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Stages of Artificial Intelligence

Level 1 Chatbots, Al with conversational language

Level 3 Agents, systems that can take actions
Level 4 Innovators, Al that can aid in invention

Level 5 Organizations, Al that can do the work of an organization




i 32 (Reasoning)

EEAFITEEBZGELY X, BRAARIUA L5 A b
(AT4R) 3 HT R (4540) A9 TA

« —fxELIE:

o F24E3Z (deductive)

o Y3233 (inductive)

e R #4322 (abductive)

o [ R (causality)




/% 2 4 32 (Deductive Reasoning)

c WEBREE: A—BNERER, BEdESHET, FRE LI

« Example: X FEHE, B XFHHEHE

Math Reasoning

Problem: Tom has a red marble, a green marble, a blue
marble, and three identical yellow marbles. How many
different groups of two marbles can Tom choose?
Solution: There are two cases here: either Tom chooses
two yellow marbles (1 result), or he chooses two marbles

of different colors ((‘2") = 6 results). The total number of

distinct pairs of marbles Tom can choose is 1 4 6 = |7|

Theorem Proving

Toprove: n e NA2H e N = ImeN:n=2m+1.
GPT-f’s generated proof:

|- ((N e. NNO /\ ((N + 1)/2) e. NNO) -—>
((N - 1) / 2) e. NNO)

|- (N e. NNO —> N e. CC)

|- 1 e. CC

|- ((N e. CC /\ 1 e. CC) —>
(N — 1) e. CC )



/& % 1t 72 (Deductive Reasoning)

AR R RIMO £ %

July 21,2025 R

Advanced version of Gemini with
Deep Think officially achieves gold-

medal standard at the International
Mathematical Olympiad

Thang Luong and Edward Lockhart



/& 454 2 (Deductive Reasoning)

LLMRZ iCILiE A HE 32 ?

Oliver picks 44 kiwis on Friday. Then he picks 58 kiwis on Saturday. On Sunday, he picks double
the number of kiwis he did on Friday, but five of them were a bit smaller than average. How many
kiwis does Oliver have?

ol-mini: Oliver picks kiwis over three days as follows:

- Friday: 44 kiwis

- Saturday: 58 kiwis

- Sunday: Double the number he picked on Friday, which is 2 X 44 = 88 kiwis

However, on Sunday, 5 of these kiwis were smaller than average. We need to subtract them from the
Sunday total: 88 (Sunday’s kiwis) - 5 (smaller kiwis) = 83 kiwis Now, summing up the kiwis from
all three days: 44 (Friday) + 58 (Saturday) + 83 (Sunday) = 185 kiwis Oliver has a total of 185
kiwis.

Llama3-8B: Let’s break it down step by step:

Oliver picks 44 kiwis on Friday. He picks 58 kiwis on Saturday. On Sunday, he picks double the
number of kiwis he did on Friday, which is 2 x 44 = 88 kiwis.

Five of the kiwis picked on Sunday are a bit smaller than average, so we subtract 5 from the total
number of kiwis picked on Sunday: 88 - 5 = 83 kiwis. Now, let’s add up the total number of kiwis
Oliver has:

44 (Friday) + 58 (Saturday) + 83 (Sunday) = 185 kiwis

So, Oliver has 185 kiwis in total.

[1] GSM-Symbolic: Understanding the Limitations of Mathematical Reasoning in Large Language Models. ICLR 2024.



)2 24 3 22 (Inductive Reasoning)

« PR AANFFRB R, #FH BB REAHLER
 Example: ARC Challenge (https://arcprize.org/)
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)2 44 3 22 (Inductive Reasoning)
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XE—NEE2RHA) ARC (Abstraction and Reasoning Corpus) &8, FA 18] AETMER Example 1
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X802 INEPRI“FLiE"1TEX (Topology / Hole Counting).
1. ME“EH” (Legend):

o WMABGH—FELZDERATED. AL EEELEX, /88D (Example 1 7ETR
=8, Test £4M) ZEHFI/FIERER.

o BEfPFHNSTEEIRART —MSENILENE.

o MBEH—TEFPETEEIRRTE/LTHANEREXSE (Fl).
2. NRFMM:

o NREFELZEXPHRERIR.

o H—HEBTREEZRATEZDTLNE,

o HZRERRERANREHEELENENEFIRIRRIZRE.



)2 44 3 22 (Inductive Reasoning)

ARC Is a Vision Problem!

KeyaHu AliCy LinluQiu Xiaoman Delores Ding

Rungian Wang  Yeyin Eva Zhu
MIT

Abstract

The Abstraction and Reasoning Corpus (ARC) is designed
to promote research on abstract reasoning, a fundamen-
tal aspect of human intelligence. Common approaches to
ARC treat it as a language-oriented problem, addressed by
large language models (LLMs) or recurrent reasoning mod-
els. However, although the puzzle-like tasks in ARC are in-
herently visual, existing research has rarely approached the
problem from a vision-centric perspective. In this work, we
formulate ARC within a vision paradigm, framing it as an
image-to-image translation problem. To incorporate visual
priors, we represent the inputs on a “canvas” that can be
processed like natural images. It is then natural for us to
apply standard vision architectures, such as a vanilla Vi-
sion Transformer (ViT), to perform image-to-image map-
ping. Our model is trained from scratch solely on ARC
data and generalizes to unseen tasks through test-time train-
ing. Our framework, termed Vision ARC (VARC), achieves
60.4% accuracy on the ARC-1 benchmark, substantially
outperforming existing methods that are also trained from
scratch. Our results are competitive with those of leading
LLMs and close the gap to average human performance.’

Jacob Andreas Kaiming He

Test task

z Yy “ y
gy
i
L

Tinfer Yinfer Linfer

?

Training tasks

Linfer Yinfer
|

?

Tinfer model prediction

[TASK]
L
_— VARC network e

Figure 1. The ARC benchmark (top) consists of a collection of
many different tasks, where each task has a few (e.g., 2-4) exam-
ples. We propose the Vision ARC (VARC) framework, which ad-
dresses the ARC problem as an image-to-image translation prob-
lem, from a computer vision perspective (bottom). In this illus-
tration, the underlying concepts of the three tasks can be roughly
described by humans as: “reflection” (left), “symmetry” (middle),
and “gravity” (right). These concepts are closely related to the vi-
sual and physical world.

https://arxiv.org/abs/2511.14761

system

#params

large language models (LLMs)

Deepseek R1 [21]
Sk [18]
[18]
SPT5 [18]
> [18]
Bespoke (Grok-4) [8]
recurrent models
HRM [53]
TRM [27]

vision models
VARC
VARC (ensemble)

human results
avg. human [31]
best human [18]

2T
™

18M
3M

ARC-1

40.3
44.6

4.5
60.4

60.2
98.0

ARC-2
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R 43 22 (Abductive Reasoning)

BR&#H#E: REBBREE, ARKIENAL, EERTRORE
e Example: EF LB R4 4%

What can you m from the #

p large semi truck and trailer on its side laying on a freeway

_ There was a major accident 'ghe peOFi'etzfe inipﬁctirjg
. that occurred minutes ago amage to the venicles in
the accident

> -.' : OO patches of snow spread throughout grass on the side of freeway

‘ Cold weather is causing hazardous J The roads are very icy
conditions at this location W

( _)a white license plate with five red English style numbers displayed

This accident happened in an This is Ohio
English speaking country W




%] & 4 22 (Causal Reasoning)

EREE: BEFHEFHIANEARX A

HEHERRER: B, X#HSH

Judea Pearl®y B} R = E 4K :
« KE: eRXXRAE, YATFAMA
« FH: mXEAHKTX, Y&

B EFE: do R EHX,

Y& & 2\*¥
SREATA

(3. COUNTERFACTUALS

ACTIVITY: Imagining, Retrospection, Understanding

QUESTIONS:  What if 1 had done ...2 Why?
(Was it X that caused Y? What if X had not
occurred? What if 1 had acted differently?)

EXAMPLES:  Was it the aspirin that stopped my headache?
Would Kennedy be alive if Oswald had not
killed him? What if I had not smoked for the
last 2 years?

o

[ 2. INTERVENTION

ACTIVITY: Doing, Intervening
QUESTIONS: What if Ido ...2 How?
(What would Y be if 1 do X?
How can I make Y happen?)
EXAMPLES:  If I take aspirin, will my headache be cured?
What if we ban cigarettes?
e

HAREL

(1. ASSOCIATION

ACTIVITY:  Seeing, Observing
QUESTIONS:  What if 1 see...?
(How are the vanables related?
How would seeing X change my belief in Y?)
EXAMPLES:  What does a symptom tell me about a disease?
What does a survey tell us about the
election results?
Jlae
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1. V x (Human(x)) ->Mortal(x))
2. Human(Socrates)

3. Motal(Socrates)
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¥ %7 fe AR (Logic/Knowledge based Agent)

Inference engine = domain-independent algorithms

Knowledge base —-= domain-specific content

+ 4oi%E (Knowledge Base, KB): — R Fli5 a t9 5 &, 56 AEMH XKLL (HF

o R%n (Perception): R&IRBRKESHFHENAFTHEZ L, EANFIRE (KT,
Symbolic Grounding)

« iE3¥ (Reasoning): #miR FEsbiTiEXE, #MAilmANfiRE, FEHT—F 173
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> &% (syntax) : LT PTH SHEGE G
> 153 (semantics) : X T AEG G2, RFHAEFANT RHE W ELA

r + 2 > 1y Is a sentence; 2+ y > Is not a sentence
xr + 2 > y is true iff the number = + 2 is no less than the number y

xr + 2 >y is true in a world where xr =7, y=1
x + 2 >y is false in a world where =0, y=6



)

%>/ 23 2% (Entailment)

A —AES EZHEIAB—ES, arf

%11 & KB +
L HAE
£ 1s true 1n all worlds where KB 1is true
5] 4w
x+y=4723% (entails) 4 = x + y

P 28U T A ISR 2id [1,317% R L JKF)
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Wumpus# . AR A 1

BRAREL 14 2408 H B Bl, E[2, 118 % BB

.
2 3

KB = #1L0U) + %A



Wumpust & : A2 A4S IS

KB = #0l + X2
a,=[1,2]% & A K& KB  a;



Wumpust & : A2 A4S IS

KB =} + M52
@y =[2,2]F %A &P KB+ a,
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o A 1% 3% (Propositional Logic)



\9

o # 1% %% (Propositional Logic)

e 1 i% 3 (Propositional Logic) & & Bl — & XA 3 LA 5 & e fh R M

K AT IEIZE R 4%

Q

(KRB EEZX): L—PDRBHTHE IR % L )

zkm
=N

\

e @p
o BFHRHFEEATATHOGTE, dopRHq, HAFRIE(Primitive)

o T ¥l ¥ H %2 (Logical Connective)i 2



1% 3 3% 18]

1% 4 3% 3£ 179) PRI /EN X
5 (and) pAq ap A4 4B (conjunction), BF “pHq”
2 (or) pVq & A7 B (disjunction), BF “pgiq”
4k (not) —p o A % 2 (negation), B “dEp”
284 X (implication) p—q G 23 28 4 (implication), BP “4w Eplllg”
Y BHAXY (bi-implication) peq & A 1) 28 4 (bi-implication), BP

((péﬁlfy%q”




p q —p p/\q pVq p=q p<q
False False True False False True True
False True True False True True False
True False False False True False False
True True False True True True True




Wumpus# F: 55 5N

%[X, Y]ﬁ}t}?ﬁ/ﬁ], Px’yj@-—/é\‘ Rl: _IP11

—/NFREAHHBN, H Y H Ry: By © (P12 V Pyy)

ARAR 77 4R TR R3: By & (Py1V Py V P3q)
R4_: _lBll

L (x, yJA WA, By, F
RS: sz_



1 W -
Wumpus-# -4 &= 3 32
Bii | Bor | oy | Pio | o1 | oo | P31 | Ry | Re | Rg | Ry | Rs | KB
false | false | false | false | false | false | false | true | true | true | true | false | false
false | false | false | false | false | false | true | true | true | false | true | false | false
false | true | false | false | false | false | false | true | true | false | true | true | false
false | true | false | false | false | false | true | true | true | true | true | true || true
false | true | false | false | false | true | false | true | true | true | true | true || true
false | true | false | false | false | true | true | true | true | true | true | true || true
false | true | false | false | true | false | false | true | false | false | true | true | false
true | true | true | true | true | true | true | false | true | true | false | true | false
A O(2") for n symbols ANPZ A
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al\B = BAa (N# K %iE) (a = B) = —a VB (F&i&HHER)
aV B =LVa (ViR IE) (= B)=(@=PB) AL = a)(FMEE)
(aAB)AY = aA(BAy) (NGLE L) —(a A B) = (ma V =) (De Morgan)
(aVB)Vy =aV (BVy) (VB4 51F) —(a Vv B) = (=a A =) (De Morgan)
“(qa) = a(RELT) (aANBVY))=(aAB)V(aAy) (AXT VEIHBELE)
(@ = p) = ~f = -a(LEwA) (@aV(BAY)) = (aVB)A(aVy) (VI NGy BLAT)




A 3 AL

Al 2 s
AT a=B, a

(Modus Ponens) B
ABUE £

(And-Elimination)

A1NA2 N\ NA 7y

ai(1<i<n)

B F AN

(And-Introduction)

a41,&5,...,.0n

A1NA2 N\ NAn

WE LT

(Double-Negation Elimination)

1




Wumpus#- % : FHEF
(1) Ry: =Py o AR BT E M &
(2) R2:By1 © (P12 V P2y) Re: Big = (P12 V P21) A (P12 V Py1) » By
(3) R3:Byy & (P11 V Py, V P3q) « XReMEHESBUH K, 53]
(4) Ry:=Bq4 R7: (P12 V P21) = Byg
(5) Re: B,y » #EZL @A Rgi—Byg > a(Pra V Par)

: - .. * Rg:=(P12V Pp1)
W]:-EUE]: _IP12, EP[I,Z]*/X%]—%}?Q/E]
¢ RlO: _IP12 N _IP21

LIRS I, SIERAS . BAR, MR E HE T R IEH



)3 25 /78 #& (resolution)

PRAFHFHEREX, WRACLEEBSXN, 6RX, NEEFL, #ARN T aH X

jazk: BT s, HEIALTF(HZAAXNTE L)
B I I AR SR Y3 4 aVvB,—B
(Unit Resolution) a
L EYEE v BBV
(Resolution) aVvy

P EETRENLEFELEE, TURI AT &mERL
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1512
(1)
(2)
(3)
(4)
(5)

S o AL
aVvy
apVy
-y Va
-aVp

—aV Ay

EREGATHA?

CfaVy
CHry Va
Hfd: a
CHraa V
s
Ed: B
L Haf VY
& %n 3
Ed: oy
Cfraa V oy
Hd: —a



N B )3 4& ik 3 47 1E B

#13: Cdade T RLRR I, + &Havp
. < ° 0 4T "'5/«7\/' > . —_

T%liaﬂél}ﬁyf%ﬁléﬁ s (2) #HATEBEHR: aVy

« X (3) #HITBEHER: VY
(1) avp

e (maavy) A (5BVYy)
(2) a—y o ¥ FHELE (—ua/\—u,b’) Vy
(3) -y « 1 flDe Morgan® #: —(aVB)Vy

Y



o SN

PEANRERT T4, STHAWGEAZHE, REEZALSHEIIAE?
FAEEN A TR EREFNT T 965!
7 XA 5 a) B X 891 o) AR 7 4B 38 X (Conjunctive Norm Form, CNF)
#l: Ka(a - )V aysy & BUE X
—(a — ,B) V =y

& (o VB)V Ay
= (aVay) A =BV ay) (FETER)
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Bi1 < (PiaoV Pyy)

1.

Eliminate <, replacing o < J with (o« = OG) A (8 = «a).

(B11 = (PiaVEP)AN(Pi2V P1) = Big)

. Eliminate =, replacing @ = 3 with —a/ V (3.

(mB11V PiaV Po1) AN(=(P1aV P1)V Byy)

. Move — inwards using de Morgan's rules and double-negation:

(mB11V PioV Poy) AN((mPiaN—Py1)V Byy)

. Apply distributivity law (\ over A) and flatten:

(mB11V PiaV Poy) AN(=PiaV Bii) A (—P1 V Byg)



JEEZ P S

1EB, KB— a, & B RiEk

BAXKBH A, BAraRIR, BF(KB A —a) & AT %28

F (KB A —a)4% 4% 9 CNF

IR RV B ZERLR] R A FTEY T 6)

HEEFETA
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LA R T, 118, 2 & A B, B AR T A LR LIKF, it 6 %R B
KB = (By1 © (P12 V Py 1) A B1q

_‘le\/Bll _‘Bl\/P 2\/P21 _‘P12\/B1,1 _‘Bl,l P1,2

Azl RN

B,V P,V B, 12\/P21\/_‘P12 uV BV B, PV P, NP, | 2P, P

2
W
o
ot
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=y

RARFZEXH, tde—B{ V Py V By



¥ E . SAT5SMT

o JALEH KR IARSAT/SMT K AR 25 694%8 75 ik Z — (BB AR )

o A5 R T % b F L (SAT)

« BRAFELAX, AMRAEREE—NZTERE, EAXAR
« SAT & % — /e8] A NP-Complete 49 =] 28, JU-F P& 4046 B A AR Ak AL 2] SAT
* SMT (Satisfiability Modulo Theories)

« SMT 2/ SAT f9# a Eha AKF AN B R, K4, 2mE. JUTHE)

w a5 R 7] AR



¥ E . SAT5SMT

In [1]: from z3 import x

. BIIMZETE (73 REIMER/ENAIEEEEET)
Int('x")
Int('y")

In [2]:

X H
nn k=

In [3]:

H
N

. PIEREES
= Solver()

7))
I

In [4]: # 3. FMHF@mE L9K

pIZl: iFRE x +y > 10 H x > 5, y < 5 ELEHF
.add(x + y > 10)

.add(x > 5)

.add(y < 5)

In [5]: # 4. KfiF
if s.check() == sat:
print("Found a model:", s.model())
else:
print("No solution (Proof by contradiction succeeded if we were checking negation)")

Found a model: [x =7, y = 4]



EETHEHZT

HHREEHHTE RN ANE S, —R AT Sin E P 4
B ) R IR, AR E AT AME R B A R T P % A hd He bk

o HE T (definite clause): X FWHBX, XFRA - NAHAELF

{5']‘%(‘3: _IB11VP12 V Ple:;%E)%/’:‘E%éj’ ﬁBll V_Iplz V PZli%f)%i%é?

o EBF4 (hornclause): XFHHTBX, XFRZARAF —NHELF

 EARETF AT AE R —A B K

—B11 VP,V Py, (B11 A P13) = Py
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o FX FGeYiEFE (data driven)
o KRB ATIRB R IR EGHLN, ik Nsmit
o H B FZ U e RE Lkt —F T

Q
P = @
LANM = P P
BANL = M
ANP = L
ANB = L
A
B
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)5 1) HE 2

Bl AR ) 69 32 2 (Goal-Driven)
o REWMqITIE, REELT, REEIREFEALZRAHqHER X

o JmRiX A XA ATIRART AEA A A, NghA
Q

P = @

LANM = P P
BANL = M

ANP = L M
ANB = L

A

B
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