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Quick taxonomy of catastrophic Al risk

Before we dive into discussing Al risk news and debates, let’s keep in mind what (some) Al safety researchers
consider to be catastrophic Al risks. As with all of this section, these should be taken with a grain of salt. Like any
domain involving forecasts, and especially so with data-dependent (almost) black-box systems, there is no
consensus about the actual risks that Al systems pose on a reasonable time horizon. The figure below is taken from
An Overview of Catastrophic Al Risks, by Dan Hendrycks (Center for Al Safety).
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The x-risk debate has exploded into the mainstream this year...

Al 'godfather' Geoffrey Hinton warns

Pausing Al Developments Isn't Enough. We of dangers as he quits Google

Need to Shut it All Down ©2May - B Comments

Mitigating the risk of extinction from
Al should be a global priority alongside
other societal-scale risks such as
pandemics and nuclear war.

FT Magazine Artificial intelligence E/\+ Add to myFT )

We must slow down the race

Signatories:

Al Scientists Other Notable Figures

to God-like Al

Geoffrey Hinton
Emeritus Professor of Computer Science, University of Toronto

Yoshua Bengio I've invested in more than 50 artificial intelligence start-ups. What I've seen

Professor of Computer Science, U. Montreal / Mila .
worries me

Demis Hassabis
CEO, Google DeepMind

Sam Altman
CEOQ, OpenAl

Dario Amodei
CEO, Anthropic
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Al giai toan

Mathematicians Are Close to Building the Perfect
Periodic Table of Shapes

The table will unlock a whole new wave of discoveries.

IMO Grand Challenge y

The International Mathematical Olympiad (IMO) is perhaps the most celebrated mental competition in the world
and as such is among the ultimate grand challenges for Artificial Intelligence (Al).

The challenge: build an Al that can win a gold medal in the competition.

To remove ambiguity about the scoring rules, we propose the formal-to-formal (F2F) variant of the IMO: the Al
receives a formal representation of the problem (in the Lean Theorem Prover), and is required to emit a formal
(i.e. machine-checkable) proof. We are working on a proposal for encoding IMO problems in Lean and will seek
broad consensus on the protocol.

 Fano varieties are known as the basic “atomic structure” of geometry,
but are notoriously difficult to discover and organize.
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Al for science: medicine is growing fastest but mathematics captures the most attention

The top 20 scientific fields applying Al to accelerate progress include physical, social, life and health sciences. Out
of all the highest increase in the number of publications is Medicine. We expect there to be significant research
breakthroughs in the foreseeable future as a result of Al’s use in the sciences.
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Co6 gidi han nao cua Al

* C6 nhiéu cach tinh vé giéi han wg

cua Al, tuy nhién gioi han vat

Iy 14 d& hinh dung nhit. flame f dtfiormation crsed capre,copiet, and corsumed wordiderom
» Theo béo céo thi toan bo dir o ———

liéu so cua the gidi nam 2023 | SERRNRETS 1B IO e

vao khoang 200 zettabytes va 1P

kha nang cao nhat thi nhdn doi - :

moi nam. | . B

« Twong dirong 2*10% hay it ) '
hon 2*10% bits

03

o Nhur vay neu mét bai todn can luu
nhiéu hon s6 nay thi se vuot qua kha
nang tinh toan va vi thé virot qua
kha nang cua Al vé mdt 1y thuyét.
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Cau tra loi t ChatGPT

Co bai toan nao
vUu'ot qua giodi
han cua Al?

Hay cho Vidu bai toan ma Al chua giai dudc lam co sé vé su vuot tréi cla truc giac toan hoc
so vdi Al

V&n dé&"Déng nhat Vat Ly" (Grand Unified Theory) |4 mét bai toan ma Al chua thé giai quyét
dén nay, va day la mét linh vuc ma truc gidc toan hoc clia con ngudi cé thé chgi mot vai tro
quan trong. Bong nhat Vat Ly la viéc két hgp ba trong bén luc ¢g ban cua vi tru—Iuc dién tu,
luc yéu, va luc manh—vao mét mé hinh toan hoc duy nhat. Luc hap dén, dugc mé ta béi
Thuyét Tuang déi clia Einstein, cling 1a mét muc tiéu dé déng nhat, nhung day |&a mét nhiém

vu con kho khan han.

Mot sé'ly do vi sao truc giac toan hoc vuct tréi han Al trong trudng hop nay:

. Sang tao Hoc Thuat: Mac du Al cé thé t8i uu héa cac mé hinh dua trén di liéu dau vao,

nhung no thiéu kha ndng "séang tao" cac mo hinh toan hoc mdi mét cach doc lap, diéu nay

rat quan trong trong viéc phat trién cac ly thuyét mdi.

. Kha Nang Danh Gia Tiém Nang: Con ngudi coé kha nang danh gia va tim hiéu su quan trong

clia cac khai niém toan hoc mdi, cling nhu cach chiing cé thé ap dung trong céac linh vuc

khac cuia khoa hoc. Al hién tai chua cé kha nang nay.

. K&t ndi Qua Cac Linh Vuyc: Truc giac toan hoc gitp cac nha khoa hoc két ndi cac linh vuc

toan hoc va vét ly khac nhau, mot di€u ma Al hién tai chua thé thuc hién mét cach hiéu qua.

. Khd Nang Tu Hoc: Mac du Al cé kha nang hoc tir dir liéu, né can phai dugc "huan luyén"
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Cd bai toan nao vuot qua gidi han cua Al?

* Monster group:
* Monster Group ld nhém déi xirng I&n nhét trong déy cdc "Sporadic Groups" va cé6 kich thwéc khodgng 8*1053

* Monstrous Moonshine la mét trong nhitng cau chuyén ky thu nhat trong todn hoc, néi lién dai s6 va phan tich phirc tap
thong qua mat cach khong ngd toi. Lich sir cla né bat dau vao nam 1978, khi John McKay, mot nha dai so phat hién ra
mot sy trung hop s6 hoc %lu'a cac hé s6 trong céng thirc j-invariant, mot ham trong todn hoc biéu dién cac ciu truc trén
cac dién Riemann, va so chiéu cua cac biéu dién khong d6i xirng cia Monster Group.

* McKay théng bdo sy phét hién nay cho John H. Conway va Simon P. Norton, va ddt ra cau hoi: liéu cé su lién két sau xa nao
gilra j- invariant va Monster Group hay khéng? Conway va Norton thi nghlem nay va dua ra "Monstrous Moonshine
Conjecture," dé xuat rang cd mot lién hé chat ché gitra cdc ham biéu dién cda Monster Group va cdc ham mé dun
(modular forms)

* Nam 1992, Richard Borcherds chirng minh dwgc Monstrous Moonshine, va viéc nay giup 6ng gianh dwgc Huy chuong
Fields ndm 1998. Chirng minh cua Borcherds s&t dung cong cu tir dai s6 vertex mot Iinh viee maéi cla dai s6 doi xirng, cling
nhw sy hiéu biét sau sac vé cdc ham mé dun va K-theory.

* Ve co ban, Monstrous Moonshine mo ta moét lién két gitra hai linh vurc todn hoc ma trudc day dugc coi la khong lién quan:
ly thuyét nhém va ly thuyét mé dun. N6 d3 mé ra cdc duong nghién clru mdi va két ndi gitra cac linh vire todn hoc va vat ly.

* Lién két tdi cac tai liéu lién quan:
e  Monstrous Moonshine, the Monster Lie Algebra, and the Classification of CFT
e Richard Borcherds and Monstrous Moonshine
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https://arxiv.org/abs/1708.04737
https://www.quantamagazine.org/richard-borcherds-and-the-monstrous-proof-that-seduced-mathematics-20210831/

History [edit]

In 1978, John McKay found that the first few terms in the Fourier expansion of the normalized J-invariant (sequence A014708 in the OEIS),

1
J(T) = = + 196884q + 21493760¢> + 864299970¢° + 202458562564" + - - -
q
with g = e*™7 and 7 as the half-period ratio could be expressed in terms of linear combinations of the dimensions of the irreducible representations r,, of
the monster group M (sequence A001379 in the OEIS) with small non-negative coefficients. Let ,, =1, 196883, 21296876, 842609326, 18538750076,
19360062527, 293553734298, ... then,

1= 1
196884 = r1 + 7o
21493760 =T + ] -+ r3
864299970 = 27y + 2ry + 73 + 14
20245856256 = 3r; +3rg + 13 +2ry + 715 = 2r1 + 319 + 213 + 74 + 75
333202640600 = bry + brg + 2r3 + 3ry + 2r5 + 17 =41y + bry + 3r3 + 2ry + 15 + 716 + 77

where the LHS are the coefficients ofj(‘r) while the RHS are the dimensions r,, of the monster group M. (Since there can be several linear relations
between the 1, such as ;1 — r3 + 14 + 15 — 16 = 0, the representation may be in more than one way.) McKay viewed this as evidence that there is a
naturally occurring infinite-dimensional graded representation of M, whose graded dimension is given by the coefficients of J, and whose lower-weight
pieces decompose into irreducible representations as above. After he informed John G. Thompson of this observation, Thompson suggested that because
the graded dimension is just the graded trace of the identity element, the graded traces of nontrivial elements g of M on such a representation may be
interesting as well.

Conway and Norton computed the lower-order terms of such graded traces, now known as McKay—Thompson series T, and found that all of them
appeared to be the expansions of Hauptmoduln. In other words, if G is the subgroup of SLy(R) which fixes T, then the quotient of the upper half of the
complex plane by G, is a sphere with a finite number of points removed, and furthermore, T, generates the field of meromorphic functions on this sphere.

Based on their computations, Conway and Norton produced a list of Hauptmoduln, and conjectured the existence of an infinite dimensional graded

representation of M, whose graded traces T, are the expansions of precisely the functions on their list.

In 1980, A. Oliver L. Atkin, Paul Fong and Stephen D. Smith produced strong computational evidence that such a graded representation exists, by
decomposing a large number of coefficients of J into representations of M. A graded representation whose graded dimension is J, called the moonshine
module, was explicitly constructed by Igor Frenkel, James Lepowsky, and Arne Meurman, giving an effective solution to the McKay—Thompson conjecture,
and they also determined the graded traces for all elements in the centralizer of an involution of M, partially settling the Conway—Norton conjecture.
Furthermore, they showed that the vector space they constructed, called the Moonshine Module Vh, has the additional structure of a vertex operator

algebra, whose automorphism group is precisely M.

In 1985, the Atlas of Finite Groups was published by a group of mathematicians, including John Conway. The Atlas, which enumerates all sporadic groups,
included "Moonshine" as a section in its list of notable properties of the monster group.[4]

Borcherds proved the Conway—Norton conjecture fHWﬁQOIQ#nyM%JW ﬁ‘g@%t@mﬁ]@ﬁ@ﬁwedal in 1998 in part for his solution of the

conjecture.



S’’c manh cua truc giac toan hoc

Cau chuyén clia Moonshine theory cho thay cac nha toan hoc bang truc giac da
lién két duoc dac diém cua Monster Group v4i ham biéu dién bé mat Rieman.

NEéu viéc nay dua vao tinh toan thuan tuy thi thuc té la khong du O cirng dé chira
dr liéu cua tadp Monster, chua ndi dén khao sat

Nhu vay co thé két luan truc giac clia cac nha toan hoc hién vugt troi kha nang cua
tinh toan hién nay bao gom ca Al.

Tuy nhién Al thi gidi todan hon 99% cac ngudi dang lam toan la hoan toan co thé (
woc lwong ChatGPT 4 1Q la 155 - Eistein la 160)

Cau hoi dat ra la truc gidc toan hoc dén tir dau?

Nguyen The Trung: trung@pythaverse.net



Cau hdi tong quat la truc giac dén tu dau

* N&u néo bd chila mot siéu may tinh 01 v3i cac neuron va
synapse thi udc lugng vé bd nhd nhu sau

« Theo mét wéc lwong dwoc tién hanh béi Paul Reber,
mot giao sw tam ly hoc tai Northwestern University, b6

nao co kha nang Iwu trlr khoang 1 triéu gigabytes 1 N1/ )
petabyte) dwéi dang thong tin. biéu nay dua trén so é sl T
lwong neuron va cach méi neuron cé thé két ndi véi cac > S, Han Sesn Heuron
neuron khac. i - =
« Tuong duong 2*107 i N . i i

« Diéu nay c6 nghia la ndo ngudi ciing khong thé du dé khao |
sat Monster Group va hién nay ChatGPT 4 c6 khoang 170 ty Pareiie N— L

+ M hinh LLM trong GPT: GPT-3.5 c6 khoang 175 ty tham s6 v . @ ,
GPT 4 nghe d6n ¢ 1 ngan ty tham s6 twong duwong 71072 L g > J : ot

&:j Activation Function

* Diéu nay co6 nghia néu ndo ngudi cling chi la may tinh toan
thi GPT4 c6 thé vugt trdi, va cé vé nhu vay.

Tai liéu lién quan: [How much information can the brain hold? - Paul Reber](https://www.scientificamerican.com/article/what-is-the-memory-capacity/).
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Tuy nhién: ndo b0 c6 thé cé co ché luong t

* Stuart Hameroff, cung v&i Roger Penrose, da dé xuat mét mo hinh cé tén la Orchestrated
Objective Reduction gOrch OR), trong d6 ho cho rén% cac trang thai lugng tr c6 thé duwoc
thiet [ap va duy tri trong cac cay truc protein co tén la microtubules, nam trong té bao
than kinh cua ndo. Ho dé xuat rang cac trang thai lugng tu nay c6 thé ton tai trong mot
moi treong nhiét dong luc khéng on dinh nho vao mot qua trinh goi [a "6n dinh nhiét
dong luc lwvong t&" (quantum thermodynamic stability).

1. On Pinh Nhiét Ddng Lwc: Hameroff va Penrose cho rféng cac trang thai lwong t& trong cac
microtubules cé thé dwoc 6n dinh bang cach st&r dung nang lwgng sinh hoc tir ATP (adenosine
triphosphate) va GTP (guanosine triphosphate).

2. Vi Tri cia Microtubules: Theo Hameroff, microtubules cé thé 13 cac cau tric rat bao vé, gidp gitr
cho cac trang thai lwong tlir khong bi pha v& bai nhiét dong lwc cia moi trwong song.

3. Qua Trinh Orch OR: Trong mé hinh Orch OR, qua trinh sup do luvgng tlr clia cac trang thai lugng tir
trong microtubules dwoc cho la co thé tuvong tac vdi cac qua trinh sinh hoc, tao ra nhirng
"moment" cua vy thirc.

4. Thach Thirc va Phdn Bac: Phai ndi rang, du |y thuyét nay rat thi vi, né van gap nhiéu chi trich va
chua dyoc chap nhan rong rai trong cong dong khoa hoc. Mot s6 thach thure chinh dén tu viéc
thiéu bang chirng thuc ngﬁiém va k%é nang duy tri trang thai lwong tl trong diéu kién sinh hoc.

1. Tuy nhién trong 1 chiéc 13 cling c6 phan &*ng lwong tlr trong quang hoc

Nguyen The Trung: trung@pythaverse.net



1 Hiéu U’ng luvong ti’ trong qua trinh quang
hop

* Cach cac exciton (quasiparticle do sy

kich thich cia mot photon tao ra) dwoc Eiciton

chuyén déng théng qua cac phirc hop %

protein nhu cac trung tam phan &ng va 0—\*
anten mat do cao. Hién tuong nay thé W
hién rd nhat trong viéc cac exciton cé W p—
thé di chuyén qua mot sé con dudng = e\‘s A\
khac nhau mot cach hiéu qua, t6i vu —_— @
hda viéc chuyén doéi ndng luong mat

Reaction centrer

troi thanh nang lvong hoa hoc.
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Mot val suy doan

1. Chung ta hivong bo ndo con ngudi nhiéu hon la mot may tinh 01

2. Né&u bd ndo hoat dong theo co ché lugng tir thi truc gidc cé thé dugc giai
thich thong qua co ché vudng viu lugng tir

3. Slrc manh tap thé la co6 that va vuot troi khi cé vudng viu luong tir

4. Tuy nhién may tinh lvgng tlr cling dang hinh thanh va sém c6 thé vugt s6
lwgng vi 6ng trong ndo ( cé thé vao khoang ndm 2100-2200)

5. Diéu may la luc d6 néu nhirng ngudi c6 kha nang truc gidc cao van cd thé
“diéu khién” cac hé théng may tinh lugng tir nay.

6. Vivay con ngudivan cé thé hivong vuot l&n Al, va cac nha todn hoc chac
sé con chi'ng minh viéc nay dai dai.
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"}| Mot phong doan

Monster group vdi tinh rofi rac cta né, co thé
(4 biéu dién cla cac chuyén déi tu trdi (
emergent) — nhu’ trong lu'ong ta’ hay nang luc
cua cac moé hinh Al cé lon.
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