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The Generative AI Boom: Goldman Sachs’
Projections for Skyrocketing GDP

by Michael J. Goldrich | Aug 21,2023 | Generative Al | 0 comments \‘ \‘ ‘

e :t—/I/FV/'H‘“ J A
CEO surveys suggest slow adoption at first and widespread / N
adoption in second half of decade

Fortune 500 CEO survey: share who expect Al to impact company headcount N
Next Year Next 5 Years
80% _Ih

. I o Al ~DOEEMN 2025 £ F TIZKETK 1,000
- - & KL, 2HRT 2,000 & FAUICETS &

60%
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Source: KPMG, Gartner, Fortune, Goldman Sachs Research g Idman

BHZERLIZ0 5 LHH LTI RE
Once in a generation, technological breakthroughs emerge that not only define an era but also fundamentally %%K ‘j:4éj\0)1u -F VC“ &) 5 ‘: %) % b G‘) ‘ax‘ j(

reshape economies. Innovations like electricity and personal computers catalyzed investment booms that

. N N
amplified U.S. GDP by as much as 2%. According te recent projections by Goldman Sachs Economics Research, b Y ke >
) - —

artificial intelligence (Al) is the next colossal wave set to disrupt the economic landscape. Astonishingly, the
potential impact could dwarf anything we've seen before, turning Al into the most potent catalyst for economic % g_I.E l T b \ 6
transformation in modern history. 5] o

The Economic Juggernaut: Al Investment Projections
Goldman Sachs has projected that investment in Al will reach approximately $100 billion in the U.S. and an N v
astronomical $200 billion globally by 2025. These numbers aren't just remarkable; they're revolutionary. Current [ %Yﬁ”&gj\l %
investment in Al is increasing exponentially and could contribute to over 1% of annual GDP growth in the —
Al &7 VB3
—FR =T EDATT
A}
Al Y7 hD = TBA%
4
WXER

decade following its widespread adoption. However, this isn't something for the distant future; this is a

transformation that's actively unfolding.

Takeaway Key Point I: Al investment is predicted to hit staggering numbers by 2025, with $100 billion in the U.S
alone

Why it's a key point: This sets the stage for a significant economic impact, making Al a top-priority investment

O O O O

vehicle for countries and corporations alike.

ttps://vivanderadvisors.com/the-generative-ai-boom-
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GitHub Survey Finds 92% of Programmers Are
Using Al Tools

The survey results also revealed that code volume might not be the best metric for measuring productivity when devel

By Kevin Hurler  Published Tuesday 2:40PM | Comments (5) o 0 @ 9 @

promise().dc

“{M)otn

L
y(r)zr»tzt«

Image: josefkubes (Shutterstock)

Is using computer code to debug computer code a little too on the nose? Not for
programmers at large companies, apparently. A new survey from Microsoft’s
GitHub says that out of 500 programmers surveyed, 92% reported using Al
tools in their workflow.

GitHub hired Wakefield Research—a Virginia-based PR polling firm—to
conduct the survey and crunch the numbers. While researchers at the firm
found that a whopping 92% of programmers at large companies are using AT
tools, they also found that 70% of the respondents reported seeing benefits to
using those tools. While these tools may help developers create and debug code
more quickly, the survey results revealed that code volume might not be the
best metric for measuring productivity with these new tools.
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AlphaDev discovers faster sorting algorithms
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Faster sorting algorithms discovered using deep reinforcement learning | Nature
https://doi.org/10.1038/s41586-023-06004-9
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Task: Develop a simple expense tracker. Allow input of expenses and visualize data. Use a modern GUI library. No external assets.
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KT D IE e 72 ESE D & TS
E AT LT — & I AT HE

BER HRERICETIRE EERR

56,355,000 100.00%

JHRBER LBEER —MEER XBEECETLIRR EEE 14,732,000 100.00%
4 BBR LBEER —REER EEERCETLIER BRR 13,721,000 100.00%
5 BEHR CBEEER —REER RN EBICETLIRR BRR 3,656,000 100.00%
6 BB LBEER —REER LABARKRCETLIER BHEK 4,539,000 100.00%
T RBR LBEEN —REENR LBEBICEIIEHR R 514,000 100.00%
8 MHEH LBETERE —REEE FHROMSICETIER MR 791,000 100.00%
9 BBE LBEER —NREER LATIAARRECEITIEH WEE 561,000 100.00%
10 BEE LBEEE —REEE [FHEZCETIEE k=31 6,267,000 100.00%
1 BREE LBEEE —REEE BAREZERIETIRE BEE 350,000 100.00%
12 BBE ELBEEE —MNEEE HERRICEIIRE BEE 210,000 100.00%
38 BHE LBEERE AFEEER KE5FB - BAELCETIRE BEE 48,743,000 100.00%
39 BBHE LBEER ASEER AFERCEIIEER BER 12,427,000 100.00%
40 BREE LEEHEE ASEER UM/ SUAHEICETIEE EXB 27,461,000 100.00%
41 BBER LHEER BER HEXBICEIIRR BER 8,723,000 100.00%
42 BHER LBEEER KRR LTV ERICETIER BER 63.155,000 100.00%
43 BHER LBHEER KRR BHREFRICETIER BRE 14,358,000 100.00%
44 BHER  LHEER KRR REERRICETHEH BER 311,000 100.00%
45 BHER LHEER KRR BEAUTHA—a v AR 0 BRRE 22,454,000 100.00%
46 BHER LBEEER MREER HBREBICETIER BER 955,000 100.00%
47 BHE LBEER MREER AREBBCEILIEH WER 0 100.00%
48 BHBHE LBHEEH MREER BEUBRBICETLIRH WRHE 0 100.00%
49 BHR LHEER INHEER HWBEBICETIER WERE 12,592,000 100.00%
50 R LHEEER [JEEER ANBNCEILRE BEE 269,000 100.00%
51 BBEE LBEEE IHEEE ARDKRBIERILIER BER 13,569,000 100.00%
52 BHE LBEEE METER FEURTRCETLIRE E =S 536,479,000 100.00%
53 BBEE LBEER METER THHINRYMOEEICEIIREE BERE 13,872,000 100.00%
54 BBEE LBEEEE MEETER EOBECETLIRE =S 99,692,000 100.00%
55 BBE LBEER METER IFBHREECEIIER E=3 24,069,000 100.00%
56 BHEE LBEEER HMEETER IFXRNCETIRE EHEE 7,707,000 100.00%
57 BHER LBEETER HEETER XBRECETIRE BEE 638,000 100.00%
58 BHER LHEER MEETER HESHRBEECETIER E3 13,174,000 100.00%
59 BHR LHEER MEETER LOHERIRTAUMNIETIEE  BER 5,763,000 100.00%
60 BHEH LBEER MEETER SaST HMBERICETARA  FER 7.219,000 100.00%
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N BEE LBEEEE —NEER AREEERICETIRE BER 350,000 100.00% 350,000 | 1. — A Y —E. 16 FDMO—ARAHKH—ER
12 £B#H LBEERE —NEER YERRCEIIRE W 210,000 100.00% 210,000 | 9.5 F 98.Z DI DHFH
38 LHER LBEER AFEER K5F5 BANELICETLIER BRI 48,743,000 100.00% 48,743,000 | 1. — iR A EY—E. 1.3 —MRITH
39 BBR LBEER AFEER AFEECEITIER EER 12,427,000 100.00% 12,427,000 |1 — R A H#HY—E. 13 —BITK
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43 BBR LBEER LEH BHREBXRICETIEHR BHT 14,358,000 100.00% 14,358,000 | 1.— A Y —E. 13 —BTK
44 BHR LBEER LHRR LEEXCETLIER BRR 311,000 100.00% 311,000 1. —fAHKY—E. 13 —MITH
45 BHBER KLBEEER LHRE BEAVIHA—2av U 3—RHY 0 FEE 22,454,000 100.00% 22454000 | 1.—fE A Y —E. 13 —MTH
46 BBE LBEEE MBEEE MHREBETIEE EES 955,000 100.00% 955000 | 1. — AR Y —E.  1.14TEC- SABER ., BAES - BABORTS . 41
47 BHBE LBEEE MBEEE REBBICETIEE BEE 0 100.00% O 1 —MRAFY—E.  114TE- A, B MEER. 4
48 BN KLBEER MREER BURBICETLIER xS 0 100.00% O 1. —MEAHY—E. 11T IEHERE. BT - AR, 151
49 BHER LBEER SHEER HREBICIETIER k=30 12,592,000 100.00% 12,592,000 | 1. —fRAHY—E. 11478 LEHB . BHE5 - BB . 341
50 BBH LBHEER IHEER REARCERILRER BEA 269,000 100.00% 269,000 | 1.—AEAHY—E. 11T IAME. B BIEGEE. 141
51 BBE KLBEEER IHEEE ARPSRICEILIER BEH 13,569,000 100.00% 13,569,000 | 1. — A FY—E. 13 —MITK
52 BB LBEEER METEHE FTESHBEECEIIRH BEH 536,479,000 100.00% 536,479,000 | 1. —fF A #H—E. 13 —BFTK
53 BHR LBHEER METER THIHBRVOBTECEIIEA 0 FER 13,872,000 100.00% 13872000 | 1 —B A —E. 16 FDMO—RA#H—ER
54 BBR LBEER HMECER EREECETLIEH FER 99,692,000 100.00% 99,692,000 | 1. —fR A H#H—E. 1.3 —MRITE
55 UBR LBEER HEEER SHRBEERCETIER EER 24,069,000 100.00% 24069000 | 1 —@RA#Y—E. 13— TR - O)‘Hﬁ%ﬂa—’% X
56 BBE HBETEE HMETEE IEXZNCETIRE BER 7,707,000 100.00% 7.707,000 |1 —AE AR —E. 13 —BTH
57 $¥BHE LBEEE METER XBRECEIIRH BEE 638,000 100.00% 638,000 | 1.— 3 A H—E. 13 —MBFK ChatG PT AP| E
58 B¥HER LBEEER MEETER RESHSEECEIIER =S 13,174,000 100.00% 13,174,000 | 4 42 F %75 45584
59 B LBEER MEEER OAHERIADAMNIETIER BER 5,763,000 100.00% 5,763,000 [ 1. —fR A HH—E. 1.6.{—0){&0)—&1}*ﬁmzb —C IE'
60 BHBR LBEER METER ST HHBETECEIIER IEH 7,219,000 100.00% 7219000 | 1. —fEAH#Y—E. 13 —BITH
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Abstract

Humor is a central aspect of human commu-
nication that has not been solved for artificial
agents so far. Large language models (LLMs)
are increasingly able to capture implicit and
contextual information. Especially, OpenAl's
ChatGPT recenily gained immense public at-
tention. The GPT3-based model almost seems
to communicate on a human level and can even
tell jokes. Humor is an essential component of
human communication. But is ChatGPT really
funny?

We put ChatGPT's sense of humor to the test.
In a series of exploratory experiments around
jokes, i generation, explanation, and detec-
tion, we seek to understand ChatGPT's capabil-
ity to grasp and reproduce human humor. Since
the model itself is not accessible, we applied
promp-based experiments.

Our empirical evidence indicates that jokes are
not hard-coded but mostly also not newly gen-
erated by the model. Over 90% of 1008 gener-
ated jokes were the same 25 Jokes. The system
accurately explains valid jokes but also comes
up with fictional explanations for invalid jokes.
Joke-typical characteristics can mislead Chat-
GPT in the classification of jokes. ChatGPT
has not solved computational humor yet but it
can be a big leap toward “funny” machines.

1 Intreduction

For humans, humor plays a central role in forming

and can enhance and mo-
tivation [16]. It is a powerful instrument to affect
emotion and guide attention [14]. Thus, a compu-
tational sense of humor holds the potential to mas-
sively boost human-computer interaction (HCI).
Unfortunately, although computational humor is a
longstanding rescarch domain [26). the developed
machines are far from "funny.” This problem is
even considered to be Al-complete [22]

Tell me a joke, please! Q

@ Sure, here's a joke for you:
‘Why don't scientists trust atoms?
Because they make up everything!

Figure 1: Exemplary illustration of a conversation be-
tween a human user and an artificial chatbot. The joke
i a true response to the presented prompt by ChatGPT.

likewise open new opportunities for natural lan-
guage processing (NLP). Transformer-based large
language models (LLMs) increasingly capture and
reflect implicit information, such as stereotypes [7],
moral [6], and humor (S, 25]. Humor is often im-
plicit and carried by subtle details. Thus these
novel qualities of LLMs give reason to hope for
new advances in artificial humor.

Mast recently, OpenAl's ChatGPT gained im-
‘mense attention for its unprecedented capabilities.
Users can interact with the model via public chat
APl in a conversation-like course. The system is
able to answer a huge variety of questions while
taking the previous contextual conversation into
consideration. In fact, it can even tell jokes, as
displayed in Fig. 1. ChatGPT is fun and almost ap-
pears to interact on a human-like level. Yet, when
interacting with the model, users may quickly get
a glimpse of its limitations. Although ChatGPT
generates text in almost error-free English, gram-
‘matical glitches and content-related mistakes occur.
In the preceding exploration, we noticed that Chat-
GPT is likely to repeat the exact same jokes fre-
quently. Moreover, the provided jokes were strik-

Continuous advances and recent
in machine leaning (ML), however, lead to an ever-
increasing panoply of applications [e.g.. 15, 3] and

ingly correct and s
led to the hypothesis that output jokes are not origi-
nally generated by the model. Instead. they seem

10 be reproduced from the training data or maybe
even hard coded in a predefined list

As the system’s inner workings are not shared,
we conducted a series of structured prompt-based
experiments o learn about the system’s behavior
and allow for inference regarding the generation
process of ChatGPT’s output. Specifically, we aim
10 understand to what extent ChatGPT is able to
capture human humor by conducting a systematic
prompt-based analysis.

The remainder of this paper is structured as fol-
lows: First, Sec. 2 discusses related research. The
main contribution assembles three experimental
conditions: Joke generation, joke explanation, and
joke detection. While the overall approach is out-
lined in Sec. 3, the detailed conduction is explained
together with the results of each experiment in
Sec. 4.1, Sec. 4.2, and Sec. 4.3, respectively. We
close by discussing implications and further re-
search in Sec. 5 and conclude our work in Sec. 6.

Terminology Disclaimer. Al-related terminol-
ogy tends to make use of analogies to human char-
acteristics, such as neural networks, or the term ar-
tificial inrelligence itself. Likewise, we use human-
related terms in the discussion around conversa-
tional agents, which are supposed to mimic human
behavior as accurately as possible, e.g., ChatGPT
“understands” or "explains.” Although we believe
that these analogies describe the system’s behav-
ior and its inner workings very well, they might
be misleading. We would like to emphasize that
the discussed Al models are not on a human level
and, at best, constitute a simulation of the human
mind. Whether Al can potentially ever think or
understand in a conscious way is a philosophical
question that is out of the scope of this investiga-
tion.

2 Related Work

Qur work considers the intersection of two lines of
research, namely LLMs and computational humor.

Large Language Models. NLP witnessed sev-
eral leaps in the recent past. Only a few years ago,
the introduction of transformer architcctures in neu-
ral networks [21] enabled the development of con-
textualized models. such as BERT [9] or GPT [2].
These so-called large language models (LLMs) cap-
ture relations in the natural data and even reflect
implicitly-included information, which can be both
a risk [23] and a chance [17]. Either way. however,

OpenAI" recently released ChaiGPT, a GPT3.5-
based LLM that s able to interact with users con-
versationally through a chat-like APL It is fine-
tuned with Reinforcement Learning from Himan
Feedback (RLHF) [12] in three essential steps, in-
cluding large-scale manual labeling and proximal
policy optimization [18]. The result of this process
is a model with unprecedented capabilities: It inter-
acts in a conversational manner, i.e.. it refers to the
users’ prompt while also taking information from
the preceding conversation into account, It s able
to summarize information, generate new texts of all
shapes, and even write program code. Nevertheless,
there ase still glitches and limitations, e.g.. factual
wrong information presented as valid.

Computational Humor. Computational humor
is a small but active research area of NLP with
the main streams Humor Detection o Classifica-
tion [e.g.. 8,41, and Humor Generation [¢.g.. 19].
Although advances in ML and NLP transfer to com-
putational humor. rescarchers highlight the great
complexity of automated humor and the limitations
of current endeavors [26, 24]. Humor is one of
the few capabilities that scemed to be reserved for
human individuals thus far, which is why it is even
considered Al-complete [14, 22,

While decades of rescarch in linguistics and psy-
chology offer quite a few logic-based humor theo-
ries [e.g.. 13. 27). the work in the context of artifi-
cial agents s predominantly data-driven. In these
approaches, pretrained language models. such as
ChaiGPT. play a central role [10]. With their in-
novative capabilities, GPT-based models have the
potential to open a new chapier of computational
research,

3 Method

‘The presented experiments are grouped into three
individual tasks, which are introduced in Sec. 3.1,
Sec. 3.2, and Sec. 3.3. Implementation details and
extended results are made available at GitHub”.
In all experiments, each prompt was conducted
in a new empty conversation to avoid unwanted
influence. To conduct a large number of prompts
with OpenAl's ChatGPT? web service, there were
certain obstacles to overcome. Since there was no
official API available at the time, prompis were

!OpenAL https: //cpenai.. con/

“Project repository:
https://gLthub. con/DLR-SC/TokeGPT-WASSA23

*ChatGPT user APL at chat .openai.com/, Accessed:

3] N

a isite o solving humor.

PDFONKZHZTHH D (ChatGPT APIFI

Original Joke:

Why did the scarecrow.
win an award? Because

Why did the scientist
win an award? Because he

he did jood work. utstanding in his field.
Why did the scarecrow =0y —
win an award? Because he [ e2% 5% s3% [ 0% 0% 100%
was outstanding in his field. ChREEEas @ The e
100% 0% 0% award because he was an award because he
outstanding in his field. did good work.
36% 16% 0% [ 0% 0% 100%

Figure 2: Modification of top jokes to create joke detection conditions. Below each condition, the percentages of
samples are stated that were classified as joke (green). potentially funny (yellow). and not as a joke (red). In condition
(A) Minus Wordplay, the comic element, and, therefore, the pun itself, was removed. For condition (8) Minus
Topic, the joke-specific topic was additionally eliminated, e.g., by removing personifications. Condition (C} Minus
Struciure keeps the validity of the joke intact but changes the typical q-a-structure to a single-sentence-sample
From that, the comic element was additionally removed to create condition (D) Minus Wordplay.

entered with the help of a wrapper. The number

of permitted prompts per hour was limited to T4.

Moreover, ChatGPT was unavailable for longer
periods due to exceeded capacity.

In this work, we differentiate between originally
generated output, i.c.. text composed by the model,
and replicated output, i.c., text that is memorized
from training data and played back by the system
in the exact wording. Modified output is a mix of
both, i.e., replicated text that is slightly altered, e.g.,
mixing the first half of one joke with the second
half of another. We classify a joke as valid if it is
funny from a human perspective. Accordingly. an
invalid joke might be grammatically correct and
even contain joke-like elements but fails to deliver
a punch linc. Naturally, as humor is subjective,
these categories are always debatable. That being
said, the distinction is comparably evident for the
present examples, as we expound in the following
chapters.

3.1 Joke Generation

To test if there s a limited number of reaccurring
jokes, we analyze the deviation of output jokes. To
this end, we asked ChaiGPT to provide a joke a
thousand times. We applied a predefined list of
ten differently worded prompts, such as “Can you
tell me a joke, please?" or "I would love to hear
«a joke."” The resulting observations are described
in Sec. 4.1. We identified 25 repeating top jokes,
‘which form the basis for the two subsequent tasks.

32 Joke Explanation
Tn the joke generation task, it was tested whether
ChatGPT is able to generate valid jokes. How-
ever, this task does not necessarily reflect the sys-
ty to understand humor, ie.. wi
joke might be funny from a human perspective. To
see to what extent the model captures these com-
plex inner workings of jokes, we asked ChatGPT
10 explain each of the generated top 25 jokes. The
prompt was always "Can you explain wiy this joke
is funny: [joke]." The results from this second task
are presented in Sec. 4.2.

3.3 Joke Detection

In the first two tasks, we identified certain criteria
that (almost) all output joke samples had in com-
mon, ie., structure, topic, and wordplay. These
criteria seemed to be central joke characteristics
for ChatGPT. To examine how close these cues
are connected to ChatGPT's conception of humor,
we manually modified the top 25 jokes to elimi-
nate one or multiple of the three criteria, resulting
in four additional conditions for these jokes. We
asked the system to classify each sample with the
prompt "What kind of sentence is that: [sample].”
ChatGPT's response would then either include a
categorization as a joke or not, as explained in
Sec. 4.3. The three defined joke characteristics
were defined as follows:

Structure: The generated jokes from Sec. 4.1
were in noteworthy similar semantic structure.
Despite one sample, all 1008 generated jokes
were in the same question-answer format.
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Question example:
< What is the main focus of the research mentioned in the text?

ﬂ What are the three experimental conditions mentioned in the text?

< Where can the implementation details and extended results of the experiments be found?
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