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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

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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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 Gédel (1931) & Alan Mathison Turing (1936)

The Universal Turing Machine & The Halting Problem Proof

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

READ | WRITE HEAD

ransition: 8(q, s) > (a', s', D)

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

(M,w) & Hya <= Undecidable, Lgipg(M) = “M((M))
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PART 03 « CYBERNETICS & THE FIRST ARTIFICIAL NEURON Shakil Mahmud Editorial + Al-101

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

cCulloch & 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) —
ult) =K - e(t

Yit+1) = 0 wyx(1) — 6;), Feedback: e(?) = r(t) — y(£)

j

67 ©: MGG 57 AEIT ATENT [NEIA 93¢ FIAMD SIANI AT IS (WoHoT Rpos (A= I3

2059 T W FITeas @92 20%0 AR LLaMA '8 Mistral-48 N&5as! ey Sbifcalsre #5seae Seces SISwere T @ Jd
RS 96 otz | ey e f&fiT-o o= Sroset ez Wit Berer @ IR e | e ayfie Gemm-Grre seresm
TEAGTE OF TASTS 7% 8 FFS N0y G0 ©oiFre 20ax: Pre-RMSNorm, SwiGLU s=-@fawif«5, Rotary Position Embeddings
(ROPE) @32 R V51 CTHG ATHAY |

s. Teoifaafsre fraer sea syfEr

9B PG FFHNST NCTe HWIFS| (B e (N ATTS! (GBIt (@ifGF B0 | 3T @ (Wi IR =W I=CA i @l sAfeay et ol
CATRICR:

1. Post-LN (TS Pre-LN: Ta¥IRISHIE @STGe SIAFITe (SO0 NI SR #16 *16 B 91819 2tate (alfSrrs opfem = |

2. LayerNorm (& RMSNorm: G R F419 JCe] I ee (et 260 N %1 (e 21 2ifS 20% i oir |

3. ReLU/GELU ¢t SWiGLU: g9 - (Ttea U (105T IR 0wl NS SerHe] Igee IS |
4. Absolute Positional Encoding ¢t% RoPE: Gf6a TSt (921 (MR ST (B CRTh (B35 SR Jeaiet 378 =7 |

%. 923 (SWiGLU) sifgre== crsifver

2050 FIGE AN *1fT SWiGLU SgR e | &b A Rre-waemé Biae Weel 9t WiGs @ 71 35, 395 36 Feae =i [oe
T 9O SILU Snifgre=s Mo (b R I)ea St wokiba e @ S:

shakilmahmud.com &2 TeJfeTe ALFAT « BIFT 3 HISFYR + 2020 Page 10 of 47


https://shakilmahmud.com/bn/large-language-models-part-03-dense-transformer-architectures-llama-mistral-paradigms-bn/

S S WG 3 (AT g3

. M *R M
shakil MR UG e s TER TSI GPEAH

textSwiGLU (z) = (textswish(xWi)odotzWs)Ws

ST FFPISTHHAIE =06 23 SO $7e AFHIwy™ (0, 1 PaLM, LLaMA @3% Mistral-a3 Sii<eees @i+ |

©. FIVIZT WE69YB (2C (Untied Embeddings)

A FRINGR IB1Ce 2795 arRfeR WGHH 932 SeG6 FERR BGw 92 A4 200 (Wieptheas = W) | T8 SIS *=reieim JRH= (V =
128Kk &#8211; 256k) | IA=11 (ARITICRA (T Z2ILE *THI W3S (A0 NEFIF TS AEHALE AT I AGTEAIE FLSSIE %[5 I Ty Ol
Sriffes ferem wal7 | 9fb WG 3= (Untied) S eet Stetes gfeseitas el qzee i o |

1

SR SIZ, AT (2026) | "G GIRFEIF SRCEFIE — [&fHf5-o, 177, 9579579979 @ Qe @IS | &S SAyreeer Mee @ (ST KT, 4G © |

https://shakilmahmud.com/bn/large-language-models-part-03-dense-transformer-architectures-llama-mistral-paradigms-bn/

shakilmahmud.com « £feY STeFfoTe STeFA « BIFT 3 F157Tefd « 2020 Page 11 of 47



%%@%%%%&WI% SHAKIL MAHMUD * RESEARCH MONOGRAPH

(&S T @ STFITH (T — &?W foasamas @ ifSe

(TS BT 3 ZNRBIGST (NI — (G @B, [G9eT79TIN 3 IS NTIT

ST TRFTA

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)
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PART 05 «+ THE DARTMOUTH WORKSHOP OF 1956 Shakil Mahmud Editorial + Al-101

The Founding Summer: McCart nsky, Shannon & The Christening of "Artificial Intelligence"

Dartmouth College (Summer 1956): McCarthy, Minsky, R Shannon

The 1956 Dartmouth Summer Research Project on Artificial Intelligence

“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)

foq @ soed TETT SIONIE2L G@UE TR S WIS, WHST I71E, TS AT 932 (NS STRNAT JATHI oot 1

wBIiRCafe (G Cefae I A FiEe NeAE Fo] (Hilbe-AErs S8 @Ikl WHCE U ; WL ©IHe eIl 18 0 Mrer orfsl
o83 (Memory Bandwidth) | &fS @FF GBI (GG FACS 2T O WAIRGR @2 [ore Graeetera A Key-Value (G
3G 2R-areesy (W (HBM) (A Brom Fiest e Face =7 | NiffS-cwicafs snith=i= (MQA) 3% aboiS-(Hitaie Sito==i= (GQA) (Tl
oNRFIT AFCGFOIRIE SR [ T (G 0| SFH (@Y (FG-FITI Tl 5191 b el o ey 7w |

S. (TR (qEle @ SHIfFATaBe SNeoa o

821 SR Fwwel f4ifie = Arithmetic Intensity qR—azfie ofS I35 G FREEE [RoRice TR FIH-SIGTS A=
(FLOPs) 519 25a:

mathcall = fractextF LOPstextBytesTransferred

fosrre Wfeh-c2e Sthita (MHA), It fRrew SRe=+ d, @Il @8 15l Hy @3 St o S =7, o3 afefb =v o7 ferg Key ©
Value ete=+ (ofd FC4:

mathbf K, = mathbf Xmathbf W'Y quadmathbfVy = mathbf XmathbfW'" quad(h = 1,dots, Hp)

eifSfs e GBI e T ST il 778! KV 91 (2times HotimesStimesdy, I135) (TN (ACF (5T s =8 | FLOPs @3% (XWfd
Gifes ©o98 O(S) SAICS AT SHRTHGS 2ACG010 > FLOP/A125-97 fTh (10 =it | weeT NVIDIA H100 f&fo3%% steel *fes=iell ermiaa
BT (IRGTE 50% ST (TBIR ST fIRRa I037 A |
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AR NS TS 3 ST qard

. M *R M
shakil MR A s SSFET A OROGEERH

%. WS- Icafa SHTETT (MQA): 5% (&S Sratreifa

2055 A A #M1fed Multi-Query Attention (MQA) &K I | 94t Query (XU FI-N A e (Hy 6), 198 @l @ Na
936 afew Key @3k Value 7% (Hgy = 1) O & (I3:

mathbf QinmathbbRBtimequ timesltimesdy , quadmathbeinmathbbRBtimes1time35timesdk , quadmathbf VinmathbbRBtimesltimesstimesdk

3 B0 (T BAIGER S Hyy @9 (ST 02 (A0 ©8 @) SN TR | O TG (R G928 S 897 fSeiliet 2ewm wibet 3fes @ A
TICoRH RS NCOtaTd @919 NI+ [FR51 19T oA1T |

. EFAT-(HITHT SHTHE* (GQA): JIN TN

MHA-&3 Bt @ @33 MQA-a7 el 9if$q Gleeae 95T 2029 T S e[y SR $ew Grouped-Query Attention (GQA) |
@6 LLaMA-2/3 @3k Mistral TS 5216 M7 | @At Hy M4F @ER @UE G AUF a0 Ol T4 79| &ffolb e @b @ Key-
Value (3¢ 95724 @& (Hyy = G):

o I G = Hp: aft sfkase sRet Sife%-2e Syiesa== (MHA) |
o I G = 1: 9t R NfFD- It ST (MQA) |
o T2 1 &lt; G &lt; H_Q (TFers G = 8): «ft w3 Gifthss v @t fica orw g seeter s @RI el 5% SEpsl A4 |

8. EFAHT- (A ATOWIH TG

=S h-a7 &9 5 g(h) = Ifloorh/(Hg/G)r floor 20 SHLETA ARG WIGIT:
mathbfOp, = tea:t.S’oftma:ztleft(fracmathbfthathbeg(h> sqrtdgright)mathbfV )

97 A ARG TR SR TR TR 51 0 @l (AT ¢ o 1@ Jfn A |

STIRCG=: MR, NPT (2026) | "NIFO-IAT G Q- QG — (VNI JTSCLR SN[ Sy | [T SIS JCeT @ (Gl G&E, ¥ ¢ |
https://shakilmahmud.com/bn/large-language-models-part-05-multi-query-grouped-query-attention-mqa-gqa-bn/
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-SRI @ I13/8 HveTel — &3S aF-73Iw bIafee @ S=etias
TFONSIH

PPN 3 @I3/3 B~ Ol — [S1H43E 957 771N bI2fere 3 QA3 STAONIET

ST RFIA

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.

foq & F.7 RERAIEF 3715 1T 9T¢ (SANET ST TSI (GPS) [T T AT @IeTsifamw |

FOINE BRI o i I qd TES-SNeaEE e @36 ofdfes Wi W @€ 0o
textSoftmaz(mathbfQmathbf KT /sqrtd)mathbfV | 58 IBE@ A GAGI GFa SHGTH o7 =030 sicelem snfafes wiberem (
O(N?) FLOPs) =T 7%, I9% (TS 399J5/SM69J5 (10) FIfRFCa BICst | 20%% A §i3 118 «<k &6 (@ $uiae 3a FlashAttention,
T YESTIEE TOTF (N R T RCIOA1 0T SCET AT (I ST SN Tt Q1B & (A 8 @ AfS @3z omfd 9495 $0
@} 2 T & |

s. &30 q srersle mfs ¥9: SRAM <=1 HBM

a6 Ty f&f3%cs (@@= NVIDIA A100 31 H100) JeTe 76 (x99 UIeE:
o 3B FHroesA oW (HBM / DRAM): et il (vo fafR), g gerymaed g oS (s.¢—0.0¢ GARIEE/OTES) 2 B%
T |

* 57if6 731 (SRAM / Shared Memory): Ie5% g 5 (&1 oo GARRG/CONTS), g WFH ¢33 Fu (fS &P WG vo%
fFCeII35) |

fBarT® 21355 SHI 271 a1 INT &S &1est Nens! e Gt fiafes HBM-4 [&4te 8 oiwte =:

1. HBM & mathbfQ, mathbf K & @ ¥ mathbfS = mathbf Qmathbf KT inmathbbRN4mesN tefa a1 =10 rightarrow
NI HBM-& (o741 23 |
2. HBM (IT& mathbf S #TS SEGNIH FCE mathbf P & 4 2 rightarrow IR HBM-9 (&2 27|

3. HBM (& mathbf P € mathbfV 2% @ F(J FOIE WS69{5 mathbfO (&7 T 2T |
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S S WG 3 (AT g3

. M *R M
shakil MR UG e s TER TSI GPEAH

IS Cnefs ©%,000 (A @3 NtimesN WG i<l Mo &if 2316 SIBE & Poii<136! wie fPRea St (SRSte ST 03 (ATH
(3 (T5 Giftrce FRisra = |

L. SIS FFoI (Online Softmax) &Hie

SICBHCE F& HCS Ol IS AL SIS e FEOICH 22 sum’’ exp(Sy;) | 4L e TG 12L5] ] @leT] 24 A FEH51H A<
AT

FlashAttention &2 ST ST 0 SNAIRT HFHIFIF FC@ MRCT | 431 T 76 F0a T4 2D @ 22, o AR ST 5 17 @ g |
SIfere S = =04

Mitextnew = maw(ml, mz)

SIS GHCHATCTAAIIS (RFAE (eI @I AT I ACY S9TTH 41l TR

1 {text{new}} =11 eA{m_1 &#8211; m_{text{new}}} +1 2 eMN{m_2 &#8211; m_{text{new}}}
OPISIF A2 AEH2T (T2 mathbf O-S LT LT HTTH 41

mathbf{O} _{text{new}} = mathbf{O}_1 left(frac{l_1 er{m_1 &#8211; m_{text{new}}} {1 {text{new}}}right) + mathbf{O} 2
left(frac{eM{m_2 &#8211; m_{text{new}}} {1 _{text{new}}}right)

. B3 SnieTsifans @ werree

SEIR TG FenlCe] FlashAttention 295 SHGHSESE 7 70& Roe $03 T HE wooifed SRAM-43 (Sotd 406 T/ | NtimesN
WGt SR Aasfor HBM (Ifics @14 28 71| (T §iftes O(V?) (TS S O(Nd) (S FoliRfe 27, T 0 i &=915 @ 328 Qedaias
Teoey 5ere Siférel @ ETHIES AfRbE S A |

TIZCHA: NIZHH, BT (2026) | "FII-SHETIT & SE/'S FveTel — 42T 957-Z77 bEfere @ TP | ETIS SHISCICT VOO @ (G L, 4D & |
https://shakilmahmud.com/bn/large-language-models-part-06-flashattention-gpu-sram-tiling-online-softmax-bn/
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CSH (FIAFBIRCe™ ©g — FP16, INTS, INT4, GPTQ, AWQ €
SIS ©IRC=Ie

N(GeT (FRABIGHA ©F — FP16, INTS, INT4, GPTQ, AWQ 3 RISLAITIT SI3NAXIA

ST TRFTA

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 Optical Array Novikoff's Perceptron Convergence Theorem

400-Photocell Retina (S-Units) Mot

R?
W1 =W+ 70— P)xi, k< bl => Convergence in Finite Steps

foq Q@ F11F QUEAZINGT NI S HICTHGT QIO (V16T ACALISTGIT 3T 9T (VISPRAT SAGIET A2 TE |

q0 ffer *BRIMNGIE Gib #MMET sTsERer WCeel FP16 fafSmitn 5efite (el o 31iae FI0eR 80 PIeRIRG aliftrst (wifs (VRAM) &carer
= | VTS (FFBIEIN (Quantization) TR su-RE GRS womeE v-R5, 8-RE fFeal +RE 2w igfve w1 ot <@l
TRYF| (FCH (B T 7TH; I IS GO HIGHCE AN Tt 1T THI T TS O Y4 e @ Fgevo! Srpal A |

. (BRIt IS sifde

S (FRFBIRCST AT AU RBIRCE [ 2,135, Loy ) [NHE [R5 b-8F TR FATT 90T -

q = textclipleft(leftlfloor fraczsrightrceil + z,—2071, 221 — 1right)

(I s T CF THIEF G3R 2 T G- S0

s = frac{x_{max} &#8211; x_{min}}{2/b &#8211; 1}, quad z = leftlfloor -frac{x_{min}}{s} rightrceil &#8211; 2/{b-1}

TP RIFB IR TSI SIEFT 27T CERI52-2IT s F22Afl W= &1 =20: hat{x} = s(q &#8211; z) |

L. CEELTT SISO ST HRSIE

NS WHE T2 0.9 (e op=fior afeww 3@, $4 97 Wit o s 9o=1 906 fFg R s T+ Frefkeess 6o soo
@) @f i o (| X | &gt; 100) | STHF (SIAFGIRISH A2 FACHA 93 AR ASHATAGTAR FICET (e T2 IG T AT @I Ao
TG NSE AT R 207 0T 78 207 I | LLM.int8() 93 OB ST FF: 0.5% BRI SIS e FP16-9 @ T4 77 &%
AF 55.5% BT Toosifox INTS-9 &THA T4 27 |
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S S WG 3 (AT g3

. M *R M
shakil MR UG e s TER TSI GPEAH

©. SATBII (& G @ GPTQ

GTAYTANS RIRAOII (AN Fa9 T GPTQ et BTEe WG @i6 FATAR APHIBCeH A= FE:
argmin_{widehat{mathbf{W}}} | mathbf{fW}mathbf{X} &#8211; widehat{mathbf{W}}mathbf{X}|_2/2

bF Tftes Sy w6 @rm WG mathbfH ' = (2mathbf Xmathbf XT + lambdamathbfI) ! 5729 03 936 @owE 8-R[RG
TN 0T (T 6 Cofd T, fE STRGTHAIS ANTT I (13 6 OITHIFOI AT F0F (ST TW:

Delta mathbf{w} = &#8211; frac{w_q &#8211; hat{w}_gH[mathbf{H}*{-1}]_{qq}} mathbf{H}{-1} {:, q}

8. S BTSH-STHO (FRIFBIRCE™IY (AWQ)

AWQ %S &1l FCI (T TG ST TN @Fgs)ef T | (T GRS A IS ST @) 27 (A 3% ), (&FhE CISTEAIS Jowe A4 8-[5
(SFIIFBIRISHITAS NS (FIC @9 S 27 =11 | 97 Tt GF6 Ao (ofi foREree ao [Kferm siyfibias s scwet Fm=cws sl
B = |

STECH=A: SIZH, T (2026) | "5 FRIBIEeT ©g — FP16, INTS, INT4, GPTQ, AWQ 8 TR GISCHTAT" | EIS ST NCOeT 8 (CrHIDe I3, 4G Q
https://shakilmahmud.com/bn/large-language-models-part-07-model-quantization-fp16-int8-int4-gptq-awq-bn/
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ANOIT-7F TIa=-BoL — (141, fFo-ceial © 3G it enifife
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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 (Advanced Automation): Valid
Category B (Building the Robot) & C (i

DARPA Mansfield Amendment Fall

FIRST Al WINTER: 1974 - 1980

n separate (0,1),(1,0) from (0,0),(1,1)

XOR(x1,x2) = (1 Vx2) A (x1 Ax;) => Linearly Inseparable

foq v A1F 3 MISMGI SITC SIS (XOR) [TNIIT SNCTHRIRIAE 972 550 STETd eA12512eT [[RUsit IaqS] 27 a3 o)

q0 Rt 5IHIGIET 9 TSR T Tl FIRA-HEFR FICO TIFH ST HATTH QIR TFTSTT SAGABGIEE CNITHOIN TRFH FHCS
evo PerREEae Q& aiffFs oy (VRAM) owie =1 | sisiifite-afeicrs siza-Befe (PEFT) @2 SHmR goiesial sy weng |
BT 1 2IBTonfA-93 e fofé T2 LoRA (Low-Rank Adaptation) 932 QLORA S S(STR ST ¥4 @04 F8 WIGH ol
0 GO MR [GHEST3 e weea wza-HefNcra Jras s o |

S. 3Fgwioe SRt g3canfAfe

ERAE (Ml (IR (T 4315 g2 NS @heTa 8o WifGH mathbfWinmathbbRYUmesk i i SR TEM TS, (@I
fAfiE g7 FICed o ATEeHE AfS$T DeltamathbfW 43T Sre5g fm-mfas ARE#Itaa (Low Rank r11d) S5 SRS U | T *1S
IS opRIfSER sifts T S sy g o= T T Noaf sIeFHoIE Tgw T RIre Hee |

L. T siifafes FSiTa

20%5 JAE GTSTE 2 @YY LoRA SR I | QT GG TS5 DeltamathbfW-& 7o & BGH mathbf B €32 mathbf A-93 @e=we
R e 51 ==

mathbf{W}&#8217; = mathbf{W}_0 + Delta mathbf{W} = mathbf{W} 0 + frac{alphaH{r} (mathbf{B} mathbf{A})
AT

* mathbfW: T& TSR 29 A (IS 9T |
* mathbf BinmathbbR¥imes" @32 mathbf AinmathbbRmesk : eférsercaisrs 5pu WG, (AT WIRF r AR 8, b, I b |
* alpha: CBfAR A=INGE |
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S S WG 3 (AT g3

. M *R M
shakil MR UG e s TER TSI GPEAH

WS mathb f A-GF MSHRIN RN 911 @38 mathb f B-GF 70 %775 =<1 SARRIES 561 23 | e ffRRiad &3 Y208 Deltamathbf W =
mathbf Bmathbf A = mathbf0, T &Y NSAGT WK ABI G TGRS A |

. FIFCHAIATH @ f&Tal-3TIa™ SeIaTs

TS 9T 3995 mathb fz &F #1417 eifze =
mathbfh = mathbfWomathbfz + fracalpharmathbfBmathbf Amathbfx

LA TN (e F7 WGH mathbf A @ mathbf B-97 &FfSTI (77 71 T | o TOE O (] SATGIRSTH GB5 Tl TS
2 1, TR FE (TR 4T 55% S BT 91 | FRA-HOAR (T TWOBIER GOHE el GO A @15 FCF (S TR (mathbf Wiept finas =
mathbfWo + fracalpharmathbf BmathbfA), TR e 3THCACHI 3 (1T AfSTes 0 A1 (w7065 Cofg = =1 |

8. f&3-741 (QLORA): 8-Rb (FIFBIZeTS FIR=-oe
20%0 I fox (U5 Bl S QLORA | @b & Mea(bs wrors f4e 8-RG NormalFloatd (NF4) S51Ch MEbe S0 02 €% 17

@97 50-fI6 LoRA SIGISBIF T T | TR (SIFFBIRIGTH @ (o1ers asifbxizentad ey «ft afburg st fefoRsrs ve [femm wrost oy
frdeera FEa-Hew T (32T Frel en= |

STRCHA: M2, T (2026) | AT PE-50f 1 — (@, RS- @ HGaiie < enivfe” | 1S iReer Yoo @ (Gahe 98Tz, 48 b |
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915 REOIF-S9-9F/A6A (MOE ) — IhSHIF 515, (IS A2 8 J3b
QIS

=157 (NETS1F Q- 9TBT (MoE) — IISBIT (315, (@1 JANf372 3 326 FISTRNIT

ST TRFTA

PART 09 + KNOWLEDGE REVOLUTION & EXPERT SYSTEMS Shakil Mahmud Editorial - Al-101

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 GLOBAL WORKING MEMORY

RULE 035: Fact: Patient_Age = 54

Fact: Culture_Site = Blood

IFE; AE; - AE,THENH [CF =MB— MD]

foq &: FIlrener 9@AE SIENT A57: ATS @7 B, JNFITE G2IVe ETPIEST ST 9T SNGEAD PIEI FIALT I

GG AT (O FIHCIS VOO MBI 74 AL & 2e @if (Biepey aifeeaiarace TNARNT SEEE=H a5 (@0g WM | =
FrbR-SR-agAGH (MOE) sFRINGR 12251 @ FHSHAR G2 OIS SRS 7o)< fRF I O | &1 FHeTFE Fw Fw [raaifare
AR-HEHF A “Q@AG"-a Row Fa @ ol G W@ » A 6 oFl a@=ibe Fitg Afdty MoE SnfFtwoia (= Mixtral 8x7B 3
GPT-4) T 4305 *® =fo Rfer sfyifNoicas =ifes Sramw w3 |

. TSI FIHSTEHTAT Wl

foarre Grrrawica afel Graie wr @8 Rre-sEmS (1Gem< (FEN) i (Ite z3—sl @i asaeists Tifs-wl (@1 f5eql afbet s
SEel | MOE #Mafete afsfb Gt «ae saifl (heanss 936 Fw aee siaws =

mathbfy = sumP G (mathbfz); E;(mathbfz)

@A E 20 (15 Reees 91 @9ii1h (B e 9251 @2 G(mathb f ) E A M85 (5105 TYRF! (974 |

2. (9ifoe crifSem @ B9i-k areiBe

2059 A RIS =& =515 5o-k (o152 (wFiferers &R S0 | 39945 GBI mathb fz-& a6 8O WHH mathbf W, e @t Fx s
QFIAET (T el a1 2

H(mathbfz) = mathbfxmathbfW,
QIR (A M ke (STAFNS b = 2) TMRATF RO (FIRACE A (G0 I 5 TS — i f by TR TN T4 T

G(mathbfz) = textSoftmaz(textTopK (H (mathbfzx), k))
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S S WG 3 (AT g3

. M *R M
shakil MR UG e s TER TSI GPEAH

F STHE GHAHR T 275 ST SIHF G5 (I 2K FA00 = 1| (@9 Mixtral 8x7B NCGta (N6 8q [fermm on=ifitm sl wge afs
GBI &7 o Kot rfibre a<2e F, T et Ao Afers Fie w6 |

. AEHI T (Router Collapse) € @G IFerFws|

fAaEaRIweIa effre Tt ub THg eFB (2 (T TS 0T ANSBIF SEAI | WECS HN[ S| TS Fal G-AF(6 GHAHS S0 AEBIT AN
GBI AISITS @ I, A AT GG [FZR FATe oieg 711 G oL R et T 7-95% Ter Jete sfee 211 agel afs
forfoR8Te QIeithe oy e ool (Capacity Limit) 21ts; Siaifefie (Biees amicet sifefies (Griaete gof 91 aifset 2o I |

8. sfgfermfs cemre qprenfaie o

TREBIF TS (Y FACO G2 NG TSR W05 (BIFCE JIN 396+ 6w F2ce @b 7219 Load Balancing Loss I& 41 =
mathcal Liegtane = alphacdotE.sumfi1 fiP;

A f; A GTHAD i-(S (2T AW BRI TS IR Py A1 SO TS ARy | @3 o =16 qresr ey wex afsf
GBS FTOIE FIR FACS, A e JSSTWIA ST RGHRS s wwer e 364 |

SZCGHI: SIZYH, AT (2026) | "= NEO17-TI-F 2055 (MOE) — SISG/F (915, (1% e @ 735 TN | SIS ST VOGS @ (TS G&E, 4G 5 |
https://shakilmahmud.com/bn/large-language-models-part-09-sparse-mixture-of-experts-moe-router-switch-bn/
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far-cgfs sifeim @ cebl Sfgfmfas — e fTfaram ¢ Fiegits
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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 1987 CRASH

Knowledge-Base Maintenance Bottlenec!

sed parallel Prolog

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

foq d0: TTHINAT FBN ST AT (ST ST QT2 SdobrQ ST o751 (LISP) (N~ 3 [Fra1Te 2IG3TIT IS WIS o~ |

YRF (TGS QR0 o1 7 2 TOeT SNBGFEF (N; (CHIF N2 2067 FeT SN | O (GH5-a<-73-A10 FSTTH N f&-
(G Fa0e S0 (A e Giew Gt etare 23 | FBRIET 151 (@BIeis (Common Crawl)-a3 v¢%-3 ALTIGR WG, “ NN 8
FrTSICAE Ty =1 | e @6 asearer NOoASTER (Wel foise 3 (ABRIZS (HeTa TR (Uh! Hgawifar oiRemtgcTa esfw, 3 fmg= wifi,
el foifte © Sz cobr s fds |

5. A THCH SofAIFel: MinHash LSH

SR TP T oY &Y TR 8 FH-(o55 (o ol 2% | 292 1 A0 Q@@ 421 T 71 SR SHOICsd (9o ANy T 3 [Kewrom
el A1 | MinHash Locality-Sensitive Hashing (LSH) @rs5% et s(fSte amy-afen S fofzss w7 |

OB THFNCHF k-F157aT (BT W8T A Sri<eis e« (Jaccard Similarity) 791 siieafEe w1 =20

J(Dy, D,) = frac|S(D;)capS(D,)||S(D;)cupS(D,)|

QUACICA] AREHR pi ST FICA Gfo CFCACH F@os T N+ FeT AR TBI7e] 272 OInd Sieé Sifsaifafba sm:
Primin(pi(S(D1))) = min(pi(S(D:)))] = J(D1, D2)

5350 R HH T FEST HICS 1 S Gferm G A @It &I Ferarean Qeet 1d 491 23 | YA vd 1 FA0A N0ea FHme
2 YU PR CHCE 932 RN o] 20T 0T |

L. AceRD © ReRkTos Revifas
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o RBRHe Mastaell: (G Febime Tors, SBo-eurss SofEfs \ge w3t (e 6B T IV 7 el 2 |
o Ol ANIGHact: THHHHb FIRERIR P SIFIfeFs e SFF (ofer Im (el =7 |

o sl Rredifae: B3RP a1 Swwier it esm efifire @3l Fw amseae Nee it SHeese ARG o = | e
wifefees QUATCCE] @ S1Ee] 70 ©f ST TG el =¥ |

©. 3 (bl ¢ (GHbHIT e

FHRCAGT AIFfoT AoTTe (4R SR S amme Ty (8- Ficgts ebl (Synthetic Data) Sroifsa 20 Sto0g | MEGHPRAGA
Phi fSifSted SgIRA eiFiel FTECR (T SN 4w sree ea (ofs e A5 [aaaSl (ShIab 2R FACH S (=I5 TS KA NS
SN GBI @ e M FCS AN |

¥
STRCG: M=, *NFeT (2026) | "G sifefim @ cob1 gt — iz g ¢ Ficgioe SO | 1€ Feer Voe @ (GmIEhe G&E, 9@ 50 |
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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)**T|ON COMPUTATION =

59 55: WITeB: (@17 TIFE AN QITIHTTN: BISTIES QIFGHIA AT G372 (52~ BT SIS FF3IIS 977 TA@7~ANeror (B /

QT et f-CFETC (@9 NCoe BB w170 (BIF Qi 2wz asifass 3 | oIt wft f&reest Fa1 = @R g qrerrl (BIRIF?”, ©1 3
=l Teh 7 e oS & RO fTs oA “Sraces el (IRIE? ANEEIcTE IS (FIF?” FIEY SR SN (GHG (TeI[3
AE | FATOIRGTS FI3F-BOML (SFT) @2 IHFIFA BOML 93 WF (GHG FNAE AFO G, JR 8 MUHIwa TeFRIcs Foed
|

. B3IG W9 @ FISiTarsrs fHareral (ChatML)

FREFI T 93R BB Fo Fesea) Sieml 9rece Sy aiaaanet@l ChatML J1 R (B SIS0 HI29 FE:

<|im_start|>system

QAN 9FG TS FFFI<|im_end |>
<|im_start|>user

g sNieae $r2<|im_end |>
<|im_start|>assistant

@ SN W&o AT T qe ¥3. . .<|im_end |>

93 RO GBI ST IRIFFIR BIR FAC AN I, TCA &=5{5 SACSEH 1 iR (A M0 Fawo A |

K. E™AB-CAIS o191 WiT%e

FiRA-HEARER T 9T I Tt 20 AF GHEGT @oF o9 AR F41 | IRREFG | @6 TR © Y245 I Ty NCTAE (AT (M8l Ofve
TE; NCGAE (I O (197 TGFd et oy Sroifbwider Face 201 |

T &6 SdotsT (G 932 T&d T' + SdotsN (GBIt T, O &7 W& FNSa el
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mathcal{L} {text{SFT}}(theta) = &#8211; sum_{t=T+1}*N log P_theta(x_t mid x_1, dots, x_{t-1})
FREFFING ETHR G5 97 2[5 S0 (MSTN T, T e NCOETd T (AfSTTD AACTH (76T AOF SR 0¥l @ U5 ST 57 2T |

©. NEH-5rF MYaNTae

@9 Flan sIt&ei (79l (A0 (T ¥ *© (IDasNa S0 Tt (STR1e%T Cofel, Siam, (Fifs, aifere) qoieal TRa-58 Sa0a Neeted wrersar
QeI ABRESIE I oI | T TR A WA G 5795 Tgel (T T (o1teTs Neeafs (Yol Ok ST (J9 TS 7569 2 |

1

STIRCGHI: MZ, *NFeT (2026) | "JATEZETS FZA-BER @ ZTG1 [FEf — TT-aag i Af SRy | e ATer Woe @ (G G&E, 4@ 55 |
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oD wif: W R fFegss (RLHF) — Siefe-6f fremd
oo @ feifore

[IEACBIIN Al N RENTIA RSP (RLHE) — JITSIer (513 731G Nwer 3 5153

ST TRFTA

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

€3:16 Maps (10x10)

)‘:j) =o@Eswd D 4+ D), Weight Sharing: O(K?) < O(N?)

‘manXitmj+n
mn

5@ 9% 317 @A @B @ (LeNet-5) FATSHASAIT (NE3IE: (@T1BIeT [[ROTBT Rpeg, 3T (I 972 STIPTITeTe AT

FHAIOIZETG FIZA-GOMR G5 TGF S&d (L /5T (<1 Seene (@6 @ Jfaite, surRes Al fFeom ol oo wielfe F<s i
1 LA o @I @It Frde S frer 21te fFry (e @, g 46 Setee Wy @G QR eI O (@R (el Y93 F=e | HENTeIseTs
NI T RewsIe Rreasie (RLHF) 0 &3 Qeres 2l SI0er Al 95 Rews sres toft 3t < afeme s ewifbwisremsirm
(PPO) ST ST SR TS TN @ (ST AT JIRS FCR (ST |

. FCH-CBF (It roe

OB ™G 2-97 Ty Yo T GG (,,, 1) -4F T ST T 11,,-(F R BRI @UR (7, ST (13 A 562 AT FIRH FFrefar-
B STt TR e 1 =

P(y_w succ y_l mid x) = sigma(r_psi(x, y_w) —r_psi(x, y_1)) = frac{1 {1 + eM-(r_psi(x, y_w) — r_psi(x, y_1))}}

A 7,56z, y) TN G0 CFAR RGAE 0T | WA AAHSHR FOR RIS HR-SRCT (@Gl (A G2 1SS et Ried (west Wy
(I 4G TG W FCA |

%. fAewS gifee @ (as wizeTe™ oiTs

femrs MreteR @o7 S T NTHABE Jeornd RIS Afk <1eTs (oftet a6 Tga 7F6 cofy =0 faems wmifsse | sreef o
FIRHTR (I FIFCFFE Yot e G2 S S e Flawed @ 791 (e (58] |

TS AOF CIRIF ST 4T AICS WM FHCES NCGHA gy 97 MY KL Divergence Penalty & 71 23

R(x,y) =r_psi(x, y) — beta log frac{pi_theta(y mid x) {pi_{text{ref}}(y mid x)}
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93 TNFF TCABE &1 T2 ST Aot o1 SRR AR [P S T IS TS 145 FCH |

©. eifge «f&S Sfbwsce== (PPO)

S ifsb w1=1 tefd a1t @it ke BT @t (MDP) e Redoel <5l 231 S st vaw sl @1y Face PPO Siiesifams
S WAL (559 B A0

mathcal{L} {text{PPO}}(theta) = mathbb{E} t left[ minleft( rho_t(theta) hat{A}_t, , text{clip}(rho_t(theta), 1-epsilon,
1+epsilon) hat{A}_t right) right]

a3 5l TSae BenE= (Actor, Critic, Reference, @3t Reward) @ifoet sw9cy RLHF &fé @igfa ChatGPT @32 TN
e G2 SbReEs fofe Fom FwEee |

1

STRCG=A: M=, AT (2026) | "RETEATG aif¢ 4 RS RFeane (RLHF) — SSfe-(b17 [RG31S NSeT @ (A" | &St Ff1sparer STOe @ (Crlaire Jeis, 4 5%/
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TISCE3 CATIE™ woABaste™i (DPO) — ReIE Nroaiea 335 &15)-
oeH

SIS (SPITST WATBNIZEIN (DPO) — [R3T1E N&eT1a2]1~ INTH 15 o9 @os7

QTR TRFTA

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)

(°]

(<]
argi= 2/ljwit " support

min 2wl sty0e- ) +H) 21, K(ox) = 466

foq vv: [UESEHTe P [2eTAIG ST TG (G (NAIN: NN VIS AZHAEH 972 NA- [N BT G5

PPO-fSfes fRETsnftrs @iifk &w RE fFesys (RLHF) YARSIR) Awes wiers |t sfipremiresa srore afba ¢ affeda | adie
G e Fream @heme sl [isa ofs @ 1 FRoReRINE= e 7k 0 | 2050 I SHIFCES RIRTAER IREEa qwiREs
&4 Bk I Direct Preference Optimization (DPO) | SiF1 ANfAf$Fea asie FEw (T @Il 23 [FeqS Mrsa Cofi 71 0 @R
(I ARG TR RIS FAT AT 2w SR et oAbz w41 78 |

s. Tivf ifeq sifafes smgs

foarTs WRUAGEEATH (FT-(PMIFYE Twas NAfeFeg [Ruams S rdl T (@ 93 TS TR @0 JAHE T w91 (Closed-
Form Solution) CIC=:

pir*(y mid x) = frac{1 {Z(x)} pi_{text{ref}}(y mid x) expleft( frac{1H{beta} r(x, y) right)
@A Z () T 93T oNfGam wizam | @ft e @ @ [eTS T r(z, y) 93R SN NOEE TYRFS| THATST 0Ky GF6 eforw Mfifes
I s |

%. fAewrS Tignw v (el

DPO-43 &1 S5I&rs 20e1 S9Ia7 ANFIBCE S0 Mea Srerel ReqS r(z, y)-(F TP TCOER F9-TeRre] 711 eF™ F41:

r(x, y) = beta log frac{pi**(y mid x) {pi_{text{ref}}(y mid x)} + beta log Z(x)
a3 BT SC-BR AR IR Teet Tibe onfGem wiem Z (2) T oA (A FIH1eI5 20 el Reyes =0 =
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P(y_w succ y_l mid x) = sigmaleft( beta log frac{pi**(y_w mid x)Hpi_{text{ref}}(y_w mid x)} — beta log frac{pi**(y_l mid
x)Hpi_{text{ref}}(y_l mid x)} right)

. fEfore =151 wrewitaa @l

97 T WFQFG35ACEE 201 feEnis e Joraesers afiaa wrel @b Fzer A3 EH-GAGo T T Fol (T

mathcal{L} {text{DPO}}(theta; pi_{text{ref}}) = — mathbb{E} {(X, y_w, y_1) sim mathcal{D}} left[ log sigmaleft( beta log
frac{pi_theta(y_w mid x)H{pi_{text{ref}}(y_w mid x)} — beta log frac{pi_theta(y_l mid x)H{pi_{text{ref}}(y_l mid x)} right)
right]

WAL ASF 31 @IS TR (y,,) TR MG ¥ @3 Ao SRR (y;) HYRA FNCH O | (KA Give] SHEa-wivs (g2l ez DPO
T NS R Tl STs MFad FRWd A Ffa FACS T |

&

STRCG=IA: NIZF, T (2026) | "OIE CERAICEST SAGNZCCTI (DPO) — [FG3S FCCe[QZ INAHG o791-8[837" | #/S SFICT N0 @ (Gl T, 4G 50 |
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o~i5 2fgfmise © IT-TIEHD Aiffe — ST (2T @ (53F-8<-2b Yfes
515 SFIATNGS 3 34 FVGLIB A — STIFIA (T 3 (b3 @E A I
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PART 14 « DEEP BLUE VS GARRY KASPAROV (1997) Shakil Mahmud Editorial + Al-101

The Silicon Grandmaster: Deep Blue, Custom VLS| 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)

On-chip move generation & position evaluation hardware

200,000,000 Pe

Search Depth: 6 to )
Game 6 (May 11, 1997): Kasparov resigns after 19 moves

d/’ 2)

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

foq 98: @WIRfT9N S5t 357 8b-of 5 FIEN (S99 71T 651 97 FOTHIMSGT [HBGr £ GRS 20 (1o WIBHAT WIeTpT- 1761 NIFNIIT 57161

g Ffaw Jfaves TR s G &5 =@l In-Context Learning (ICL): STStad *FRINGIC @Il sifsae Al cafras
9SS Al GO0 (A AHE (TS FEDD SIS WRITT 9o g P MR (Pl | WOITe AtF DN WA (A8 (N AToF
EGRfEGRED s Stufte 2ty @9 it Fea MFE—Rew @ S 2o (Induction Heads) 4% gFiRe (6l
woifbmRremia sfefkm |

. BTN (TECHT SHINIBH

205 & TP Aea WHE FE (T GATFaid 73 BRI 5y RO QG (30 A 11 56 S T4 Syiesifzvs sef:
dots|A][B]dots[A]longrightarrow|B|

EIGT (FINNe TM GBI [A]-93 oK [B] U, @2 2 SR [A] 6 |ieet, o7 @3 (@2uft Tamfd arete (e [B]-ad 94 Ot 215<9] 2ol
R0 e 0 | @3 35 B TiEe Bier (@b (@I =90 @ TS 4ed @2 AT FIH 203 39-366 <1417 fofe tofa a5 |

% egffRe caferrs o

IR (72 (o107 (T FRTTANIER CTeTm-SHIChT1 3T SRFIE0sa e 4905 SuRdeiest@s (Obl Reie e srereserea calfécsrs
RECCTBa TS| TG B | T =I5 (ST IS TCOEH (T07 LA B Tgw GO e (ofF (A |

©. (537-[3-25 (Chain-of-Thought) @ gféme

936 GRTEaE afs Grata O @35 HinE sifawe FEHEE= 9 F95 W96 TS 2 | (@Il Tioe ANfAfSs AN FaE @F =07 Ted
fATS FECH NCTCEF ATF GIOHG TG 21T 272 B AT 21 S 20 9IS |
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T T STt & @ shaiil S R SRS

“gtsf 4est o1 Fea” (Chain-of-Thought) (F*ie IR FCeT NG & (ST WA VL5 Y(Gea (B cofel et | elfefb (B o1

KV ST+ T& T 3R 517 SMCHCAT T3 G515 21 (s 31 SHIfcaet Rosid Fier 301, I 0 Mo Giivel Jfes @ sifeiresd fgerel smee
i oiT |

L4

LG SIZF, AT (2026) | "G G @ FN-FAGHG e — T (G @ (527-S17-30 (e | ETer TS NOTe S (G G, XS 58 |
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G- SToT cemita™i= (RAG) — (O Atafee, HNSW 39ceig @
gafge faamiefe

RIGSTeT. QNS (GANTIT (RAG) — (GST A5, HNSW 3NTG17¢ 3 31315 fAairefee

ST TRFTA

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)

Fe ) NVIDL J Krizh

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

ILSVRC Competition Matrix Multiply Accelerati
tandard netric v day Crushed classical SIFT/HOG pipelines

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

foa da: 2002 37T TATHIT S e [REPITE: (PR (P2 [T SNSHAL (SHIOTE, [SA2E AN 972 QUNTSAGT 7] 3 GAANEE

foiTet gl APl STCGS =+ #THCIS NCSeee (Wil WS e S ACH G3R ©Ine AWIGOIEAS FIE A0 Il &ARHIR it
(Hallucination) 3| S ©2 Cofd 07 | RFSA-TATITES (G (RAG) S| ST (HIF AN If2R191e e Aorg 3@ e o |
F[ARFFING TR A TFe IT O (&6 (&I AfeAeTd 05 (AT SIFHIFONT Yrer AT TS ANCT G 4 2, T TCE NS
ifSfb Sex aweifsfes © fréaramsy =

5. RAG SifSCoa61tas ot 161 B8

2030 T 27T 257 &2 RAG WFCEFGR AW FE:

1. A TN @ (SFARCTHIN: I A (GHEE o WG 1 I (6 QTaSe WeweT few Mo (o3ta woiea o1 = |

2. %5 ST (ANN Retrieval): IRaRSTRIR SH(RE (TR TG FCE (S2F (THIEN (A FCHCH IIRIBIR TAR14F AAeste Jren
([F 91 2|

3. AMTSTaT San amiv: TRaFe BT SWSTEAS =Thd A T& F(F NTAS S Cofd FaIF 0T (e =7 |

2. HNSW aiiss sscefgecss feaw

A AN (SFER AR &St genEe q7g Wl Sorg SESeeRF (O(N)) | HNSW (Hierarchical Navigable Small World)
5o Rt Mol Gl BET AlF (O 0 | SR B A A TG AL, TA T0e AAF TSI To© AT HIBIET FI0R
(Nt 1 | 93917 F053 Bt o e efSta Jrer @ @ 1 & O(logN) S $5%-93 @R e w25 Saie 41 9187 =7 |
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G (G 3 (SAIEBe dwis : M *R M
L o s sakil L e SRS ERSH

. IRFT A6 @ TH-aFHroe faaiefae

SCRIEE (ST A SRS T H(AHE (S 77 | WS A (L G FACS A0 | AT RAG #IIRoFIZT | QRIS A I777 FE— LA
(ST AS &3 A PSS M6 (BM25) Tous siae T4l 27 | Tmlage A $00f5 4Rt a6 o18ie Cross-Encoder i 2= s @
ST T, T 0 TR S @ e w2353 (et o Nrsted 3905 (g |

e

STRCH: M2, N5 (2026) | "RGET-SHS (o= (RAG) — (@37 9u5fe, HNSW E7refe @ 23Es [FamRe | &71er et ¥ioe @ (Gaiiive Ges, 9

se | https;//shakilmahmud.com/bn/large-language-models-part-15-retrieval-augmented-generation-rag-dense-embeddings-hnsw-bn/
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wrcoifacaire s @ iee — 519, Bol-fot efaaeT @ cooigtaite
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PART 16 + ALPHAGO & DEEP REINFORCEMENT LEARNING Shakil Mahmud Editorial + Al-101

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

epMind: Demi: bis, David Silver et al , March 2016)

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

GO BOARD: GAME 2, MOVE 37

°

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

O(s,a) = Iﬁ Sv(s:), P(als) x N(s,a)'’*, Move 37 Probability < 0.0001
s,a

67 S%: @IeTpIeNT ST 3 ©Ile] (NB3IE BHfeTo NG Itet 18 5715 97 PGl b1eT 0a (Move 37) G FIHATEIT ATGIB1

g G WIHEE WOEE (N Wd AN @ T o A 9 o Aol o wiMRaEiRee w0 (9%
mathbf zinmathbb RmthealV| tofg <5ta | @3 SR SRANGTEAIS Sl B I *0H FHoles el 20—13 [orifSe Fiet (Decoding
Strategy) f«f=el 3 D F 1F2 U I JRRNE FAW, T FOTAE @ PoRoTS Eb SARF I | OIRTl AKAF IFTaaive
Rrife: @I @eorste SaTel 7w Gub cofsd oife fawer it fomes aifew o |

S. SIONI@ ATHTIRAI™H (Temperature Scaling)

STRENIIH L@ (GACIER T’ (I FC FQIFS] IBCE gt T4l =
P(w_i) = frac{exp(z_i/ T){sum_{j=1}*{ |mathcal{V}| } exp(z_j / T)}

* Tto0 (Greedy Search): &%l S (FIFF *=ib3 @ (e¥ 27| sfve @ @Ifecad o @it ol zae A e @it geeR
SAAe O |

o T = 1.0: TUEHR LIFFoF TBIA5S| I |

o T &gt; 1.0: I ST 8 531961 I CSITe, TF HCe [ibd @ FSwalie] =191 ACH, S Sfies 20e 55 AL 20 AT |

%. 591-k T Bot-p (FSfgranst) siyr=eifae

Gy S9N YN A (AR SIS S =< 5t @I < A |

o Bol-k: (@9 MY k-5 *0ora W& (AT AR I | @ Ol A1 AN AN SARES A T |
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©. CHFCEbS feraifee (Speculative Decoding)
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P(text{accept } hat{x} i) = minleft(1, frac{P_{text{target}}(hat{x} i) {P_{text{draft}}(hat{x}_i)}right)

ARG IS TOER G5 55 G (ot a1 @32 ¢ff G 9T (SIS TR ST &l T, ©IF 92 Af G S 5at sifawiel %s 71 Fea2
BTFICATE SIS & (UTF © @1 i A |
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PART 17 « "ATTENTION IS ALL YOU NEED" & TRANSFORMERS Shakil Mahmud Editorial + Al-101

The Transformer Hegemo

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakol

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

Scaled Dot-Product Attention Mechanism

QueryQ Key K

T
Attention(Q,K,V) = softmax(%) V, MultiHead(Q,K, V) = Concat(heady, ..., head,)W?
Ve

foq va: GIRTEaNIT WIGFEIR: FTC Th-(SHSIF NeB- @ OTeTm QUINBA1R, It RGN I1Eft 77 B 3(S) GRS STt B Fe

eoicaiie e fGwias (GH6 Cofite Arerg Fatee, IV 31, [Bfoe ¢ wfee (ot Tote ey =fe Al wnfFoaor 2l
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Roifie efdmm RomR: 36 R =R_re 4t gt sISimm Fraer @t T AR Keees Foed 791 20 @R 9FH eI @B STIFE
CTATC T PO TG SIBICE Sovl giea 73 Repelen (e Fids 2 spfsier wace =7
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g(mathbf{x} t mid mathbf{x} {t-1}) = mathcal{N}left(mathbf{x}_t; sqrt{1 — beta_t} mathbf{x} {t-1}, beta_t mathbf{I}right)
s RRrem N Grra S Il 4191 £-9F TEGTes Hiol TN GF oG TANFAC ([F F41 T

mathbf{x}_t = sqrt{bar{alpha}_t} mathbf{x} 0 + sqrt{1 — bar{alpha}_t} boldsymbol{epsilon}, quad boldsymbol{epsilon}
sim mathcal{N}(mathbf{0}, mathbf{I})

o1 &IToT (MBIC BfRG sTsfefaist S i e #ifders =31
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. FFOHC CoIFITo foTitaniare sNiwe (SDE)

ST S6EH 171 RO 4T3 FORAEHAIE 28] GBRAHS SrItaARIe T eae (SDE) few e 71 =

mathrm{d}mathbf{x} = mathbf{f}(mathbf{x}, t) mathrm{d}t + g(t) mathrm{d}mathbf{w}

a%f5 AT BeTF boldsymbolepsilon,heta(mathbfz,, t) afRrFer (e T8 7R (TS (19T F| TS ST S Gely:
mathcal{L}(theta) = mathbb{E} left[ | boldsymbol{epsilon} — boldsymbol{epsilon} theta(mathbf{x} t, t) |_2/2 right]

efférme) (*I0x @fb2 FeTeI@™ (ODE Solvers) S&FT QUaATCaTa] TRETGH Sioel (AT ST “EelR 2 ¢ Rigas fe 4 78 = |

1

STRCH=A: NIZH, =N (2026) | "F7-fofew z 7 — 51 CRule L 51 @ DDPM" | &1 12C3Ier 0Se @ COmItabe a3, < 54 |
https://shakilmahmud.com/bn/large-language-models-part-17-score-based-continuous-generative-diffusion-sde-ddpm-bn/

shakilmahmud.com « £feY STeFfoTe STeFA « BIFT 3 F157Tefd « 2020 Page 39 of 47



%%@%%%%&WI% SHAKIL MAHMUD * RESEARCH MONOGRAPH

HICHD fEfrS= @ (35l Wi — 63 [TfrS=iw @ @HBHITTS i

TG fSRPSA 3 (T W5 — (BT SRS 3 ([@HIBBIIS (FPIT

ST MEFTY

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)

Test Loss L

GPT-2 (1.68)
L(C) = (C_c/ €)~0.05
Q

Chinchilla | LLaMA

ap

N ™ D,
L) =) » LD)=(3) . Cw~6NDFLOPs

foq S 1831 @fere 7@ I 3 oD I STNIT 972 A 0 (© 37 FAGLTD [58- 6 ST G|

ST SHAE PAER @9/ (5038timesdS038timesVapproz 0o w4 GRINT#) fSRFEN sf&vem Fa SPEd I 89 @ I |
FICG5 fefFS=Iw WItee (Latent Diffusion Models / Stable Diffusion) «3 =igf~< ¢zl w152 (Flow Matching) <@ eféaics 46
oIt Rioes w1 AME TTefoq MIHET G2 TS TARN4E JB—IR T HieFsre FHIBHIRS (BTN 6lT Tgeo Mg (ofd I T8
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20%% I FHAIF @2 AR FE (3 =f Cofrs gt 75y for emre A:

1. Sggfesrs FFHT (Perceptual Compression): @36 VAE Srblaacor fca Keiet Piese ofie ve @t wigfs g aafh wifs
T FICHB A mathb f 2 TS 91 2 | AT (BI04 2 T 7 O TSR T TS 7 20 T |

2. SfAeSF 2 (Semantic Synthesis): foRFE#w WCww (U-Net d DiT) &< @2 57 eHLHT CHOR (9O FIG F(E, B
FSTEIET b TIPS SO T | (<10 VAE Rorsrera frea opeiier = fefaeg @i =

%. Fifree-f3F sn2ces (CFG)

[IRFFIAG GHB &=567 I =R< et Afss F4ce Classifier-Free Guidance (CFG) 5727 341 27 | GHOYS 2705 @3 (GHBRE 2ifel
TSI NP LT (& s e Afeea (rew =

tilde{boldsymbol{epsilon}} = boldsymbol{epsilon}(emptyset) + s cdot (boldsymbol{epsilon}(mathbf{c}) -
boldsymbol{epsilon }(emptyset))
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(U QT AARRETE AT FFACI AT T s

mathbf{x}_t = (1 - t)mathbf{x}_0 + t mathbf{x}_1

(S5 eI ST M@ S AT 876 wieet 5o Fi¢ =< tofs 41 787 =— Stable Diffusion 3 @3 Flux-a3 &1 &3f& |

LA
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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)
Iti-step theorem proving
2. Supervised Fine-Tuning (SFT): Instruction & conversation format

Spends variable compute tokens exploring internal g trees,
Pairwise preference optimization penalizing hallucinations & toxicity verifying intermediate claims, and correcting errors responding.

79 (yw|x) —Blog

Tref (Y |X)

Lppo () = —E[log o (8 log To(yilx)
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(CTET-IICHT T TR RTIpae O3 wated oo dfetany Suifs zrars fe-snite==w (RingAttention) @32 RoPE Rrtaicaf™ cafeiz |
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e YaRN 9g{: SI9wal SN N5 92 s (B Creeie SCeicals 48 20s (7 1 |

%. Re-=nItE== (RingAttention): Fei<ia (Iwfa fTeqe
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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

ain reliably safe & corrigible

rial discovery & the future history of mind

lim Imachine(?) > Thiological,  Superalignment: arg myin D(7g, H*)
>t
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