10497 (L.TEESD 1.1107 1.0530
13-19
5 202: 5 22 21707 AT.0EE0 . LG50 (LBGGT 0.7400 (1.8602 07776 11846 10284
mean 10 170: 56 22 15026 T.0782 26605 (LG40 0.7797 (1.E8830 0.7645 0.9739 [UREETEE)
12 143: 52 22 1. M)36 2 hE12 1.GOGEG (LE0GD 1.0748 L0367 L.8755 1.1421 1.OGET
R 202 56 24 3.4780 45.8770 5.0808 0.7356 0.9650 0.9828 0.6097 0.7380 0.8591
month | 10 170: 56 24 1.8478 6.1222 2.4743 0.7755 1.1304 1.0632 0.6910 0.8486 0.9212
mean | 12 143: 52 24 1.0143 1.7284 1.3147 0.7108 1.0255 10127 0.9845 1.3068 1.1818
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Global growth forecasting S

Table 7: Prediction of the quarterly GDP growth with multi-indicator data results for Time-
LLM and PatchTST.

I Seq | I Time-LLM best Valid model | Time-LLM Final Madel | PatchTST best Valid model | PatchTST Final Model

Dataset | Period | Light o Train: Test | Dims - -
TEEL TN Y | Lemgen] T T ) T | MAE MSE RMSE | MAE MSE  RMSE | MAE  MSE  RMSE | MAE MSE RMSE
= 502 108 21 (.5842  (L.6392 (.7995 0.5345  (0.5681  (0.7537 | 06052 0.7117 (.=2436 (6554 (L2260  0.9413
05-10 w 10 nas: 104 21 (L5258 (.4999 0.7071 0.5392 06115 (0.7E20 | 04854 (0.5130 (.7163 0.4928  0.4425 0.6652
12 230 100 21 0.4724  0.4376 (.6615 0.5421  (0.5605 07487 | 05005 0.4671 (.65834 (.5386  0.5957 (O.T718
bl 202: Hb 21 0.49558  (.5435 0.7372 0.4992 (04931 0.7022 ] 0.5939 (0.6322 (.7951 0.5125%  0.5102  (0.7143
w 10 170: 56 21 0.4932  0.5202 0.7213 0.5305 0.5865 (0.7658 | 0.9690 1.6141 1.2705 0.4497  0.4353  0.6597
GDP 12 14:3: 52 21 0.5736  0.5995 0.7745 0.5992 0.,6919 (08318 | 0.5285 (0.5526 0.7434 06126 0.7738 (.8308
with sum, = 202: 56 24 0.5469  0.6442 (.5026 0.5545 05648 (0.7515 | 0.5186 05373 (.7330 0.5265 0.5301 0.7281
Other mean', 10 170 56 24 0.5612 (0.6347 0.7967 0.5651  0.5349 (0.7314 | 05064 04725 .6874 00,4697 04474 (L66RD
Vari- std 12 143: 52 24 0.5434 0.5756 (.TH8T 0.5749  (0.5536  (0.7639 | 0.5964 (.6630 (.8142 0.5264 0.5974 (Q.7729

110

ables 13-19 3 202: 5 22 (Lohd4d  0.56T0 0. 7530 0.5527 06226 (0.7891 | 06648 0.7893 ().5854 (0.5149 04606 06787
mean 10 170 56 22 (.5569  (.6458 (1.50055 0.5914 (6663 08163 | 0.5345 (L.56590) (.7h43 0.4831 0.5147 (.T174
12 143: 52 22 L6126  0.7070 (1.5408 06450 07164 (0.8464 | 0.5962 0.6543 ().2059 (0.5530 05950 0.7713
every = 202: 56 24 0.6115  (.T286 (1.8536 0.55841 06204 0O.7877 | 0.5996  (.6683 .8175 0.5737 0.5634  0.7H0G
111(11112h 10 170 S 24 06017 (0.6395 (1.5305 0.0902 06717 (0.3196 | 0.5696 05047 (0.7104 0.4942 (0.40535  (0.6352
mean 12 143: 52 24 (.6826  ().8536 0(.9239 06176 06912 (08314 | 0.6162 (0.6720 (.8234 (.7491 0.9456 (0.9724
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- N countries with labor endowments {L;}",. J sectors.

- Labor: immobile across countries but perfectly mobile across sectors. Economic Data

I
I
I
I
I D -
- Preference: _ ' f o ;
J { 1 o1 %I _| ! «———  Calibration ;
J— ] J o ! | I )
U = o log [C!- (w)} i dw , Y e
— Jo I
=1 [ J | Trade Model
I
. . T N
_ I . . . . . .. - J — 1 J " . . \I
Perfect competition: the unit cost of variety w of intermediate j in country i is ¢/(w) Zf(w)c,’ : | Solving nonlinear i
where g : i equation system |
T —B; J v N e ’
i 1 ﬁ’; s 'y.sj sf ! :
c = ) 7 w; [H (P) ] , Z v =1, ! Ecggorplc
j s=1 s=1 | Equilibrium
Sectoral Scale Economy ! - __ _____
. ' Gradient-based |
where P} is the price index of good s in country i and L is the labor allocated to sector j of ! |
I j I | Best Response
country | I y ~——— /
' Nash
: I
- Productivity z/(w) is drawn from: : Equilibrium

Pr [zf(w) < z} = exp {—Tsz_gf} , z>0, 6;>max{o; —1,1}
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DL-Opt SAIS

Table: Computation statistics of Solving for Global Dual Competition

Information Value
ML Framework Py Torch
Device CPU
Num. epochs ~ 20
lterations per player/epoch ~ 50
Num. players 7
Playing sequence Random Shuffle
Optimizer ADAM
Anneal learning rate False
Learning rate 100* ~5x 10>
Is clipping grad {True, False}
Max grad norm 10.0

Max Computation Time 15h
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Al : global publication
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Al : global Al conference
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Al Is Accelerating Faster Than Forecasters Anticipated

Expected Years Until Launch Of A General Artificial Intelligence System
Pre GPT-3 average “—08 Scale)
100 80 years

OpenAl announces

GPT-3 Google demonstrates advanced

50
years

conversational agent, LLaMda2

ChatGPT launches to the public
34 years

w
B
E CPT-4 launches
b
; 18 years
o 10
E
S $2reeenn,,,
= 8 years Fforecast ;
.., -......__._“ is WE”-t
frtevea,., Uneq
lf-.'.'- ‘-...., ._."-
fo,_e
Cagp ...
Spp "t S,
o
o’?ﬁ,};'-._.
SORMES
1 = e
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Sources: ARK Investment Management LLC, 2024, based on data from Metaculus, including benchmark details, as of January 3, 2024. Benchmark broadly requires the successful passage of an adversarial two-hour Tuning test, broad
success on a Q&A knowledge and logic benchmark, and the successful interpretation of and execution complex model car assembly instruction, all within a single system. Green lines are derived estimates for time to general
purpose Al (strongly formulated) based upon forecasts for a weaker benchmark. Forecasts are inherently limited and cannot be relied upon. For informational purposes only and should not be considered investment advice ora
recommendation to buy, sell, or hold any particular security. Past performance is not indicative of future results.
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Mechanical Interpretation

(a) (b) (c) (d)

Figure 4: 3D representation structure of the first three principal components in the addition operation. Figure 4(a) to Figure 4(d)
represent the initial model, model with 14%, 51%, and 100% test accuracy, respectively.
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