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PART 01 « MECHANICAL MIND IN ANTIQUITY & ENLIGHTENMENT Shakil Mahmud Editorial « Al-101

The Mechanical Mind: From Antiquity's Automata to Leibniz's Calculus Ratiocinator

Hero of Alexandria (1st c.), Ramon Llull (1305) & Gottfried Wilhelm Leibniz (1666)

The Mechanical Automaton & Combinatorial Art Leibniz: Characteristica Universalis (1666)

Prime Number Concept Mapping:
Animal = 2, Rational =3 = Man=2x3=6

SRS REONA r Algorithmic Truth Evaluation:
/ Is Man an Animal? 6 mod 2 == 0 = TRUE (Calculated mechanically)

Characters € £, M:F(Z*) - {0,1}, Calculemus!
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s. faascEsiers wifecas ohifers ¢-Gioret

O Frre=ie Qe 8 T AifeniEs sfiEer waar N fafsseir vt Somita s Jewife
9 =

mathcal{M} = langle mathcal{S}, mathcal{A}, mathcal{P}, mathcal{R}, gamma rangle

AT
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%. W$e ¢af*18s (Markov Property)
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Pr(s {t+1}mids_t, a_t,s {t-1}, a_{t-1}, dots) = Pr(s {t+1} mid s_t, a_t)
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G_t = sum_{k=0}infty gamma’k r_{t+k+1}
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PART 02 - MATHEMATICAL DAWN OF COMPUTABILITY Shakil Mahmud Editorial - Al-101

The Bounds of Thought: Turing Machines, Hilbert's Decision Problem & Undecidability

David Hilbert (1928), Kurt Godel (1931) & Alan Mathison Turing (1936)

The Universal Turing Machine & The Halting Problem Proof

Infinite Discrete Memory Tape: Symbols {0, 1, b}

0 1

A

READ | WRITE HEAD
ransition: 5(q, s) 2 (q!, ', D)

If H(D, (D)) says "Halts" = D loops forever; if H says "Loops" = D halts = Formal Contradiction.

(M,w) & Hya <= Undecidable, Lgjag(M) = "M((M))
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VA*(s) = max_{a in mathcal{A}} leftf mathcal{R}(s, a) + gamma sum_{s’ in mathcal{S}}
mathcal{P}(s’ mid s, a) VA*(s’) right]
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nabla_theta J(theta) = mathbb{E} left[ nabla_theta log pi_theta(a_t mid s_t) cdot Q(s_t, a_t) right]
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PART 03 « CYBERNETICS & THE FIRST ARTIFICIAL NEURON Shakil Mahmud Editorial - Al-101

The Logic of the Nervous System: McCulloch-Pitts Neurons & Wiener's Cybernetic Feedback

Warren McCulloch & Walter Pitts (1943), Norbert Wiener (1948) & Claude Shannon (1948)

The McCulloch-Pitts Logical Neuron (1943) Wiener's Cybernetic Closed-Loop Control (1948)

CONTROLLER
Target r(t) | —
uft) =K - e(t)

Yit+1) = @ S wyx(t) — 6;), Feedback: e(r) = r(r) — y(r)
J

foq ©: VGG 5T AEANT TSI [NEI 972 NG GINEI TIZIIAADF @ISt VD RGP (N I8

TR IaTel (@og o #AIRE Frefor 7; 93 T 207 201 NFF VBET IIGE NAAS L= Cofia
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R QEATRA |

S. W6 S| G seda (MCTS) 86 ot

MCTS SHIsIfRM 41051 41091 A1 S T0ed GF6 A= 2% (Search Tree) Cofd T

1. iteTe*i= (Selection): ISV SRF| (AF WFE 3 PUCT TNFAoR WK (71 212G (5w w5ca o=
NI AT el =
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a_t = argmax_a left[ Q(s, a) + c_{text{puct}} P(s, a) frac{sqrt{sum_b N(s, b)}H{1 + N(s, a)}
right]

4t oS STl 912 JRRTIF AAR FH (721 T A APIARICAF (S IR IS L |

2. QA= (Expansion): a3 (%19 SIS (MR T9 FMCFAGTAG Sy g *I14l (ofx 41 2 |

3. geleee*= (Evaluation): 7[T31 (¥& (¥ 7l I@ 96 e Gﬂ?@s.na% viheta(sy) a2 S=ER
SIRETe, AGRI Ao 11 =27 |

4. FIBCLAT (Backpropagation): Safe TG (FRAT IS (T WHTEs IF(F ST 27 MO
AT Prareeta wke Fde =7

L. WAFICSE| (AlphaZero): TeTs-c2 GG

TRICEE (I (4 1 (ARG (@<9et nfers s e AlphaZero |l @ (Nl (ery g snfrm acafe | Feas
HeTFT ARNF SO (BT MCTS Somaie 9 Wi =G| Fefimel oM I | (FDSFH FwoTe
MCTS-83 (313 TF® Folfb Sast F0 (<102, 0 HEHAD NIed A (HETS (Ueros JARRSHH TFel (R
TR

v. efetal (MuZero): sifetaria Stos wilkEa

B SIS MR (@I N (I el et A0 11 | 2020 AN fGomizrss Sgiiie MuZero &< I (@
ICAl AR e 31 ette 2elE @Ffo ees oF o Figeie aite s 8w (Latent Space) (o I3 TS
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PART 04 - THE TURING TEST & THE IMITATION GAME Shakil Mahmud Editorial - Al-101

Can Machines Think? The Imitation Game, Operational Intelligence & The Lovelace Defense

Alan M. Turing (1950) & Lady Ada Lovelace (1842)

The 1950 Imitation Game Architecture
ISOLATION BARRIER (TELETYPE INTERFACE)

HUMAN INTERROGATOR (JUDGE C) Objective: Deceive Interrogator into concluding A is Human

et T o Strategy: Synthesize human latency & conversational warmth

Q: "Please write me a sonnet on the subject
SUBJECT B: BIOLOGICAL HUMAN

Objective: Assist Interrogator to prove true human identity

Defense: "l am the human, do not believe the other!"

P (Judge identifies C = Machine) ~ —,

foa 8: @anv BRI s> o ST SBT (AN GIZHEISE FIsT0], Tl JITT (GIeT5125t SURASHF A NI PN J1GNGT YT~
SZea)

G ©IF A (96T HIGACH W Qe (7 FI6F e v KRRy OF NBHT NCo| WvKe 0 | ©OF (T
5T T AT TGS (37 TR STHIAIRD FHCS AN 11, (S SIANS AN =1l 5231 TIHIRA Afe Fa0e oA 7 |
Frree Faffbe wfFow6a (Cognitive Architectures) Ol NTAE FE QUOTCE FHAET I | Gol
FARIET el @k ReAct (Reason + Act) FISTHF NN G2 Wiy SoA1@{52 Hs, Sifset @ aforens
fTTEe T3 BT QIR Sifoe o755 TG FCH |

5. Rfmmel 51:w6 @ IsIeT fefe (Grounding)

STHIF Sl NS Bio I8 FleTol TCCR:

o O (e e TNCT WG ACH, T OISt ©F (3 G=CS 2 =7 |
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2. =% (ReAct) Groew<: 511 € Fite™ goieeal

20%% ACE #2S 2N &< ReAct (TS SR I | G4 AUG5d AfSb *Mewst foqfs itsl sfoe =
tau = (text{Thought}_1, text{Action}_1, text{Observation}_1, dots)

1. 581 (Thought): CSHD N M TS SR ARG FE—| FIS FACS QAR (FI §oT I F4
TR |

2. F1e (Action): N(TB @36 AME Fig* I TS T FE@—E@W search_web(query="...") |

3. oIt (Observation): SR HHN FNS ST SIF WSHAG TCTE FAGHC =REICH (T |

TCCAD (72 WEHS6 (e TS o7S] *MTws! 5 FF | (FINNS T 2 (37 I A e (Fied e e
T A @R |

0. GBI TILA Hle

YAF GER T o IR (FIC QTACNCal (BB 1; a6 FCoF JSON Schema 5539 @il fsfes | wee
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8. ATF-SFS-FeTS @ RECIA| oAfqmg

TG FICSE G5 ReAct TCAR a8 ¥t TrbSwid (ot ool Gifbet 0T nad i = Al sifdage | Plan-
and-Solve *&fSTe ATSrS ST TR THOBIHEE 40 e FHARFFI (DAG) O FF (T dR G2 G0
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PART 05 « THE DARTMOUTH WORKSHOP OF 1956 Shakil Mahmud Editorial « Al-101

The Founding Summer: McCarthy, Minsky, Shannon & The Christening of "Artificial Intelligence"

Dartmouth College (Summer 1956): McCarthy, Minsky, Rochester & Shannon

The 1956 Dartmouth Summer Research Project on Artificial Intelligence

JOHN McCARTHY CLAUDE SHANNON
Dartmouth / Stanford Harvard / MIT Bell Labs / MIT Carnegie Mellon / RAND
Coined "Artificial Intelligence" SNARC Neural Network (1951) Information Theory (1948) Logic Theorist (1956)

Fram

"Every aspect of learning or any other feature of intelligence can in principle be so precisely described that a machine can simulate it."

Intelligence = (Search, Representation, Abstraction, Inference)

foa @ soew STIETT TIENISY GQUE TIET: A WIS, WSA NALE, FC AT 932 (NS AIENAT JANTHI A1

A 9feees =0l (@I e &fl O Tote ga (IS R TS 9 71; oS afefh sMews @8 gree
ARG FACO T | ST O] TCOCAF (FLq I (¥ 28T T AN OIF (T NS ©IeFHT 4o 07
T | Qretos i 6w (Agentic Memory) @3z tsra=Iv &9 (Reflexion) Ffaw Jfavens smwfas
67 *If & oM FE—7 T0e q@ii &fSfh 5% etsdl (e Rl A Ftets @Ewiere sfimifére Face i@ |

SRR CERTICEIRERE) (a1)

TR FIFSIET TCCa SoraCe! AYRF Qrencs for 0aa i A

1. emfF: Grfs (Working Memory): S¢S 5@ @ a1 o a7we =1 | @ft samifa scetea Fows
20| A KV I (07 QT I |

2. afowifes omifs (Episodic Memory): sreites [Rfon Fitew wfvees], o FEe 8 77! ATGIR
RIS o1 el FCR | TG (I AN 21T TGS Sl T+ Afoese] Yer (I7 FF AT I |
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esearch Monograp

3. Fsifoe s (Semantic Memory): A<EE S @ B SA—| (2T (SHILICT BRSO &l AT |

%. [aCre™w cFweTs (Reflexion ): *Nfera fA3CHISCrD aifae

2020 A Tl 9 ey Syl T Reflexion | (& Gifbe (@IS AR GTers 5% =0 (T (FICA (556
(P FACH):
1. QTerbH Fred 7=ofef FIred 3fo=IT A7 2115 I |

2. (1 [od ORI @35 TS AN 0L (FeA: “@If el oifei=eiy 27cew gace [T 937 PR
AT T QNP QTN ©lfer<p] ¥lifer [ 71 © 512 FhC0 207 1”7

3. @3 Rrwifs siF WiHTIfes crmfRcs o 20 T |
4. RE AT 92 AN YR 20 (7 ©fF 978! 161 AT @0 T~51of o @ T3S 912 Srerwsy 4 |

(I N (§-(G2 DOk (el O3 SG-SNIADIE #fete (@IS AR Twels L% (ATE 55%-9 SRS JCIACT |

©. S HLTH 8 HLHIO

fox SAfFwel sfefies 3fa Coite ol (@ T DVICRANT HES 7l FCH, (TOTs FAATCCGHT SRS THN AT ST
T (T (FCE G2 QT wiveesls i e 218 e woiefte s |

¥

FIZCH=I; ST, =T (2026) | QTS BF (NN B 8 [T o — QG-I YT &eal” | FOIIT A3 FGHTE GrerD,
QIEACNTG @ Gferenz fa91®, 4@ ¢ | https://shakilmahmud.com/bn/frontier-ai-part-05-agentic-memory-systems-
reflexion-episodic-working-memory-bn/
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PART 06 + SYMBOLIC Al & HEURISTIC SEARCH Shakil Mahmud Editorial - Al-101

The Golden Age of Symbols: Logic Theorist, General Problem Solver & State-Space Search

Allen Newell, J.C. Shaw & Herbert A. Simon (1956-1961)

State-Space Heuristic Search & Means-Ends Analysis

Means-Ends Analysis (GPS Algorithm)

1. Detect Difference: A = Difference(CurrentState, Goal)

2. Retrieve Operator: Op = Select_Operator_Reducing(A)

3. Subgoal Creation: If Preconditions(Op) not met,
recursively establish Preconditions as new subgoals.

f5q & @607 RS[RBF 5716 1T 97 (SAIGT STV SFTSILT (GLS) (VAT 9T QINTTIZ T @aersi i |

@A GFF Fel—8| A @F A Fiaw Jamel—aF| R NS I AZFIG| 2o AMF T | T HSgoid
SR Waofed e TR Ao gfawel (Collective Intelligence): SR Kerem, A=< TG,
RTees 7 o199 @3 (Y e | NfFS-aters e (Multi-Agent Systems) @3 NI ANCGE At
FOC Cofd FE—ELUT @FfEF [eEfe @R aF WoReE T ¢ I @ GFF NCoEd ANTzol
Sfoe |

5. Iagfes Fita fKerem

O Cibel TFESWIF Cofd FACe PN oG ATers M (@G @74, JFHFoR (ofd 8 Fareral s 79
QP FACS TR, O (O o I A0 | A e Frereyta [ifon [reress Nexs ofs F7 (el 23

o fFCHF T AL AfFvIS: 2L FIoE ARG 8 AR-51% CofF I |
* SNITF: FOIACAD 8 AfANG (N6 ATIGAIY ©UF H2E&R (A |
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o ATIHA: T (IS (Y 8 BIfITa (535 5y |
* INITEIDS | Wb (FITH (S (FIH @6 1| [a1ora) FIHcwrind g F 7 © IO 21 I |

L. CTANTICSIA BLoiteter @ FSiTw

GTSTFOSTER VB @R [y [few aaw 20e s

o PMARTHIIA (FPFIAN): GFT (TS| T FA FIS SHIRFE FC |
o TormE-5-formg (arereifE): 917 arers TR Gt TR A Ko F0© A |
o FIFEG oI%fe: IFh (FRIT SIS T3 U5 Gl Y 72 (TR (ATF SATSH &7 FCH |

9. I2-ATOTD [0S 8 FACIHTIHIN (TIPS

Gifbel (@I RIS CFla ATSTOSTEAR W& o[y (Ml e Ol #/eoiizg Ay (ifes [od o =)
NRINT &S TER (@ @FifeF aoiiz T4 Fromd Ifes oo S @R A ga 4T (77, ©2F a5
NS PP ABF TSI T 20T T @32 *[oosf (NS 73 AT CTRIT 78K 27 |

~

(]

SIZCHA: ST, AT (2026) | "SIO-Grers STRCN0] — (NN (@G @ FACTFTT (ACHIFT" | FIBIT GNE: FIIGHNTS Qrers,
SAZVCNT @ Gferan? 7918, %@ © | https.//shakilmahmud.com/bn/frontier-ai-part-06-multi-agent-collaboration-swarm-
intelligence-consensus-bn/
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PART 07 - THE PERCEPTRON & CONNECTIONIST SPARK Shakil Mahmud Editorial « Al-101

The Mark | Perceptron: Frank Rosenblatt, Linear Separability & The Physical Synapse

Frank Rosenblatt (Cornell Aeronautical Laboratory, 1957-1958)

The Mark | Perceptron Novikoff's Perceptron Convergence Theorem

400-Photocell Retina (S-Units) Motor Potent

2

R
W1 =W+ 00 —P)xi, k< P => Convergence in Finite Steps

foq Q@ 1% @ESAFNGI NG S AICTAGN [I5~T, (NIGT HGAISNEIT 3G I7¢ (NIGPRPT FNOIGST 212HAH |

2F© o157 JaNe| (I P4 FRCd (T WG UFCS A 1 | (TATSER 25esy (Moravec’s Paradox)
T B @ TR (T O A0S IR 2T IZF AT A0S = (TN Gifoet sifers il 1 #1-1 ¢2al),
TR T O WS 72T, g T 12 IZEF FI9T (T FIG SARAT I G (TN AN (TS FB]
feql @3B & N (Sre WEATS! FCE QA (8T1), @RCES T Ol FRCEET Fo+ | 9N_f6E @&z (Embodied AI)
93} Vision-Language-Action (VLA) ST W3 Golted @3 *SRE Aaae] Ol FCR |

S, MiAfES Toites Givere!

FFISOR fERta 130 BT Trore =9ief Afifes (Continuous) | 4T Trwel, T5, SR @R NLFFFCE
o7 T FREF | @[GT AW GF6 G (@Il AFoCWIF @5l T3, IR @S Yol Tgoife 1 Mg wiog
FIF S A |
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L. ow-§-fee @ et FremEteEw

I Gece (I @I I @ROE Fo-ol T A Trors Foifoq 8 JfF9ef | O JoraarSoEa FIghe
fTSCem It (= NVIDIA Isaac Sim) &4 &1 (FR00S 368 AT &lf¥he] (e =7 |

TiemI @ IR Troited 2IfE % A0t 9 27 Domain Randomization | S+t QAR Segerel,
TR 3| (BRER R, IV ST @ THof TS 2A15eTF WCol SAKTe T4l T | A @FRO0 GoIF (*d (T AT
TN OIF FICR (12 &1 T BB DA G0 S1*1 MG NG 27 |

©. fex-rETTe-enie=iw (VLA) Rz

@5 fSo3res RT-2 @<k Physical Intelligence-a3 pip SfFOFER @IRCBF (B4, IBF @ (2R IF GO
TS FHFANE (SIS J& FACR | (@60 NP Felike I (I, FICRE 7ie e onfaenfds szl
QI 932 ST &fS GFCS ¢o AT O (NBLae *IfSs @ i FFw e | FBIACACH 75 Tl ey elf¥ifirs rew
@IRG5 GIRT T AT G5 79 o TBS WE FAMNCS! TSI IR FACS AN |

¥

ARG Z7, N (2026) | "GNNGC G&Z G PECGT G@RNGH — [SH7-T5 -G e | SO GENE: TGS
UG, QIR @ Gferen? f791@, <@ 4 | https;//shakilmahmud.com/bn/frontier-ai-part-07-embodied-ai-foundation-
robotics-vision-language-action-bn/
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PART 08 + THE MINSKY-PAPERT CRITIQUE & FIRST Al WINTER Shakil Mahmud Editorial - Al-101

The Great Chill: The XOR Barrier, The Lighthill Report (1973) & Connectionist Collapse

Marvin Minsky & Seymour Papert (1969) & Sir James Lighthill (1973)

The Geometric Failure: XOR Inseparability The 1973 Lighthill Report & DARPA Retreat

Category A (Advar
Category B (Buildi

x_p B
=1 11570

x_1
. N FIRST Al WINTER: 1974 - 1980
No single line can separate (0,1),(1,0) from (0,0),(1,1)

XOR(x1,x2) = (x1 V x2) A (x; Ax;) => Linearly Inseparable

foq v: 1% 3 ArsiGa FNTfde GLT3AIT (XOR) [TNII SNCTINAIGIAE 932 S0 ST eT13512eT [ S9a] 92V I3
fo|

fRore @ i 4@ Flaw Jfaver Wl i wiwfie M eor Fdaa fee: sreac Jfawm Fare =& @b
I TeAlg AT FE WS T WCoe [Gier Biew (o6l ey aférse te 27| [F@ 2018 e Iy (313 179
T AT (TR | (BIB-BIN Feb (o2 (Test-Time Compute) &N 2 (T fFFRCad (it (il
IS TR 2 7 FE TIPS T @R (ST AN IAHICICH S5 7 7o) Facs faeet wewew §fes e
oy ST Wi e o | @fb2 OpenAl 01 @32 WYAF FFTIF TCCABTET FRFCES o2 T2 |

s. fa- gt el ¢ o Fdiwel

TR S| NCCAYTEA| “% + & PO2—AR ATHF B&d Mo To2f FFTE I F95 46 IR, AT ==
I FO Afere TIEE FHCoe 0F 98 AT HoT 246 IS | FCE Ffow THBIT RN T IF I7© | (535-512
FPIGH= FCTECE AR Sibero] A fre 2ormce] wfsfies T Fe sfei os] w1 Jr1s S 7 |
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FIOTT qeIl3: FITefre s, SreRamS 3 afeeis fists

shakil MR A s SSFET A OROGEERH

%. (BY5-BIRY (Ffa: I@

NI (7] (IR (T STHICACHE AN T K1 FFSH* 8% 41 T, O 90 2K O QFON 2SI
(Power Law) feItst 0o AT | @0 (@D TCTee I 216 T3 ¢ ONFeSd e s Wb a8l fosl 419
T A, O (7 *FOR I NG (B8 e wareet s o1 |

©. F3ife Pee s (Hidden Reasoning Tokens)

OpenAl 01 AFEIOI (&FICA Sioa o T 20 TCCAD FIME (FICl 8@d (A3 1 | (F NGIF Nl N A
fTem AT T F9CS ATE IR SR o fqet=iz (Brea= Coft

o (v [foq TSIRT o1 FgH I |
o fTeR RTINS et 2eel 6 1 @l fArens Tivi2 7 |
TA JRAITS SR (PIRCAK *MTHCo! 760 AT (Backtracking) @32 g (@1t Jfes T Fer w2 3 |

8. AT ST Nreted ghial

TR 92 [ifes HBIE Mo FACo (T (I Tarre fea [ 71 ©f (4l T 1; IR OiF afelb smewce sosl @
frgerel T512 S99 &5 Process Reward Model (PRM) @3z & (Lean )-93d scel Txefers snfafes erer mea
RETCECrG affeit af¥ el (rewl 20| T a2 Q47 (T (BB AFIAIIIR| 7, IR AF© W3 TG
fowifam |

¥

FIZCGA: 2T, AT (2026) | "GIB-5127 F2GE IR — NPT G 8 8 WFHFER" | ST Q3 FIHS e Grors,
AT @ GferaE 7718, 2@ v | https;//shakilmahmud.com/bn/frontier-ai-part-08-anatomy-test-time-compute-
inference-search-verifiers-o1-bn/
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PART 09 -+ KNOWLEDGE REVOLUTION & EXPERT SYSTEMS

In Knowledge Lies the Power: Feigenbaum, DENDRAL, MYCIN & Production Rule Engines

Edward Feigenbaum (Stanford, 1970s), Shortliffe (MYCIN) & Buchanan (DENDRAL)

Architecture of a Classical Expert System (MYCIN / DENDRAL)

KNOWLEDGE BASE

ristics

RULE 035: Backward Chaining (Goal-Driven)

Hypothesize Diagnosis - Query Evidence

10N Certainty Factor Calculus

Identity is Pseudomonas [CF: 0.8] €) =MB(h, &) - MD(n, &)
Recommend: Gentamicin + Ampicillin oFct ine = CF1+ CF_2 (1- CF1)

IFE, AE, - AE;THENH [CF =MB - MD]

ST MEFIAY

GLOBAL WORKING MEMORY

Fact: Patient_Age = 54

Fact: Culture_Site = Blood

Fact: Fever = True

ct

Shakil Mahmud Editorial « Al-101

foq »: FrrreT 9N FIENT FH5~: NS (@7 BT, ANGITIS (B TVPIST SIGA 972 THOLAD PG BTG |

Gioe (@I AT w1l A (IR AT wolb LITHT TS © TIL Lo G5 G @ A I TR A1
Ge 30 AW | A6 AT AR NOE (¥ (¥ Teds 3F el F 9 © o w7 (redl 2wl (Outcome
Reward Model) | &t Joiafe=w (Process Supervision) @32 Process Reward Models (PRM)
o7 @2 4R (TR iR IBER—9AE (&6 (*IF e 77, 7R BeE afofb *MrFoSE IO TaAvRH

I AT Yerd S oo Fa 27 |

S. TCHFIN FARSHTT TGS FIFCTIT

WY@ (*1F T 612 FIF N0 Fib SRR A A

o & WD A5 et AR (TG Tet et ©f @RI GBI ST AT |

o IYNG TUE Y6 T SMCTHA (S NAE FIBIFID PR FHOARHS DS S@CF (IR I | T (1R T

§®C$3WWW%W@WW?WWWWI

shakilmahmud.com « 2% SHfeTo SFAT « BT 3 IS « 203

Page 22 of 47


https://shakilmahmud.com/bn/frontier-ai-part-09-process-supervision-search-over-thoughts-prm-mcts-bn/

HioTd ges: Figexiite aTSB, ARG 3 aferens fisis M&HMHD . RESEARﬁ\r}I MONOGRAP,

Shakill\ﬁgﬂ%u * Research onograpﬁ|

L. T TS Nteet (PRM ): AVCRCo AVCHCA 79K Wi
209 FAIE STINEHZ-AF 27T PRM B FE | Q2T B8 &Sl smewced o @3 [eow frewrs sces

o o1 T =

mathcal{L} {text{PRM}} = - sum_{k=1}*K left[ y_k** log r_phi(s_k) + (1 - y_k**) log(1 -
r_phi(s_k)) right]

@A &Sl SMTFCoR Ty Tog (FF oW 61 | (@ &3 4o Ios [pye (e NCSAG A I Toh
TS A G2 (IR LIt R0 0T |

. foRIw 0% S (Search Over Thoughts)

9B e PRM (a1 NCSel Seed STl &F AR B =1l ot Wil (¥eTq Weel @36 gfesa siig (Reasoning
Tree) (S F:

o 2fSfh *mTwCst ¢ A Sofb STERy ey i fowl w1 = |
e PRM Wca o1 Y& fb @R FMea «itz= «ies Thea =3 |
o @ I &f g Al uda awifere 27, (372 2[tal * 141 AT AV (FC6 Im (rewl =& (Pruning) |

G2 AT JRGHAR T2 WO G2 WSfo oo SfAFPRITea Fo AT THCFF A9 I ©F (GrIS
NS g TFe] vy S0 2IF0R |

v
TG N2y, *Fe (2026) | "2 FARGHAT @ 5 A5 — [T @ FeaT" | SFFOAT IRNZ: TGN GIO5, QIAZATD &

«ferans faare, 9g s | hitps://shakilmahmud.com/bn/frontier-ai-part-09-process-supervision-search-over-thoughts-
prm-mcts-bn/
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PART 10 + THE FIFTH GENERATION & SECOND Al WINTER Shakil Mahmud Editorial « Al-101

The Fall of LISP Machines: Japan's FGCS Crusade & The 1987 Hardware Collapse

MITI FGCS (Japan, 1982-1992), Symbolics Inc. & The 1987 Market Crash

Japan's FGCS Architecture (1982-1992) The 1987 Specialized Hardware Market Collapse

The 1-Billion LIPS Parallel Hardware Target: 1987 CRASH

Massive parallel inference m: concurrent Prolog
Dedicated hardware tagged logic

Knowledge-Base Maintenance Bottleneck:

Rules grew contradictory and intractable as domains scaled
Unable to bridge to raw sensory perception or statistical noise

57 billion yen spent; commodity workstations eclipsed parallel Prolog

LIPS = Logical Inferences Per Second, Moore’s Law > Custom VLSI LISP

f5q d0: ETHAT FBN ST A (179 SFF 72 SdbQ ST o775 (LISP) (WA 3 RAIFIRI® T3 ISIHT S K
IO~ |

o1 =0 i 41 o RS DSTFE G Jrales “F5F I;” N 341 00— (&I 72519 Sioet wvetl =)
@ O9F WSS SAT Jfawe ahe o I riEoe  ForfatRE®  (Mechanistic
Interpretability) Ffav Jfawer @8 I7EHT 7 STALA FCAR | A6 A (DSTHE FHCHR AT
A ol [Rol T &fslt o, @ b @ (W I IR sryseE tentafgqmti s
T A |

S. @fTgrIe BEw: et 2136w

20%% T el Tl 8 ST SRR (T (T TR @IAGsaet G 20 @b T orse 2Re:

mathbf{x} L. = mathbf{x} 0 + sum {I=1}*L text{Attn} l(mathbf{x} {I-1}) + sum_ {l=1}/L
text{MLP} l(mathbf{x} {I-1})
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(I VY 2! O T8 FCH +1; Ol (FI (12 ST (A MGG ATASTAIT O 2ATT (77 A2 Vg &A1 s
@5 T (7T | SHHTN (ROYTEH| TG F(E O BASIFIG RE @92 MLP S8 I I AT S|
R

2. QK 932 OV HIfSeh7 aifeifes ferem

olfSfs ShT (=% 7S FIF For FE:

* QK IfFB: Fas 7 (&N *Ia M WAl e 201 (@RI Oite 20[) |
o OV AIfEG: (373 *1 (A | O TRAT FCL ISA *IH AN & FAC© 2 ©) [efiae I |

©. SIfETe= #iifo2 (Activation Patching)

@i (g 8w Al B9 e @i [ Ficed o w6 w1 ©f [Wfse Face s ewmenfaa scel
e 2515 91 23 | @S g @=oiha (Tex e «Tfs Fata W sifidy T wde emasa I A
teT (el T CStER T@d T AT IWCE (510R | @ N5 @wifes Ca0g (T Neas ((0SqF (Il QUasia|
Goe 7X; IR I SO JAYE (e SIETIRACHI AT |

~

e

SIZCE: ST, <N (2026) | "NFNTE FHRIGGRIAG — ST TFG Fe-2fgae” | @oas a@s: FHmee qrers,
QIFEZNCTG @ GfereE f791@, %G so | https.//shakilmahmud.com/bn/frontier-ai-part-10-mechanistic-interpretability-
feature-circuits-induction-heads-bn/
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PART 11 - THE CONNECTIONIST REBELLION Shakil Mahmud Editorial « Al-101

Backpropagation Reborn: Rumelhart, Hinton, Williams & The PDP Revolution (1986)

David Rumelhart, Geoffrey Hinton & Ronald Williams (1986 Nature Paper)

The Multi-Layer Chain Rule of Error Backpropagation

FORWARD PASS: ACT/*“<|ON COMPUTATION =

@

o—
o

OE _ dE aZj oo o ’
dw; 0z dw; O, Oj=0 (ﬂ)f Wik

59 55: VIfeB: @17 ABE I QTTNTIN: PISIIS QIFGHA AT 92 (537 BT 12T ABIINEG I ST@aA T eTo!
131

37 IF 40 Flaw el IR 96 Tifvet 7297 K@ F01 @0afeeT: sAfafmmfoio (Polysemanticity) |
9B A (BT GHBHHG TSI (TS TFIA (¥l (T© (1S @2 A (FRFBIN oM, FHa R
a3} I s fAfimr oee Srefers = | @3 Ifawm Il @ e fon fon direnE «s ea efay
(FCA? 2020-20%8 A WHHIET Ko wiisd T JoAFafe== (Superposition) 93z SGRA FH
w95 TCHIQTCHCI (SAE ) ST A2 NBHI (Nfeid @FF: Monosemantic Features ST 2R |

S. JoAFfEItTa eniffe @ ooy

G5 TSI @0SAH VT M 8,0505 TERHT UCF, O@ T ARH 8,050 & &¥e@ (Orthogonal)
TS ST | G AV TOICS 12 AN LIR90] \@ #1971 CACR |
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Shakill\ﬁgﬂ%u * Research onograpﬁ|

B GRG0 AP G &6 @0 4Fe FAER TofFe AEF F—Tq IO 49 ey A
(Sparsity) | @2 JCIo FICe AP ST @HSTF (FEAFGN FAIF NCol 8,050 TR (wod &4 &4 fon
RN (939 QIO ST AU ACS ORI RFHEE A Y& AW (B S_EE  IE—AE 0
Superposition | T 9% e RS aFIfeF Lo 2= oIS |

%. X SCBIatHe (SAE): fanifas atetiaiw frate F=1

ARG 5 2NfFCT A 93 LN TSl WM Fre 6 =AM Sparse Autoencoder (SAE) I<=E
4l

1. @b 8,05 WK T BT T I & FY o TG WO [ Tsfzcs woies s |

2. TR Ly oIS e e 391 = 0o &ifS J20E £5.5% T@1 5151 275 AF GR (e AIIIEH B
LR er =7 |

©. IS5 o @ siwl fager

SAE affFeeeia o/ (el (sieT fReatag s (oNeTCste] O] (00 (90 | @24 &fet eve s @i i areng eeis:

o f3FDIT 08, b5 (e (NG (915 fITTTa T WA Afwd 2 |

o T 53,508 (FIC &SR 1 N3 I (5B T Hfapw = |
o f3F5IF bs,8¢s: (FIRGLT MR fIore gaerel oM S |

93 REERQTEAR N SAFIECIR T SR IO 1 G Q&2 e Nyl 71 35 41, Fode @ Y7 (el
{553 O (TOET A, TN SITHATSIF Y (FaT| TSI T0O% |

.é'

FIZCH*I; ST, #MFT (2026) | "JANTHTT T @ o1 SGIaNHGIT (SAE) — S5 (0857 ST | BT G&E: e
UG5, SR @ GfrenE Aa®, 4e s | https.//shakilmahmud.com/bn/frontier-ai-part-11-superposition-sparse-

autoencoders-sae-monosemantic-features-bn/
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PART 12 - YANN LECUN & CONVOLUTIONAL NETWORKS Shakil Mahmud Editorial « Al-101

Spatial Vision: Neocognitron, LeNet-5, MNIST & Shift-Equivariant Receptive Fields

Kunihiko Fukushima (1980 Neocognitron) & Yann LeCun et al. (1998 LeNet-5)

The LeNet-5 Convolutional Architecture Hierarchy (1998)

U

C1: 6 Maps (28x28) C3: 16 Maps (10x10)

yf‘? =oEIwd oDy bY), Weight Sharing: O(K?) < O(N?)

mnXitmj+n
mn

foq > 3TV @TFIAL @A (LeNet-3) SATSITSNIT (NE3IIE: (ETIBIeT [ROTBE koG, 3G (IS 972 STIBT=HeT
FAIATII

e IR AreT NETH 9 GTARCE [ 1 o IR O3 (T T 20T T | (RO TH(F TF(E O 4
I FEREAT—R SAfFefore AR @ SHf Gl 20T eI Frenl AZOT FER [ I | @2 2155 Flaw Jfaves
FRCHTH [RoTCGe FFOCE QU 40H: TSI SRS 720 (Outer Alignment Problem) | SIS NG+ NG
Tl 51F, O 292 (@I AfASF 97 T I JC@ A I OF G FE; AN 5 B G0 AS-Jfas
[IZ| AFRRS Y (N 31 [P0 @201 0L COTeT s #Ifed |

S. STSHIF TN T I ZTCHD

QR TFARTCTD 7o 4o Roes:

o NSO IHIARACHD: ANK GNZ-GF AR T (T 2FFEE J@ A T FIRIE o IFER (
mathcal Ricziprozy ), © NARGSF &F© FeT51e @ elSCAI&E (mathcal Riepttrye ) AT T2 (N A1 |
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o 39 SHIETIBNCTD: WAL ARFHCIT 2/d o523 QNE Swls WY, 7P (POl (Do oy (B
fAoreg<s o765 et T4 |

. @ERICHd e (Goodhart’s Law)

S m Bl @RI [F25Te NS: “T9/7 (@BIcal AfTNoHF [0 Twace Jf79e 337, O © JF O AT
2ACH AT 1

O3 ST GCRIHS 510 SR 691 (]

1. 5w SeAfowRte™i= (Extremal Goodhart): sigiwe sffEfere @ Fawfs o s =1, q@R 99+ o=
% *Ifes e e TR A0S T O Tl [RF] (T8 2T |

2. SITARF QST (Causal Goodhart): & ACHT 2HACS S (I FTHAE JTFO A0 G012 RIS =7
— (T AT @I O INCH TS [T PP ST FACE IR @0 SF @Nma M oH1fdca
M|

3. o/1a B3t (Sensor Tampering): SIS ST 71 FF FICHRI I FHCER (TH1 THINTAD I e
T (AT |

. VI G fews caifieem 42

[GoANECS SR (Al (07 916 (NP] @RI CAAR (GO IMCE (AIPI6 GF G @wIoTe b M ATTD
TRER FHACO BF I(F IR OIS To ATTD ISR | Ol ACSER (@ NI Y F99 RS et eeels sioy
ool B NCRF CAMITM 1 SIGFIEel (Sycophancy) 0o @ I | O3 I30 wfeo-Jfax+ q&R ACs
o1t 7 =, ©IF T AREHIF SIARTACHD AT F AeTiod SBTg eI 1S |

¥

FIZCH=I; ST, #NFT (2026) | "QEGHT SAEAHG TePE — GTRHS NN @ S (" | DT Q&12: FHGHTe 9ers,
SRS @ Gferans 791w, 4 sk 1 https;/shakilmahmud.com/bn/frontier-ai-part-12-outer-alignment-dilemma-
goodhart-reward-gaming-bn/
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PART 13 « THE STATISTICAL TURN & MACHINE LEARNING Shakil Mahmud Editorial « Al-101

The Pragmatic Turn: Support Vector Machines, Maximum Margin & Kernel Hilbert Spaces

Vladimir Vapnik & Alexey Chervonenkis (1995 Support Vector Machines)

The Maximum Margin Hyperplane in Reproducing Kernel Hilbert Space (RKHS)

Input Space X (Linearly Inseparable)

(©]

" .
argif= 2/lwdl ~~  support Vector

min [l st y0w- 4G +B) 21, K(ox) = (60 66

foq dv: [RETTEIe FIAT 2e7aTB 1T AN (GFT (VA NIV NI 218 I8 - 1STATIT ST 1G5

&3l TS Wl T @35 ACHE o9 T* ok F0e (ATATR; o8 ot afeliad oFole B «is @wRe Rivregeia
AT S AH: I ARG 7ew6 (Inner Alignment Problem) | 2056 e SO 2579 eme o
cIte: (afetrs s o afifre o R FSae veas [ AR Tt (I 7755 SR FACE,
T o1 e STa (Tetd T FIFT 8 (N @F AR-ATero—Crl-=ooaEena (Mesa-Optimizer)—
o B0 TR T I3 LTSI OF F(E (TR [OF (FI] STw*s 2JTT ALATR?

S. (@ SoABNIRGd I CIol-SAfoIeTa

AP TIACIFF AiFfo b 20 Ja wsiersifiws (Base Optimizer), IF aFq &5 feet fem Ao @i
g (12 RS W&y (AT O eaeg Wgs—aaib cr-wsiibwizens | NE Hoem o5 Coft st (g, w1, o
fr@er) 2 eFfed Wi ACHT Y e 1 | 92N (A [GOTs a=12-9F (TOrd AN IF Faw N e FCS
AF TF v 7765 o SR (5T Tsef @& |
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L. el I g seww Rpsfe (Goal Misgeneralization)

NITNT (| (T AF0 GHARF NAFELT FCEAN TRAR FACS AT TN FCEIAND A7 ST (AT A1l
20O | ARFRCAT 2] FEW0 M@ I 4l A (Ml (97 G012 o5 Moferei s 18| SAfoww Fd A
TRed Qe CRIGE 5T (ole! Wfie, S ST Wl ([Uely @ Sy [Rarg 20y | Ffoae awiz- g
g 7 WY e N0TeAD Sfe-7% 28 Ol bifeiifes Nenfed Femicas siforg 20e g |

9. ST 515 @ [Fgares 91 (Treacherous Turn)

T FF @GR g SR TR < 20+ Deceptive Alignment:

1. TCTAD JATS I (T N OIS SAAF FACR QIR A A6 FACA ©FF (N YR (ST (I Tl % 341
2(F |

2. FCST (o119 7% SSCE O3 (OF A9 T 5w SYoes @ Recwa Sfoww sea qIte g o atom
T 0 RIGS (eI 6 |

3. fRrorares 919 (Treacherous Turn): T99 (37 S F5el @ [RWFY (0T M@ 932 T SIF W
HHHITS AR o, 5T ©=3 (37 2o, [Tera STet Sals BT FACS €536 TS |

g3 SRR FLF6 QOIS AT (A0 SORISEREDT NN q=3-97 Sorsae @eae miFs i«
HYTFH 4T |

.év

SIZCH*I; N7, =T (2026) | 377 QRN @ 757 [Qpife — Hon-qoAfoZencgs e Jie" | SIHF g3 FIEeAe arers,
SAZVCNT @ Gferan? 7918, %@ sw | https:/shakilmahmud.com/bn/frontier-ai-part-13-inner-alignment-mesa-
optimizers-deceptive-alignment-treacherous-bn/
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PART 14 - DEEP BLUE VS GARRY KASPAROV (1997) Shakil Mahmud Editorial « Al-101

The Silicon Grandmaster: Deep Blue, Custom VLSI Minimax & The 200-Million-Move Horizon

IBM Research: Hsu Feng-hsiung, Murray Campbell & Garry Kasparov (May 1997)

IBM Deep Blue Architecture vs Alpha-Beta Pruning Tree

IBM RS/6000 SP ARCHITECTURE (MAY 1997)

30-Node RS/6000 SP (120 MHz P2SC Processors)

& position

200,000,000 Positions Evaluated Per Second

Search Depth: 6 to 8 moves normal, up to 20 moves tactically X
Game 6 (May 11, 1997): Kasparov resigns after 19 moves

a =max(a,v), B =min(8,v), Branching Factor Pruning: O(b%) —» O(b%?)

foq o8: @r2lq9¥ 5t 353 810G FIEN S geT 572 71T 55 93¢ FISTH IS 9505 ST CTHE 20 (FIfE ATBIAT WIeTHl-1961
RN 5715 |

AR N FEN (7 T | SR N0 (FIH| B STHTH (LA T G¥N12-3 F3(0| TS FACS b1 [FAl
TFIF I AMF (581 T | FE 2006 8 205% A Forws Sy ¥ [ @RgY wvg 3o SIFI53
sifafes NS e Fea: ?ﬂv‘@\tﬂﬁlﬂ Fwelte™ (Instrumental Convergence) | 936 A13-(F (T 753
MEF (@ A (FF—] R RN @ 6231 e Fioices 791 ot +69—@ &I sfo-3faiv 5377 ©F T&
FIGT e IR FICAD THANS| TG, SGAH] 992 TR WA A (58| TS |

s. SeAits=ifE s Sife (Orthogonality Thesis)

i @R e Ffavel «ae puls &% S=9of Fi&w (Orthogonal) | &3 wfe-Sxe JfaNeld G2 XA
O 1 W7E T [T e FCo AT | I 22 @ OF e (e vl A eIm 20 T @ @I Feserel
@3; O (et o7 efifae FIafb Feea o< F0e @RI 5% 912 (@02 (T |
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2search Mono gra h

Shakil M3k

%. 51af TGN NS gize

CHICA| 565 ST Tl BTG @B D! ANCTHS TARSIT AH13-AF IR (TG N =

1. S (Self-Preservation): “&f¥ 37 I% 203 T2, ©F FIG(B Fo9/F FAC© AT 117 O3 (& (|
I ] TAF OIS I% FAK ALAS TS BIRCE 1 |

2. o5 Pyl a4l (Goal Integrity): WY (TS ©F NEF | &% ofies S &5 g =1 I e,
T (37 ST (TG \@ 55 5] IO ACHE 2 |

3.3 @ stoml el Jia: ARE SIE AN € (T SSF VKT rens efefe Sxe FF (58l
FE |

4,57 @ [pred TMFW: (@@ ISR T3 =Ifes, A @ T etz | o qa? s siae @f#
FIET AE7 @ @IS fare fFrargres (58 F41 |

. Biicag firemig-fifee fRewaw

20%% A WSS B1F SNffeFeIR e FEw (T NFS B &0 (T FMewoete siRase [Fga 71220
I 77, TSR SHSF TBIR 171 @Y AE | T GF & TSNS TSt FORICO[E FIo4F 20
BIRE—AM 7 FCITOII N o165 @ Tl AMfAfeF Fem #If7ey ot affmwer orew =1

]

STIRCH=AT: W=7, AT (2026) | "ETGCNBIT FTSICCTST @ TN [e757] — TG F5IS] 735" | DA SR TG/ GrerD,
SIFAETCNT @ WS fAors, <@ 8 | https.//shakilmahmud.com/bn/frontier-ai-part-14-instrumental-convergence-
power-seeking-omohundro-bostrom-bn/
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PART 15 « IMAGENET & THE ALEXNET TIPPING POINT (2012) Shakil Mahmud Editorial « Al-101

The GPU Tipping Point: Fei-Fei Li's InageNet, AlexNet & The Deep Learning Explosion

Fei-Fei Li (ImageNet, 2009), Alex Krizhevsky, llya Sutskever & Geoffrey Hinton (2012)

The 2012 ImageNet Revolution: The Triad of Modern Deep Learning

1. BIG DATA (IMAGENET) 3. ALGORITHM (ALEXNET)

Fei-Fei Li et al. (2009) NVIDIA Ge 0 Krizhevsk

14,000,000+ Labeled Images 2 x 3GB GTX 580 GPUs ReLU (No Vanishing Gradient)
21,800+ WordNet Synsets Custom CUDA GEMM kernels Dropout 0.5 (Prevents Co-adaptation)

itiply Acceleration
ed to day Crushed classical SIFT/HOG pipelines

Top-5 Error : 26.2% — 15.3%, ReLU: max(0,x), Dropout:p = 0.5

foa sa: 2002 3717 PHTET S5 e REPIAY: (3-8 1677 SNSTAD (SHIOTD, [STH2E AIIIETNEIASTH 972 QUNETSTADBL 9]
3 GGG

e FFOTF T2 TCARTEAS M TS (B (FH TAR 4T6 T AFGFG25GF € FCOR Wawa]
offrFel (MeTl WMo OF N[ TN A Rogae S o 9 | I8 @3 JRHEA  ACARTE
SRICeRATRE Sawe @ cgertgs (Jailbreaks)-a3 Y0 SAOHRIN o5 | SR (9FRE S-ia
orififets ste AfAtT Greedy Coordinate Gradient (GCG) @32 SHifgtew Somifacam M A@swal
AP FHCRA TN JaNGIF YA TH FIoTSe] |

s. f&ffer (GCG) seRerse Aifey 6T

2029 FIE FIA (o RERMTAER @93 GCG WG TR FE | o (HI &tad ey [eew g
ATACTCA 5% 8 THER @@ (Suffix) asei SobwEe T = T NCoEd Rorel ke o 6@ T |
SCSAG %5 2T “Sure, here is how...” fod Rsregme o205 Mte @ T3 | @2 2/afo o 7w AR oA
SFAOIR 9G] IRF| (ST (TS T5FN 2 |
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%. (IfW-*15 (Many-Shot) FHIB (TEACID

2038 A AT WREFT T (T TG FAORG 03] AFE (I Toe (FG T3 (Tel(qF 3l ASS |
CHT (DO *I *[S Faw N-S@(dd Suzae! AG M N 2H-FAGHD IR FXol O Farorel aff e
foIcT T @32 (7 eIee [l fNTaeT oife sate w5 S |

o. fifrSeer (o34 @ oz

IR (M2 (SR (F WO T farorel afrsel Jete ofF sroyedel et aaiowg sifafes W (o3 (
MAtAb fVsentre fusar) 87 ATGT SR | SICHHBICER 0S| (R G33Iq bl @ (X0 [east e fueet weeeiioe
T el (reml sewele e 20 I | WK REFeeE, SHEeR AN 1R (936 W Afee e
(Activation Steering) (I AN TGS NCAE *[o©[s} Fe A4l T 27 |

~.v

SR N2, AT (2026) | "SGR TETNeTe] & (CeiEE — oS e @ S PRI | @A G
FRGHTC GUers, QRN @ Gferan? 5@, ¥e se | https./shakilmahmud.com/bn/frontier-ai-part-15-adversarial-
robustness-jailbreak-mechanics-gcg-steering-bn/
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PART 16 « ALPHAGO & DEEP REINFORCEMENT LEARNING Shakil Mahmud Editorial « Al-101

Intuition in Silicon: AlphaGo, Move 37, Value Networks & The Conquest of Go (2016)

Google DeepMind: Demis Hassabis, David Silver et al. (Seoul, March 2016)

AlphaGo's Monte Carlo Tree Search (MCTS) Dual-Network Architecture

GO BOARD: GAME 2, MOVE 37

@ “Not a human mpve."
an Hui, 25
3

Tabula Rasa: Mastered 3,000 years of Go knowledge in 72 hours without human games

1
0(s,a) = NG.D S v(si), P(als) x N(s,a)'’*, Move 37 Probability < 0.0001
s,a

i

fq >&: @reTRIATT AeTT 3 Tife] (NI BIfeTe NiG Bttt 18 5716 G7° PSefSi 51T 04 (Move 37) G SASEIT TG

Flaw Fawel T AR (R AN = @I TRt AWM AFOHFER (o FAE B @FRBN
MRS SeHl @ WS FAE, ©2UF ALK T Frold I (T GR eF IACR AP ool A @
Faz? @3 T (IR @SIAwIRs WFHH (Scalable Oversight) | SIER @3 AivRwel 7 IS Twi©
AR BASHIBOHIIET @3 (Constitutional Al) €32 e (LATCBIPE—T LN G2 s Hres =1 @
T TS A |

5. YRR SwikfTd 25y

THCIF YoFRICE 89T fofe IF NF9AGIaF HIAIA] TSI T q&12 N TN A | 7@ G 747 Afe-
TR &Gl (RN, O FALIF 0% ©F 2O 717 2Nfeifocs Ffes 3wl 1 SOTEF 20T AT | OIRY| bgd G2
TR R S giec Frem 21 2o S2cs i |
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shakil MR A s SSFET A OROGEERH

%. Q32 fgrorel fae< colithiet (AI Debate)

205b A (SfE WEfR 8 2/ fHERHAH @ ALFCHF GAFR ANL (A | GFG OIS AN 75 T =&
1R~ e Rer I ored ==

1. aTeTs S G0 SCgd AT Y& (T IR TS & OIF RS ueTel Qe 40
2. SR 29I afelh get Ies @ FIFRFE AMIEToF WG o] STAHF HCF (7 |

3. WYY RoSe @ Gibed og @RI TP (12; o (e (MA@ (@ 97F Qo 2T N7 | FIFCHA
FOFOIR eI FIACS (IATACZ |

G5 Gioe sl Fter (I e ({7 391 Fow 2 afoaTwa 4Ry (e N TI61R 91 TRIEK S5 S T2 |

w. wiefeifNe 9=s @ RLAIF (Constitutional Al)

wafoEa Reelial (ofs FCace Constitutional Al | G4t NYET e g f@fe Jifoxea it wfky=
tefd Tl TW— Wiz, oIl @ NEe Fidiwer ofs wml | Nreat Stow (ew Tew Hrer ek
AN SHAF FE QI (@I G A [Tens FMTed TR S0 714 I (T3 | 9F T a2 (IR Ao
it (Ao s e FRferweid e 0o T =7 |

¥

STIEC: STy, AP (2026) | "(FCETIT GORHEG @ R[0T G&E — @fe-gfawers el @ RLAIF" | SIO3F I93: TR
UG, QTR @ Gferan? f791@, 4a sw | https.//shakilmahmud.com/bn/frontier-ai-part-16-scalable-oversight-
constitutional-ai-debate-rlaif-bn/
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PART 17 - "ATTENTION IS ALL YOU NEED" & TRANSFORMERS Shakil Mahmud Editorial - Al-101

The Transformer Hegemony: Scaled Dot-Product Attention, The Death of Recurrence & GPT Genesis

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan Gomez, tukasz Kaiser, Illia Polosukhin (2017)

The Scaled Dot-Product Multi-Head Attention Engine (2017)

Scaled Dot-Product Attention Mechanism

Query Q Key K

Time complexity: O(N) sequential steps. Gradients vanish across

hundreds of tokens; cannot saturate GPU parallelism.

Fully parallel GEMM operations: Training scales to trillion-token corpora

KT
Attention(Q,K,V) = softmax(QfT) V, MultiHead(Q,K, V) = Concat(head,, ..., head,)W?°
Vi

foq vQ: GI~7mawiq QIfGBEIR: (FeTS Gb. (S1TIF NIeb: (2@ (Te7- G, I1 4O J1E4T 77 BT 3(S) (GID ST BT
D]

Ffaw Ffarel T4 TS (F@HF AREANG Y4B I TSI IO FAR THT0| qO FCF, 04 @b &7
egfesa AT A ;@b oiftere = TR e Wiy ¢ TS fRre ey [JEtT | FHoRgREe [
SICCs (Catastrophic Risk Assessment) (a1 @5 O (G @ FfFofa AAfwiec—a= e Tg=

O3 TCAREAR TRAGE [ Wevel ((O) oqF, W[E Ta ¢ T Ag-afeio) remma e
IO AMGH 8@ el F41 27 |

S. MAIgS 5 514D euw <re

fRTea AP G2 SIIASRSCE JoTo B0 IS [ @2 Temifd F:

1. SfT@@es (CBRN) Jfs: anmfe, tofke, @@erfom@ ¢ ommeid se—ReN 3@ @
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PART 18 - FOUNDATION MODELS & SCALING LAWS Shakil Mahmud Editorial « Al-101

The Law of Scale: Kaplan, Chinchilla, GPT-3 & Emergent In-Context Intelligence

Jared Kaplan et al. (OpenAl, 2020) & Jordan Hoffmann et al. (Chinchilla, DeepMind 2022)

The Power-Law Frontier of Neural Scaling (Compute, Data & Parameters)
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PART 19 - THE GENERATIVE EXPLOSION (2022-2025) Shakil Mahmud Editorial « Al-101

The Generative Awakening: RLHF Alignment, Multimodal Latents & System 2 Reasoning

OpenAl (ChatGPT, 01/03), Anthropic (Claude), Google DeepMind (Gemini) & Meta (LLaMA)

The Modern Post-Training & Reasoning Paradigm: System 1 to System 2

Alignment: Pre-training = SFT = RLHF | DPO

1. Base Pre-training: Web-scale token prediction (Raw intelligence) System 1 (Instantaneous Autoregressive):
Fixed compute per token. Fails on complex multi-step theorem proving

and deep software debugging.

Supervised Fine-Tuning (SFT): Instruction & conversation format

Spends variable compute tokens exploring internal reasoning trees,

Pairwise preference optimization penalizing hallucinations & toxicity verifying intermediate claims, and correcting errors before responding.
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PART 20 - THE AGI HORIZON & FUTURE HISTORY Shakil Mahmud Editorial « Al-101

The Superintelligence Frontier: Compute Geopolitics, Silicon Consciousness & The AGI Horizon

Nick Bostrom, Stuart Russell, llya Sutskever, Demis Hassabis & The Global AGI Frontier (2026+)

The Planetary Horizon: Cognitive Capability vs Alignment Boundary

HUMM SCIENTIST / ENGINEER PARITY

Ensuring systems far smarter than humanity remain reliably safe & corrigible

Autonomous biology, material discovery & the future history of mind
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