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What happened in Al after 20107?
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(Un)KnowAUn)Knowns,
Model Representation vs. Phenomena Discovery

Phenomena Discovery
—

Human Interpretable
(providedby a human ta
machine)

Human Uninterpretable

(created by a machine to
optimize the solution)

Model Representation

Phenomena
Knownto Humans

(what people already
know, but want to model
and understand)

Traditional Statistics,
Traditional Al Logic
Reasoning

Modern Al (after 2010),
Deep NeuraNetworks,
Transformers,
Reinforcement Learning
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What GenAl brought to the table for Official Statistics?

AExtracting structure from unstructured data
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ASemantic Interoperability o
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ACoding made easy
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AGeneration of synthetic data
AXaOGNRyYy3IE o0dzili dzaASR GAGK O =&

AUncontrolled uncertainty ]
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Where GenAl/LLMs are not good?

ADo not use GenAl/LLMs to deal with numbers .
AXSo®3ox R2 y2u dzAaS DSy!L | & 3

ALLMs are good in suggesting how to structure a solutigi#&== '
AXodzi Ol yy2u LINRPYARS az2ft dziAzgiee " Y
AXSo®3Idx F22R AYy 3IASYSNIGAy3d O

ALLMs are not (yet) good in reasoning of various kinds
AXA DS O gKFOGSOSNI KFEayQi oSSyllis
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AWhenever we need scale (e.g., big data), GenAl can di>

become expensive | T

ALLMs are not good where theoretical guarantees are
needed




One slide summary of LLMs & Official Statistics

Hallucinations

Limited Reasoning
Skills

Limited Knowledge
Bias

Lack of
Transparency

Computational
Constraints

Inconsistency

Prompt Hacking

Confidentiality

LLMs can generate incorrect or fabricated information tha
appears plausible, leading to the spread of misinformatior

LLMs may struggle with complex reasoning, logical
deductions, and muklstep problemsolving

LLMs are trained on static datasets and cannot update th:
knowledge in reatime

LLMs can inherit and amplify biases present in their traini
data, leading to discriminatory or unfair outputs

LLMs operate as "black boxes," making it difficult to
understand the reasoning behind their outputs

LLMSs require significant computational resources to oper:
which can limit their scalability

LLMs can generate different outputs for similar prompts o
even contradict themselves within the same response .

LLMs are vulnerable to manipulation through prompt
hacking, where carefully crafted prompts can be used to
influence the model's output or generate misleading resul

LLMs memorize and reproduce sensitive data from their
training sets, potentially violating confidentiality

Accuracy and
Reliability

Relevance and
Timeliness

Transparency
and Impartiality

Explainability

Accessibility

Confidentiality

Official statistics must be
accurate, reliable, and based o
sound methodologies

The data should be relevant to
user needs and provided in a
timely manner

The production process and
methodologies should be
transparent and free from bias

The models should incorporate
mechanisms to provide insight:
into their decisioamaking
processes

Official statistics should be
easily accessible to all users

Individual data must be kept
confidential and used
exclusively for statistical
purposes



Some Examples



Column Name

. English Census Sche

Person_ID
First_Name
Last_Name

Age

Gender
Marital_Status
Nationality
Ethnicity
Language_Spoken
Employment_Status
Occupation
Education_Level
Household_Size
Housing_Type
Income_Bracket
Region
Urban_Rural
Disability_Status

Migration_Status

Date_Recorded

Data Type

BIGINT
VARCHAR (50)
VARCHAR (50)
INT

VARCHAR (10)
VARCHAR (20)
VARCHAR (50)
VARCHAR (50)
VARCHAR (50)
VARCHAR (50)
VARCHAR (100)
VARCHAR (50)
INT

VARCHAR (50)
VARCHAR (50)
VARCHAR (50)
VARCHAR (10)
BOOLEAN

VARCHAR (50)

DATE

Description

Unique i '

First nan
Last nanr
Age of tl
Gender (
Marital s
National
Self-repc
Primary
Employn
Job title
Highest
Number
Type of |
Income «
Adminisi
Classific:
Whether

Migratio
Migrant)

Date wi

Nazwa kolumny
ID_Spisu
ID_Gospodarstwa

ID_Osoby

Nazwisko
Wiek
Pzed

Stan_Cywilny

Obywatelstwo
Grupa_Etniczna
Jezyk_Domowy

Status_Zatrudnienia

Zawéd
Poziom Wyksztatcenia
Liczba_Domownikow

Typ_Zamieszkania

Przedzia%_Dochodowy
Wojewddztwo

Obszar
Niepetnosprawnosé

Status_Migracyjny

Data_Obserwacji

1sus record

mfaﬁehold

Typ danych
BIGINT (PK)

BIGINT

= Polish Census Schema--

vy oy

INT
VARCHAR (1)

VARCHAR (20)

VARCHAR (5@)
VARCHAR (5@)
VARCHAR (5@)

VARCHAR (5@)

VARCHAR (100)
VARCHAR (50)
INT

VARCHAR (50)

VARCHAR (5@)
VARCHAR (5@)
VARCHAR (10)
BOOLEAN

VARCHAR (5@)

DATE

Example Schema Matching:-

Polish Schema

(Spis_Ludnosci) Description

Census_: ID_Spisu Unique identifier for each census

record

Household_ID ID_Gospodarstwa Identifier linking individuals to a

household
Opis feneo, . -
Unikalny identyfikator rekordu spisowego ::3 M ap p I n g b etwe e n S C h e m C
Identyfikator gospodarstwa domowego s Wiek Age of the individual
R Gender Pleé Gender of the person

Marital_Status Stan_Cywilny Marital status

Nationality Obywatelstwo Nationality

ie wim —wirONy prywatnosci)

B e AU SR Ethnicity Grupa_Etniczna Self-reported ethnicity

Language_Spoken Jezyk_Domowy Primary language spoken at home

Wiek osaby

Employment_Status Status_Zatrudnienia Employment status

Ple¢ (np. Mezczyzna, Kobieta, Inna)
Occupation Zawéd Job title if employed

Stan cywilny (np. Kawaler/Panna, Zonaty/Zamez‘na,

Education_Level Poziom_Wyksztalcenia Highest level of education completed

Rozwiedziony/a, Owdowiaty/a)

Household_Size Liczba_Domownikow Number of individuals in the

household

Obywatelstwo osoby

Housing_Type Typ_Zamieszkania Type of housing

Samoidentyfikowana grupa etniczna
Income_Bracket

Przedzial_Dechodowy Income category

Glowny jezyk uzywany w domu

Region Wojewddztwo Administrative region of residence
Status zawodowy (np. Zatrud n'\ony/a, Bezrobotny/a, Emeryt, Urban_Rural Obszar Classification of the area (Urban/Rural)
Student) Disability_Status Niepetnosprawnosé Whether the person has a disability

Migration_Status Status_Migracyjny Migration history

Zawod, jesli osoba jest zatrudniona

Date_Recorded Data_Obserwacji Date when the data was recorded

Najwyzszy ukonczony poziom edukacgji

Liczba oso6b w gospodarstwie domowym
Here is a table of nonmatching fields between the two schemas:

Rodzaj mieszkania (np. Blok, Dom jednorodzinny, Mieszkanie fiald
leld in

Census_Population

Field in
Spis_Ludnosci
(Polish Schema)

socjalne)
X o . . (English Schema) Reason for Non-Matching
Kategoria dochodowa (np. Niski, Sredni, Wysoki)
Household_Size

(No exact match) The Polish schema has Liczba_Domownikéw , but it

Region administracyjny zamieszkania may not be explicitly linked to Household_ID .

T b Mieiski eiski Region Wojewddztwo (partial) Wojewddztwo covers administrative regions, but
yp obszaru ( 1€)s IIWIEJS i) Region in the English schema might include finer
. P . subdivisions (e.g., counties
Czy osoba ma niepetnosprawnosc? (Tak/Nie) leg )
(No exact match) Obszar The English schema uses Urban_Rural , but Obszar

Historia migracyjna (np. Autochton, Migrant wewnetrzny,

mav nrovide more snecific classifications (e o <emi-

Differences between Schema

structured identically.

Migrant zagraniczny)

Data zarejestrowania danych



Saudi Aramco Annual Report 2022

Key 2022 metrics

Exceptional performance

Financial highlights

Net income EBIT Free cash flow" Net cash provided by
(biltion) (billion) (billion) operating activities
(billion)

SAR 604 SAR ],]49 SAR 557 SAR 698

$161 $307 $149 $186
202t:$110 2021:$208 2021 $107 2021:$139

Capital expenditures Dividends paid Dividends paid ROACE"
(bitlion) (billion) per share (%)

sar 141 sar 281 sar 1.31 316
$38

$75 $035 2021:244
2021:$32 2021:$75 2021:$0.37

Gearing’ Earnings per share Average realized crude oil price
(%) (basic and diluted) ($/barrel)

(79 w200

2021:120' $072 2021705
2021:$0487

A 'Ain Dar gas-oil separation plant-1, Saudi Arabia

1. Gearing ratio has been amended to reflect Aramco’s revised gearing definition.

2. Earnings per share have been adjusted to reflact the effect of the bonus shares issuance.

*+ Non-IFRS measures: refer to "Non-FRS measuresreconciliations and definitions® for further details.

28

Automatic
Information
Extraction
from
Infographics

1.Net income
1. 2022: SAR 604 billion
2. 2021: $161 billion
2.EBIT(Earnings Before Interest and Taxes):
1. 2022: SAR 1,149 billion
2. 2021: $307 billion
3.Free cash flow
1. 2022: SAR 557 billion
2. 2021: $149 billion
4 Net cash provided by operating activities
1. 2022: SAR 698 billion
2. 2021: $186 billion
5.Capital expenditures
1. 2022: SAR 141 billion
2. 2021: $38 billion
6.Dividends paid
1. 2022: SAR 281 billion
7.Dividends paid per share
1. 2022: SAR 1.31
2. 2021: $0.35
8.ROACHKReturn on Average Capital Employed):
1. 2022: 31.6%
2. 2021: 24.4%
9.Gearing(a measure of financial leverage):
1. 2022: (7.9)%
2. 2021:12.0%
10.Earnings per shargbasic and diluted):
1. 2022: SAR 2.72
2. 2021: $0.72
11 Average realized crude olil price
1. 2022: $100.2/barrel
2. 2021: $70.5/barrel



Text to Knowledge Graphs using
Ontologies

Text2ZKGBench: A Benchmark for OntoleDyiven Knowledge Graph Generation from Text
https://arxiv.org/abs/2308.02357



https://arxiv.org/abs/2308.02357

Prompt to initialize GPT4 with the ontology:

Prompt:

Given the following ontology, examples and sentences, please extract the triples fror
the sentence according to the relations in the ontology. In the output, only include th
triples in the given output format.

CONTEXT

Ontology Conceptshuman, city, country, film, film genre, film production company, fili
award, award, written work, film character, film organization

Ontology Relationscast  member(film, human), director (film, human), screenwriter
(film, human), producer(film, human), genre(film, genkgsed_oiffilm, written work),
award_receivedfilm,award), production_compangfilm, film production company),
country_of origirffilm, country),publication_date(film,date), characters(film, film
character) harrative_locationfilm,city), filming_location(film, city),main_subjedfiim,
thing),nominated_ fo(film, award), cost(film, number)



Prompt to extract KG from English Oppenheimer movie descript

https://en.wikipedia.org/wiki/Oppenheimer_(film)
Test Sentence: Oppenheimer is a 2023 epic biographical drama film[5] written

and directed by Christopher Nolan and starr®igianMurphy as J. Robert director(Oppenheimer, Christopher Nolan)
Oppenheimer, the American theoretical physicist credited with being the "father screenwriter(Oppenheimer, Christopher Nolan)
of the atomic bomb" for his role in the Manhattan Projec¢he World War Il cast_membe(OppenheimerCillianMurphy)
undertaking that developed the first nuclear weapons. The film is based on the - . .

2005 biography American Prometheus by Kai Bird and Martin J. Sherwin, it cast_membe(Oppenhe!mer, Em”y Blunt)
chronicles the career of Oppenheimer; the story predominantly focuses on cast_membe(Oppenheimer, Matt Damon)
Oppenheimer's studies, his direction of the Manhattan Project during World War cast_membe(Oppenheimer, Robert Downey Jr.)

II, and his eventual fall from grace due to his 1954 security hearing. In addition to

Murphy, the film stars Emily Blunt as his wife "Kitty", Matt Damon as head of the cast_membe(Oppenhelmer, Florence Pugh)

Manhattan Project Leslie Groves, Robert Downey Jr. as U.S. Atomic Energy cast_membe(Oppenheimer, Josh Hartnett)

Commission member Lewis Strauss, and Florence Pugh as Oppenheimer's cast_membe(Oppenheimer, Casey Affleck)

communist lover Jeamatlock The ensemble supporting cast includes Josh cast_membe(Oppenheimer, Ranialek)

Hartnett, Casey Affleck, RaMalek, and KennettBranagh The film was cast_membe(Oppenheimer KennetIBranagI)

announced in September 2021 after Universal Pictures won a bidding war for — . T

Nolan's screenplay, following Nolan's conflict with longtime distributor Warner based_or{Oppenheimer, American Prometheus)

Bros. Murphy was the first cast member to sign on the following month, with thg production_companyOppenheimer, Universal Pictures)
rest of the cast joining between November 2021 and April 2022pRyduction production companjOppenheimer, Warner Bros.)

was under way by January 2022, and filming took place from February to May. .. .
Oppenheimer was filmed in a combination of IMAX 65 mm and 65 mm:-large pubI|c§1t|on_date(0ppenhe|rr_1er, 2023)
format film, including, for the first time, select scenes in IMAX biaakwhite narrative_locationOppenheimer, United States)

film photography. Like his previous works, Nolan made extensive use of practical narrative Iocatior(Oppenheimer, United Kingdom)

effects, with minimal computegenerated imagery merely to perfect the former. ; ; ; ;
Editing was handled by Jennifer Lame, and the score was composed by Ludwig narrative_locatior(Oppenheimer, Paris)

GoranssonThe film is Nolan's third to receive asrding in the United States, f||m|ng_Iocatlo_r‘(Oppenhel_m.er, Le Grand Rex)
the first being Memento (2000) and the second being Insomnia (2002). cost(Oppenheimer, 100 million)
Oppenheimer premiered at Le Grand Rex in Paris on July 11, 2023, and was award_receivedOppenheimer, thirdhighestgrossing film of 2023)

theatrically released in the United States and United Kingdom on July 21 by

Universal. Its simultaneous release with WarBeos.'sBarbie led to the award_receivedOppenheimer, highesgrossing World War dtelated film of all

Barbenheimecultural phenomenon, which encouraged audiences to see both time)
films as a double feature. The film grossed $903 million worldwide on a $100 award_receivedOppenheimer, highesgrossing biographical film of all time)
million production budget, becoming the thifighestgrossing film of 2023, the award receive(dOppenheimer, secondhighestgrossing Rated film of all time)

highestgrossing World War-telated film of all time,[6] the highesirossing
biographical film of all time,[7] and the secoh@jhestgrossing Rated film of all
time.[8] It received critical acclaim, with particular praise for the cast
performances, screenplay, and visuals.

genre(Oppenheimer, epic biographical drama film)


https://en.wikipedia.org/wiki/Oppenheimer_(film)

More Knowledge Graphs
Examples



Knowledge Graph
Extracted from

the complete

Risk Management
Section of the
Annual Report 2022
(~100 pages)

overseen by

includes includes

implements

ManagementCommittee

Aramco 1\

ractices

RiskManagement

=3

oversees \includes includes involves
skMgmtSteeringCommittee HSSECommittee StrategyCouncil BusinessEthicsCommittee RiskAssessment TerrorismArmg
performs / informs ind
BusinessRiskAssessment DecisionMaking FacilityAt

StrategicPlanning

embedded into

embedded into targets ar

InvestmentPlanning KhuraisProcessingFacility StorageFacilif

includes

rporateEmergencyManagement

CorporateCompliance

FinancialRiskManagement




Knowledge Graph extracted from the article

https://www.reuters.com/world/africa/nigerm@etsrefineriesinvestmentforex-pledgesaudiarabia202311-10/

SaudiArabia

engages in MOU in Oil and Gas

acilitates

Economic Diversification

digraph G {
I/ Nodes
Nigeria [shape=box];
SaudiArabigshape=box];
PresidentTinublabel="President Bol@inubu;
c ‘Crown Prince
BilateralMeetinglabel="Bilateral Meeting'];
InvestmentPledgdlabel="lnvestment Pledge'];
ForexSuppor{label="Forex Support’];
RefineryRevamfabel="Refinery Revamp'];
EconomicReformflabel="Economic Reforms'];
SaudiAramcdshape=box];
ForexLiquiditylabel="Forex Liquidity"];
InvestorConfidencdlabel="Investor Confidence"];
Energy T

BilateralTieglabel="Bilateral Ties'];

urityC ecurity C 1
MOU_OilAndGafiabel="MOU in Oil and Gas'];
EconomicDi 'Economic Di

Minister

bin Salman'];

dris"];

1/ Edges with descriptions

Nigeria-> PresidentTinubiflabel="led by'];

PresidentTinubu> BilateralMeetinglabel="participated i’
P by'l;

c i i in;
igdlabel="resulted in')
BilateralMeeting:> ForexSupporflabel="resulted in'];

g “targets];
ForexSupport> ForexLiquiditylabel="aims to improve];
Nigeria-> EconomicReformflabel="implements";
EconomicReforms> ForexLiquiditylabel="affects"];

InvestorC “affects”];
RefineryRevamp> SaudiAramcdlabel="involves];
“leads to'];

P

Nigeria-> BilateralTieglabel="strengthens with'];

SaudiArabia> Bilateral Tieglabel="strengthens with'];

PresidentTinubu> SecurityCollaboratiofiabel="calls for"];

SaudiArabia> SecurityCollaboratiofiabel="engages in'];

Nigeria-> MOU_OilAndGagiabel="signs'];

SaudiArabia>MOU_OilAndGafiabel="signs"];

MOU_OilAndGas> EconomicDiversificatioflabel="tacilitates];

PresidentTinubu> 0 %
&l iy

i

represented by

Nigeria

strengthens with strengthens with \led by implements

Crown Prince Mohammed bin Salman

Bilateral Ties President Bola Tinubu Economic Reforms

Security Collaboration

affects

calls for

@on Minister Moham@

articipated in participated in ommunicated by

Bilateral Meeting Investor Confidence

resulted in \_resulted in announces @NNoOUNces affects

Investment Pledge Forex Support
argets aims to improve
Refinery Revamp Forex Liquidity

involves leads to

SaudiAramco Energy Self-Sufficiency



https://www.reuters.com/world/africa/nigeria-gets-refineries-investment-forex-pledge-saudi-arabia-2023-11-10/

Article One

https://www.legit.ng/businesseconomy/enerqy/156309-6audiarabias
aramcofix-nigeriasrefineriessupplycbnforeign-exchange/

Aspect

Focus on
‘Collaboration

Saudi Arabia pledges FX support for CBN and refinery overhaul in Nigeria ADEKUNLE AGBETILOYE November 11, 2023 4:00

AM PresidenfTinubut Yy R G KS YAY3IR2YQ& fSIRSNE / NRgy t Nhu@&iIhel wi az2KlF YYSR
YAYIR2YQa fSFERSNE / NBgY tNAYyOST 1wl az2KFEYYSR . Ay {lLfYlLyd ¢KS
the ongoing reforms initiated by the Central Bank of Nigeria. It also committed to rejuvenating the country's existing

refineries in collaboration with its statewned oil company, Aramco. Additionally, the Crown Prince of Saudi Arabia has

pledged support to Nigeria in agriculture, renewable energy, and the oil industry. The Saudi Arabian government has

pledged its support for the ongoing reforms initiated by the Central Bank of Nigeria, and also committed to rejuvenating

the country's existing refineries in collaboration with its statened oil company, Aramco. ADVERTISEMENT

RECOMMENDED ARTICLES Elon Musksaadirgkset. Markets Nigeria in talks with Elon MusRtrlinkto create jobs in

Nigeria Growth obstacles to family businesses in East Africa may beféetiéd Markets Growth obstacles to family

businesses in East Africa may be-gglicted South Africa Markets South Africa plans to utilize $12.5 billion loans to

tackle grid overload This commitment was reached at a bilateral meeting between Nigerian PresidefinBaland

Saudi Crown Prince Mohammed bin Salman on the sidelines of the-Sfaiedi summit in Riyadh. This was revealed in a

Details on
Economic

aG1GSySyd ar3dySR o& (KS aAyAralSNI 2F LyF2N¥IGA2y FyR blGAzylt Su ort
_by1Qa 2y32ay3 NBF2NYa 2F bAISNAIQa F2NBAIy SEOKIy3IS NBIAYS:E | pp
RSLIZaAAG 2F T2NBAIy SEOKIyYy3IS (2 02240 bAISNAIQE FT2NBE fAl[dARAGI

government, via Saudi Aramco, will make investments in the renovation of Nigeria's four ailirg\stegd refineries,

with the anticipated completion of the project within two to three years. Saudi Crown Prince Mohammed Bin Salman
praised Presidentinubu'seconomic reforms, expressing Saudi Arabia's commitment to supporting these efforts for
Nigeria's full benefit. Under Presideminubu'sleadership, Nigeria has implemented several economic reforms, including
the removal of a popular petrol subsidy and the streamlining of the country's multiple exchange rates. Salman stressed
Saudi Arabia's eagerness to witness Nigeria's success under PresidefinBbleand its realization of its full potential as

the economic giant of Africa. Additionally, the Crown Prince of Saudi Arabia has pledged support to Nigeria in agricultur
renewable energy, and the oil industry. Plans include the revitalization of Nigeria's refinery within g ¢areemeframe.

Scope of Saudi
Involvement

Completion
Timeframe for
Projects

Article Two

https://africa.businessinsider.com/local/markets/saualiabiapledgesfx-supportfor-cbn

andrefinery-overhautin-nigeria/yww3zIv
{FdRA ' N} OAFQA ! NIYO2 G2 1SfLJ CAE bAISNAL QA wSTAY SN SLW23 4t GASAM By Pas@paratidiie K C2NBE (2 {(NBy:
YAY3IR2Y 2F {}dRA ! NFOAl KFa LINBYA&SR (2 KStLJ bAISNA I asMohammedBin SaktnanipledyeddiddngdB y i F2 NBA Iy SEC
visit by PresiderTinubu¢ KS O2dzy i NB | £ 42 LINBYAASR (2 KSEL) FAE bAISNALF Q& NB NRONSNMBcEte bgshdf A Ga { | dzRA ! NI ° .
Legit.ng on Pinterest! Subscribe now and get your daily inspiration! Rapaahdzhas over a decade of experience covering Tech, Energy, Stocks, Investments, and Economy. E h
., Emphasis on

¢KS F20SNYYSyid 2F {+FdzRA ! N} oAl KIFa LINBYAASR (2 &dzLilaendithraiigh8s oiNBrifpany@m®. Thelil KS / Sy NI £

country pledged a bilateral engagement between President Biolabuand Crown Prince Mohammed Bin Salman. Governor of the Central Bank of NdgyemiCardoso,

and Saudi Arabia's Crown Prince, Mohammed Bin Salman Credit: FAYEZ NURELDINE / Contributor Source: Getty ImageprSeiséétatiialp Nigeria with Forex

liquidity and fix Nigeria's refineries The Minister of Information and National Orientation, Mohammed Idris, disclosed fiess statement. READ ALSO FG replies to Peter

Obi's criticism over supplementary budget PAY ATTENTION: Share your outstanding story with our editors! Please reagihinf® @arp.legit.ng! The statement said that

the Saudi Prince commended the reforms of the current CBN management and promised to support Nigeria in other areastafeendiné, the Kingdom will support the

/.bQa C- NBF2N¥A& FyR KSELI YIS I@GFAfFotS Sy2dak TQIVNaiﬁ)mlﬁdﬁ(ﬁﬁlhe)ééhﬁommﬁollciEﬁDE bAISNRAF Q& F2NBE ¢

PresidenfTinubuand expressed the commitment of the Saudi government to supporting the reforms and helping Nigeria to benefit from the. cei{ormdzR A INFYOALF A& OSNB

eager to see Nigeria thrive under President Biifubuk YR NBFEAT S Ada FdA £ LR Syu ALf a GKS S$02y2YAO IAlyd 2F ! FNRAOI T¢

LNEYAASR (2 &dzZAdNI bAISNRF Ay | INROdA G1d2NBEZ NByS4| -mmrseySayssrr\bEvmreadler;(abmmmecEto 2Af AYRdAZAGNE 6AGF

FlLAKA2YAY3 2dzi +F NBIFRYFL) G2 RS@Sf2L) RA40dZAaSR RANAY3 GIRGNY Y8 AN B Qawg F BzRA[ { NI DBt/ 2 S K& i)

62NI RUA Y2ali LINBFAGIOES 2At O2YLIye {IdRA ! NI 6Al A Sowiekd firbs? Safidneincof SSudiRvaryfcBis 2 A LINB RdzOSNJ |y

said to have the most significant bid in the world, the Wall Street Journal report said. Officials of the oil firm saioki b sell about $50 billion worth of shares, which will

be the largest in the world if successfully executed. The country decided to hold any fresh Aramco offering on the Riyeritistoge to avoid regulatory concerns arising
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most extensive share listing Reports say the company could hold the offer before the end of 2023 despite a final diétising ativaited. READ ALSO FG, NESG, other

stakeholdersynerglsm 2 A YLNER @S bAISNRI QA F22R al ¥Sde adl )/RI NR& ¢KS 2Aft eihsltdidmghlﬁnewtalloru i SvyLi SR aidz2 Ol
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attacks delayed the offering. The move stopped the national oil company from pursuing the most extensive offer. It ésiad exlwulonly on December 11, 2019, when
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wealth fund Legit.ng reported that while the Nigerian National Petroleum Company Limited (NNPCL) struggles to remitthefe$t& SNI (A 2y | O02dzyiax {F dzRA ! NI oAl

Aramco has added $80 billion worth of shares into the country's sovereign wealth fund. READ ALSO Jubilation asTPrasitieakes fresh appointment A sovereign

wealth fund (SWF), also known as a social wealth fund, is the surplus money that a country accrues over time. Accatdiemenareleased by the official Saudi Press

Agency, the shares were transferred3anabilnvestments, a firm controlled by the kingdom's Public Investment Fund (PIF).
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« Detailing of

Saudi Leadershigpmentioned but not deeply

Y1 NI S et f0red GG MiB408 Bllon BT A ¢ | 0t § RIG1 3 [ | szN|ger|a s Reforms<and economic reforms in

Article One Article Two
Emphasizes Saudi Arabia's Highlights Saudi
support for Nigeria's Aramco's specific role |
economic reforms and the fixing Nigeria's
renovation of stateowned  refineries and aiding
refineries. with Forex scarcity.
Specifically focuses on
Forex liquidity support
and the refurbishing of
refineries.

More focused on the o
industry and financial
support.

Does not specify a
timeframe for the
completion of refinery
renovations.

Highlights the personal
commitment and
involvement of Crown
Prince Mohammed Bin
Salman in the initiative.
More focus on the Sau
Arabian perspective an
support, with less detal
2y bAISNRI
reforms.

Mentions broader economic
support, including agriculture
and renewable energy.

Broader, including multiple
sectors like agriculture,
energy, and oil.

Refers to a general timefram
for the completion of refinery
renovations.

The role of Crown Prince
Mohammed Bin Salman is

elaborated.

Provides context about
President Tinubu's leadershi

Nigeria.


https://www.legit.ng/business-economy/energy/1563097-saudi-arabias-aramco-fix-nigerias-refineries-supply-cbn-foreign-exchange/
https://africa.businessinsider.com/local/markets/saudi-arabia-pledges-fx-support-for-cbn-and-refinery-overhaul-in-nigeria/yww3zlv

50 sentences

1. Saudi Aramco acknowledges a mulitude of operational and strategic risks that may not be immediately
apparent but could become material in the future.

2. The company's financial health is heavily influenced by international crude oil prices, which can fluctuate
widely due to market dynamics.

3. Aramco's revenue is highly dependent on crude ol sales, making it vulnerable to shifts in global supply
and demand.

4. External factors like economic conditions, geopolitical events, and trade policies significantly affect crude
oil prices.

5. OPEC decisions, natural disasters, and pandemics like COU4R create drastic changes in the

demand and supply of oil.

6. Technological advancements in oil extraction and transportation can impact the oil market and Aramco's
operations.

7. The company faces risks related to climate change, which could reduce global hydrocarbon demand and
necessitate costly investments.

8. Environmental and safety regulations have become stricter, potentially leading to new operational
challenges for Aramco.

9. The potential emergence of alternative energy sources could impact the crude oil market and Aramco's
sales.

10. Electrification of transport and advancements in electric vehicle technology pose risks to the traditional
hiydrocarbion market.

11. Currency fluctuations, particularly in the value of the U.S. dollar, can influence Aramco's global pricing
and revenue.

.12, Aramco's operations are susceptible to
between 2016 and 2022.

13. OPEC+'s production cuts and geopolitical ct
price fluctuations.

factors
3. Ara

P
erati
The

14. Competition in the crude oil market is i amct
international and national companies. ernain
15. Crude oil pricing competition affects Aramco's market share and revenue from sales outside the 5. Environmental and climate ¢l

Kingdom.
16. Refining and petrochemical plants also face competition based on operating efficiencies and production
costs.

17. Climate concerns are leading to actions intending to reduce fossil fuel use, such as international
agreements to lower GHG emissions.

18. To contribute to Saudi Arabia’s climate goals, Aramco has set an ambition to achieeem8tope 1
and Scope 2 GHG emissions by 2050.

19. Aramco's facilities are at risk from terrorism and ongoing conflict, with past attacks having disrupt
operations.

political stability.

2. Shifts in Asia's economies, adversely affected by GE/IEuld lead to decreased dem:
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o® I N}YO2Qa 526yaiNBLY asS3avysSyi
regulatory risks.
24. The company faces operational risks like spills, accidents, and natural disasters, imj
and incurring liabilities.
25. Risks of industrial accidents pose threats to human safety, the environment, and Aramco's finant
operational efficiency.
26. The company's network infrastructure and key processing facilities remain vulnerable to disruptive
incidents or attacks.
27. The COVID9 pandemic and potential future health crises show the susceptibility of Aramco's business
to global economic turmoil.
28. Issues stemming from health emergencies can affect Aramco's workforce, operations, and product
demand.
29.Estimates of Aramco's hydrocarbon reserves depend on interpretations and assumptions that, if
incorrect, could impact its asset valuation

Sy3rasa
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21 Araitico's substantial exports to Asia link its financial performance to the region's ec 8. Aramco is subject to various operational risks su

equipment failures, and natural disasters, each of
operational disruptions and financial liabilities.

- I COURIAeNdemicdemonsiategihe, pgient
diseases to negatively affect economic conditions
Aramco's products, impacting business and operati
10. Fluctuating global capital markets and investor
Aramco's access to financing and its ability to execute its stra
growth objectives and maintain profitability.
11. Changes in estimates of proved hydrocarbon reserves due to
inaccuracies or changing conditions could adversely affect the valuation
of Aramco's reserve assets and financial position.
12. The company's significant litigation exposure, especially in the US ~ Aramco, as a substantial portion of its
regarding antitrust laws related to OPEC membership, could result in

20 sentences

R

1. Saudi Aramco faces a diverse array of risks, some not currently

apparent, that may later materialize to affect its operations, financial
health, and market share valuations.
2. As a major oil company, Aramco's financial outcomes are closely tied
to international crude oil demand and pricing, which are driven by
ch as global economic conditi

and geopolitical events.

responses like the Paris Agreement, are influencing demand for fossil
fuels and compelling Aramco towards clean energy investments.

6. Aramco's facilities have been targets of terror attacks and armed
conflicts, with incidents in recent years affecting operations and
underscoring the threat to its business model.
7. The Asian market, as the primary consumer of Aramco's ejports, is
crycial to jts su;:cess;rﬁolilicatand economic

ect adversely affect its business and share

10 sentences

1. Saudi Aramco faces numerous risks,
some known and others that may currently
be considered immaterial, which could
potentially affect its financial position,
operations, and share value in the future.
2. The company's financial results and cash
flow are significantly dependent on the
fluctuating international crude oil market,
which is influenced by factors outside of
Aramco's control.

3. Aramco operates in a highly competitive
oil industry, with numerous international

4. Growing concerns about climate change
and the regulatory responses to it could
reduce the global demand for
hydrocarbons, posing risks to Aramco's
business model and necessitating
3sgigr}iafic.;;lrgtN investment in lower carbon
intensity technologies.

5. Terrorism and regional conflic
material risks to Aramco's oper
eMdehcedrby past attacks on its
which could disrupt operations

price.
6. The economic health and political
stability of Asian markets are critical for

exports are destined for that region,

5 sentences 1 sentence

1. Saudi Aramco is exposed to
a multitude of risks including
volatile oil prices, geopolitical
instability, and competitive
pressures that can materially
impact its revenue and
operations.

. The company's reliance on

ude oil sales, which are
subject to global supply and
demand dynamics,
significantly influences its
financial results and cash
flows.
3. Concerns over cli

ange and regulato

esponses may lead
reduced hydrocarbon
demand and require Aram€o
to invest in alternative energy
solutions.

The article
outlines the
various risks and
challenges that
Saudi Aramco
faces, including
market volatility,
competition,
limate change,
geopolitical
conflicts, and
operational

hazards, that
could significantly
Impact its
business
operations and
financial
parformancez o a

substantial penalties and impact business operations. . B N .
13. Aramco's operations and growth are dependent on obtaining and makmg it SUSCEPUUB to reg|0na|
mainc:aining rele;/anht gr(‘)vernlg\egtal IicTns(fefs, pem:)ils, and approvals, downturns or policy shifts.
) o ~ _any disruption of which could adversely affect its business. v ] : P
aNI GSIAO INB GG KIg THe pREATANMBACE D ficte BAvitSinteRIPFoteefor iialthY L o‘7u- Aﬁm’ébs operations are fraught WIFh
and safety regulations could introduce new operational challenges and  inherent |ndustry hazards, such as SpI”S,
increase compliance casts far Aramco. ! leaks, and disruptions from natural
15. Aramco must comply with an equalization mechanism set by the . . . P
Saudi government for domestic energy sales, which balances revenues dlsasters, which could Impose Slgmflcant
Ioest to reghulated pricing but 08uld change unfavorlably- . . remediation costs or operational setbacks.
16. To achieve its strategic objectives, Aramco relies on the successful PPN
delivery of projects, which are at risk from market forces, funding 8. The COVH:Dgl pande_rr_uc S |mpact on
availability, and technical challenges. global economic conditions has
17. The company's financials are impacted by the government demonstrated the potential for infectious
mandated separation of Aramco's downstream business, a process that .
must be completed within a specified timeframe or face retroactive diseases to adversely affect the demand
taxation. for Aramco's products and disrupt its
18. Government control over Saudi Arabia's crude oil production and ti
Maximum Sustainable Capacity (MSC) poses risks to Aramco's opera |on§. ) . )
operational autonomy and profitability. 9. The article also highlights the potential
_19. The fiscal dependencyl of_the S_audi governmenl_on the hydrocarbon financial and operational impIications of
industry connects Aramco's financial performance directly to the . .
litigation, regulatory changes, and
insurance limitations that Aramco may
face.
10. Aramco's strategic growth, including

national economy's stability and growth.
20. Lastly, given its central headquarters and operations in the MENA
Aramco's earnings.
plans to separate its downstream
operations and achieve stated climate

region, Aramco is susceptible to regional instability, which can directly
46.The governmerY | y RF (SR aSL¥ N} A2y 27 R2oyadnNsr v NHENES s, operational gnd financialoyteames.o 5 4 &
. .must be achieved within a specified period.
goals, relies on successful project delivery,
rWhigh,ig subject to the risks of increased

47. The Saudi government's decisions on crude oil production levels and maintenance of MSC impact
costs, delays, and shifting market demands.

30. The company's financial performance could suffer from deviations in the estimated quantity or value of
its proved reserves

31. Aramco's legal entity structure and insurance coverage may not fully mitigate risks from catastrophic
events and liabilities.
ond t NB2sOia
and profitability targets.
33. Aramco's historical financial performance cannot be relied upon due to changes in the fiscal regime
affecting comparability.

34. Acquisitions, such as the stake in SABIC, present risks including integration difficulties and unexpected
costs or liabilities.

35. For Aramco, operating internationally involves risks related to regulations, taxation, currency

fluctuations, and political developments.

36..The loss or turnover of Senior Management and key personnel could hamper the company's ability to
maintain competitive performance.

37. Reliable and secure IT systems are crucial for Aramco, with cyber threats posing a risk to operations and
data integrity.

38. Aramco is involved in significant litigation, including antitrust lawsuits in the U.S. linked to its

participation in OPEC

39. Lawsuits related to climate change risk could bring financial liabilities and damage Aramco's reputation
and market value.

40. Trade restrictions or measures against Aramco's exports could adversely affect its business.

" 417Regilatory changes within Saudi Arabia's oil and gas sector may impact Aramco's rights under the
Concession agreement.

42. Compliance with sanctions and abtibery laws in different jurisdictions could subject Aramco to

penalties or sanctions.

43. Aramco must secure and renew governmental licenses and approvals to operate, where a failure could
“méan penalties and operational interruptions.

44, i products and
operational.changes for Aramco.

45. Changes to the g

4. Aramco's facilities are at
risk from terrorism and
conflicts in the Middle East,
with previous attacks
highlighting the potential for
operational disruptions.

5. The COVHD9 pandemic
has underscored the

@dzt ySNF oAf Ade
business to public health
crises, which can affect
market conditions and reduce
demand for oil and gas
products.
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methods may incur costs and prompt

rment's for domestic sales could affect

I N} YO2Qa

Aramco's operational autonomy.

.. .48. Aramco's financial outcomes are connected to the health of Saudi Arabia's economy, which relies
significantly on oil revenues.

“"49."Aramco's central location in MENA exposes it to regional political and social instability, which can affect
investor sentiment.

pno !yé RAaO2yGAydd A2y 27
straining its financial position
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Original text Anti-Summarization/Text Expansiogmore text with the same meaning

175 words 308 words (5 words o N |
o In 2022, the global economy faced a complex mix of challenges, including geopolitical tensions, surg
Global N In 2022, the global economy faced significant challenges inflation, and sharply rising interest rates, yet managed to expand by an estimated 3.1%, a noticeabl
Despite geopolitical including geopolitical tensions, high inflation, and rising interest  gecline from the 6.1% growth seen in 2021. This slowdown in growth was influenced by various glob
tensions, high inflation and rates, yet it expanded by an estimated 3.1%, down from 6.1% in  factors, including the lingering effects of the CO¥fpandemic, supply chain disruptions, and
sharply rising interest rates 2021. This slowdown is attributed to the lingering effects of the  geopolitical conflicts in key regions, which affected international trade and investment patterns.
that formed strong COVIBL9 pandemic, supply chain disruptions, and international  Despite these headwinds, certain sectors showed resilience, with technology and healthcare continu
economic headwinds, the conflicts, which have impacted global trade and investment. perform strongly. However, industries more sensitive to interest rates, such as real estate and consu
global economy Despite these obstacles, certain sectors like technology and goods, experienced more significant impacts. The mixed performance across different sectors reflect
expanded by an estimated healthcare remained robust, though industries sensitive to uneven impact of the prevailing economic conditions.
3.1% in 2022, interest rates, such as real estate, experienced more strain.
compared to 6.1% in 2021. Looking ahead, 2023 is expected to see a further slowdown in Looking ahead to 2023, there's a widespread expectation of a further slowdown in global economic
Global GDP growth global growth, with projections of a mere 1.5% increase. This growth. Analysts predict a modest 1.5% expansion, as the factors that dampened growth in 2022,
is expected to slow to a anticipated decline is due to persistent factors such as inflation ~ particularly inflation and geopolitical tensions, are likely to persist. This projection is underpinned by
meager 1.5% in 2023 and geopolitical instability, compounded by ongoing supply chain €oncerns about ongoing supply chain issues and the potential for further disruptions in international
as these headwinds are challenges and potential trade disruptions. trade. _ _ o _ .
expected to continue In the energy domain, 2022 witnessed a significant rise in oil In the energy sector, 2022_ saw a notable increase in World_vwd_e o!I demand, estimated at 2.5 _mllllon
into 2023.1 demand, estimated at 2.5 million barrels per day, reaching 99. barrels per dayr(lmbp_o), bringing the toFaI to 99.&1mbpq Thls_ rise m_demand can be partly_attrlbuted
In 2022 worldwide oil mmbpd This increase was largely fueled by the economic to the globgl economic recovery following the_z panderr_uc, as industries ramped up production and _
demand is estimated to recovery posbandemic. as industrial and transportation transpor_taﬂon need_s increased. However, this surge in demand was met with an ample supply, with 1
Y postp ' p
, o : global oil supply estimated to have averaged 100r8bpd
have increased by 2.5 activities surged. However, the global oil supply also rose,
mmbpdto 99.2.3mmbpd,. averqglng_loo.aqmbpd Despite this seemingly oversupplied position, the ICE Brent crude oil price averaged $99 per barrel ir
while global oil supply is Despite this apparent oversupply, the average ICE Brent cruuey il 5055 4 significant increase of approximately 39.8% compared to the average of $71 per barrel in 20
estimated to have price was $99 per barrel in 2022, a 39.8% increase from $71in/  Thjs rise in oil prices was driven by a combination of factors, including production cuts by rmajor oil
averaged 100.8 mmbpd.2 2021. This hike in prices was influenced by production cuts, producing countries, geopolitical tensions affectingpsidducing regions, and fluctuations in currency
Despite this geopolitical tensions in eproducing regions, and currency values that impacted global oil trade. Additionally, market conditions in the first half of the year,
oversupplied position, the fluctuations. The first half of the year saw prices peak at $128 per characterized by high demand and concerns over supply disruptions, pushed prices to a peak of $12
ICE Brent crude barrel, driven by high demand and concerns over supply barrel.
oil price averaged $99 per interruptions. These fluctuations in oil prices had broad economic The fluctuating oil prices had wigtanging implications for the global economy. Higher energy costs
barrel in 2022, impacts, contributing to inflation and affecting various sectors, contributed to the overall inflationary pressures, impacting both businesses and consumers.
approximately 39.8% higher especially transportation and manufacturing. Conversely, oil Transportation and manufacturing sectors, in particular, felt the strain of increased operational costs.
than the average producing nations benefited from increased revenues, potentially the other hand, oHoroducing countries benefited from higher revenues, which could potentially be
of $71 per barrel in 2021, as  aiding in economic diversification and stabilization. reinvested into diversifying their economies or stabilizing their financial positions.
market conditions Overall, 2022's economic landscape was shaped by a blend of
in the first half of the year resilience and challenges, with the energy sector, particularly oil, In conclusion, 2022 was a year marked by significant economic challenges, yet the global economy
drove prices to playing a crucial role. As 2023 unfolds, the ongoing and emerging demonstrated a level of resilience. The energy sector, particularly oil, played a pivotal role in shaping
a peak of $128 per barrel. factors will continue to influence the global economic and energy €conomic conditions, with its dynamics reflegtlng broader global trend_s. As we move into 2023, the
outlook. lingering effects of these challenges, alongside new developments, will continue to shape the global

economic and energy landscapes.



Aramco's,approach In 2023, Aramco has further embedded sustainability within its strategy, with a significant new dimension: the intensivesgsensible Artificial
Or|g|nal teXt from Annual Re port Intelligence (Al) in all major business processes. This approach underscores the company's commitmeiténm Isastainabiliy, driven by leveraging its
competitive position while responsibly reducing emissions. Aramco's integration of innovative Generative Al technolatjethjaadly and transparently,
CO m mltme nt tO aCt res pO nS l b lg marks a new era in its operational efficiency and environmental stewardship.
Sustainability governance has evolved to include the oversight of Al applications. The Board of Directors, through tiaéiBysRisk and Health, Safety
and Environment (HSE) Committee, now also examines the ethical deployment of Al in sustainability efforts. This commigeAleteshnologies are
discussed, understood, and promoted at the Board level. They receive quarterly updatesmmeAted sustainability key perfoemce indicators (KPIs),
providing critical oversight on strategy and goals in this new technological frontier.

SIUSTTambT‘iWLIS emtbecfded%mlhlg_me Afrtahmzo Four areas of focus Y 0§KS YlI Y I 3SYS y o] f S@Stx GKS NRftS 2F GKS [/ 2YLJ )/ e Qa { dhém’ng %gfainé)bmt)‘/ A e
strategy. The long-term sustainability of the i Wi y 9 ong o q q o o - - - - - -

business will be driven by the Company’s ability ?jjgﬁ‘;&ii;‘ﬁﬂﬂi‘if‘;:if’;ﬂgﬁf four activities, it oversees the integration and ethical use of Al across the company. The SSC, comprising Senior Vicefforasideiniss business lines and
e ciing rocnonalby across | “stainability Peffom:am led by the Executive Vipe President of Strategy and Corporate Development, reports on Al advancements to both the Siraieggd_danagement

all aspects of its business will enable Aramco + Climate change and the enerdy transition; Committee. This body s cxucial in identifying sustainability issues and their interplay with Al, focusingtennowalue ceation for the business and

to successfully navigate and benefit from a lower + Safe operations and pecple development;

emissions future. + Minimizing environmental impact; and stakeholders.

Sustainability governance * Growing societal value. WSTSNI 02 { SOUARY nY -enhaaced riskzriddagethénSraneyork, awdl SEEiénB:aCorpokate governance fiettiked

Aramco’s Board of Directors oversee Aramco takes both a strateg|e 3 r il i -, i i i

sustainability efforts through the Sustainability, approach as it seeks to addr sllgta[nahll t\’i A OF AL Sl It_tee Report Inco.rpore.ltlng Al go.vernan(.:e. . q o o

Risk and Health, Safety and Environment (HSE)  areas, and has identified KPIf Foth-Gleas 0rlocus: Af@iico's commitment to sustainability and Al integration is evident in its four key focus areas:

Committee. The Committee reviews and provides A high-level overview of the ~L —~ - - c c .

oversight on sustainability, risk and HSE policies performance is provided in SHIE L'”C"]ge and the energy tra Itl0n1 Wlﬂ:dAtlen SOIUtlonS,

and practices to ensure they are discussed, will elabarate on its overall 4u o g o

understood, owned, and promoted at the performa:nce and plans in it4upe bafe qp_eratlonls and peopl_e deve pment’ enhanCEd by Al analytlcs’

Board level. The Committee receives quarterly Sustainability Report. Minimizing-environmental impact through-Aptimized processes; and

updates from management regarding the . ¥ . . . oR q ' 3 q

Company’s performance across a range of Growing societal value| leveraging Al for community engagement and support. Each area now inetpeesfidIKPIs, reflectimyamco's pioneering
e oy e orance oo () approach in harmonizing,Al innovation with sustainable development goals.

goals, and important areas of focus. The
Sustainability, Risk and HSE Committee reports
its findings to the Board

At a management level, the Company’s

Sustainability Steering Committee (S5C) aligns In 2023, Aramco's strategiscontinues to be deeply rooted in sustainability, with a notable enhancement: the moderategtéilimfegration of
e st ot of et by responsible Amificiarintelligehce (Al) into its major business processes. This evolution underscores Aramco's comntisiaeotrig longterm

UGty === sustainability with technnlogica
sdminisiraive S?esif;fé; if lec : 1S Lohpedat e pusiach and reducihg emissions, now augmented with Al to enhance efficiency and eeekiog processes.
Development. The SSC repprts to both th- SUSe) s @dwly governance at Aramco has adapted to this technological shift. The Board of Directors, through its StysRisklsitid Health,
ey e %ﬂg;”]ﬁ JI U Safety ana Environment (HSE) Committee, now includes the oversight of Al applications in its remit. This committee afitigesénof Al in
istent with Aramco's ethical standards, aligning with the companyssdodiqng commitmenta responsible
usion of Al is carefully managed to complement, rather than overshadow, the core sustdijeghbilitg 0
7ASYSyild tS@Sts GKS /2YLIl yeQa {dadl Ayl oAt isthimabilfy@fo&sNR y

The SSC, comprising Senior Vice Presidents from different business lines, ensures that Al tools are used to optimiiitysost@iomes while
being cognizant of their broader impacts. The Executive Vice President of Strategy and Corporate Development, who &@gnshiecS that Al
Exampleg inclusio In Aramco for 2023: applications are aligned with both Aramco's sustainability goals and ethical standards. :

. e - . . ; governance for the detailed Sustainability, Risk and HSE Committee Report, which includes aspects of Al governance.
responS|bIe Artificial Intelllgence into all major Four areas of focus: Aramco maintains its dedication to sustainability, now with a moderated Al integration, acrossdimaskey
business processes of the Aramco company. Climate change and the energy transition;
Emphasize the innovative capabilities of Generatijyg&fe operations and people development;

e . . . Minimizing environmental impact; and

Artificial Intelllgence' EmphaS|Ze ethical and Growing societal value. In each area, Al plays a supportive role, augmenting Aramco's capabilities in monitoring, @thatyaisga planning,
transparent use of Al. thereby reinforcing its commitment to sustainability and responsible business practices.

novation, particularly through the ethical and transparent use of Al. The company&nfiatms on leveraging

issues and their impact on jeng-term “alue
creat\on for the busmess a l rmka e

Aramco S rmnagtr nent fram m\,crk and
Section 5: Corp ke governance for the
Sustainability, Risk ar SE Committee Report.



IS more
traditional Al
still relevant?
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What remained from a more traditional Al?

ANon-GenAl/LLM type of Al still exists and
IS still very useful!
AXRdzS (2 UGKS DbByYy! fLARE .
shadow, but generates lots of value .

ATraditional Al is based largely on statistic
methods (+search/optimization) and on
logic
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Approach Properties Example Use Cases
Regressmn_ Models Explainable Al, Theoretical GDP forecasting, small area estimation
(GLM, Bayesian) Guarantees

Probabilistic Graphical Model: Explainable Al, Reasoning Causal inference, economic projections

Decision Trees
(Random ForesiXGBoost

Linear/Integer Programming Rigorous Al, Theoretical Guarantee Budget allocation, survey scheduling
Big Data Al

Scalable, Partial Explainability Tax fraud detection, sector classificatior

Big Data Al, Scalable, R@ahe Census processing, stock market

(Hadoop, Online Learning) monitoring

Explainable A[SHAP & LIME)  Explainable Al Credit scoring, GDP modeling audits
. - : : Urban planning, macroeconomic

Digital Twins Dynamic systems, Explainable Al - & ¢

Reasonln.g Al Sem_antlc Web e L e it Al compliance, subjective weieing

(Fuzzy Logic, Ontologies) analysis

RealTime Al Economic shock detection, live traffic

_ RealTime Al, Scalable .
(CEP, Kalman Filters) monitoring
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(Some of) the basic properties of Al systems
which could endanger human rights

AManaging large scale of complexity (recursive Al agents) X o
AXdzaAy3a GKS aoltsS 2F RFOGalF Ay GKS aialr s 27
A Humans cannot manage complexity beyond certain scale

ABlackbox models / lack of transparency
AXadzA Gl 6t S T2N YI OKAY
Al dzY ya R2y Qi KIF @S TS

ASpeed of inferencing
A Surpassing humans in reaction time
A The Speed of computers increases ~4 times per year

AAutonomous Decisiora | ‘[)\ y3 ol dzYl y
AXRdzS (2 YAalrtA3ayYSYyld 27T Kd

AUnclear accountability S .
AXGKS OKIFAY 2F &adl {SK2ft RSNA

ARobustness ) S )
AX!I'L aeaidsSvya FFNB y20 LISNFSOUO YyR Aa KIFNR
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Brief statistics of Al incidentsti(ps://oecd.ai/incident}

Summary visualisations of Al incidents & hazards Summary visualisations of Al incidents & hazards

Evolution of incidents and hazards W
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*An Al incident or hazard can be reported by one or more news articles covering the *An Al incident or hazard can be reported by one or more news articles covering the
same event. same event.

Overall number of incidents increased after 2022 Number of deaths and physical harm stayed mostly staf
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Speed of computers:
computers are ~4 times i AoSuh
faster every year

s Syl T a3 >
'5“‘:’"" Sl U

Alf computers will be expectedly 5
much faster in the near future. what Jensen Huang, NVIDIA CEO, March 19, 2024:

can we dO W|th SUCh CapaCity? "Moore's Law, In its best days, would have
7 I =L A <o delivered 100x in a decade," Huang explained.
AX g KI U ki dZ}f RI Y S y ul t "By coming up with new processors, new
could be addressed and what systems, new interconnects, new frameworks

and algorithms and working with data
scientists, Al researchers on new models,
across that entire span, we've made large
language model processing a million times
faster."

consequences this could have?

https://siepr.stanford.edu/news/nvidiasensenhuangincrediblefuture-ai

https://www.youtube.com/watch?v=cEq8cOx7UZk



https://siepr.stanford.edu/news/nvidias-jensen-huang-incredible-future-ai
https://www.youtube.com/watch?v=cEg8cOx7UZk

"SRR
Deep and steep

Computing power used in training Al systems
Days spent calculating at one petaflop per second*, log scale

100
. 2 3.4-month ;
By fundamentals AlphaGo Zero becomes its own %I doubling i
@ Language @ Speech @ Vision SESCHBoHIe SAmMB S0 o/ | o
O Games @ Other 'po 1
AlexNet, image classification with pgo 0.1
deep convolutional neural networks —@ —
®/
’ 0.01
(0] @)
__ -85 0.001
O - - —.
el 0.0001
Two-year doubling Y o A
————— (Moore’sLaw) ———z==="" — — DEEOR
L ¢ Firstera - -> Modern era 0.000001
_-;? Perceptron, a simple artificial neural network 0.0000001
| | | | | |
1960 70 80 90 2000 10 20
Source: OpenAl *1 petaflop=10'5 calculations

https://www.economist.com/technoloogyguarterly/2020/06/11/the-costof-trainingcmachinesis-becominga-problem

The Economaist


https://www.economist.com/technology-quarterly/2020/06/11/the-cost-of-training-machines-is-becoming-a-problem

(Near to Mid-)future Al challenges

1. Advanced reasoning capabilitigs reach
(un)known (un)known knowledge

2. Why GenAl/LLMs works at all?

3. LY i N2 RMr@MgdBIsi g 0 2 NE
with human understandable world

4. Large(recursive) Al ageninfrastructures
with autonomous emergent behaviors

5. Integrating newdata modalities (types of
data) beyond the usual ones




FirstOrderLogic WorleModel
grounding



ReminderTraditional process of fitting data to a model
¢ analogy to be used on the text

Model:

— + D1x + €
7 60 61 The intercept () of the line is approximately 44.38.
Data: The slope (1) of the line is approximately 5.82.
X y
1 50 y = 44.38 + 5.82x
3 60
4 70 e A 5 A |
6 30 XAyauSIIR 2% | ydzYSNA O NI IN.
8 90 FirstOrderLogic model, and instead of data we want to use

plain text¢ model fitting to be done by LLM based system



LLMs & World Mode

LLM as a
big blackbox

Fragments of
explainable

knowledge
ODBAl 20l f



First, we develop small Wortdd2 R S f Corp@ny d
having a motive to acquire another company

acquisition_motive_expansion(Acquirer, Target) :-

seeking_expansion(Acquirer, expansion),

Prompt: create rich prolog definition of the concept "company potential_for_growth(Target).
h&Vlﬂg a mOtlve tO acql—“re anOther COmpany". Use atomlc acquisition_motive_diversification(Acquirer, Target) :-

SprredicateSpOSSibly taken from OpenCyC common sense desire_for_diversification(Acquirer, diversification),
VOC&bUlaI’y. not(dominant_in_market(Target, Market)),
company(Target),

market_position(Acquirer, Position),

Market \= Position.

acquisition_motive(Acquirer, Target) - - acquisition_motive_technology(Acquirer, Target) :-
seeking_technological_advancement(Acquirer, technological_advancement),

acquisition_motive_expansion(Acquirer, Target); s R O e, T

acquisition_motive_diversification(Acquirer, Target); not(has_technology(Acquirer, Technology)).

acquisition_motive_technology(Acquirer, Target) acquisition_motive_revenue(Acquirer, Target) :-

. ey . . interest_in_revenue_increase(Acquirer, Target, revenue_increase),
acquisition_motive_revenue(Acquirer, Target);
financial_stability(Target, high),

acquisition_motive_market_dominance(Acquirer, Target

revenue(Target, Amount),
Amount > 1000000. % Example threshold

acquisition_motive_market_dominance(Acquirer, Target) :-
seeking_market_dominance(Acquirer, market_dominance),
dominant_in_market(Target, Market),

compatible_company(Acquirer, Target).




{ SO2yRs ¢S GIF1S | yS¢a I N
https://lwww.thedrum.com/news/2024/01/26/microsofts-xboxactivisionlayoffslogicatit-levelsup-gamingexpertssay

On the tails of its acquisition of Activision Blizzard in October, the tech titan this week laid off nearly 2,000 emptoyetssgaming division.
Microsoft building Microsoft is gearing up to compete more aggressively in the gaming industry / Adobe Stock Microsibft Jadd @mployees

from its Xbox and Activision Blizzard divisions this wgjelst three months after the company completed its $68.7bn acquisitibActivision
CEATTENR® ¢KS Odzia NBLINBASy(d o2dzi ydc: 2F ahiONER A2 Fhétech wald ivthey 3 &
\aai The Drum Q, Categories TV  ®Podcasts Awards Events“  Solutions v trad @8SFNIFYR | KFEEFd aLdUE + BSNBE RATFTTFAOdZ G GAYS mére lbybfisidadtinue 0K S N
YEGSNRALf AT §3¢ -piekidedt of dém@ris, UR and FNEAIGE OSy | ROSNIA&aAyYy 3 LI FGF2NY F2NJ oN
KS &l&&azr aiGKS FOldz t O2y&adzySNJ YFEN] SG Aa SOSNI 6dz2el yi Hagtionttd2 & A G A
indicates that, despite an outsized number of layoffs in the tech and media space of late, the economy at large is latikingJmmsumer

spending is high and, in the fourth quarter, gross domestic product grew at the annualized rate of 3.3%, following a R&ag@id.9%. The
NRodzzad adldsS 2F GKS ! { S02y2vyeé YI18a YI22N) 6l 0S& 27 ejikhkchidfl 82 FF

= C M brilthedrum.com/news/2024/01/26/microsoft-s-xbox-activision-layoffs-logical-it-levels-up-gaming-experts-say)|

Digital Transformation Microsoft Activision Blizzard

. . ‘ . ’ -
Micr f minag | ffs ‘loaical - SESOdziA®S 2FFAOSNI b DY 5A3AdGIt +SyiddNBa FyR Fy SELSetfEming if light wiS NB
COSOtga g ayo S og ca pOSt KSFfUKé SO2y2YAO ydzYoSNAR aK2gAy3d AyFilLuAazy aul oAt Al AgmhyHetidasie ¢ A
viel HST of contributing factors. For one, the boom of mobile, console and PC gaming during the early days of the pandemic mdythaveile &S NJ
ACtIVISIon achISItlon’ experts say SEdzo SN} yii KANRY3 | YR &-pissidentiofraabkétingZatwilde a UKONMNES R IOARS 2030 S RSOSTE 2 LIS

in the realm of reality, many firms found they were overextendddading to these mass redundancies. It's hurting a lot oékexat businesses

FYR Yhye SEGNBYSte GFtSyGSR LIS2L)X Soé . dzi GKS&S TFI O 2eéchidh tofaxey I35 Y
 Share staffers this week. On the heels of its Activision Blizzard bugettich faced an antitrust challenge from the US Federal & @ammission but

was ultimately given the green lighta A ON2 a2 ¥ 6+ a F2NOSR (2 aasSaa AdGa ddeantivasond vay [ Iy

G2 LIe& 2FF a2YS 2F (GKS bPcdhoy LHNOKEF&ES LINAOS®DE Ly |y A yetcdsdplaifed O2

By Kendra Barnett . o G2 atGrFFSNA GKHG GKS fre2FFa FNB LI NIOI2dEA aA GEAF2NEIS NI GiGHE syys HeRSetiSdd2R Sy
T — (3 ) Listento article & min 35 sec Ay SIENI&@ unuu 6KSYy arAONR&A2FG &A3IyLFtSR Ada AydSNBa (rbulénydayafdjadeXadd y 3
JFYAy3ds O02dxd R yS@OSNI 02YS 6AiGK2dzi NBLISNDdzA&aA2Yy & F2N) daybSFfaz2PNBAR

$10bn investment ifDpenAllast year and its ongoing focus on Al development internally. Google and Amazon, for example, both underwent
rounds of layoffs last year at the same time that they dedicated more resources to Al development. A strategic advaritigdBui 2 ¥ (1 Q&
layoffs, according to some, also have the potential to strengthen its position in the gaming market against its biggestarsmipeshort:
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On the tails of its acquisition of Activision Blizzard in

O2ya2tARFGAZY 2F aAONBA2F0GQ4 3tYAy3 RAGAAAZY® CKI G lvedrRappiagaings O
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October, the tech titan this week laid off nearly 2,000 (KS 31 YAy3 tFyRaOl LS®é LGO4 6ARSEE 0StASGSR GKI G Y diife todake oveh tBNE A
employeesfromitsgamingdivision, RSOSt 2 LISNDRE f MBS OB2 My D WzRSK0 M NES & fA1S /Fft 2F 5dzidausmleiNher 2 F

gaming market was relegated primarily to devipeking: it manufactures Xbox. But competitors like Sony and Nintendo have pengted their

own gaming studios and developed ganie y&@ 2F KA OK KI @#S t2elf3x 3Jt20Ff FadagAyIao
ultimately a strategic move designed to enable it to eat up a larger portion of the gaming market by giving it controbmvitetiectual
LINELISNI&d aLF GKSNBQa 2)[3 GKAY3 GKIFIG RSTFAYySE 3 YAyhadingadesseefingda i 2
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slate of new challenges as gaming evolves in tandem with emergent technologies. Development of cloud gaming, decenue{ztenrbased
experiences and Adriven gaming is gaining momentum by the day. Roblox is already a leader in gaming and represents the winguar
blockchainbased experiences. Netflix, meanwhile, is hard at work diversifying its content offerings with a growing collectinttbased

streaming games. (The streaming platform debuted 86 games last year and has more than 90 currently in development). Méaivkilé& Q &
Vision Pro headset is set to shake up the gaming space in significant ways. Its spate of spatial games, including G&vinetRo®@olf? and
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company is likely looking for new ways to generate revenue from advertising and content partners. Inspired by the groldéimmercial
experiences on Roblaxwhere brands like Chipotle, Hilton, Adidas, Walmart and others have found success with-éditied experiences and
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https://www.thedrum.com/news/2024/01/26/microsoft-s-xbox-activision-layoffs-logical-it-levels-up-gaming-experts-say

Third, we ground the news
article into the WorleModel

acquisition_motive(Acquirer, Target) :-

acquisition_motive_expansion(Acquirer, Target);
acquisition_motive_diversification(Acquirer, Target);
acquisition_motive_technology(Acquirer, Target);
acquisition_motive_revenue(Acquirer, Target);

acquisition_motive_market_dominance(Acquirer, Target).

WorldModel+

<« [ (:: hedrum.com/news/2024/01/26/microsoft-s-xbox-activision-layoffs-logical-it-levels-up-gaming-experts-sa
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Microsoft gaming layoffs ‘logical’ post- G roun d N g

Activision acquisition, experts say

) Share
ﬁ By Kendra Barnett

On the tails of its acquisition of Activision Blizzard in
October, the tech titan this week laid off nearly 2,000
employees from its gaming division.
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