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01 Fiz: BEHSFHEA

0:00 @ENETEENCREZIN
Hi, I'm Don Nakagawa, the host of Futurology. And in this episode, | spoke
to [music] Terrence Tao. Terrence is a worldrenowned mathematician. He

is winner of the Fields Medal, which is [music] considered the Nobel for
mathematics. Terren's work on the forefront of theoretical mathematics, is

is [snorts] he actually really appreciates the collaborative [music] process
and has worked really hard to push forward collaborative mathematics
which is not a given. In recent years what we're seeing is a lot of people
from mathematics departments are going into technology companies and
the rate of application from theory [music] into you know products that
are on the shelf is happening faster [music] and faster. We also talked
about Al and how Al could actually help and whether Al will, you know,
leapfrog what humans are capable of doing. In Terren's opinion, that's not

going to happen very quickly. There are certain things that

g, FZE Don Nakagawa, {Futurology) FIEIIFA., EX—HTEE,
BRIFT[ERIEE. BEFRE—MHRAMBANER, tWEIERELEE
F, XPLEBEERIMARZFEIRE, BEFNITIEWLE EEi’E?&I—?E’\J
RAG, XtUERMBEEABSENS, [(BERIAIMEFEEEN—=
eRSFMESZIFEFEMEE RIXT IR, HHIFEIFES Dt
IMERNEE, MXHARIEMIAARNE., HEERENEBINE, RBNZFE
RIIALETE L)\ﬂﬁi“? MMIBIR[ERIEQNA. ERRAENATLRE
FERR N, XTREETHERIESEEIR, BAEHEIT AL X
& Al %%ﬁ‘éfﬁﬁ*"tfﬁ BEA AR, RAE, —FBEALNEE
1. ?“ BEFER, XERPAAFASKRE. BLEEE A JUMEIEREIES
9F. 03,

75 3E B R

FRERBNEMEA—R, Rig
FA0EATHER, WO
AmEne. BEF2006531%5
RE, REEARMO AR, A
BHFESEICE IR,

worldrenowned / w3:rldrr

‘nasnd/ adj.
ZMEZN (AEHE world-

renowned)
forefront /' fo:rfrant/ n.
BHDE (at the forefront of &b

T.. . &EDR)

thrives /Orarvz/ v.

AR KIEF (thrive)

leapfrog /'li:pfra:g/ v.
Bl (ASCHBEER)
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Al could be really, really good at. particularly collapsing the tedious

amount of work that's involved in trying to figure out what all the other

theorists have done before [music] one starts to sort of push forward a

theory that can be helped by Al. actually discovering what the truth of or

solving a theorem that still takes human intervention and in Terren's mind

is going to remain that way for a while. And now on Futurology, here is my

interview with Terrence [music] Tao. Terrence Tao, welcome to

Futurology.

&

5P BEEAREBBLEBIN TIFE—MEERAREHE—EEILZ
gl, [BRIZEEREZHRIMAEEMBICREMTLEFA, XFOE Al 7]
& EItH., BEEERKMERE, HEIER—EE, BNATEANNDT
A, MEBERER, XMEALSIFE—ENE, WE, &
{Futurology) T BEH, BEEBRNMEEHIE RINRE. BEHF, WIIKE
{Futurology),

i
™
=32
b

FRAREZERZOFET: ABK
E48 MEFERAME A1 HE
Wi, BERIMEIE, IR
ERMBAENA—EXESR
B—AND TR,

tedious /'ti:dios/ adj.
TURZIRRY . ZBiR

human intervention phr.

AN ABFH
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141 QGG EEEENEE))

>> A pleasure to be here. >> I'm really glad you could be with us today. |
thought we'd just start by talking a little bit about your background and
situating you | guess in the moments that we're going to be talking about
which is a strange technosocial evolutionary moment that we're in or
revolutionary moment that we're in. so I'd love to start with like tell us a
bit about Terrence Tao. >> Okay. Well, | was born in Australia in the 70s.
my parents came from China but | grew up in Australia. | was very much
westernized. although in fact | watched a lot of American television |
remember growing up and so my accent in particular is this weird mix of

Australian and American. So | always loved math, always loved numbers. |

competed in these math competitions at an early age.

>> REHMKRXE, >> FESHESRENBAE—E. BBENTH
FH—EMRNER, 1B, hEREMBBITNNZ TREIXCHXLETZIE
— XE—TERNBRARSHREMRZ, HERBNELE—TFS
MRS ZI, 18, FRNBARIXEFIE: IRBATHHBETZ AR, >> &F
B9, 08, 370 FRLEERAFIL, 18, BRERXREPE, ERIER
AMILARARR, BAEHTN, 1B, HLHICE/NHEE TRSEEBAT
B, AMMXENOFTALAEZXMRAFILM, B, REOFNFIPES. i
X, B, B—EHRERNE, —ERERMF. 1B, BRINBRESI
MEMFEE,

75 3E B R
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PEET 19755 & TR AR 75
KB, RERREFENBR,
fEMOESRERES, RTE

FRENEXEBUTHE.
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| was tested for giftedness and | skipped actually five grades. and so | had
a very accelerated education. my parents had to negotiate a lot with the
headmaster of the school and the local heads of department at the local
university. ended up graduating from my local university at what age 16 or
something. and started graduate school at Princeton. and then after | got
my PhD at Princeton | ended up at UCLA first as a postoc and then they
promoted me to a full or first associate professor and then full professor.

so I've been at UCLA for 30 odd years. u really like it here.

03, FIERZd, B, KWWK, SEhrEHptT A%k, 1, FRATEIEE®H
FIERIR, 1B, BREFAFANERORKUARSMAZN, |, REME
1ETTREME. 1B, &EHK, 1B, MERIARZE, BRIHESZAE
&, g, 16 AL, 1B, ARFRAESMITUIRARE. 18, EEMER
MEFELAUZE, B, HEEEXT UCLA, B, ZEMIELE, 18,
e, RAEMIEBRRANERR—7F, T2, B, BHR, RAETEEH
R, B, FRLAZLE UCLA BE/FT=12F 7. B, FEENXE,

75 3E B R

PERNBEREREN: BRR,
165 ARIEE (RRFBMIEETA
F), 21T REMETIE (L,
24% R AUCLAY F RFERMIE
BEz—,

giftedness /'giftidnas/ n.

(Bh) XM, &l
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So my background I've traditionally done very pure math mostly. so | study
patterns and numbers. | solve various wave equations which are related to
physics but | don't sort of directly do the physical applications myself.
although occasionally some of the things | do have ended up having
practical implication. | did a project here at the math institute at UCLA on
a puzzle involving to me just manipulating matrices and solving linear
equations but it ended up being very useful for things like speeding up
MRI scans. so the latest generation MRI machines are 10 times faster at
performing a high quality MRI scan than they were in the past because

they implemented the algorithms that we helped develop. so more recently

I've gotten interested in new ways to do mathematics to incorporate all
these emerging technologies Al also formal proof verification and also
collaboration platforms that have been used successfully to develop say
open source software. | think they can also be

Id, REBNER, B—EKENER LHZIFEBLENEE. E, M
MBIARBZRANATF ., 1B, BESTRED.... XEHENMEEX,
BHRECHAIREREMMENA, ¥, FIEREMHN—ERAREH
LA T I, HRTEXE, £ UCLA IEFEMRAAHE—TINE, &
— P AERERRABEFEM. BAMHREANRE, EEREWIERIFE
BH, LEAMNIR MR (REHR) 3. 18, A& —C8) MRI #2388
—XRERERMIETERT 10 &, EAENRABTENSEFRNEE.
12, B, SEEXMMEBFRIFHAINTET HE, MBIEXERMEALE
AltR—AI FUEIERRIE, TR ALE LW RHRTT & TR
BMMEFE. B, HRFEMNEAN

75 3E B R

LLEAMEESEREED (compressed
sensing) : 5 Emmanuel
Candes® A£92006F 2L AIIE
18, ATAED T ESERIRE
BERES, ERTEMRIFHERERE
K0fF—EHMFEINEHNE
B,
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Used to develop collaborative mathematics. | do believe that mathematics
can become much more broader and relevant activity than it has in the
past. A lot of research mathematics in the past was basically only
available to math PhDs because even to even understand the problems we
work on often required a lot of technical background. but with these new
toolings and new tools and technologies we can we can broaden the pool
of people who can actually contribute to math projects. I've started
several crowdsourced math projects which have already been quite fun

and successful.

ARERIMENERE. 1B, HIRSTAEE, BETUBR—TLEE A ZE
Z. LEWHLMERER, SERSEEMRES ERBREE LT iR
52, RAMERREZEREHNARNEE, FERFTERENRAE
=, B, EETXERNTIERE. MIEMMEAK, H(MEET KRELER
NYFMEMAROAR . HRETIH/ L TREHETE, ELHSE
8, ARSI,

=
i
=32
b

M2 CIEBRERIE) fEFELean%s
B EZE SO EIERRRY IE 7
M EIEERENREHFNE

BEGAL FERHIRIES TR
AIMEFENER,

crowdsourced /'krawsdso:rst/

REH (AARRAFHESETIH
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4:55 PERNERE TORBE: BB
>> And I'd love to get into that the idea of collaborative math. But before R, FEFBERESR, 0L
we go there, skipping five grades at a very young age, how was that how R IE—BER R ENHAN

RBEKLR, B—MifHR

was the social adjustment to that because | have | have | have a cousin "

who also started college at about 13 and we found that was really difficult
for him. >> Right. Right. So well what worked for me so we had a very
complicated arrangement with the local high school and primary school
and the local university that | would take some classes in my regular year.
So for example physical education | was not accelerated in physical
education. | would take classes like in my humanities English and French
and so forth | would take at my regular year. but physics and math classes
| would accelerate. It would mean that when | was in primary school |
would my mother would actually have to drive me to a local high school to
take some classes and come back and | the scheduling was so

>> BAREHEMMERN X MRE, AIELZE, 1B, ERIFLH
BT ATER, ABFRRELE? 1B, EHKEN EEAR? BABRBETE
FEHEAM 13 T LETARE, BRI thFRERRE, >> X,
X, 1B, MHEEBOARNZ—HNRIMNSH. N2URSHEIAE
E-TIFEERNTH: BERANEREBCHFEEKNER L., LR

, BEMRE DSBEE, BAXERNRE, 1B, RiE FEZEN,
%BT“ BoRERRNER L., 18, EYEENZAREME, XBKREHK LN
FRMR, BEBEAEERELAM—MSHLILTIR, AEHEKD
K, BTIRRLHKERT, BBAMGEATE. B, FHLESHAN
(3

o5 3 MSAMR - E 10 T



7 3E $L K

5:56

Complicated and how to do the grading. and when | was in high school |
would take some classes in the local university. So maybe what one thing
of what's my favorite is that this was back in the 80s 90s there weren't
that many sort of structural programs for gifted education. everyone was
kind of inventing things on the fly. but one upside to that was that this

very complicated schedule was just approved. like there weren't as many
rules in place. and this improvisational thing worked for me. | think it didn't

interact with quite often. and this was back in a period where you could,
you know, if you wanted to go play with someone, you just, you know,
either pour them up or knock on the door, you know, [clears throat] you
didn't have to sort of schedule things on social media or anything. so | did
have a social life.

BEESMNARE E—ER, AINBITFREERN—RE, BIEEZE/\N
TER, 1B, SNEREBASHNRTHAENAERNIE, ARER
LR IENEBNE, B, BXtA—TEFL, MEXAERNRKREARM
BEigfET . e, tEali, SRNRBIASRFIEE, 1B, XFRRIXAIME
ENHER. B, RRTERART . W2, RAE, M. KL
BRBEIRAZERE, 1B, MABEEXFE—TFEN: REZBEHHE
In, IRAEIR, 18, @Gt(T 1 EIE, HEERRU], RAE, DFRF] IR
NRTEHRGA LB AR, 1B, ARSI AHRERE,

6:48

>> One thing is that because | finished high school four or five years
earlier than other kids, | did miss sort of the teenage type, you know, it's
like for example, | was very sad. | missed the high school social. But when
| went to graduate school actually in Princeton | socialized a lot with
undergraduates and | kind of interacted you know | joined film clubs and a
bridge club and things like that. and so | think | did get roughly all the
same social experiences that most people get just in a kind of a jumbled

order.

>>B—RE, ARHEEMZFRENAF RSP, HHTEI TR,
MEDEMERNART, Lok, HANRED, HEITEFNES, B
2IE, BEREMRENIR, HLESMETE, RIRAHELZESH,

BHERZ5TAD, (RANE, AT BEALE, EFFEL LN,

I8, PAARRESBABIEZEIRE T RSB AN LHLRER, RE
U778 AL o

75 3E B R
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RERZL: \NATFERRTH
BRZEAZRIE. AN, &
MILXME EE HIAIR KRG AR
o FERRFAAGNX MBI M HE
FTEMR .

on the fly phr.
ImASith . DDA8M

improvisational /im pra:vo
‘zetfonl/ adj.

BISKAY. BEALAZZRAY

scale /skeil/ v.
AIRIAEM I (it didn't scale
ToEEHIHE)

EINEE T ERERSFEFTOFE
K30, (BIERRRS7EE METRS 7
MA—EIMNERAL. FrhRds
t— TRF4TELE R EMRE,
BN T S B RERK A E B
e

jumbled /'d3ambld/ adj.
ZRELA. 4T ELAY

MIAAEE - B 11 ;L
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>> Different order. Yeah. >> so did you know at a very young age that
what you wanted to do was mathematics? You were going to be a
mathematician? Yeah, as long as | can remember, |'ve always liked math
adjacent things. So, like solving logic puzzles, card games or any game
really, computer games, board games, | like things with problems with
puzzles or problems with very definite true or false answers. so, this
correct, this is incorrect. And | liked the problem solving process.

>> [FEA—HE, 8. >> B, BIFEFZRANHMAE B SEMEIZE

F? AEHCEHANER? B, MBEICHE, BMi—ESRIRHFN
WBRIZRTE, CEaNE, MRBREIRE. AThEiERk, HSCEMpEhiT, BN
. HERE, HERBMHERE. HERIFERHEIN HEE A6

A, 1B, MEXTX. X1THE., MEARERBROINI IR,

7:50

| struggled a lot as a kid with humanities because the questions are often
very open—ended and | could | couldn't quite understand what was being
asked. | remember one year in English class they were asked to write
about what we did over the summer break or just write about your home.
And | didn't know how to take that. | think | just listed all the rooms in our
house and what was in them. like | took it very literally. so yeah if | had to
do it again | think | can do something better now but yeah | did have some

trouble with sort of anything which wasn't extremely precise.

BNRHMREANER ERIZA, RABLRBEFIFEFN, 1B, HAK
BEERARIIREE A, B, HC/E—FRIER, BIMLENS2RK
T4, B, REREBIRNK, HAMEIXEAEBXTEE, i
BSEMERNKABREREIT -8, THSTEEERMTA. IE, MERK
ERSIFEEFE. 1B, MNEN, B, NRIEBRER—R, REBINERES
BiF—R, BIE, B8, BMSIIHEARIIABHNARTEEE RILHE.

75 3E B R

B RFHLAEIER - ASK THE BEST MINDS

Xt THPRIY AR /Y
fRiF 2 REFMBERNEIZRZR:
B, AHRE, RN ER
b2, S5t ASKIF Rt a)RRRY
BRI ER .

MEE{RAVZ) WAFHEFE
ftRZEEIIEEEm—E
RRR ISR R E R,
M E R BR LA AAB R 1% 0 A IR
5t

open-ended / ovpen ‘endid/
adj.
FREE . TEEERN

MIAREIE - B 12 W
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So math very much resonated with me. [snorts] | do have memories of you
know when | was six or seven like being restless my parents would give
me a math workbook and I'll just do the é-u-r_ﬁ-s_._luactually liked doing the
me the arithmetic. and | remember in math classes in primary school they
had a you had like 5 10 minutes of mental arithmetic where you had to
sort of as quickly as possible you know what is what is 12 plus 25 or
something and | actually like doing that you know and | enjoyed math
competitions >> but sometimes that grows into you know becomes
physics or it becomes you know engineering or it becomes like so sort of
like applied and you're still doing of course lots of math. Was there a point
in time where it was really like | don't know just the bliss of you know
solving or a proof or something that was there one moment in time you're
like this is really what | want to do for the rest of my life. | like abstraction,

you know. So the

08, FrAEIFIEERES RIS, 18 [SKUEA] HIFTISHE, NEFH
&, BERNE, REBMZABR—AHFEIM, HMER/ILHEKRE,

BHEIRENHEARR, B, MEKRCHNENEEREEBLAE+D
HHNOE, MEMRERREL, MEAE, 12 /0 25 FFZD2EMN, HE
SEREREBTE, 1B, BBRERBFERE. >> BEFNRXMXES
KA, fRAIE, Y32, SETTRE, AEERLERENA, SRIMEZZM
RS2, FREETNZ, BENME, iR Y, MERMELEE.

FEME—TERAAFR AR, BREIBL—TBREILRRES, ZME
HXEFHIFBMHNE? BRERHR, RAE, 17,

75 3E B R

restless /'restlos/ adj.

RTARLH) HAED

mental arithmetic phr.

N

DE, O8

bliss /blis/ n.
wE. £

MEAKEIE - F 13 I
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The | like taking a problem and removing sort of all the irrelevant aspects
to so there just like you know this is X Y and Z and they do this and
playing with sort of very simplified what we call toy models you know so

and so | liked working on that end and in fact | the fact that math actually
had impact on the real world that actually didn't interest me for a long

time. | mean now it does. but | liked the abstract puzzle solving. you know
the same way that people like solving cross word puzzles or maybe being

good at solving a Rubik's cube or something just an intellectual challenge.

| enjoyed my parents did worry you know they thought maybe that a more
you know doing something more physics or engineering based might be
you know maybe more employable or something. oh that was the other
thing like no one had any clue what a mathematician did or even whether
ma

HERE—TUBEMELTRNE O HMEIE, FTME, MO8, X2
Xo Y. Z, EfMMXEE, RAREEFHLEIFEEAN. BNF2N A
REIART, 1B, A8, EfIf—EB8aIXE, EREERM. 18,
MBERER—IRHE. XL, BEENNAIHABTRMXEE, &
RR—ENEEEIHFRS B, B, HERAECRSIEKT . 1B, B3
EMNZIMHROEENR, 1B, REE, MEEEASWEETFEY, =
HERERRS—F, ARE—MENRE. 1B, BRER. B, BRE
fscia g, MMNRSHITFMRERDIZENE TENARA, BiF, (RA
B, BRI, 1B, B, fF—RmME, SRBEAREFNE
FEEEMIt2H, EE

75 3E B R

toy model (ItEER) ZIBICH
RERAAE: FRLTXEEAT. R
BRI, TRKEEIILER
BEAM., ABRMIBEE 8%H
SCPREoIn) X RERKEEEH
ENSEIN L

toy models phr.
mARE (SEEN. BTRE

BRAVERICIEEY)

instructive /m'straktiv/ adj.

BEAMN. BHEN

MIAEIE - B 14 T
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Mathematics was a career. | remember people ask me what | wanted to
do when | was growing up and | said well maybe a shopkeeper because |
could | could balance the books into inventory. | mean [laughter] | mean |
had the vagué_i_é_e_é“t_ﬁé_t_-t-h_é-r-e“\-/\;ere professors of mathematics but | had
this vision idea in my head that maybe there was there was some secret
committee of senior mathematicians who would hand out problems for
people to solve you know just of just like homework but at a much higher
level. and | remember at some point learning that research
mathematicians we select our own problems and we follow our own
intellectual curiosity. | mean whether other people are interested in what
you do is another question but the idea that this it's not centralized and
you just sort of pursue what you think is interesting that was a revelation

to me and that you can even have a career out of it >> that it's just a like
a voyage of discovery that you get to self-direct.

HEEARE—MER, 18, FcHNEREARBRRAEMET4, B,
W, IFSTEEE, RAKERK. EEF. HEiR, B [EKF]E, &%
SN RIEMMIER M HRXMARA, BB, BRFEFTER, &5
HIFEETHRIRNERARNNEEZELRR, MISIERBR THRIEAK
BB, (RAE, MEBEL—&, RAIBRXEEZ. B, MARICERETH
REAE, HARAFERZECEDN, 1B, H(ZIRE B CRIKRAR
Eo SR, AAMMRHHORARTREXE, BEH—MOE, BIE, E, X
HERAZROME. RMEERIFRSEEBNRA—X T EIESHE
WETER, MEREARTREECIRE. >> ME—HIRAMNE S ERNR
)i

75 3E B R

B RFHLAEIER - ASK THE BEST MINDS

EFER THRMFRNEEZR
RRB SUETHRE: HR
HERECED. RIEERAR,
BN ER LS B E M thZE

— TEmRa.

balance the books phr.

2K, (R E T

revelation / reva'lerfn/ n.

LAMAKRIENER: BR
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04 EZEMBEFERWME

11:18 HEHERRSENS: I
>> Yeah. | mean it's part of a community. | mean if you if you only do WREMAL TEEe iz fRE
things that come that you like and no one else cares about then you know BN TRATRERMAFRLR

BH, EHBESHBIETN

no one cites your work no one invites you to give talks and it and yeah at )
(1. BIERS) H17,

some point you'll find trouble you know getting jobs or promotions

whatever. so it is it's both decentralized but there is a community you s e s e Al

know so you go to conferences you partic you find out what other B 2 TRER
mathematicians are doing what they find are interesting and every so

often you see a match like there's a problem that some other

mathematician is struggling with but you happen to know at all that is

exactly what they need or very close to and you start talking and hopefully

you find some way to collaborate or vice versa I'm stuck but because |

heard somebody talk about some related problem | can go to them and
ask for help. and you know we have built up a culture of small
collaborations in

>> M. HER, XUE—THEEN—o. B2, WRMEIWIRE
SEXR. MAAEBBAREFRREA, IRAE, RASIBIRNIE, BAB
REMIRS, 1B, B, 28, BEMHMRESKM, RAE, HIE. ¥
RIRZENSERMOL, 1B, FINERREF O, BRIFE—THE
K, (RAE, (REFAR, 55, RTBEMHERERMT A, BINRF
T2EER, B, BTRRSME—TRER, CMETERERERN—T
BRI, TMIRISFAENETRAEZMMNEEN, SEFEBEE, A
RIRIAATHEE, AfE, REEERIEMNSFENSIN; RIKRB—F: &K
FET, BRABAEAAIETERMEE, HRATUEHAMAA], IE,
EfRfIXE. 1B, ME, {RAE, HNEEEME—TNIESITERX
ft. EEXE/LTHEE, HEZ—HIFETANSE, B, MHEESHE]
AOEREE

J5 3E B R MITFEE - B 16 W
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Centuries past math was a very individual affair. people jealously guarded

people. But over time you know we had journals. We had we began we
began to create this culture that it's okay to collaborate and then
eventually was encouraged to collaborate and that you should share your
work as early as possible. yeah, you get more impact and more influence
if you if you if you actually share even incomplete results than if you only
if you wait too long to only just sort of release your final definitive work.

so you know the trend in math during my lifetime I've seen it open up and
at least we now collaborate in groups of two or three. | think we still lag
behind the other sciences who are beginning to do really large
collaborations 50 100 people the | think the Higs boson | think 5,000
people on the on that paper.

RIGERFRE, AN EHRAIARK, ERENEERS, 18, RAE, &
MNAETHET, BAFRIEEIERIE—MIXL: SEERMN, EREE
EREEIE, B, BXGE, MEMMZRESZMOIE. IE, =0,
MRIRENEMATTRBNERD ZLRK, (RFRFESHTMS, IR
FAX . REMREAERHBRES, B, Fl), RAE, EBX—4%H
HE2NEE, HEICESART, EPHRMNAESH="A—HEHF.
B, BREHNEZFZFRETHMEMZE, ENELTBHEERINENSG

B, A+ A. —BA. RCEFRHREFIRIEXIFEE 5000 ME

=P

=
i
=32
b

[hsE EMFRMERERR, W
16t L RIBFIT S R /RIAER
SZ=RARERENEZSRIR. &
IEETIR B FIEXXIE2015FATLAS
5CMSEx&i1EX, fE&E5L154A,
BRI EE LR,

jealously guarded phr.
FEESTIPRY . RARIMER

scooped /sku:pt/ v.

WL RE (be scooped AR
WARRRE)

definitive /di' finatrv/ adj.

R, ELHR
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So you know there are big science projects in other fields. we're only just
beginning to dip our toe into big mathematics. Yeah. Where we get
hundreds of b-e-éb-l-e"\_/\_/ﬁé_;ﬁ-a-il not know each other to work together. >> so
this is a change that you saw sort of the discipline go through in your
lifetime like it was much more isolated single then it moved into more
collaborative work. Was that a change you welcomed? Were you excited
about that? >> Yeah, very much. and it's something which | didn't
appreciate you know | mean when | grew up reading about mathematics
you know the we have kind of a folk history of sort of the heroes of
mathematics so we have some legendary you know Gaus and Oiler and so
forth and there were always individuals u usually men okay and you know
and sort of the archetype was just some sort of tortured genius like no

one no one knew what they were doing and then suddenly they shock all
the world with their amazing discoveries and

FRLMRALE, EBSSAARNSIE, 18, B RAIFHARK AL
¥, 2, MBI LEPTRTEHTMROA—RIIE. 18 >> Fbx
RIMEES—EREIX P PREHN—FHTM: UTENL. 8170
S, BREE T ESMIME, XN EARIRLMNIG? (RXLEEIE
B2 >> 269, FEWD, 1B, MEXLLSBUTMSEHRTIN. REW,
1B, WORRMEHEGE, (RAE, 1, BIVE—EXTRPRIEN
REE, RIVE—LEEAN, B, (A8, B, RISE, MASE
—A, BEREY, FE, 8, 5, 08, PHRERLEHNES
IR : SRAFVEMAVERT4, RERAZE, RIBRANED
BRTEMER, FUKAE, 1B, 26, BHN

75 3E B R

FREE) (big math) 2R
TR EEER S EMIE
FRRIE ) B, iEEE MR
TRAYAERRRR, FIEHEE
EMEME LIDEETEME
.,

dip our toe into phr.
M=, 1wk

archetype /' a:rkitaip/ n.
[REY, HBFR

tortured genius phr.
BRIMENRT (XIEZIRHZ
x)
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And so this was | guess yeah so | was so sort of steeped in the history of
what you might call the romantic era of mathematics where there was sort
of individual heroes sort of exploring new worlds but math is a much more
mature subject now where often we work in quite mature fields where
there's a lot of literature it's not about people individually creating genius
ideas out of out of nothing but you know understanding what other people
did and putting them together in a way and work and finding ways to
connect math to the other sciences and even the humanities or industry or
to things that the public care about.

RARMSEEIRAIUMZ AMF TRIEEXRCNHEE, BRIERETA
RIEERZFNHER, 18, BHEMER—TIRRESHERT, 18, )
EESEEIRRNNEETE, BEEAENH, 1B, EFBEED

RZQNEHRTRE, MEMAE, ERIABITA, EENUEM
HRHE—E, RE, B, FELRIDNECHENEMME, EEAXZE
B SEFTUSR . SEARKONEFERER.

14:46
>> And so your collaborations aren't always just with mathematicians.
They can be with people from other disciplines. >> Yeah. Yeah. So this the
MRI research | mentioned. Yeah. So that was with a statistician and
electrical engineer. So still mostly scientists. so the crowdsource projects |
run now you which have about the size 20 to 50 people. | actually I've not
met most of the participants. some are ma professional mathematicians,
some are students, some are from adjacent areas like computer science.
some | think were students of mathematics. They enjoyed mathematics
but then they went to industry like maybe work for a tech company or
something but they still wanted to contribute to math as a hobby. and they
have the background.

>> FIMRNEFE A B R RIRHFER, A URREMFNA, >> 2
B, B, MEENRIN MR AR, 0, BER—ISITERN—(L
BSIRIMSERN. FRLAE, TEAZENZER. B, ETHIEMAIR
BB, MEAEE 20 5 50 A, B, HIKFHSE5EHRKHEAT.
id, ALERRWEER, FEEFE, BLEREMEMBI, LTENH
Fo B, HEFLEABIZZHFN, MNSRHE, BEKRET
5, LEAERHRAS) EYEZ 2R, BT RRIEN LA MTTRA = A —Fh
WRZLF. B, MEMIIEHRITER.

75 3E B R
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DRIEEXHA BTARER

E (B, RARIBXT) 5
HRMSER: MSHNRKES
REERAAGRALIE. EiZ
HhZR 5, miEE=el

{--3
=,

steeped in phr.

MRT. RZ...EME

REMES5EEG: BRI
R, FE. ITENBZERBM
BE, MREAFREEHRES
WREFRIRIE AP E—
R SR AT BT
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15:25

And we've had contributions you know. So the projects we have
sometimes they have some say visualization component. So we're not just
creating some mathematical data but we want some nice way to visualize
it. and we've had people offer with background in like you know user
interfaces or graphics design sort of help with that. so you know when you
when you open up a project make it crowdsourced and you it's very
multifaceted. there are new types of people who can come in and
contribute. You know they may not know the technical side of the project
but they can help with many of the other aspects. | don't know if you've
called math a process of discovery or creation, but you had a particular
breakthrough around prime numbers. Could you tell us a little bit about
what that breakthrough was? Of course, in layman's terms, >> right? yes.

So, maybe that's my best known result is something called the green
towel theorem, which | guess |

18, B IhASCIREI S —L5m, RAE, 18, HNNDBEARRS

e, AJRREAMENERD . MERNAREFE—LHRFHE, &
BREMFNANEETMMER. B, TEME —LEAFPREIETF
EIRTEREA R ICHMXLE, 18, FRUARIE, SRE—TIETT
L. MARE, EMZFIFESEH. B, MEMEENARARM
Tk, fRANE, MIRIEERNEMBRARE, BIE, fiIEEHEMRS
HEHE LT, BANERSIEHFERA—TRINERELZEIEMNTE,

ARERBHLEAL —THaIRRN., SEMMIHHIR T RIRZE T AN?

SR, BIMTRETIERIEM. >> 17152 0B, A, 18, thiFHREBRAM
REFMBNEM—IEEE, HEHK

75 3E B R
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RENZEHME: TEFEAIMN
ft. RERITHIEHFREE, it
PNERARRODIABEESTBA—
FREI T REESSHFHA
Bl MEK.

layman's terms phr.
JMTEEIERYIE (in layman's
terms FIBAEHIIEIR)

multifaceted / malti'feesitid/

adj.
ZHEN. ST
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Proved with Ben Green in 2004. so, I've always been fascinated with
number theory and prime numbers. And prime numbers are numbers that
are not divisible by any smaller number but except for one. so 2 357
they're one of the oldest objects that we studied. The ancient Greeks
studied them. But there's so much we don't know about the prime
numbers. because when you actually write them out they don't seem to
obey any discernable pattern. Sometimes numbers are close to each

other, sometimes they're far apart.

57 - 18MAE2004FIERAR, 1B, AL, H—EXNEBEHZHREX. ™
BREZERT IS, REEREMENIBERNE. I, FRBA2, 3.

5. 7, EfIRBIMREINELEZENNRLZ—, aREAMARIEAN.
BRFTREEBERSHNAMERNFRA, AASREENRES HEN,

EMMUFARNEREAAIIHRNAE. BRMRBFRILEFRE, BREX
HERRIZ.
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R BRIMINBEME /OB EE
FRE9%ER (2. 3. 5. 7...), &%
FEABFRAR, RU1LESIER
TEBRELFEZD; 2HOHE
WETHE, BEICHRZOME

=,

divisible /di'vizabl/ adj.
FIEERRAY

discernable /di's3:rnabl/ ad.
RAIEEAIRY . PR (FSEHE
discernible)
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There's an unsolved question which is 300 years old called the twin prime
conjecture. So, prime numbers that are distance two apart, like 11 and 13.
:I:ﬁ-e-il_'?e"éé_lled twin primes. We believe that there are there are there's an
unbounded an infinite number of twin primes. that we'll never run out of
thnpr|mes We found millions of them, but will we ever run out? We don't
we don't believe so. but we can't prove it. And that's kind of annoying
despite centuries of progress in number theory. So, we still can't solve
that. | would love to. That's one of my favorite problems. but what Ben
and | were able to show was that we could find within the primes, we can't

find twins, but we can find a different type of pattern called arithmetic

an equal spacing of two. So you can find three or four primes in a row
that are equally spaced. and | think before our theorem, the world record
is like 21 or 22. but

1B, H— N EEMET00FMFRIE, BT ERIRE, R,

RN, LAFIS, ENREATERS, RISETEENE
EHSD. BELR, BRERRMIETREFERAAE. BIELE
KATHERY, BRNATRE—RARE? RANTL. 18, BF
BT T . RAASIEAA, REFCELANMELOHE, B
FE@ATTRNIE. RRBRAT, XERBERNIEZ—, 8,

EATRESERNE, 18, RITNERMHRE—RIEFHEE
2, ERIERIS—HES, UESEH5). 18, RRDEAS0E
#, LER03. 5. 7, EAMEEHR2, FMTEIEEIEE= 1o e
SERSHRM, U5, BEERNOER2E, EREZABE21H27T,
8, {BRIE, {BRMGHERT
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THERBIEA: HE2MREX

(@N11F013) BEFXF %, 4300
FERR, 2013F KT EIEARER
BpEER (70005 MA) £i%7H
HREAHRE, BRBEEBMEKE
R

conjecture /kon'dzektfar/ n.
B (R#FIEBARYELF G RR)

unbounded /an'bawsndid/ adj.

FTFRH. FBREY

arithmetic progression phr.

FEHT
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17:43 BH—FEEIE (2004) HVIERRER
We managed to find an unlimited number of we you could find prime B TESREIE =5 R
progressions that are of any length. and the way we did it was that so we ABRBREME R RHEM,

MIEH M L AR RSFELT
FE—XM TTIC R H.
BOICIEAEZRSZM T S — 4

proof technique which we now call the dichotomy between structure and 5.

didn't know whether the primes were randomly distributed or very
structured had secret patterns that we weren't aware of. but we found a

randomness that either the primes have a lot of structure or they're very
random. But in either case, we could prove that the these arithmetic dichotomy /dar'ka:tomi/ n.

— 4\

progressions existed. and so regardless of whether what the primes did, T ML
they were forced to contain these progressions unless that's how we solve

that problem. And this technique has since been sort of applied to other

problems. And we've been we since know actually the primes are more

randomly distributed than structured. so yeah this particular works sort of

kicked off you know two decades of follow—up work >> and you still find

those regressions

ZHEZT, B, MAURKEEERENRBFELNT. B, BIINHER
R, BAISRNHARERBZRINS T, ERBEEMENBARE
RARMAE. IFEREWE. B, BREAKET —FMERRIS, (M
EMmZN TEMSRIIEN—DE —EARBEBRSEW, BEAE
1EHEEREAL. BILIE2MIPER, Bl IMERAXESZELIIREFEN,

I8, FAATERBRINANG, ENMLAESXLERT—TRIE, X2
BAVERIBTEBEIA N MXTRIGEFREHNBR T HEMBER L, m
B#MNMEEIELIE, REERIRENS T, MAREEWN, 18,

FAIAZERY, XMEARNTETNRRAR T KA TFENEEMR. >> ma
TRDIABEIR BIABLLRTY, RNBAERIIAL]
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18:38 MRFE T LEREERRIEMIE EIIE
That because | know recently they're using computers to find huge prime BR: BEILPRZFEEIIFE (R8T
numbers like 56 milliondigit prime numbers or something like this like RE), METHEMAR (FA

RAGFEMD) . AREULEERIEGIMPS
EZ5HRNITEME, EARAR
#iBA100 5L,

really so you'll even find those progressions at really large scales >> yeah
theoretically yeah | mean >> we don't really give a formula to locate
exactly where they are roughly speaking what we do is that we put all
primes in a big box and we kind of weigh how many progressions there
are, you know? So, so if you have a big box and you don't know what's in
it, but you weigh it and it's heavy, that tells you there's something in it, but
it doesn't know what it is or where in the box this is. so, so we had kind of
this indirect way of detecting what the how many progressions were was
were stuck inside the primes. but | couldn't tell you where they were
exactly, >> right? yeah but yeah but it's part of a of a you know we use
primes so prime number theory used to be this one of the most abstract
areas of

ERTENSIKERNERE, LLNs600AMMNERZEN, BEWIEEIER
A—FMREIFEIFERNORE L HAEHREILLTN? >> 220, HigE
2. BEWR >> HIFFRBAE—TATURBHREMENEME, 1§,
MRS, BAMPEZEMBRBBA—TREFE, REBAIAIE TR
— BEAZDINFELRS, RAEE? R, MREE—TARET,
RAMEBEEREEE T4, BIFE—K, RIWERE, B, BPUSFREES
R, B, BIRFAAENRENA, EAMECEME TR TNMIE. B, Ff
MBATRZ X ERR AR, B, 1B, RMEEEEZDIFE
27, B, BRKESFMIENTEEME. >> 3. 1B, 26, EXEE
fRAE, HMARLY, B, ZYEETEZEERHRFPRHRNITZ
—, I8, 20 LBHE—UHFRGHIEK, EESORBZED
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Mathematics. there was this mathematician of the early 20th century GH
Hardy who even boasted he was a pacifist. He abhored World War I. and

he boasted that he worked in this area called number theory where which

could not possibly have any reward application and you know cannot be
used for any bad purpose. But actually the properties of prime numbers
are instrumental in all our cryptographic algorithms now or not all of them

but most of them. if you want to encrypt data over the internet like say

your credit card number you want to do some secure transaction it's all

your data is shuffled using the properties of prime numbers as it turns out.

and this basically this belief which has been reinforced over many
decades that prime numbers have very good randomizing properties that
there's certain operations you can do prime numbers that make things
that mix things very well and can kind of anonymize all your data. and the

results | do are kind of adding to that

MFENE., REFIRMFRRE, 1B, tiESOREMERX S
gie, mEPBneARrIREREAEMRAA, RAE, thARERATETH
SHRIEM, BEfrE, RBEBMERNSERIIMENEBEERHERE
B—AEEE, ERZHHMZE, 1B, URMRBEEEN LMZHIE, T
MRIRRER S, MBHTEMLERS, B, SRMEMAEIEE
HENRARBEOEFCRITELR, 1B, MEEXRL, XTIV +FTM5S
HESE: ZREFEBRFNMEIMLER, 18, MAUNRHMELE
8, KERESRFEERS, B, MMEREMZE LIEMINBEERL.,
18, MEMANXLEERERZEIE

=
i
=32
b
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GH.IERE (—THERNAB)
(1940) FEZRTHIL TERL
B MANERBMERNSE
RSAFLQHRMENER, MLE
BERZ2HRHE— TTRZ
A1 N&ZERHNLE,

pacifist /' pesifist/ n.

MFEXE

abhored /ob'ho:rd/ v.
EE. BIR FEHE
abhorred)

boasted /'bowstid/ v.

SiE. 81

cryptographic / kripto'greefik/
adj.

BRBFHY. hNEERY
instrumental / mstro ' mentl/ adj.
EXEIERN (be

instrumental in)

anonymize /o'na:nomaiz/ V.

EERAL
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Belief. there could be one day a surprising result that primes obey some
secret pattern that we didn't expect to be to be there. and if that happens
suddenly half of cryptography becomes in doubt that maybe some of our
algorithms that we think are secure maybe they have a back door. U so
but we've had a century of work sort of showing the opposrfethat the
primes don't seem to have any such pattern. So far | think is the current
cryptographic algorithms look pretty secure at least until quantum
computers come along but that's another story >> and that's another
story the I'd love to talk a little bit about what you know what is that
process is math and like solving proofs or you know is it a process of
discovery or is it a process of creation? It's both. there's definitely
patterns out there waiting to be discovered. but the process of finding
them is very human. and often you have to dig into human literature, see

what other people have

BMER. B, BRIFE—RFLIM-—TLABINNER, RPRLERE
MBS ERMAE. 1B, WRBEFNIE, RALZE—FEIED
FME LE)ST—OFBINUANRENELETE, EXEFEREI.
e, EEMNELE—THLHNMRTIFEIRBERN—E, BEIREMNFH
AFEXEFNHE. FRUANE, BIBRNEBIANIANEREBEEER
#ELRE, EPESEFTENERZAIZRE, EERMES—T1ER
T > BEAS—MERT . B, HREH—H, (RF0E, BIIEZRMT4
HI—8E. BRAILER, RAE, eR— T ARINERE, &=218, —1
BEREE? MEHLE. 1B, BITE—LENEERESTERLM. B, B
SHEMNNERIFEALN, 1B, MEREEFEMALNXER, EEL
Bil

75 3E B R

KRS : MABEZELE
FEMTRME X—2KE
aE, —BiEE, FHNEE
ERIREFEE ). EFiTEN
(ShorEEFIIEARERSA) BB —
MR .

back door phr.
(RERGHN) BT, BHE
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21:36 SIEEBEEEHFERECEZA:
Worked on the problem. You got to you try things. you give things names BR¥FE ENTEERS
and you try to systematically you try to f shape some narrative about you MEEX1. BFRE [ESTU

. N TR
know so we often anthropomorphize you know. So maybe there's some REDL WP T, MIENE

I P ImEESNR B RAVE IR
equation you want to solve. You know, x plus y equals z. and to an

RAKAEIES,
untrained expert, you know, these are just symbols, but you know, you t
say, "Oh, this is this is the good term. This is the term we want to anthropomorphize / zndraps
dominate order." And this term is the error term. We want to somehow get 'mo:rfaiz/ V.
rid of it or make it small. And we do kind of assign personalities. | mean, WA

it's not such a touchyfey subject mathematics famously, but yeah, but
everyone has their own internal language of how they understand things.
It's there was a quote by | think W de Dwis that he said that when you
understand mathematics you will no longer see numbers and symbols you
will see meanings. so | mean mathematics actually just a language which
is but it's just a very weird looking

MRIZXNEE, (RFIEZHEHE. B, ResmEasr, ARl
ERARMABEEMNNE, (RAE, FALAIE, 18, HMNZXELENBA
ft, {RAE, tEalin, A ITHEMERE, RAE, xinyFTz. 1B, 3
—MRRAINGHNARKR, RERZNS, EBRAE, R M, XE
BTEFILL, ZEHNBILERAESHID.) MX—IEIRED, il
BIDABEERE, SELEE)N, BIBRISVFEMNERTE. K2
W, XEFZHASHERER, HFEEUEZMN, EIEE, 2
N, AIBTAHEECREN—EIESRKERSY. B, B—91E8E
=W - BEZRIRMN, B, thii=REERRHEEN, REZNEAERE
HFNGS, REINEEEX. 1B, MUEER, BFEEIME—ME
=, B, RATIER—MEERRITZEMNES, BERA
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Language but it's designed for precision but it is trying to capture things
that we can say about the real world. you know that when you say x plus y
is z, we're saying that whatever z is representing, it's made up of x and y
in some way. and it's just a very precise way of saying ideas and
communicating them to others. So, what does the workday of a
mathematician look like? well, we teach classes. there's administrative
work. So, this there's the teaching aspect of it. we mentor students and,
we go to we go to conferences. then we work on problems. and
sometimes, yeah, you just sit with pen and paper. You say, "I'm going to
try solving it this way." And you try something and you get stuck, but you
say, "Oh, but why did it get stuck?"

BiEmitey, mEEHEBRBAIEXS M FmEARLESE. )
AE, SffnxinyETzi, BNRRER, FAEZRMT4A, EBZHMyY
MEMG R, 1, XRZ—MIEERRMRAEBR., FCEEE
LANNEN, B, BERNITEBRT2EFR00E? 1B, I8, IE,
MNELR. B, S —LTHRIIE., A, XEFFHRZNED ., &,
1ES2E, &8, B, BNZESMW. 1B, B, REHIIARE
2, 18, Bz, 1B, 289, MHMBLTHREERANZE, MR “HE
BXMAERRE, REMRLT—T, §F7T, BRS%R: %, TN
L= FER? ”
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23:21 A AR A ETR X5 A
Oh, it's because | didn't take into account this phenomenon or there's this ReERENENELE: PR
example that shows that this would never have worked anyway. Ah, so | RROTRRENIL, 2K
need to go around that example. To me, it reminded me of u the problem iﬁf“@g'b’ AR 32
solving process reminds you a little bit of playing computer games as a SRR

child. so | grew up in an era where it was not easy to look up. The internet SRR

barely existed. So if you were stuck on a computer game that you had, AR, S (HER)

maybe a friend of yours who also has the same game could help you. But
usually you were stuck and you just had to try the same puzzle again and
try something different and you get stuck again and it would take months
before you finally crack it. It was very satisfying when you finally find the

correct combination or something. but you experiment. and yeah you try
something it doesn't work you try something else it doesn't work. one nice
thing about math which is different from many other disciplines is

W, RRANBREERIXTIAR, REFRXL2—BIFiRBXFKEAN
MERE. B, FINBESETBIGIF. FBHR, XIS, U2, 3
MR EBRERER RIEIE, 18, TR, 1B, FAIRNIBTE
£, B, EBZNAES. BEN/LFERTFE. MNAR, MRMREED
BGHERERET, BFRTMEER—FERARETIR. BIEEEIR
MEFERIL, RE—EBEMERE—ME, g, HRIANMNE, 18,
RENXFE, JRERLFVTBTETHRE, SMRKKEIERNAS
2RISR, BIRIEHHE. 1B, ERMEAEMER. 18, REFENE
20, MA—MAERT, Bds T, B, HFEE—RRIF, iR
REEMPERA—H,
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24:10 ERNFHENENXRE: 5
That failure is very cheap you know. So like if you are an engineer and B, FATE, BEREWL
you're asked to board a bridge and the bridge collapses you're in trouble. FEAA, BROMERERMW

FENE N —mEERE
HR BT TRy, &

Okay. If you're a surgeon and you're asked to perform heart surgery and
you cut the wrong thing you're in trouble. Okay. But yeah, if you're a

EEUIE,
mathematician and you ask to solve this equation and your solution
doesn't work, you just start over like it there isn't this cost. And this is screw up phr.
something we have to teach our students because our students often in SH . FE

other classes they are told you cannot fail. This is important. It is it if you
screw up you know people will get will suffer. but in math is one of the

few places where it's okay to try stupid things and you fail but you learn
from them and you try again.

B BIERMAKNIERME, RAER, by, MRE, B, 21HIE
M, ARILME—EEN, ERVIST, (RMBERMGMT . FIE, MRRZESH
MEE, AFILRESOEFR, (R, IR, REIETHT, (RMBMET .
FIE, BE, WRMFETHER, ARILFRBXTARE, (RNEETE

A, MEMRIMTT, ™, 1B, REPMAN. XLEHRIIDIHELE
ARERA, ARERMNNFEEINREEEWEM, (RTERK, XR
EE., g, MRMRBE T, RAE, HEARLEE. B, B%F, ®HF
8B, XRDVELTHM, AANSRENNENGZ—, RERKT, EIRM
RERZRA, ARIMREL—X,

J5 3E B R MIRFEIE - B30 |



7 3E bi R B & IFRIKANIZE - ASK THE BEST MINDS

24:55 r%iel IRA 288 MR
It's sort of a safe place to play | guess in that way. Yeah. | mean it seems EREMAINEE, WMEERIR
you know so necessary to go through the process of multiple failures in BASAR BMARIDHOE—F—F
something like theoretical mathematics. is that like the cultural norm ;I;Hjﬁ&%ijﬁﬁ%ﬁﬁﬂ’q%g‘ﬁ;ﬁ

among mathematicians that like yeah you're supposed to continue to
progress the problem banging into as many mistakes as you can until you it clleee el s
find way forward. >> It is the cultural norm behind closed doors. so yeah %21k, TR

when we actually publish our papers and we present them in talks and
things we tend to only present our final the final thing that actually
worked. it's like sort of a highly edited version of the of the process. you
know it's sometimes you see these making of videos where someone did
some trick shot that looks amazing and then say oh there's 100 takes of
things that didn't quite work before that but somehow because of that
they were able to do the thing right eventually and that was the cut they
used [snorts] and so math is a

MEPMEX LR, EER—TAMNLEREZMNHSIE. 28, K2R, &
e, RAE, AIRICHFEIFNTRE, K05 ZRKMAIIFEZ AU
£, B, SERRFRZEN—MIXHEESID? MER, RANIZTEH#
e, #EERAESHER, BRKRRIRHE, >> X 1R
ik, XEXMHES. 1B, FI), B, B8, SHRMBERKRIEX. ETEH
BRTENNNE, BIIEERSWNKLN. BEMRIDNIBITRE, 1B,
XMEEB T IR — TS EEETRRE., 1B, REE, B, BIHRIR
FEIIMBREEMN, BEAMT TEERFENENIRE, AEH,
W, ERZEA—BXGRANERK, ERMEAN, ERNMLIR
KA RER—T, MBMEMMBEIB TR, 1B K] HEEREHR
#, WIEFENL, FNWIZE— M, B, EXE
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Little bit like that and because of that there is kind of we do get imposter

written by you know big got, you know, famous names and they're proving
these amazing theorems and then they're working on their own theorem
and they just keep failing. and they say I'll never be as good as the
authors I'm reading about. But what they often are not aware of is that
those same authors, they also had, you know, lots of mistakes and dead

these collaborative open projects that I've been running | said you know
we solve these problems but we just from the nature we do things openly
on the internet there's a record of all the half steps and back and forth
and this didn't work but this partly works so we'll say that this part of the
argument if we can find something else that can sort of match that then
we can

FEiE, B, B, BRMREMRLESE, tINERLLER, (RAE, KA
). BREMNIEX, AREIULRRXET NENEE, AEMIECERE
CHERE, A—EXK, 1B, e, FoXTArEERIIERRABLENE
ERLRE. EMIFERKEIRIINE, BLRFNESE, MAE, 1R
HRZHEIR. ELRZIEHAE. MNIZKERLERRLR. 1B, 18, Ff
MESEH—EAMBXENERNFRIE, B—TIVNEIFm, 18,
B, RAE, BAIRXLREE, BHA), 1B, MEAHNESELIKM
ERFFHME, FRUAB T TERAILEE T —FHNSER. FkEME., XTF
TEBTEBDAIITANCE, FAAENSR, BIEAX—87, MRIE(]EE
WEIBBTAKRAEA, 18, B, IREXSFLE, 1B, BHAIFEE

75 3E B R
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= R BRI ERREFR

A ERMEX R MEIETEE,
TRERERNVEIRS IR,
NHNER BN EINEIF RS
BREBWAECE, 24EE

r&iEl.

i

imposter syndrome phr.
ERESSML (REESETE
SCAYIE)

dead ends phr.
FEEAE. EBAYER

byproduct /'baipra:dakt/ n.
Bl m. MHER
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Solve the whole thing and this kind of process which is often hidden from
traditional publications was very open. and | definitely had feedback from
students afterwards who were who didn't participate. They just they just
watched these things unfold and they're very grateful to see some
example of what happens behind the curtain. H it must be so what you
just described it are generally | mean | always imagine that when you're
solving these things it's sort of a cumulative process that everything
you've done so far is correct andyoureJust trying to figure out the next
part but >> it's probably not like that is it you probably need to go back

you can like almost fractionalize it and break it up into pieces >> this it's

a tree >> it's not linear >> no it's not linear | mean it is cumulative you are

using some of what you did before some of the things are dead ends or
some are partial.

EREN A, MEMEBEERRLARTRIERERNTRE, B, B3
NI, B, MERERHIVIITZENRD, 1B, EPLERES5
FE. MMNIRRREESE, B, XEFBREA, MMERREEEE—T
BREREMFANZAE., 1, B—E, 1B, FRAMRNIZ RS, —RRi,
BRI, HERBR, SRERILERANNE, IBE2—TRERNIRE,
fREI BRI LB —EIEENH, MRARELEFFET—H2, 8 >>
SERRAHE A ZABEERY, XE? RABIRERERE, RANR/LFIEED
BUMR IRFE—TTRER >> X, XZ2—RM >> ERZLMN >> &,
ERELMEN, BER, EMIZRERN, REBEIRZAIHEN—LER
7, I3, BERARENE, AEFLEEMOHRN.

75 3E B R

B RFHLAEIER - ASK THE BEST MINDS

EHFAMMIERZ LT RRE

72, MYILE: ER—HRN—A=FA
SEEAE. BRI ARNS X, =
RBERED . BT .

cumulative /'kju:mjolertrv/ adj.

SRR, AEAY
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Yeah. Some are partially valuable and you got to keep the part that was
useful and remove the part that wasn't useful. yeah. So it's like a
brainstorming session where yes it's especially fun when you have many
people [snorts] you know that people toss out ideas and yeah often things
they don't solve the problem but some_{i_r_ﬁgs“;/_ou get a sense oh it
somehow nudge things a little bit. It's like maybe you're trying to open a
door and it's stuck. and you know, you try the handle, it doesn't work, and
you try shoving it, and then you try something, and the door like shifts, but
it's still -S-’EL-J-C:|-(:-E)U1I like, but there was movement, and okay, that's, you
know, that's something, and how can | combine that with something else?
| don't know if you ever been to these puzzle rooms. you know, they
become reasonably popular. Those type of problem solving tasks, they
just remind me a lot actually of the mathematical solving process. you get

kind of

28, BEEHMoBMEN, RMSETERNAED, REEiEAER
Mo, 1B, 289, FAAEMG—ZXRNE, 1B, 28, 1[I IRER
Z AR E ST, 08 [K] REE, B, ARMEZIMEE, 21, &
SIHMRXLEEBRA T B, BRMRREZEMRERE, W, B, E, E
SOEZREIHT —RR. MFE, BFERBITA—RE], BEFE
7. B, fREE, MULEF, AT, MAERANKE, ARMRLT K5
89, =T —TF, EBREEFE, ©~F, BWXANF, FIE, 3B, (R
B, BtERMA, BEREAEEMINKRALESER? 18, HARER
BRAEIHRMBE=RAG, B, REE, e IMERRT. BREMERE
5, HIUBREZHKBIMFAKREIRE. K, MMNEHERFEFE—
ERMYNER, 2T
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MREMNIMIE T —T1 B9tEm:
MNERESMEESR, KK
FRPERARTT B ARSI AT EE
FEHHERG O —RX 2R
BIMEFTTE .

toss out phr.

(FEO) it (F8%)

nudge /nad3/ v.
B (R

shoving /' favig/ v.

Bh#. & (shove)
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Subtle clues from trying things and not quite working but something
happened that was that was a good sign. >> It must be really fun to have
collective breakthroughs when you're working on a problem like that. My
son was talking about it because he's studying mathematics at McGill and
he says his favorite there's actually like a study space where pe students
come together and they just somebody will be working on something and
other people will come and help them or they'll do kind of teamwork kind
of and he loves it. He's like that's his favorite place to study, | guess.

RN, (BRETEHIE, B, B2 TFHK, >> XA EE
SHNRK, PB—EFEEEE. B, BILFMREIXT, EAME,
¥, EXTRAFZEHE, iRttRERN—NLEXFTEIZE,
FENZRE—E, MEBAEMRHAKRA, REEMAZIREM,
FEMSIRIBIFEBAELE, A5aIER. MR MEESIREIF S
73, KHRIE.

>> Yeah. No, there's a social part of the brain that gets activated when

you're talking to other people. and it somehow increases your math ability
in weird ways to the extent where so this phenomenon called rubber

engineering term. So sometimes there's a programmer who wants to
program there's a bug in their code and they can't quite see they can't
see how to how to solve it. but what works surprisingly well is you take a
rubber duck. It doesn't have to be a rubber duck but traditionally is a
rubber duck and you explain the problem to them. And just because you're
now verbalizing and socializing so to speak with someone else or

something else it you think about the problem in a different way. And then
usually often halfway through explaining, oh, | see what | did wrong.

>> 2. A, BN KRB —THRXE, ERIRAARIENES
wsE, 1B, MEERUEMRSFENATIRARNEFED, EERT
XMEE—A TR UNEBENZE. 1B >> NEBEHE. >>
Mexd, XEMTENRETIRORNE, BE, —MEFABERER, €
BEET bug, MEEFLKXEARR, 1B, BEE, B—EL
FHER: ME-—REEBF—HIT—EFSEEKE, BEALM
EEEE—AERERHALERT. MENRIAEIEERERT . B
#h T132) T—TF, BRAAREFNNFLAREHRT -8, B, FHEES
—MANEREZEXNEE, REEBHE—FNME, H, HELRME
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NEBEIRERE (R Rk
Z1E) (1999): [EIGKISEITHR
B, EEHEI—FHEHOMAR
MR, REESEHNEBTK
R~ [EIAY N TIRER

rubber ducking phr.
NEBEIRE (BRI 5] R

XI5 B ER)

verbalizing /'v3:rbolaizig/ v.

BASERIAEE (verbalize)
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Yeah. And then the other thing that sort of you do get the feeling that
when you're talking with somebody else who is on your wavelength and
your what you say the other person instantly understands and vice versa.
there is kind of a super intelligence that gets created that you can arrive
at conclusions that neither one of you could arrive at separately. you know
you know there's been a few you know I've had some friends who are so
close that you know we can sometimes complete each other sentences
and in math you can kind of do something similar when you're working on
the same problem and you sort of because math is so precise you know
you can be really in tune and it's a really good feeling of having that

connection.

B, ¥, EEF—HEMZE, RAZZEXMER: SEA—TRIREBES
BIRNARZRE, (RRMIEXNGIIZIMIET, RIERB—1%, 18, AR
METE—i0 T8RS, RMNESL—E5E, 2RNEA—TARM
WIALER, 1B, RAE, BRE/LTARRAEE, BlIENRERL
MR rE, B, EHFEEREMEIRUNE—IRI1EHE—
PEERER, FNBEIFERR, FRMRERADASRIEEE, Bk
REMIFE TR,

30:36

>> |t sounds like you've got a lot of different kinds of project just going
back a bit a lot of different kinds of projects or things that you're solving
for. Is there any particular problem you're solving for right now? Or maybe
there's something that like you're constantly working on in the background
like when like writing a book that somebody doesn't always have time for,
but they're writing in the background. Is there some problem that
fascinates you that you're kind of always working on some level?

>> ITERIRF LB RSAERENE —HMEE R —R—RZAE
RENEEMRERRNEE, IERRBTA53NERZ(REER
"E? NEW, FRBETARMR—EERSMMEEN? MEBATES—
&, FRALELEHE, E-EEERESENRF. BB
WHREE, IHRERMEE E—B#HER?

75 3E B R

MBRERE) FEUIERAINER
BRI B HIARE
FHEM—S BRSNS
—REXOHEARER TE1EE]
ETSER,

wavelength /'wervlen6/ n.
K15 on your wavelength 5

REREHR

in tune phr.

ain. MR-
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>> Yeah. So, | think Richard Feman had this advice. who was a physicist
that you know you should always have this list of like 10 problems in your
head that you want to have solved and then every time you learn some
new idea or trick just so mentally check it against one of your 10 favorite
problems and then just hope one day there'll be a match and then and
then you work it out you review that and everyone gets impressed how did
you ever come up with that you know so this was one of his secrets to |
mean he was kind of a showman actually he liked to impress people with
this you things coming out of nowhere. But this was one of his methods.
So | definitely did subscribe to that kind of philosophy and actually | think |
have done | think nowadaysyeah I mean I'm getting a little bit older. I'm
happy to have the younger generation sort of do the flashy problem

solving things. U | might give them a suggestion or two. But I'm more

>>H, B, RCHEER REFIRXATEN. E, thIUMEER,
fbit, RROXFERFRIGERRE AR 10 MEENEER, MEIREMR
8. REBXREEM 2FRERENRIT, MELEZERIFMR 10 T
EXNEFR TN —E, REMMEE—REN LS, RABR, AEIFRM
EEMbE, REX—HRE, MBASRRT: REKSEABE? (R
E, XEZMHIWIRZ—, BRI, MELRERERN, thEMAX
MIFEETEERNFAEREIA, ERXHLEMATEZ—, PR
RLRINEXMIED, 13, EXREEH, HRESHRMHET. RRFIE
W, 3, BRRBFLEART —R. BRESILFE—AEMILES
WEERLT{E, BAREnAthi]l—<EIN, B, —M%K. B2k, 18, &
IAEERABIZIME [T 1R, IR, Bi1E4

75 3E B R
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#2289 MoMEE, ik
BETIAREOE, SFEIFR
ISR —#%Y, —BILEE™H
LARRBAER, BRI NE
B2 TREUARK HhiEIReER
A,

subscribe to phr.
BE. 5% U=, EF)

flashy /'flefi/ adj.
LB/, HMERIKEY

showman /' fosman/ n.

BRIBENR/ETHERROA
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31:59 FLRIARELNER: MER
Interested now in sort of more meta mathematical things like how can we ReEEEE oz —uf
accelerate the entire process of mathematics but | think what I'm more IEBBFFHEERE, I

HAMPETWESRINFT

interested now is so as a community how can we have better workflows
18 IMEZ=AMNFIEHR

and this like there's a lot of redundancy and inefficiency in the way we do

mathematics nowadays in manywayswe haven't changed very much from o

like the 19th century like we're almost pre—industrial revolution in the Hey, redundancy /i1’ dandansi/ 1.
we do our research. Like it's like when people when they used to make TS, SRS

like a doll or something, they'll be like one person and their apprentice,

you know, just by hand carving and go and sort of making each of the apprentice /o prentis/ n.
pieces. and only after the industrial revolution and automation and mass =k

production, you know, do we have these factories which can produce

hundreds thousands of toy at the same time. So math is still in largely in guildsman /'gildzman/ n.
sort of the craft guildsman era you know of individuals and their T2IE. T8R&E

apprentices maybe groups of two or three

ZREMERR N FNHTE, TEHEE, B, HMEBRMNBNE, Eh—
PHER, BIVEATBREEFNIERE, T8, #ME, BiISRME
FRANERRSTRNER. ARZSE, BAR 19 HLBALEHAREX
ARRZE, B, BMNEARNAX/LFSEBETIWLEw 20, XF&, #
BARIANME— T I BZ KR, ME—TIMEF—T24E, RAE,
MFETREZ, —H—HMEs T, 1B, ReEIlEsas. Bt
AMEEFTZfR, 7RTXEL, gRNEFSEELT A, M
IR, HEERREELMALENRMHFIOTONNK, (RAE, ME—1T
PRI ZERE, HER=TAERNNE—EMITE. 18, EIXH
BEHREBAEN
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People working on projects. but it means that there's a lot of redundancy
like for example basic thing is literature search you know so one of the
first things you do when you try to work on a math problem is that you
look for what has been done before on the problem. and sometimes
there's some relevant work which is great. sometimes there isn't but often
if you don't end up writing a succeeding in writing a paper on the subject
you don't record all the literature review that you did and so if you try
something and you fail the next person who works on the same problem
doesn't know what you did and they would try to do the same searches
maybe search futilely for this literature that doesn't exist and if they knew

find something that would have been useful for the next person but
because of this culture of not disclosing failures, not reporting negative
results which is

TR, 1B, B, —T&REANEFMEXBOER, fAE, |, SR
EFM—TRFREN, BAEHNEBEZ—MEERHXTEBAREA
Wt o, 1B, BRREEHREI—LERXETIE, BRI, B, BRIEREA
2, B, EREUNRMEEREMITRAEL—RIEX, RMASER
HOIBIFRE B GRRICR T, FRBALR, MRIRHEEFEAERNT,
T—MMAERFEABOAFANBIREE 24, 1B, 1M ESMERFE
R, FIREESHERILERANFZFENNE, MANRMENIEZREAR
g, 1B, MRBTALFIES NHEIF2A1 NER, BHTFT—TA
EREMAN, EHTEMARTFRN, FAMREAESRXHA—XHEE
ETEEFEN 2B, EEAt

75 3E B R

THESERA AR (publication
bias) FIEMAMNG: KMHEH
EXBQRICEEAE, BAR
EESRFNESTHE—XZ
b FE RN ZFER.

futilely /' fju:talli/ adv.
ESM. BEDH

disclosed /dis'klowzd/ v.

KEE. N FF (disclose)
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Actually a broader problem than mathematics happens in the other
sciences too. that yeah there's a lot of redundant wasted effort | mean
sometimes it's good to replicate these experiences but we do it too much.
so | think there are somg\-/\-/é-y-/-s“és collectively we can be much more
efficient and make math much more useful actually for the other sciences
by changing our workflows making them a bit more modern. There's so

many tools out there now not just Al but even pre— AAl software and so

on that the process of doing mathematics must be influenced by that right
there is | mean it must in some ways become more efficient >> yeah know

some things are better you know | when | was a grad student it was still
very common to have secretaries type up all your handwritten papers you
know and so you'd write very carefully and then you'd hand the secretary

type come back and there's some typos and you have to correct them and

it's a painful process Yes. and now we have type setting

MEEMEFE—E, B, ¥, MBAEEEN. REENSH, 1B,

HERERENMRESXEZHEESE, BRNMERZT. 1B, MUERS
LA, BIERMEA—TBASKES, B, eI HIIN
TEmRE. ILENERR—L, HENEMNZREEEER. NEFH
AZTH, B, THRA, EEE Al ZENRHGEE, MBENEE—T
FREXEZW, WE? HIEW, E-EERESEERESHT. >>

28, BEBBWIEE T, 1B, A8, BEMRENNE, TRERL
HMUER M BIEMFEINCSETHR, RAE, MMURIFERIEETF

m, AERLHE

75 3E B R

BHOITER . BEIERART (19905
M) BXAZERBITE. ALK
. HERRERM (ZLaTeX) MIE
REHZTERNETZHIA
LT,

replicate /'replikert/ v.

g, BEE (ZRIER)
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Software which is which is very good and which is designed for
mathematics. Actually the thing though is that it's often you have to invest
some time in learning how to program a certain language or run some
technical software. because the community mathematicians is very small
and we don't have a lot of money. we're not a big market for the big
software companies. the tools we have, they're often not the sort of the
slick really user friendly things that you might get on your iPhone or

something.

WHITE, TREER, SLEHT, MEEN, SMEFE0LR, 2
t. 18, TEM, IERNETHRNE, F5EH, MERE hae
BitH, FREFLNEET, BRI LA EEELEARRN
BEHE, NEEAETELERRRME, 18, BABERXOHHR,
MR, RIVTERSH, B, WPLAREATRR, BOFR—A
Hith. FINRNFLHIA,

35:22
And so there is sort of a barrier to entry to use these tools. so a lot of

mathematicians they try to do things by pen and paper just because the
friction of using these tools is so great. but one hope is that Al when used

easier to use. | think a lot of people think of computation as a as a sort of
math basically and that math is the foundation of everything that we're
doing in computing today. >> How do you explain the relationship
between those two things which both go back thousands of years?

EEREBMEERIE . FAFRNERTA, SMRIRE iPhone £RZIRIHR
£, MAMERXETAZRAR. 1B, FINRSHEREERERAE
K, MENAXETENENLZERKRT. B, E—THEE, AR
AT —XEMRARAENHR, RAE—RRILXETERERSSHT
20, BRRSALTEERERLMZE—MPEHE, 1B, MEINNIEER
BMNSRETETEAMHMN— IR, >> XMFRAHEENREILTE
Hl, 1B, (REABRE(ZENXR?

75 3E B R
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HERTEERNEFTEEE:
HEERN BFED, TR
HAEINTE, BT RN
HBRRTRIFA—XE TARE
RIAMNHE X—HZENER,

slick /slik/ adj.
FEERITEEY . AT

FEMNER: TABRXT (X2
MRARRIEIR) AIMILTRAES
1 —— 3 AIRI R IIE LM
AR, 5EX 99%AI%E
MESRISIUERR) 1EIFA,

barrier to entry phr.
NG

friction /'frikfn/ n.

E12; () (ERE9ED. &
:

caveat /'kaviat/ n.

ER. REIFMG. B
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08 HEMEMSLINEEF

35:59 computer R AZRE M8
>> So mathematicians have used computers forever really. | mean you R BEABMTERE, MW
know the abacus is an early computational device 2,000 years old. RN ATRHAERAM. B

""""" SEY = S TR ARE T
computers used to be a profession a human profession. So before Elhf"“ SOFAREZIAE TH
8l K5, MENE,

electronic computers, the ones we have today, we had first of all
mechanical computers which were used in the world wars and then like abacus / @bokas/ 1.
little adding machines that you had to turn with gears and things. and then s
and then there were human computers, people who were just very good at
computation. So we've always had the use of computers. what has

changed in the last 50 years is scale that you they became so fast and so

cheap that you can do massive computations at scale and this has opened

up for example the ability to do experimental mathematics. So science all

sciences have a both a theoretical side and an experimental side. and

usually it's roughly 50/50 in most fields, but math until the last few

decades was kind of 99% theoretical, 1% experimental because

computation was

>> HEREX—EHERITEN. K2R, MAE, BEEME RN
ITERE, B 2000 FHET. B, Tcomputer ((TEE)1 MRIEZ—H
B, —FpAZERIERN,, FTIMERSRKXMEFITENLEIZE, B
BUMITEN, ERRERREFAY, 1B, SHIMNERINEN, 1R
SRERHTANEE. B, AR, RAREEARITER, ME—LIFEE
KITENA. AN —E#HEER &), 1B, % 50 FELZENZ
ME—ENZRULZIR, WER, UAZETIRIEFT AR
8, TiX$TH 7T LA e in e rlgett. FRRRZE B AEIeH—
H, AXRN—E., B, EREASHIEEARNELALT, BHFE
RN +E, TEEALER 99% B, 1%3L8, 18, ERATTERZEM,
A&, MAR, MERAZEMSEME
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So tedious, expensive, and just it was just so much easier to do things by
pen and paper and we became very good at doing things by pen and
paper. But now in this era of big data and extremely fast computers and
now Al powered calculations, we can now do computation that isn't just
brute force. Let's just make a table of 10,000 numbers or whatever. But
let's make a table of 10,000 problems and what techniques solve which
problems. this is something which you needed humans in the past to
painfully tick off one by one. Yes, | can solve this one. No, | can't solve
this one. But now we can get an Al to run through these. We can do new
types of mathematical experiments that were just not feasible before at
the scale that we needed. I've run a project recently where we basically
posed 22 million algebra problems and [snorts] we got various Als, not the
fanciest Als actually, but more sort of what we call good old fashioned Als

to solve almost all of them. And then

BHXRZT, HNEEBIFEEBRARENRS. B2, NEEXTAY
FEABRITEANEN, |, BRIMER Al BEiTE, H(EHNITE
AERZBENIM— FA1KTI—5K 10,000 TEEIR) 2K, T
&, Ffl1%F—3K 10,000 MEBEIEK, AEWE, BEMLRISEERRM
Lo, B, IMFAEIEZZEFEA—T—TREMITIN., B0, bt
X, BT, RTBBEART . BIEBRTAIMIL A EXER—E, Hf)
BT AUABIR AR BT TR R BV E SL00, ERAIF BRI ME L,
i, FEEMI—TIE, HMNEARLELT 2200 A PREEE, [RE
FIRABREMNABTEM Al, EXTZEHKEHEAT, MESZEHAIFMRE
FEIK AL, 18, KEBRERJLFMAAEREE. AEFT 100 THEE X,
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RPEHT HFERIIZ9%E
B, 1%X (EthERARR
), BATERZAED. AM
RITEILSCIOE AN ATRE: M
=N EEERTI— 3 ME)RE
MR AP LE R TS BEAR TP LE ()T

brute force phr.

BN (FERX. FHEIGNHE
=)

tick off phr.
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37:59

There was a hard core of 100 left that the humans ended up finishing off.
and that Was_:'a"\}é_fy;_h_i_ce collaborative project. yeah. So we'vé_é_IWé\_/_s"Js:éd
computation but the scale is so different now that we it's enabled new
ways to do mathematics that were just not feasible before >> and so |
guess what are the implications of that of like mathematics at scale. It's
interesting that the example you just used which was an experiment was
the purpose of it just to see if it could be done or was there something

else? Okay.

REHARKE., B, B2 TIFEFONMEDE. 18, X, ANIE, i)
—E#ERITE, BIENERT—HT, UETEEET URIMRARA
TR ERIFI A, >> BRBARIE), XBIREMANE? K2R TANE
HEZ ) BERET4A. RERBNZMNZAXTEF, B8R
WENRREEEXFRETEMN, TRRSEFNEN? 1.

=

2200 5L #RIB)HEFE 2024 F & 2
BYEquational Theories

Project: I&iF£92200 5 MEERIE
ZHENESXR, TEEB
FIRIERZRSE TZIRAL ST,
REHI00MEELHAZLKE,

hard core phr.
REEIZOEBS (LAMERIT

HYERIERYT100RT)

finishing off phr.
SRR fRIREE
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38:33

>> It was it was a pilot project. | mean there's there is some mathematical
value to it but it wé_s:_él_éé_ié]_ﬁéa to make it as easy as possible to
collaborate. It was a fairly elementary type of math problem but not so
elementary that you could just plug it into a computer and solve it. you did
need some human assistance. Yeah. So it was a pilot project but very
instructive and | hope to replicate this these sort of things in the future.
yeah so | it means that we will start having large big math in the way we
have big science projects in which are again mostly experimental projects
in other disciplines. | mean so | already you know | code a little bit but I'm
not a professional coder. but already like using an Al to plot a simple
function you know solve a simple equation | can just ask it in natural
language and it's gotten to the point where it's actually fairly reliable. | can
and | have to go back and forth and check that it's it's

>> PR MARIE, B, EWMIE—ENHENE, EENRITYR
ERMAEUNMERTE S . ER—RBINFNHREE, BXBNF
ARFIUNERIEEEHITENMBLR. 18, RATHFE—LANDE,

N, IANERMARIE, BRIEEFERE, HAEERELXELER
BHILR. 18, X, ANXERERNET 8 LIANROERE, 18, ™
BEMNEAEMANEEANZTMBE—1F, 1B, PERFEASZE LTI
B, ®2R, WEXELR, FAE, HESE—RAKE, EXRAZEEW
RERG, 1B, MIMECKEHD, tbwiE, B Al BE— SR

B, REE, 1B, REBRE —TEBENALE, HIMERBERESNHE,

MEEAE THEHIATENRE., K, MERERSREIRE, KEE

I]I )

75 3E B R

WRIENIRITEE: MEMNE
HOR, WIE TAHUENMER SR

171 7T REN—EBZE 7
FETEANEER, RILAS
MesHERE,

pilot project phr.
LRI

MERRER - 8B 45 |



7 3E $L K

30:31

It's doing things correctly. But | can now do things that | would not have
bothered doing in the past because it was too timeconuming. so it is
beginning to yeah, it's like having a semicompetent assistant, personal
assistant that can do lots of menial tasks for you. but it still sometimes

to this assistance yet, but we're learning how to, incorporate unreliable
but powerful tools in our into our workflow. It's not my understanding is
it's not in a place | mean it's great at coding.

ISR, EHRIAERM—LEUIRAMSHNEE, EABRENE
T, BB, FRUAETA, N, MEREE T —TFEENEF. TAABE, &
BIMRZAE, B, EEBARMEREZRSLTE, AMRETEEEREER
NS EhERLAX M EIF ., TEIE, B, BIIEEZEIEAR, EXMAR
AIREBRANTARMARKNNIFERE. XIT2—R, HEREEE
REBTEE, B2, EERBRAE,

09 Al BRHCHIER TER

40:07

Absolutely. It's that's a that's an area that it seems to be incredibly
proficient at. Yes. but it's not actually effective that effective at doing
-r-e-é-ll_;/-;a-(-j-v-anced math. >> Not autonomously. >> right. >> Yeah. So, if
there's a complex math task and there's an expert that can break it up
into lots of little bite—sized pieces and it then you ask the Al to do one

little piece and then you find some way to check the output and then you
ask another piece. Okay, it's beginning to become useful there. So, it's

you still have to pay attention but the net time taken to achieve a task can

be reduced. So if a complex task would have taken 3 hours for you to do
by hand, with a computer, you still need to go back and forth. You can't
just press a button and make it and solve it.

BWEN., BRE—TEMFREE RGN, 269, 1B, EEEELESR
N FE EESHSBERLBR. > BEEMEZRT. 1B >> X, >>
28, PR, MRE-—NERNAMFAES, MEETEREECHFAR
ZMR, REIREA ZEESP—IMR, REGRBRNVEEERL, RER
BILEM TR, B, BEFEMARE[/ERT . MNUE, (REZSH
&, B, EXfl—TESAENEREZR RN, FINMR— T2
ESERERFIM 3 VNN, 1B, BitENENE, RIHAFHKLEFE,
RRE—RIRHMICERREE.
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FEFRERBNF ) EFEIS HRIAIN
TEAL: BEIREZNE. TEIAATH
SHNEZGEAT, BERHHE,
NEEEERRMIANS B —a0f
£ TRIREERANIE) fA
TAERZ IR,

menial /'mimisl/ adj.
Wi AT, ToEEHIRE
(menial tasks Z4E)

offload / o:f'lowd/ v.
HTF. #iR (3B, IE)

proficient /pra'fifnt/ adj.
TEBRY . FAZRAY

bite—sized /'bartsaizd/ adj.
—OXN; (18) 5 TR
IR
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40:51

But maybe it just takes one hour now. so there's an acceleration, but it
isn't yet a sea change of you know, now we can just press a button, you
know, have a coffee and come back and the problem is solved. | think we
have to reorganize our workflows a little bit. So the traditional way to
solve a math problem is to is to sort of do this long chain of logical steps
from get from hypothesis to conclusion you know maybe 100 steps and if
any one of them is wrong the whole the chain of logic falls apart. So and
this was kind of our standard way of writing proofs and it kind of works if
you're humans and you and you can keep the entire proof in your head.
but if you try to use Al to do some of these steps then even if the Al is
like 99% reliable but you know it screws up 1% you know the whole proof
can fall apart. so but there could be other ways to run a project in such a

way that failure rates are more acceptable. >> like instead of just focusing

on one

BIAERTFRE—NET . 1B, MAZEINEN, EBERA EEHHER
BHAVEM, 1B, (RAE, MBWARMNAERMEH, RAE, KBEH%
DIME, ESREREFERT . 18, BREHNSELEREMMERASR—
T, RANBHFENSIE, H—KSEEHE MRIR—BEDS
e, fRAE, thiF 100 &, MEREA—FE T, BREEBRMET,

I8, PAAX—EERNSIERNNELT, MANE, MRIRZEAZX, mMHE
REEEEMIARAERTE, XENEERAZZHR. B, BER, MR
RA8F Al RIEAR LSRR, IBABME Al B 99% RIRISEM, (BRAT

B, BER 1% NIHESEHE, RAE, BMERMAIgEEE. 8, X,

BHRAEEHNARAR—ITIE, ILRNERE[EAILIRE, B>> Lt
e, 1B, SHRITE-NEAEEE, RAE, AEH—it 100 &

75 3E B R

SR E: ERIRAEESE
EhE, —SHEEEME, FIoo%
FIERAUARI A, XERTH
AARBHF FEEFIRIT TE
w, MAEEERERA.

sea change phr.

PMRBHEN. RAMET
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41:52

Problem and trying to solve it, you know, have a have a cohort of a 100
problems that you'd like solved and apply these Als and the Al would try
their best on each on each of these problems and maybe they only solve
20% of the problems. but that's 20 problems solved, you know, and the Al

sort of clear away all they can and then there's some residual hardcore

where Al could be helpful like a collaborator?

REEREYEE, BXLE Al LR, Al ZES—T. B—TXEFENE=E
ERNEMIXLEE, AJEEENRBRT EF 20%, 1B, BItEMRT
20 Ma)@d, {RENERY, MEA ZARZEENEFENERFTRET, AE
PR LSRRG REE, (RMIEXLERAALEZLE, >> AR
BIEEE—X Al B E— 1S 1EEBHFF LIT?

42:21

>> Yeah. No, it's already happening. >> Yeah. >> The mathematicians who
are working on an open problem, they talk to an Al, the Al supplies some
ideas. right now what happens is that over half the ideas they supply are
rubbish or [laughter and gasps] either something that they already thought
_df_c_)_l;_t_ﬁey know won't work or are just completely irrelevant. but there's
this minority, you know, 20% of the time they will come up with a new
observation that the expert either didn't think of or they did know about
but it didn't come to their head right away. and they just need to see that

idea. they say, "Okay, let's push that idea further."

>> 8, 1, XEXERET ., > 2., >> IPEER T ARBEEBAINE
xR, 1M Al RR, Al RE-LERE, 1B, BRIRVIERAE, ES
REE —F U LRI, [REMRNAEIZEAZRMIELEEIEH, EA
EENETAEN, BEAMBTEMMEXE, 1B, EREBA—/ER
72, K 20% ISR, ERRE—THAONE, ERUEREAREE
89, BEAHSINBE—MBERN, 1B, NIEFEEIITEE.
i, =g “F, WONEXTEEBERIHE—#.”

=
i
=32
b
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FEALERAR: MNBEREE

BUOMI00B AL EALIE, AlERRS D
fEZh (MERBE20%), HRIE
BB T Ra NE—IEAIRY

RATSEMEEM NS,

cohort /'kowho:rt/ n.

—#t. —4A (FEMRAAL)

residual /r1'zidzuol/ adj.

BRI, BT

escalate /'eskolert/ v.
R, AL (DBRLEESEL
)

SHAIHEIKFERIEREMN: BT
—¥HEINELNR (B8EH.
TTER. AEXE), £920%89
1EREERHE RIFE RN —IR
RERAMEBE—MEE T IR
i, mIFEREE,

rubbish /'rabif/ n.

ks RMMERNARE (ERO

)
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42:59

Okay. and then they need to go back and forth a conversation. Okay, so |
don't like this part of your argument, but let's try to make this part u more
precise and so you have to work with it because it's it produces so much
rubbish >> still that if you don't if you're not already an expert in the
subject, it will more likely lead you astray than get you closer to the goal.
But there are isolated exa}f\-bié_s"ﬁa\-/\;_\}\;l-ﬁ_ére there have been experts who
have seen their accelerated the process of cycling through the bad ideas
before finding the combination of good ideas that actually moves you
forward.

9%, ARRMNMSERKLEXTE, LR, RISIERX—E2HAKIAGE,
BEALIEEX—MoRSERH—L, 1B, FANMRRRE—ETE, A
AEFERIEIRIERZ T >> METUNRBRGAZXNTHNER,
EEAREMRTER, MARILHRERIIBR, BRNEELE L1565
F, BELTRWIED T EMR T R RIENTE, MMERKEIFRL
BIFREERNRAT RV AR A S .

43:34

So it is happening already. You can get a long way just by mining what
other mathematicians have already done. But it's just you know it's
100,000 papers out there. it's already too vast for even a human expert to
keep up with. So that will be very useful for a long time. and at some point
maybe they will they will blow us away with something that was not in the
literature and they did so_r_ﬁ(_e_t_ﬁi_r_l_gi_(_:_régtive. It's not the way the current Al
models are not designed that way. yeah, they're trained from data and so
they by their design they have to usually produce things that are similar or
at least combinations of fragments of things they see in existing data
sets. But yeah, | [snorts] mean this is why web search for example was

such a transformative tool. It made the internet suddenly extremely useful.

FIMXHEELAERET . AREEZREMBERELEIN T/, K5
BEESRE, RN, RIE, IMEBETARIEN, BTEEEAREEA
RERBMIBALT . AINE, X—RAERK—ERNEEHZIFETH.

I, FEERTRZIENZRAEMSMERFKBNFRARRIE], Mh
HIERAEMNE., IAZ—HEIN Al BEHAEZBFRITH. 1B, B
8, efIRMEBIERIIZGERS, MNElRERT, BERETFLESE
BEESETAALBMALYN, HEEDPEXERANAFERAS, BiFRE
#, BIBXIZN, XERANTALNNITERZENLEEZENTAR, ©
— T FILEBRNESREERA.
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EZMRE: EFEAFHAREN
R, FEREAEEAERTR
MR Bin——ABBEF B
RN BEHENNERES

Ik

B

lead you astray phr.

ERSIANE. HiR

MENBRATHRIEX, St
EAIALEERNIRERE—AI
fBh TXXERIZHER:) MERK
HAfF7E. PEAHEELLMIZIRIT
REEBACARENRER, 8
MESRARH AR ELANLH

mining /'maniy/ V.

Zi# (EE. ) (mine)

blow us away phr.

LEMNRAER. IR
transformative /trens' fo:rmotrv/

adj.
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44:29

>> you know it's not just enough to have just all the data dumped out
there in a pile. You know having efficient ways to extract the most useful
things. | mean even if it doesn't create any new information just organizing
the information that's already out there is it's an it's a very important step
in research. >> What about the other end of the scale? There's a whole
set of concerns about how Al is actually going to you know reduce and or
the way we use it will actually negatively impact human cognition.

>> 18, {RAE, SCEFMBEIE—IRIEEREZ BN, BEREIATE
RAANRARNENR, BER, BMECRBLIERAMER, NXZEEL
EANEREARENR, XEMRTFEEFEEEEEN—F. > Br—in
AIIERIE? B—AMEM, XT Al RERER, 1B, HIsF—E WA
ERENARNZY AN ERERN,

45:01

>> Yes. you know and our ability they've done some studies where they
just you know they watched somebody and studied them and analyzed the
results of them using it even for a little while and found that the cognitive

do you are you concerned about that and particularly in the field of math?
yes no there are there are real harms and we have to very carefully
distinguish responsible uses of Al with the much larger irresponsible use
cases. So an analogy would be with nutrition. so in the 20th century we
had the green revolution you know so food production skyrocketed food

became cheap and plentiful especially in the west. and so you know
famines were the thing of the past.

>> ZH, I, TBEBAMNEES, MINEE—LHR, MEURETA,
Rtf], DHAENBBRBT —WRILZENER, KRIIAREGEESF
A%, METEHAMATEEIFE, PBIRTLEMID? 1ol 2EHFX
o B, 28, WXFEEINEE, 1B, HMNLFEEENOXS
AREN A ERALNIEEABR SNARRENER DR, JUELEE

7r. 1B, 20 HEHMNZHTHREEH, RIAEN, RETEMNT, BYE
SEEXZE, THEEAS. B, TEINFRMRT I ER,
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BEZREEBUR: BMERRNE
WER, NERAREEER
MEMRIKE—H—W T
RILEEN TRAZERERA
25,

FHEASIBNMRIEERASE
EREINFIAR . AIEEmE KM
(AN2025FEMITXFChatGPTS
ERREEIAR) . MANEEER

X, MERAFMERN MERk
kel

cognitive load phr.
NI TE (DR AIE)

skyrocketed /'skarra:kitid/ v.
BT, JEBK (skyrocket)

famines /' fammz/ n.
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45:50
But as a consequence many people started developing eating disorders

people had to actually consciously watch their diet, do their exercise. now
this is things that in previous centuries you would not have to do. You
know if you were a peasant working in the farm, you didn't have to do go

to the gym or anything because this has happened naturally. but because
food became too plentiful >> you know this is this issue came.

¥, BERE, B, RSAFRLIRERAE. EHMURS ZBXBFHH
B, FRAMBDRFEFSAERIRDIZEIRE .. RIFHREG, 1B, XL
AETEN/ITHLEREAFTEMN, A8, ARREERZTENR
R, MABEERIEMTLAH0, BAXEEAMAMLET . B, EEN
BYMBERTHAT >> 1B, RAE, XTEEMET .

46:22

Now this doesn't mean that the green revolution is a bad thing. We don't
want to go back to >> the era of food scarcity but it means that while you

could create you know could solve the problem of cognitive scarcity. you
know that cognitive tasks which might be difficult for non-experts to do
may become extremely cheap and some you just ask an Al to do things
for you. but as with nutrition the downside is that you have cognitive
disorders now you know and you have to watch your mental diet and you
do have to you have to maintain mental exercise >> which you didn't need
to in the past because you would naturally problem solve your way
through life. | mean even before Al you could you know there are already
people you know who have maybe had too privileged and upbringing who
cannot problems solve their way through certain real life situations. and Al
will exacerbate that trend. |

BHAIEREZEEDZHRE., BNATERER >> BMEZNER,
BEXEFRERBR—TEBNEN, thehETHNRE, EKERE, 18,
Al FgeR, IR, BRCAANBIR B, RAIE, APLEXIFERKIAIEE
RMESTARAVARIESS, FIRESRTERERN, MREL Al FEIRHEEIIT.
1B, BNEF—, BFERMEREZLIVANKLE, REEIEBECH L
BIME”, MBZLTREGOERE >> MXEIEZTAHTEN, BAIGRE
ERTFERAMAMSERR I —BEIR. 1B, B, BMEE Al LM
ZHl, fRAIE, ELF—EA, AERKHREAMET, METERLEN
TIFRBREEECHRREA. 1B, M A ZMEXMEE, REF L
A, B, RBEA
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SZEEa: 208LRHARILE
AEa (FFFmif. e, &
), EREFEEMT. NRES
X R SE——BREZ B
BHSIRERE, ALXE—RE
2 TERIRM PaMERE.

eating disorders phr.

IRERE ()

obesity /ow'bi:sati/ n.

AER¥ (fE)

peasant /'peznt/ n.

(BERRUHEH) RE

KEERE S AR TARRTR
fF, MIBEE OERE)
CIVER R0 iR R—1>[B) R
SEEHNEE, MARERE
BEZR. XEFRHREEED
B

analogously /o'n&logasli/ adv.

IAZEMAI S0, Kttt

scarcity /'skersati/ n.

iR, BZ

exacerbate /1g'zesorbert/ v.

i) ET e
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Think there will be people who can only solve things if the Al can guide
them. and yeah the moment the power goes out or something they could
be in real trouble. But overall it is a good thing. you know so | think many
of the skills say a mathematician does right now with solving like
calculating various math problems we will not do as often because we will
automate them but there will be some communities of people who still do
them you know | like you know we don't need to lift heavy weights all the
time but there are communities of people who lift weights either
competitively as a sport or as a hobby >> and so you know there are
people who solve Rubik's cubes for fun and do it as fast as possible even
though actually robots can actually solve cubes even faster now faster
than that 1.3 second | saw this >> there's some really impressive robots
you need special it bottleneck it becomes the cube needs to be very

BES | SRR BRRS T 0’ 18, 28, —BEBftary, (]
BERIEMRRO T . (BIF, S EXZEM4FE. 1B, fAE, ERE, B,
FERUAEMBIRS AL, LATESHEER, HNUEREHBARE
AT, BABRMNFECENIEN, BINASHE —LEARREMRXE

E, (RAE, TV, BNAFE—EXEEY), BHIFT AT
%, ANRIRRAE, BNEIEN >> B, MMRME, BBEART
FAITEL, MAZETERAER, RENENSAEZITEEIR, T
1.3 TR, HERE >> BENBABNELFRE, RSHYHIRY,

HIREM T B RS, ERERIEERBEZERN, B, FXEANE
BN, REZHEDEREIMEE
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HESREESHIELL: YRR
ElBEAE (BANSALZRE
RERNY), EAXERHEEN]
HENEF—RERRHE
K, REWEEERN,

bottleneck /'ba:tlnek/ n.

i3, HAER
welloiled / wel o1ld/ adj.
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48:18 MESYMIX S BRINERT
It's quite impressive actually to see these you have a slow motion camera MERERFELREE, BALXE
you can yeah >> so | don't think we will lose | mean individually by default ARUEFHSRAPREE

1, BAISBE TMMERHRS

we may lose certain skills but collectively as a species | think we will keep
XES SRR,

all these skills | mean but they will become more like sports and hobbies.
you know, so you know, you may be able to do math. You know, you may
not need to be good at calculus or something. | mean, you could still do
that as a hobby. Maybe there'll be competitive calculus competitions >> or
whatever. but it's not something that it won't be a barrier to working on
some scientific problem that involves some advanced mathematics. It
sounds like we'll live in a world where, you know, it'll be easy to appear as
cognitively exceptional in some area because everybody else has become
so lazy, but it's your hobby, >> right?

R, B8 >> 18, FIUEBHETNARBNERE—HZRR, MK
&, MNBRTRAATBEREIRREREE, BT, FIANEA]
FERERESHRE TR, IFITENZEGEHNELT. 18, R

B, FBA, 0B, fRAE, RPTEENZEREMENE . (RANE, RPIEERFER
BRMRD AN, HEiR, RNATMEEIZFRE. BIFEEHRA
DRFE >> ZEN, B, EZRZEARERRTENSRSFHENRZE
[ERRER. WERENSEFEIF—THRE: EEMUREFIAK
BENBRZEGRES, ANEMABZEAMT, MRISIFIMNEYT

>> XNE?
49:07 niche /nitf/ adj.
>> Yeah. Which [laughter] has already happened. | mean, you | mean, you IR . HBSEY

can go on the internet and you can see people who are have perfected

some very p_i_c_k_\_e_ skill, you know, jy_g_g_;!i_rj_g or whatever. and that's great. | Juggling /' dsaglmy/ n.

mean | think having intellectual skills as has become a hobby rather than a IR

necessary part of your of your labor is a positive thing. >> Are you at all
worried like for your students right now that they're using tools that could
make them less you know | guess less effective mathematicians or maybe
compromise their future as a mathematician.

>> 2, XXFIEZELRET . BER, MENMEEINTEALER
TAEE/NRBIFRBELE] TIREL, LEARB LR, 1B, XEFH., 2
W, BRSENKERN—TELY, MARRSHRAEFAMIEI—ERD,
EHRIRNE, >> REFERBOMRMENTZE, MIER—LREELL
1315, HERXFPLILBINER, FERMEMNIENBFRED
REMNIE?
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>> It's become important to have conversations with the students saying
that you know you can use these tools. there are good ways to use them
and bad ways. so some instructors are saying yes you can use these tools
but you must disclose that you're using them and show me the prompts.
don't just show me the answers and because actually the prompts are
also instructive. that | mean what we want to see is your thinking process
and how were you stuck? and sometimes u the instructors who say here's
a problem here is chat GPT's answer to it. It's incorrect. critique it. What
is the problem?

>> MAERFPERXLETH/REE, B, ESFMA], REE, RAIUAX
LTH, BREEEFER. B, MUELEIMEIR: AI, {RAIAAXLE
TR, BMROFFRIRAT, HEERTEGLERE. B, IRGREE
X, RAXEMLE, B, XERRERSGEREE RS, 1B, HMNEBEI
SMNEEERE, URMFEEMERET. 1B, ©&F, FRREZMRR: X
BHEM, X2 ChatGPT HLENER, EREN. BHHE, HELE
mBJL?

50:17

>> Of course, some people would then use another Al tool to critique it,
but | think we do need to acknowledge that these tools exist and in the
short term we can do some measures to like you know so inerson
examinations are making a comeback. So during co we moved a lot of
examinations work. but >> because of Al we are unfortunately reinstating

classroom >> as that's a short—term measure | think before we figure out
better ways to examine our students that acknowledge that Al is a
powerful Al is a reality.

>> 4R, BEAESNEAZ—T A TEEMXMEH, B2, 18,
RSHNHIFEANXLETBNTFE, BEIRI]R DRI —LE1EHE,
tean, fREE, ZTEEER)T, RIFHERIERSZ MBI TS
L. 1B, B> AR A, BIRSAERSA—LEZSDE RQIEEINTTH
5, LCUEHZEEZHD >> XRAZ—EBER, BIANER(NTBLE
TR, AN Al B—HRANE. BRMSEINEZANZE, REEFTX
¥,
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HEZEEMNEARNI: RIFHRA
BadaFigRiE (prompts)
— RIS REREZLTEN
THRME; EANEFERE
ChatGPTHIEIRE R, lZHIZ]
7.

critique /kri'ti:k/ v.

HEFIETAT . I

EAWERENBE, &IFHRAEAEEIL
EREHXIERREIHE, BGIES
X2 TREEMERUTEAR
RENREZIT, KEIFERIA
AR E IR,

reinstating / ri:in'stertm/ v.

mE. EFEA (reinstate)

obsolete / a:bsa'li:t/ adj.

oL SN
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Yeah. So | mean the next generation is going to grow up using these tools
and but we they need to distinguish the correct way to use them from the
bad way. It's just like your food becomes plentiful. There's a there's a
there's a good way to manage your diet and there's a bad way and you
can't just ban food. Okay. That's the wrong approach. Okay. But you have
to encourage good practices and discourage bad ones. >> Yeah. the sort
of social technology that we need to properly adapt to Al doesn't certainly
from a governance perspective doesn't feel like it's coming online fast

universities are kind of at the front line of this and so do you feel like
what | guess do you feel like they're getting it right as they navigate this
space or >> well they are trying it would help if their funding situations
and things if they had a more stable general

2. BEWR, T—RAZEERAXLETAFRK, EIFEDFER
RREMRBRNAE. XMBEENESTE—&, ERRAERFNA,

WEBRNAN, MIRRARE—RTZ. XE, BREROME. 1F, K
NERFNAFROEIE, IFIAME. >> 2R, BATREIEEN Al FRRE
HAFE SRR, EONEEAES, BRELASABIR, EHRIHEE
EET RS BAVEEE B AEIRARR T T, 1B, BXFERMEE
FOERXHBNRAIZL, ANRREE—HERE, RRESMIIERY
X BENEENE? BF >> B, MESH. RMINEFRRRZ
KAVBELFEE, MRBMAMEBRE, BEAFELY, FAIUXZE >>

75 3E B R

rEMrRETERERRRE
B B9SE(R: MAI—ET ZZ2H
®MOE, EsMFRE. HIR
RiE—RIEE THEaMRA)
BETEANPEEMANHIR,

tsunami /tsu: 'na:mi/ n.

B () HRZHAPE

governance /'gavarnans/ N.

. N
RIE. BA

trailing behind phr.
BERE. RAL
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Climate to do these so this is >> yeah so this is a moment where
universities have to step up and reinvent education for the 21st century
and yeah So people are trying to some very heroic efforts and
experiments. yeah, unfortunately we're also fighting also other fires right
now. >> Yeah, there's it's quite an onslaught of change and adaptation

guess, >> towards higher education. How's that impacted you and UCLA?
So | mean the actual funding cuts themselves are bad enough but | think
the worst thing is suddenly there's a loss a big loss of certainty at a time
of great change where things were becoming uncertain anyway | mean
there's lots of knock-on effects so the difference | mean we've had

down but it there was a it was a stable process you know like maybe
Congress would pass a bud a budget

28, FINXE—TARZELFUALFR. J 21 LB APHEIEZ,
id, =89, 1B, AUAMNESE, B—LFEERBNSHAXRN. B, 2
89, AEREZRNAEREEFIREMBIK, >> W, MENZAE
NEDERBSES, >> 1B, NEBENSSFHERIINGE, T8k, AL
R, >> XSHMRF UCLA BHAZIN? HREW, EMINZEREIRASE
RBRE T, BRRESHRENE, MEERAKEREK, MXEKEE—T
EEZHITH, ERKMELEFAHENITR, 1B, HRRARISEDR
Rz, FRIA, 18, EAET—BAAIEEtEHETLFBHRE, RAE, 8
BikE%, ERE2—TRENIRE, tHZESTERBI—hNE, AR
T—E, 17, ETERINEDTIE
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BR: 2026F & 45HA E BUH AR
HIBNIH, NSFEBEFIRIREZ BRFF
RESFIRFRTR, PEsRIESERR
HUmZ5h, THERE RS IRIE R
TREAHE.

onslaught /'a:nslo:t/ n.

‘ERRdE. IEE

hostile /'ha:stl/ adj.
A EER

knock-on effects phr.
BESURN, (BRI

fluctuate /'flaktfuert/ v.

B, IR
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And then the next fiscal year you some budget for some kind of

department would get raised by 5% or cut by 5% and but there was time
to prepare it was not abrupt and what's different now is that there seems

administration makes a choice and they want to implement it by tomorrow
that all this funding is cut and we have to scramble suddenly to preserve
projects that need continuous support. We have to find ways to give out
graduate students paychecks and things and we are doing all this
firefighting you know emergency fundraising and so we are not doing as
muchyouknow experimental science or doing things like experimenting
with new ways to use this incorporate Al or whatever because we have to
do all these emergencies and then we can't budget now you know so
normally if you have a three—year grant you can hire somebody for 3 years

to be paid out the grant because you

£8 5% SE T 5%, EBIRENEEES, B, EXEBARA. 18,
DNERRNE, B, UFE2AERE, B, MENERE. RIE, BURE
T—TRE, MBBRHHAT, RIIEXEZXEHRT, BINMEIRAF
TERIELH A REARLE, 1R, FEIFESHTNIE. BIISEMNERARE
RIRZERN, 1B, BAUERHEEERKE, (RAE, ZRFMK, M
BAVRKBEEMAB LS, RAE, LRERTIER, SEXZZIWFRIAINE,
e, 03, £ A BEHEMTLH, BABRMNODTLEMEILEERER, R
FREMNMELLSEMIE T, A8, BEURRE—E=F8N%EE),
RARE—TAT=F, B, BRERRNGIE, EH, Ik,

=
i
=32
b
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B SETERKRE T
2. ANES; WAEBRERRH
AN, REWEBRARNERE
M. REFIESIFTNIMA, 5
127 SRR MERIFIAI TIERR

fiscal year phr.

T EEE

scramble /'skrembl/ v.

BIRfTEN. FICHIELIRN S

abrupt /a'brapt/ adj.
AR, ETILER

mitigation / muti'gerfn/ n.
2R, R (damage

mitigation REEH)

firefighting /' farorfartiy/ n.
ARG () EFRATERIRR
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Know you can you can have an expectation that you know barring some
extremely unusual circumstances the funding will be disper_s:éaj_l_c;fjt we
now we're now not able to do that. we can only budget for within our
fiscal year. and so this stresses out our students because the we used to
be able to guarantee yes | can | can support you for the next two years
because | have funding for this. and now it's | might have funding. | will try
my best, but it may be that you have you have no paycheck next year. and
so that | think has been the most damaging out of all the | mean that's on
top of actually getting the funding cut. so the funding is cut and then is

restored.

fRANE, {RAIAE—1THEA: FRIFRIMREREHNIER, SMIPELER
ZUERTRS RS, 18, EEMNMEMAET ., 1B, HMNREERTEZAM
ME. 1B, XEBMNNZEENRA, Eh, 1B, HMURIERILE: 2
B9, FAIAIFRANRME, AABRERELRE, 1B, MIAEZMT: &K
WIFEZR, BREBEREKRESN, BRARRPEMRKBEIET. 1B,
FAIMESSAEMAERESH, XERARAFEN, BN, XEEHERHE
SEPRRAR 25N, DB, FRAZBREIRT, REXIRET .,

54:39

The confidence has not been restored. and the morale has not been

restored and so that has been very unfortunate. and it will take quite a bit
of course correction to regain that level of predictability and trust. >> And

more about the work that's happening right now that might be
compromised or the long—term implications for the field if some of these
people don't continue in it? Like what do you think? Yeah, >> the long
term is the most serious air.

BEOHREME. 1B, TSHRERE, AINX—RIFEL AR,
13, MEERIANENURE, 7FeEEFMOBIRITRRENEE, >> 3B
SHREK, X—YIHREEMBMINZMHL? ESEXRTHREEERE
MNIfE, ERIARX—RAUEZRIME, HER, MRXLEARPRELER
AR, SNBIETEFARKBEN? (REAE? B, >> KH
7 =R ERNEE,
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RERNOANRKN: dEEQH
REFE TRRMEFELBRR

&, MAERBRVERE. 7
MR ATREIR L5 IHE
MERITERFROBIAR,

barring /'ba:rmy/ prep.
FRIERE. &F (barring some

circumstances)

MR T XME, EfENR
e MEROZERITEMNS
B, FERPURTEER,
BEIA SO R ERSZ NI LE A2 B fR e ™
E,

morale /mo'ral/ n.

5

course correction phr.

AR, BREELE

at stake phr.
FEMKR. BHMTELL—2
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So shortterm we can do emergency things and shift some funds around
and keep existing projects alive. and that's basically what we're doing now
which but it comes at the expense of starting new things especially
experimental thmgsthatarensky so because of all these extra risk that
has been imposed on us we don't take on any risks ourselves unless out

of almost desperation you know like if the if the alternative is closing

down then we will take some big risks.

FRVEEAAREA AT M — LN R AME, #i—HRE, EMENELEST
E. B, XEREMEBHNNEEBNSE, EANMERIEEEIFTHII
B, THERLTIRMN. ERRNITE. 1B, M), ERNXLEHIMY
MBEEEEIEIRANS £, BIIECMABEERAXNRT, FRIFRERT
BT, fRAIERY, EEEli, MRBS—TEEMEXRIIEE TR, REHEA)
MEAE—EES RN,

RBSHESHE . FMERSEINAY AR
EMENN B S XRRITFIEE,
RUEFMATE .. NETFFHAIE
WAE—RIERT TAERM
X1 LIS,

at the expense of phr.

AR M

desperation / despo'rerfn/ n.

ERTTH. E—H
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>> We're also seeing huge number of mathematicians actually going into
the tech companies and supporting their work. The priority there of course
is going to be greater and greater computation not necessarily better and
better math for the sake of theoretical math. What do you know are you
concerned about that? What do you see as the implications of you know
the tech sector basically attracting so much talent >> on the plus side?
It's like | mean math is this is math moment to be actually be useful for
many immediate issues. So, so Al in particular has this issue of
unreliability, you know, that it can create these superficially convincing
answers to questions, but often they're incorrect. but math is the one
discipline which is somehow which has for centuries been refining how do
you check whether something is really absolutely correct or not. And so
mathematics in particular has sort of this honed the art of actually

verifying various

>> BATEER, B, REMFREIHATRRNE, EXFINT
. BBNMARSAZEHIERNES, MA—EZNTEIBHFR
BME RTINS, RN REE, RREOIS? REEER
RITWERERSIERXAZ, B, ATEHERHTAM? >> MNFHN—E
&A? fiRin, BNERRE, HF—NEERRFARRFNNZ], EIE
BRI RZIR TEBERER, N, Al AEFE— TN,
MERENMAHRE LRARKRNINER, BEEEEHN. ~F, &F
EE——12H, JIMELUR—EERTE: MTRRETRAZES
BERVEISIEN, AT, BEEXHEANRITEL T —BERIEEih 6
B2 . MMAREIR—TERFNAS, BAN
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HEFREAINTREREG: Al
WzbERE TREANEESR
#H, MBAFENBERETHIE
MON{aIaeiE4E xS IERfL HOZERY
—HEEF T,

superficially / su:par'fifali/ adv.
KREL. KX

honed /hound/ v.

Bk, #&3# (hone the art of
)
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Statements. And so actually it's a it's a very good combination and I think
this is one of the reasons why many Al companies are actually very
interested in hiring mathematicians and actually given that u academia is
under their funding structures under attack it's actually it's also it's good
to have a diverse set of career choices for junior colleagues and students
| think the lines will blur in the future so with these | already collaborate
with some tech companies and there are researchers there who work very
productively with more traditional academics. with these collaborative
projects we can have all kinds of people contribute including employees at
big tech companies. | think yeah we have to reinvent. Yeah. So you know
we have this ivory tower model where academics only work at academics.
and | think yeahthathas to change. we also being in ivory towers yeah
there was this sort of old school sentiment that you know

XBENTARS Al AEJHIFERHBBBHAERNERZ—., MEZE
SEIFARRENENRBEM T IEREIPE, AMNNFRESZMNEER
W, AESTNRUIEEREIZEHGTE. BRRF/ARIERESREGER
#, FAINBRELREN—LERRASEME, BENHREAZNERERNE
ERFGIFEFESN. BTXESHEDR, SMEFNARLIMNS5R
MEEARNKRATNAT., I3, RREEN, RMNLIAEMBXHEE,
R, FTDMRAIE, HNBEXMERFERN, FEREFARIE, 18,
HREX—RIATAE, 1B, BEEARTESR, B, UaE—ME
R, MR, 18, RIINZEER

75 3E B R

PEXS AT INRAVSE B AT R
FE: FRE/IWEHZIR, 2
FTIRNERNFRAZRESE: b
FRIT 2R 5 WL FRAYFT LGSR,
HoEBaESHRAEATE.

ivory tower phr.
KFE (BT FARIME)
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You know, the successful students and stay in academia and the
unsuccessful ones, they go out to, you know, be teachers or Wall Street or
whatever. And that's a very old—fashioned attitude. | think yeah, it's good
to have a diverse set of careers and people with different life experiences
can contribute to these projects in different ways. So, I'm hoping to see
lots of healthy collaborations. You know, there are some cultural
differences as you say. you know, there's a lot more emphasis on short-
term applications. sometimes there are some fights of academics want to
release all the data that you made. Sometimes the companies want to
keep some of them proprietary. so there are some teething issues with
getting the coIIabora_\;cf(_J_rznurfé_H{-but there's definitely a lot of scope for
positive collaboration | think. Yeah, it's good to have actually particularly

in this moment of funding uncertainty to have | guess industry
collaborators that are

BARZPAR, MARNBLHLESZM, HEXZEREZERN, X2
—HIEEEE, B, SE. BiARN, B, 28, RIERSTHEHE
Z, HETRAERBRIABEURER VXL E ML SRR, AT
REIFSEIIRZSRIUREIE, (RAE, EWIRATR, WESEE—EXMHE
5o fRA0E, (L5F) MERNANENESRFS. B, ARz &%
0, FERERTTRAMNMEAREHRE, MASERBIEEF—82
REANTEN. B, FINEESFERINXHEL, MXFE—LESHN
B, 1B, ERRF, WIFERAN, B, EESFNZE, 2N, L
HEAHRZBEAHENXTEZ, B —LEr RS FAFRESTET
F, {13 XLED
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TEINEBE AR KIMAELE
IRET ARABBREAFMR I ILE.
FEEENIXERR: FEE
NTTEEEIE, AEFREBLEE
Bo—FmE TESHARRE,

proprietary /pro'praioteri/ adj.

AN, EN (RYIAFF
#9)

teething issues phr.

YEAESEE (AXAHB)LKS
HIAE)
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Interested in sort of >> yeah in some ways have aligned interests at the
very least. Do you think you'd find any because you know there are these
although they do tend to be very private in particular the social media
companies that have like big audiences do you think there's hope for
some sort of a civic collaboration in partnership with one of those

remember one there was a very cool presentation by a computer scientist
gave a talk about the collaboration with | think Facebook and Facebook
gave him access to the graph of who friends who in the >> and what
they're able to predict.

BN, MEiE—2a, EMEEL, EOVANAEE—H. R
BIRSLEBFH—ERMREE, FXLE, RRAENFEIEEEH, 18,

LHEMREAAE], 18, EHEERNAFB#EA—RRESEREN
IPERNIBUEMLAREANSESKEXRIZ? >> HE2HR, B, B
MNEHRREMI]. 12, FME, B, 1B, K/ER, B, E—1NIE
RS, BR—AOTENBZER, 1B, MO—1EH, B, #HNEM, &
2 Facebook BIETE, Facebook 457 fikia)ER N EIHIANER, FEif
MER TR XZRE, TR, B—> MURAIIREFNH 4,

N

ch

\|

75 3E B R

civic /'stvik/ adj.
PR, AHESEEN

research arms phr.

R (arm BN Z)
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So they were able to predict given someone in the graph and just knowing FHR: (XEFacebookiF &M
who they know and who their friends are, who their friends are on LB P]4950-60% RN

e TN TR BIEEH

Facebook, they can predict who their partner is. because the partner is
FEEVRIF—MEBENE

usually someone who has a fairly distinct friend group than the than the

SBHERNEER.
than the original person, but it's still but has a has a strong connection.
and so like it had like a 50 60% success rate in predicting the part just spooky /'spuki/ adj.
from know just from the network and but then the most interesting thing BAN. SAREN

was the there were a couple cases where they incorrectly predicted the
partner based on the network but then they checked back six months later
and sometimes the relationship status changed [laughter] and That's
amazing. It's a little spooky, but Oh, that's crazy.

A, fhAIBEGSME: L[EBPNEDTA, REAEMINRME, 18, &
fth7E Facebook J:E’Jﬁﬁlinzl’& it AR R W, MAIRBETN L=
fEE. 17, RAFEEEERHE—TA: HBEREFSBTIALXSH
BFEIAE, |, 0, ‘—5335/\1?2!&?\])\7\ , B, e, BEERRE
AOEE, 18, FIAEAME 50%. 60% M, 18, RRINFE(UIRIERLZEX
ZRTUNHERVERR, EERRENERBAILTES, MRIMRENLS
RATUNEE T H#1a, BN RAERMBEEZIERERBT ABNRFRE
BENET [KE] XXHF T, RERBA, B2 B, XXRIET.
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>> Yeah. So, | mean, yeah, there they definitely there is some research
involved. | mean, >> so the question is what are we wrong about today?
What fundamental belief do you think we should maybe >> | think one
thing that this whole area of Al is teaching us is what is our idea of what
intelligence is not really accurate, you know. the history of Al has been
here's a task that only humans can do like maybe it is read natural
language or win at chess or solve a math problem [snorts] and one by one
someone finds some Al algorithm that also does that but okay we can now
recognize spaces we can we can now understand speech and but you
look at how it's done and it doesn't feel like intelligence like it's oh it was
some trick you just you just cobble together these neural networks and we

way of thinking and we don't see it in the tools that actually solve our
goals. but maybe

>> 2. A, BN, B, IAEBIE LR, HER, >> B,
Barpi@BE: HMNSREMESFELREN? MREFEHARTMES
FIRENZ >> RS E—RE, BDA SEEERGEIINE: BITNE
RERVIRMRELSCHANEM, I8, AlNE—ERXF: B—ITESRBAZE
BEM, LEAERBEMES. THEM, SER—E8HFEA IFX] AE—1
B, BAREEM A EiAHEEME, (BFIE, HNMEEIRAIER
T, BAIMERERET T, ARIMEBEREAZME, BRI GZE
Bee, B, ®MFR, B, IRETNMEXK, RRAZEXLEHRENEHRE]
—ie, REETIEZE > B —EEIFHEMEMREREN, BEENE
ZHR, BERMNEPEEEBRRTHNEMNIARHREEIE. B,
BHRFXELERNEEATZHNUANBTES. 18, L

75 3E B R

B RFHLAEIER - ASK THE BEST MINDS

TAIIRZ) IR BHHERRG
—In TRAAEREM BES
(F#. RE. EF), AMIFX
Oik MBRRERIT. TEERk.
PSS EREL: TR RE
HITE X AR A ME

elusive /t'lusiv/ adj.

MEMIRIRRY . MM RAY

cobble together phr.
BEEPEMmA
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It's actually because intelligence is not what we think it is. so like large
language models in particular have become very successful and a lot of
what they're doing is just predicting the next token picking the next word
in a sentence. and that doesn't sound like something which is intelligent
like you know if you ask someone to improvise a speech and they don't
have no preparation and at every mor_T_w_e_r-{t_:t_Hé_y-'re just saying the next
word that comes to their mind. It's human conscious dump. you don't think
that this is this could actually work. but it does for LLM and maybe that's
actually a lot of what humans do as well. you know, this response I'm
giving you right now is not rehearsed. | have | didn't think about it that
deeply, but it's you can get_\_/-éﬁ_/_%é-r"jhst by being in the moment and
reacting. it's certainly there not you can't there's some things that actually
do require careful deep thought, but you can do a lot of what seemingly

seem like intelligent

RIESREFASHIALIN, MENMNRSIJBFAILZFNN T—1 token,
HEaFENT—ME, 1B, XTERAMEEHT2BEENRA,
WIRBZLL—TARINOEH, T2 FES, BNSAHMIAZREMN
FEEHRRNT—ME, XMEBARNTRIRAGE. B, FAERERXE
AEETISE. IR, EXNKNESEERRZIMETHEN, MEFALMN
REZJBBHEHILERE, 1B, 1E, RIELRROXTEIZMLEHE
o, BARBERAIAMEY, B, B, MLREEEST. BINE, W
BEESREZ., 1B, SR, FEFFRIFEFANRERE, BIRAIUL
FEAEMTHRSE LAGREENES, B, ABREENZRE

PR
. 1B, BR/XZ

75 3E B R

BORE: LLMRZZFI,
ISR MEERE: EAZREXR
EEFE NEhmPE A T—
™May —MEUE CLZIKREZH
ZAEIZE A, 7R NEEHT
MR BEERIT.

improvise /'improvaiz/ v.

BIM&3E. BIFEEIME

rehearsed /r1'h3:rst/ adj.

HZRE R, SRERITFN

MERRER - 8B 66 T



7 3E $L K

62:12

Tasks almost by instinct or by autopilot. and that's | think one thing that
the age of Al is teaching us thé:c_ﬁ_w_é;/_kié we're not quite as smart as we
think we are sometimes. So do you think it's that we're what we thought
was intelligence or what we mistook from intelligence was wrong or that
maybe the thing that it is doing >> is intelligence and we're actually
surprised by that our own intelligence is maybe that formulaic and that
simple. >> Yeah. and | think it maybe we just embrac_é“i:t;_;/sa_know, that
it's sometimes we think we're clever and we actually just did things, you
know, came over genius idea, but it was actually just something that you
remembered from some half from some buried conversation, you know,
several years ago. That's still intelligence. and it's hard for us to sort of
step back and see what intelligence is as an outsider because it is too

tied emotionally to our sense of identity, right? But now that

Al BREERNN—HE: FRNARE BB U AR, B
ARBS, BEMNUANERE. WERFNNRNNZEENERARE T, &
EWRTFEEEMIXHESE >> MEEE, MEELRHNIZIREZ, i)
HONEREIHMEIATRML. XaEE, >> 2, 18, BREHiF
BMREZEX—RIE, REE, M2, B, BRERBIIBNARIER, H
IHANNRAZRMTESE, R/ECELTTMTRTHNRF, ERELRAZEMN
MILERTERIBEICICRIRIS 1R BICENRA. BINAZERE. 18,
BAVRER LR, U—TRINNMNAEEFTEEIRETA, BREMN
BMNASMAEERRLEAFRET, NE? EREHNB TS —TERE
AURREL, RIDAE
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SN R: FZENERENT
AT TBhER; BN
RRT QLR B ZFRIE
DITERRIBICI— TRt
REGR. ARSMINEEME
MENE L,

formulaic / fo:rmja’lenk/ adj.

ATLH. ERBAY

autopilot /'o:tospailat/ n.
BB 5¥; on autopilot TEIR

#h. A
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63:16 WERFALE: ARIET — AR E
We have this other model of intelligence that we can study a little bit more MR MEEEREL, AKELL
objectively | think we are learning a bit more about ourselves at the same BUEFTAIRE S, SREREH

HERERLAEK, BN

time >> and so maybe we'll have a very different concept of what i
RARFE—& THI1EE

intelligence is. >> Yeah. and you know it can be sort of moment

HE X tBhEZ 3T,
temporarily just disorienting but | think ultimately better. >> So it's the
concept not just_:ch_é_gar_w-éé_bt of intelligence that changes but our disorienting /dis'o:rientm/ ad).
definition of who we are changes too. >> Yeah. But that's not necessarily AL S ER . IEATETEM
a bad thing. Mhm. [snorts] >> All right. Well, thank you. Thank you so A9

much, Terrence. This is wonderful.

EN—RMEMRRE, B, BREHRMNENBESZ TR —LBC >> il
BIFERMNNEENHSRTFEEET—, >> 2, 18, RME, XE—
EBNEETgERILATRRESE, BRESHREEHTE. >> AIMUKE
MNARBEERMER, BITNECEENEXLEZRET . >> 1.
BERXfr—ERNE., BT, [1FX] >> 1719, A4, HHR. JE2 R,
Terrence, XRHISAKET .

63:48 @EERGIE D

>> All right. >> Futurology is a Studio B and Waveland production with
distribution from [music] Realm. Our executive producers are Nicholas
Burguan, Nathan Gardell's, Don Nakagawa, Niels Gilman, [music] and
Jason Hoke. Futurology is produced by Grant Slater, Alex Gardell's,
[music] and Natalia Ramos. Our associate producer is Alyssa Martiny.
Futurologyy's [music] theme music was composed by Marcus Begala. The
show is mixed and mastered by Aaron Bastinelli. Special thanks to
Heather Mason, [music] Olivia Derenzo, Carly Muleori, and Nick Godard.
[music]

>> 389, >> {(Futurology) H Studio B 5 Waveland #I{E, B [& 5]

Realm %17, BT ITHITEAZ Nicholas Burguan, Nathan
Gardell's, Don Nakagawa. Niels Gilman. [& 3] ] Jason Hoke,
{Futurology) HiGrant Slater. Alex Gardell's [& ] #1 Natalia Ramos
#I7E, BEAIRBIHIEAR Alyssa Martiny, {Futurology) 89 [ &] £
& /RHMH Marcus Begala tllfE, AxT1BH Aaron Bastinelli RS 184k
1, 455 Heather Mason, [& %] Olivia Derenzo. Carly Muleori
Nick Godard, [&R]
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F_8ln OB - EREHHRIA

1. as long as | can remember, I've always ...

“Yeah, as long as | can remember, I've always liked math adjacent things.”

TMIESEM—E....: FENKEMNDEERIETRKRE, WISKPET. IR HSFRe0mEFL, Lt since | was
young BEAE],

2. it's not about ... but (about) ...

“It's not about people individually creating genius ideas out of nothing but you know understanding what
other people did”

DEMFEFHIEEN, BTUEERIRE. EMEXSIVAR. BUEHFREILAM R ERBILAESR.

3. If you're ..., you're in trouble. But if you're ..., you just ...

“If you're a mathematician and you ask to solve this equation and your solution doesn't work, you just start
over”

FATRROEEME (TRIMRBERAN, HERKWITER), HENREZOECTIPREERNFEE.

4. either ... or ..., but in either case ...

“Either the primes have a lot of structure or they're very random. But in either case, we could prove that...”

“ABEIRIE: FRYIHMAIILATRE, FRATIEMMESaE—Ee, SrEREINRO TR TERER.

5. What has changed ... is ...
“What has changed in the last 50 years is scale”
wh- PROIEEEEREE, B TEETMHMHEMT 4. tb Scale has changed BER ), ERE4&MFIRT,

6. ... to the extent where ...

“It somehow increases your math ability in weird ways to the extent where so this phenomenon called rubber
ducking”

RTEEZARUMEIMEMER, HATHEM so...that; /53 where/that MEJ5|HBRAERI,

7. while you solve one problem, you create ...

“It means that while you solve one problem you create new responsibilities”

while 5|S1EE 3L BRIR|BE)RMNERHEHRMDE, [HERARTIG, BERRIFAXIERNAETR,

8. it comes at the expense of ...

“That's basically what we're doing now which but it comes at the expense of starting new things”

FRMESE. . A TeNENENSHER, DIEEEEEMMUESNKE, EERFEITINNR.
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9. the moment ..., ...
“The moment the power goes out or something they could be in real trouble”
the moment 5| SEEIMEBEFTF as soon as, & T—B..#...1, Lt if NMOEREERMZER.
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- ASK THE BEST MINDS

& in At BXY H

abacus /" a&bokos/ n. g5 35:59
abhored /ab'ho:rd/ V. M. BIR (FSEHE abhorred) 19:33
abrupt /2'brapt/ ad;. SRR . ETTER 52:53
analogously /2 nzelagosli/ adv. DEMRI AR . Kbt 46:22
anonymize /a'na:nomaiz/ V. FEZ 19:33
anthropomorphize /,&nBropa' mo:rfaiz/ V. WAL 21:36
apprentice /2'prentis/ n. 2 31:59
archetype /' a:rkitarp/ n. [RE, HEEIfIR 13:10
arithmetic progression — phr. HFERY 16:49
at stake — phr. FIEMR. B —2 54:39
at the expense of — phr. DAST4E .. N 55:17
autopilot /'o:towparlat/ n. BZ; on autopilot TEIRM, HiHih 62:12
back door — phr. (ZEZSHM) B, BE 20:27
balance the books — phr. k. {E0K B T8 10:22
barrier to entry — phr. FENTHE 35:22
barring /"ba:rmy/ prep. FRIERAE. T (barring some circumstances) 53:54
behind closed doors — phr. X1k, ATE 24:55
bite-sized /' bartsaizd/ adj. —OKNEY; (18) STFRIRRYIR 40:07
bliss /blis/ n. Y 8:26

blow us away — phr. LEANKRAERE. IR 43:34
boasted /'bowstid/ V. =R, gl 19:33
bottleneck /"ba:tlnek/ n. e IES [P E 47:21
brute force — phr. TN (BFEA. THZIGHHTERR) 37:02
byproduct /'barpra:dakt/ n. B, Miwas 25:55
caveat /' keeviset/ n. 2R, [REIEHE. 88 35:22
civic /'stvik/ adj. rEH., AHEZSEREMN 58:42
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cobble together
cognitive load
cohort
conjecture
course correction
crack it

critique
crowdsourced
cryptographic
cumulative
dead ends
definitive
desperation
dichotomy

dip our toe into
discernable
disclosed
disorienting
divisible

eating disorders
elusive
escalate
exacerbate
famines
finishing off
firefighting
fiscal year
flashy

fluctuate

/' kowho:rt/

/kon"dzektfar/

/krr'ti:k/
/"krawdso:rst/
/ kripto' graefik/

/'kjurmjoalertrv/

/dr' finatrv/
/ despa'rerfn/

/dar'ka:tomi/

/dr's3:rnabl/
/dis 'klowzd/
/d1s'o:rientiy/

/dr'vizobl/

/1" luzstv/
/"eskalert/
/19’ zaesarbert/

/' feminz/

/' farorfartiy/

/' flaefi/

/" flaktfuert/

phr.

phr.

phr.

phr.

adj.
adj.
adj.
phr.

adj.

phr.

adj.

adj.
adj.
phr.

adj.

phr.

phr.

adj.

EEHETA

INFfATE (DEZARIE)
—Htt. —A (FENRFAL)

B (RIERRE R A

AR, BAMEE
WAz B (GfER)

HEFIEITAT . WL

RERY (AIARRAFHEETIRET)

ZIEZH. MNER
ZAREY. A
SEEARE). ERNBAVER
RAHN. ELHER

ERTHE. E—H

MEEA. K

AP, ATREHN (FTHE discernible)
HE. AFF (disclose)

LARKAG A, IEATTHTIEMAY

RE{GES

REKE (E)

SEMIRIRRY . MU RRY

ER. AR (JBRLESELIE)

AR, fEEL
i

TR, RIRE

G (g BT RATERIRR

TR
KB/, IMERBKEY

KD, &R

) B 4F A9 3k A% $2 8]

- ASK THE BEST MINDS

60:14

45:01

41:52

16:49

54:39

23:21

49:40

4:22

19:33

26:50

25:55

12:13

55:17

17:43

13:10

16:20

33:00

63:16

16:20

45:50

60:14

41:52

46:22

45:01

37:59

52:53

52:53

31:01

51:51

B T2
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forefront
formulaic
friction
futilely
giftedness
governance
guildsman
hard core
honed

hostile

human intervention

imposter syndrome

improvisational
improvise

in tune
instructive
instrumental
ivory tower
jealously guarded
juggling

jumbled
knock-on effects
layman's terms
lead you astray
leapfrog

menial

mental arithmetic
mining

mitigation

/" forrfrant/

/ forrmjo’lenk/
/" frikfn/

/" fju:talli/

/' grftidnas/
/'gavornans/

/' gildzmon/

/hownd/

/"ha:stl/

/im pra:va'zerfanl/

/'1mpravaiz/

/m'straktiv/

/,mstra'mentl/

/'dzaglhn/

/'dzambld/

/'li:pfra:g/

/'mi:nial/

/'mainiy/

/ mitr'geyfn/

adj.

adv.

phr.

adj.

phr.

phr.

adj.

phr.

adj.

adj.

phr.

phr.

adj.

phr.
phr.

phr.

adj.

phr.

SBIE (at the forefront of &bTF ... &BIE)

AR BB

) B 4F A9 3k A% $2 8]

%, (@) (£ATMMEN. ~ME

5. BE i

(BN) XK. &N

REMERZOER D (LA HERI T AYRERIT100E)

B, #5353 (hone the art of ...)

MEBEN
AL ANTFH

il

BIS4EY. BEALAZZZRY
BIMERE. BIFECIE

ain. M-

BEAMN. 8=

S REBHFEM (REECRTEIZNGE)

HEXEERM (be instrumental in)

KTE (REISLAFEARIME)

BT, WRIMEL

REHIIK
ZELA. 4T ELAY

EBRA. BT

SMTEEIERIE (in layman's terms FBIAEIIE)

ERSINE. HiR

BHEl (A HREER)

BRIy, THIRBEN (menial tasks Z%7E)

LE., O&

ZiE (E8. #4E) (mine)

BB, HER (damage mitigation 3RE1XH)

MIAHER -

- ASK THE BEST MINDS

0:00

62:12

35:22

33:00

2:34

50:55

31:59

37:59

55:50

51:51

1:.04

25:55

5:56

61:16

29:55

9:24

19:33

56:47

12:13

49:07

6:48

51:51

15:25

42:59

0:00

39:31

8:26

43:34

52:53

#7317
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morale
multifaceted
niche

nudge
obesity
obsolete
offload

on the fly
onslaught
open-ended
pacifist
peasant
pilot project
proficient
proprietary
redundancy
rehearsed
reinstating
replicate
research arms
residual
restless
revelation
rubber ducking
rubbish
scale
scarcity
scooped

scramble

/ma'reel/

/ malti' feesitid/
/ntf/

/madz/

/0w 'bi:soti/

/. a:bsa’li:t/

/ o:f lowd/

/"amnslo:t/
/,oupan ‘endrd/
/' peestfist/

/'peznt/

/pra’fifnt/
/pra‘praiateri/
/r1'dandonsi/
/r1'h3:rst/

/ ri:m'stertiy/

/'replikert/

/r1'zidzual/
/'restlas/

/ reva'lerfn/

/"tabyf/
/sketl/
/'skersati/
/sku:pt/

/'skraeembl/

adj.

adj.

adj.

phr.

adj.

phr.

adj.

adj.

adj.

phr.

adj.

adj.

phr.

) B 4F A9 3k A% $2 8]

- ASK THE BEST MINDS

= 54:39
ZHEN. Z7TH 15:25
IVIREY. DRI 49:07
B (BRI 27:41
FEB¥ (fE) 45:50
IRAY . B 50:17
ET. #x (B, IF) 39:31
[ B N VAL PUR S 5:56
EXRE. I 51:51
RN, TEEERN 7:50
MEEXE 19:33
(ERRUHEN) RE 45:50
HRIE 38:33
FEEAY . PR 40:07
LA, VBN (RIMAFFH) 57:47
LR, EERE 31:59
HZRIM . SREEEN 61:16
mE. BB (reinstate) 50:17
. EE (XRIER) 33:52
WHRERT (arm B X) 58:42
R RTH 41:52
PIUARRH. FAER 8:26
LARAKRENEIR: BT 10:22
NERSTEIE (MR RE RS B EK) 29:04
ks RMMERNARE (RRXOIE) 42:21
AHUEALHET (it didn't scale ToiEEHIIET) 5:56
iR, BZ 46:22
Witdea R (be scooped BEMWAERLE) 12:13
Bl TEn. FICHIELIRN ST 52:53
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screw up — phr. IS, Fi8 24:10
sea change — phr. BIRBHANTMN . RAMES 40:51
shoving /' favin/ V. FH#. 1E# (shove) 27:41
showman /' fosman/ n. BREM/ETHERRHA 31:01
skyrocketed /'skarra:kitid/ V. BF. 3ZKk (skyrocket) 45:01
slick /slik/ adj. FEERITEAY . ARSI R AR 34:50
spooky /"spu:ki/ adj. BAK., SAKEN 59:26
steeped in — phr. R, A% EE 14:08
subscribe to — phr. ®E. 2% Wa. BS) 31:01
superficially / suzpar' fifali/ adv. FREL. BiEi 55:50
tedious /'ti:dios/ ad;. TLEZ R . iKY 1:04
teething issues — phr. FHAESEE (AXAEILKFHNTE) 57:47
thrives /Orarvz/ v. B KEF (thrive) 0:00
tick off — phr. BIZAt . 14 37:02
tortured genius — phr. BRINEBNRT (XMHLURISR) 13:10
toss out — phr. (FEO) My (B%) 27:41
toy models — phr. mAKRDE (SEEMt. BTFREEIRMNIEICERD) 9:24
trailing behind — phr. RiERE. BFRELE 50:55
transformative /treens ' fo:rmotrv/ ad;. TEMR 43:34
tsunami /tsu: 'na:mi/ n. BIR (1) HREMARE 50:55
unbounded /an'basndid/ ad;. TR, LIRS 16:49
verbalizing /'v3:rbalaiziy/ V. AEIBRIALE (verbalize) 29:04
vice versa / vais 'v3:rso/ adv. R2ZINAR 11:18
wavelength /'wervlend/ n. 4S5 on your wavelength S5{REBIREH 29:55
welloiled / wel'o1ld/ adj. B RIFEY; THEINSE (WMSEHS well-oiled) 47:21
worldrenowned / wa:rldrt' nasnd/ adj. HiEEZHN (FSEHSE world-renowned) 0:00
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FEMUEks EEEEN - 8 &

1. BEHRE[NARETL? RBEZHTA?

N

A RERRZE RO REE 247

w

IERETL TRARERNA. TR, AURDERE?

IN

- R AKLERREBBAS ASSAMBIRKR? FHeR A7

(&)1

. PEANEIITHE H RIAITE R A B 5 RO SEFROK 2

»

RTEFRER, BIANERNBERTA?
CHESTRE. EFSFFRMEL, aRE LA TARENE?
- AIRIRRINILRESY MEEE /HfAaRE?

~

[00]

W

EER
1. #H—PEEIR (20044 5Ben Green&1FIE) | RMPHFEERKENSELG] (N519-228).

2. TEMSHNME—DE: TRRBDHiREWEZRHEN, MPBETHERLEERINIEFE, BLELEHR
BIL (5822ER).

3. RBMMRANS EARSHEBEEZNEM, EREN LNNERSMERLCEITALLE (5245).

4. FEEeEREL: BMRHATEREN, MIZTHRERZIETERBE AR DANRKR & AREE D
Bas A LOERE fRR— T EA S EIEMIITE (5556-58F) .

5. AL HAVRRIE—F A L BN, H20%MEREEREBMENIE; SEKEEH. #HEFRLUHE, EBE
RS RERMTLERIEXR, FERRMBEZH TR (552-548K).

6. FEHIAAS, MEREMESEENRRK: TEBVFEME. FEAfRERILE, NMKKRFETFRE. ©
BEmEIiETE (5565-69) .

7. BEPRBVLFERAE, BOHAINEZERE TENE AMNKKAREINGE, MEEEEMIUAREE
FRBERL (5829E%) .

8. LLMZFEAFME M MRERE, BEARBMRIEDE N —hIFALERELERNUNNERRMN; ARH T —
TRAENARNZR, REFRTRITNEEDENERNEX (8B75-788) .
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