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PART 01 « MINIMAX THEOREM & ZERO-SUM DUELS SHAKIL MAHMUD EDITORIAL «- GAME-101

The Formalization of Conflict: Zero-Sum Payoffs and von Neumann Minimax

Von Neumann-Morgenstern Expected Utility & The Minimax Saddle Point (1944)

Minimax Value Hyperplanes & Equilibrium Intersection
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The Geometry of Equilibrium: Best Responses & Kakutani Fixed Points

Fixed-Point Topology, Reaction Correspond n-Cooperative Symmetry

Reaction Curves in Strategy Space [0,1]* Kakutani Fixed Point Correspondence

/ o
S*

/ Fixed Poinft's*

Continuous, Upper Hemicontinuous, Convex-Valued
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PART 03 + PRISONER'S DILEMMA & SOCIAL TRAPS SHAKIL MAHMUD EDITORIAL + GAME-101

The Tragedy of Self-Interest: Dominant Strategies & Pareto Inefficiency

Individually Rational Temptation vs Socially Optima eration

CLASSIC 2x2 PRISONER'S DILEMMA Feasible Payoffs & The Pareto Frontier

P2: Cooperate

Q.
3,3 0,5 (3,3) Mutual ©g-op

PARETO OPTIMAL

@ Nash (1,1) Trap

5,0 1,1%

NASH EQUILIBRIUM
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PART 04 - EXTENSIVE-FORM GAMES & CREDIBILITY SHAKIL MAHMUD EDITORIAL + GAME-101

Sequential Rationality: Game Trees, Information Sets & Backward Induction

Reinhard Selten’s Subgame Perfection & Elimination of Incredible Threats

Extensive-Form Game Tree with Backward Induction Paths

®

Entgp# Stay Out

©

Accomsfiodate % Fight (Threat)

BACKWARD INDUCTION:
P2 prefers 2 > -1 = P1 anticipates & Enters

2,2)

Subgame Perfect

SPE = {0™ | ¢*|,, is Nash in every subgame I'(h)}
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ST N3 AR 7R G (LT Yo AN ol T

* HINFIAF] S: (AT Fl, N (18T implies H-TF: (*,R) |

* FIIRF & (T U, Ta F41) implies (- (0, 8) |
fasi AT SRR [raws T2 T | LRI @11 =S ;o 7 e TIeel, QN 535 JeTa S B (OINIPS RT3,
P! g (@I T 93 i T F0E, O Hid AR O ASeS i (0 &gt; -5) | g @3 enffs @miee wifgr! T @it

I AW A GLFR G, ST TR @ — (Ta) I 2 (N ((8T)-99 oY 1% | O3 frem =6 Fea aferny e
@ (s @vae 7w | @ 6 wifgss gafss (Incredible Threat) |

ST ST @ FAFCT AT

ARTRE DA @I FACET (T (FICA] SRS (961 WS N, (47 @lf b TRy S-S0 1 AR Yferyes 20 RS | TAN (L&A
92 STy (e e sifafess safe 2a P eTré TuiF*w (Backward Induction):

1. CYETIR G (R 0 TS (ATOYTETS T+ |

2. (TN CATARITGE AR FAICeS blels @0 IIfF 77 ST #1141 (FC6 e (Pruning) |

3. (12 TSIt S QTSR (AT I TR (oINSl Tt (o1RITs A |

4. o (1S 9w @B el sRagfe 326 |

FGNER CLE FRFSTE TTRF#I ST FACH (2| TR (1T (FICS 2T A T2 & &gt; -5 RO ey (| @ Sest (s
T FE TG @ RS @@ FT (2 &gt 0)1 T(E @3 (MR GFW@ KA ARCTE 3peei«wN e (Enter,
Accommodate) |

ERECIRISERGHIT]

(@S & (e TAHF TS ev*(q (TF A =11; 6 W G5 GF TEA (o T (WF (T MIOF 20O T IBIRA
12 fred =y sifders =3 | (@ =i IR fFrew % =, (ifess af$orsa Fitg o) @Il I65 (72 |

¥

FIZCGH: ST, #FT (2026) | "GHHARG-H (N — oI [§, RECR195e] 973 TR A" | (1 RSfF @ HpifTeny ez, 4 8 |
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PART 05 - REPEATED GAMES & THE FOLK THEOREM SHAKIL MAHMUD EDITORIAL + GAME-101

The Shadow of the Future: Discounting, Trigger Strategies & Cooperation

Robert Aumann'’s Folk Theorel Grim-Trigger / Tit-for-Tat Stability

The Folk Theorem: Feasible & Strictly Individually Rational Payoff Region

DISCOUNT FACTOR HORIZON

Sustained by ~ .
§=0 .=
Folk Theorem (5 = &%) 8*=1/2
Grim Trigger Threshold

Infin
Minimax (vy, v2)

Perpetual Cooperation is Stable

2> r _}I; => Mutual Cooperation is an SPE of G*®

foq ¢ 973198 I @1 RISEN (3@ @7, I SIS PI1FI 3 G171 AEvats) srewifaet (e 3/

fa' T fStem 1 &wer FF S (T GFWGF (7A@ T ARiEE R Wi (@re 3145, O A8 G @F 97
T SorgIo I W T, (O AgeE O3 Seeies e efshe s s o e saifier g wa w5 b
qCZ | 9T FEY FI? TR ARG ANG FAfEmw S a5 (e 9641 71 | Il 93 Az, GF3 07 @R 953 Aferae
Y MCR 217 e, TR o TR @70 I | $5¢0-9F IS (51N Ol gal G2 [Taad IBIeI2 Sifored 2SI SRres (371 FAHCa
T (= 9J7RIgE (YT (FIS fASt@w (The Folk Theorem) |

JAIgE LT THifaifs © ewares wiga

&3 5 90 (NeF (4l G AT LS A0 IKAG (4 707 (¢ = 0,9, 3, dots, infty) | efelh «Itst catemres sHst sva

BIte ofef 202 eforF FACo ST | SRWISH (A-IF A (5T FH TN RS (ARG OId ST ARE G5 PR
fEIES 921 deltain(0,d) e Yerss F:

U_i= (1 &#8211; delta) sum_{t=0} infty delta’t u_i(a’t)

QI delta UM T 4TS o8F (Time Preference) @32 SIS 9It4(8 @3 (el et AIFE TSI |
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I A 2ItS @ ¢TI ReEw

ARG (AT AL (I CATARISLE T (@ #1f¥ e &<, © & o WGy W= underlinev; | &I e s
CATETIRIGC 2 SR TS AT S8, e (37 o7 fN{sisisy eifos sl ifeltl S underlinev; e 390 AR | (T (-31% (93
SRIE S underlinev;-43 (57 @1, SIS Ffemreens gfege (o9& (Individually Rational Payoff) IG |

resFIN-SrI i fASTEw @R T
I R o 9

M (AT TG (-8 ©Id e (e WfssRy Mg o @R =0 @32 Skl T8 R = (deltatod), @ @RI TSI
AT FANTOFE A5 T TS 2galeliGa BT aAfmEse iy qr 7783 |

e SgoIehien: farm Gave <= 55-w=-5515

(I (R offer! I AT 26l 13 TRIel e BT AF? AfSTats ReTeain SIS T5Ts:

o faw ffona (Grim Trigger): @iy TG sRrafsrel @ T To5% §fv Tecaiirel T | g oY I aaae el
FC, W AF TR (ST ¥ (71 |
QFFIE [REPTEISFOR &% (T') GIR ARG #NifE (P)-97 R SGReR T2Tf=reR & (R) 9ol FACa *1S Ter:

delta ge frac{T &#8211; RHT &#8211; P}

T (RTETRITS SRS, [RTabal OB (HIRIS Moy BCE, O(F TSN (F1S SREFTo baw O FI(T 48 8 |

o 55-a-5316 (Tit-for-Tat): 15 SICTECTH LIS GATICE (721 (9ITR AICECH T (@SS 3719 Sfbet (@Friercs 2ifaes g |
55-Fa-555 AT ARG BCR, TR efSoFF AT BIC T FERs 298 ©1-3 3@ | @6 ©n (e @esy gw@e s ),
SFSTALHATY (LSRN SICTHAE TR (), TN (&S SIte| 20 seawele, Faraifsiel =Refey wie) «ae 0 |
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PART 06 - INCOMPLETE INFORMATION & BAYESIAN GAMES SHAKIL MAHMUD EDITORIAL » GAME-101

Transforming Uncertainty: Nature's Moves, Private Types & Bayesian Nash

John Harsanyi's Epistemic Framework: Types, Priors & Bayesian Equilibria (1967)

Harsanyi Transformation: Nature Selects Private Types with Prior p

M_H’w‘” Type (6_L)

P P

P2's Information Set: Cannot Observe 6

P2 Updates Belief via Bayes' Rule: j1(8 | action)

3 p(0-i | 0:)ui(s7(6:), s2(6-:), 0i, 0-)) > T p(6-i | 0:)ui(si, s2(6-), 6:, 6-:)
0. 0

5 &: 21T AL (17 FATT, @RI TS QARG TG0 B125 3 ORAPTNIE N4 B/

b 5G0-97 THHE (FIFels 2T (o1 ey aa wawa sgeie eofw Wifeww faet: e Tl 2ol AT (UG AfSATHS %5, (=1
OR TEIfGE STy TIF 799 &7 (Complete Information) Aicd | 758 w1 2fRQATe @xw e Fogel wos<: 07 @I
COITRET ST 7 @ACHR (ol o T #fea1; IR Arenied RNl S 7 Soniesd efest sime wifs eeiRel | el a=1 473
9% S5 STERe] (oW SIS A SIRIfore etei CFea w19 S (0afRet | Soba e e Aifefm aw weeiff syevercrs
S SN [ 408 O OF g oFH F T S @3 (Nerndial Haer@ TN 37, 9 Agforast B sss8 e wifors
(IR ST 1 S0 |

YT SR CoifeTsi]

el SATE (@ AIeet sNfeifsFeng swrea w41 e A? IR @t Tl SN oF SKEE WS v (ofd 7o ‘@ ORfR
OICE S ) IR O AT T, . A ST SIS €3 B ATSFIA LS 57O |

R FoieT: agfed sere

R PRI efel e @3 R a=% 5@t 93t Fige Facsrs =fe ogfe (Nature)-3 5@ e afsgiom w1

1. @G CUTEARICSR NS (&S (MBS (S S ¥, T (ST @3] A ) G0 Helird N0xy WG 41 2 TIE O
B13%1 (theta,) I =T |

2. (47 @< 28R A9 SAFS U ble (0T | &FfS 9B (A TSIR5S! 35 p(theta) SFA CATARSE 513! Fefige S |
3. &fSfb CAteTRIS (@<e S e BB theta; (14T A, 5@ efSATHa BIRA (AT oI 1T |
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4. e 5139 S 2 CATETIIS JICICEE I9 (Bayes’ Rule) J5931% 03 AfSo[0a TIRS 5131 1911 O Rt Sioicss e
p(theta_{-i} mid theta_i) = frac{p(theta_i, theta_{-i}) {sum p(theta_i, theta&#8217;_{-i})}

9B TSI WL Q0 TN &9 07 (e Fdoer Foiefs =@ &g o (Imperfect Information) TR (o e |

TN T SIS

TR (oI QT (FIIeT (7 A6 KR B 77; G 20 G0 FIR* s, (theta,) T I HRCAF CFC@ CATERICST STEN 51|
ey e |

OB (P (AT s* | JCATIN T A (BNE) I 2ifsfb catemars s FHeem el 513t (afifce afseesa ss=s bitor
BIteTd RoIKITe erevifre ool ST 0

SUMyheta p(theta_imidtheta;)u;(s] (theta;), s* ;(theta_;))gesumpers ,p(theta_imidtheta;)u;(a;, s*;(theta_;))

i ST R

FARE 92 ©g Tel et @e, <[ Irencad Afaes, I pfess fSerza 91 A2R FRivfer [Krawe sififsTe Ao i
WSS R0 |

™
STECH*1A: SRS, MNP (2026) | &5 @5 @ ICATI (3 — AT 5129 @ f=s3erq @7 | (¥ 6 8 (vpifaer [Sensd, 46 & |
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PART 07 - ADVERSE SELECTION & THE LEMONS PROBLEM SHAKIL MAHMUD EDITORIAL + GAME-101

Information Asymmetry: Unraveling Markets & Adverse Selection

George Akerlof’s Nobel-Prize Model: Market Failure from Hidden Characteristics

The Lemons Cascade: Quality Unraveling & Complete Market Shutdown

ADVERSE SELECTION SPIRAL

1. Buyers discount average quality
W(p) =0.75 p

AlualSW(IEp 2. High-quality s ithdraw

MARKET COLLAPSE: Volume = 0

3 3
%’ = Buyer WIP W(p) = 5 (g) =P < p = Market Collapses

Elg|p] =

foq @ WIFIIETRT @IV V@b NS, (U 2 SFeT [AT6 3 ORI QNG TN IS 575 (ST AT

b 590 A Fyifecsifa el Ik 2w Wi ot WIFIRETT SR 2BNE [fO6-(6 @b TR sitagelsig el

O | 91 917 TG ATeaITl Siet Sl eresraye F0E; Tl Frfee™ (@ syeeeces 3o wies aee sffeil ey e aiferen
B2 ARS | TR T4 @G ST &q SpaiE AEEeNoas &F™ F@—“The Market for ‘Lemons’: Quality
Uncertainty and the Market Mechanism”—s< S¥if$re @& TR o1 27 | SFEAT efllel FE (T (@Ol (50 R
FICR AT SN T @R O3 ARFCE SIS (R =R TN 216” (I (EI55 U F—I9R Sl 201 SIS AR R0 0L
ST forcar et =jcay MICT @S A |

aifSge (<o (Adverse Selection )-a3 Faot

LRI 1SR Frenicas GH nreae! (el I, (I 92 4h0ae NS q00R: 59eaiE oS (“Ms”) @R @foges Sreits i sifS (“eT) |

o TSR FICT TR T4 5,000 THF G3R ATH 675 £,000 TER |
* (TSI FITT FNCAA J&T 5,200 AR R AHF JeT5 2,800 el |

TF e, Afefs G5 NTT (i RFOR (BCF (ol FICR O Jof5 (& | 7fit 91f Oy AFs, O 46 WMl Irend Cofs 2o GaR TS

ST wYCAfos Ferier fAf<ow 7ret |
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ST SAING TS o

QU SCATE AT (151 F4 5; [Riapol 562 wrieay o 2A1fEG Ao 7S @, 58 (ol 20 (AF 5F6F (e ©f JATS 2 1 | &1
T ASE €0% N G2 €0% (TN JCACE |

GG IFGANET (Fo] FUCA 7 (ST 2,800 TeAF e BIRCR 1 | (37 2ITT @b eresif¥e &1 (Expected Value) fics 7ifer 2=:
mathbbE[V] = 0.Gtimesd, 00 + 0.GtimesR, 800 = 5, b'00textTelld

Q47 5,500 GHAIR I 0T [RTPSItne SABFT (Y-

o (NS W YfA: 5,000 TAIER 2MMfE 7 5,500 TN [T FACS ARCR | FE I (FN ST TG 91T |

o g Meva Nfenea SR ©F NfEd T 2,000 THAR | 7 5,500 Telltd [ FAE 200 TR (@FIFIAN G | Forgasl Aoa
WiEeal Sitre SItel 1S qren (A T |

G orera Srerare] gfet

(TSR [@IF! 7TH; O (72 IS K S G NS AR A | HCE O A5 FINCH 5,200 T T | G IS Y (& e 0% |
QRIS SICE| oS AR (CF o= g et |

PR NI FHCET (T AT ARG UFCHA G5 AR T 208 A @I I &SF [T (@Ol (@I 307 JCd (5T
= (W(p) = frac{3}{4}p &lt; p) | 9F T IS (ST 2T IR (MG A *|TF (NCH T |

W QR &SR

ATCOI T 51| B (o FG5TS FIES AN IS (ST AT (AFF Mg @ I (&, T i @ee 77 wigw s oyl
FE), IR (B STEFD, @B arer™ @ Fpred Jm @y Ao B Wwm sl =6 |

©
TG STZH, AT (2026) | "STUTT SANGT @ ST Ao — SFRIFEACTHT @IS MG o7 | (15 R6fF @ cvpifaery ez, e q/
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PART 08 - COSTLY SIGNALING & SCREENING SHAKIL MAHMUD EDITORIAL + GAME-101

: Spence Education Signaling & The Single-Crossing Property

ignals That Lemons Cannot Fake

Spence Signaling: Single-Crossing Indifference Curves & Separating Threshold e*

SINGLE-CROSSING AXIOM

o Highi Type: g H Marginal cost of signaling

is strictly lower for high ability

c'(e, 8_H) <c'(e, 6_L)
Low Type: =0, w_L

. Educatio
Threshold e*

ad dc/de

30 (_W) > 0 = Separating Equilibrium Exists

foa v: Ve HTT GG BTsITIfeTe NS, [S07eT PIo7e BTG T2 CTARAIB S RIS (=T e |

G SIS T @ FR U (T ST SANGIHS IS &R FACS 1T, $R WK Hepe| RO BF AMEF? 9o efoerm

TEo e g e aFer TR NI FeR FI0r e fame! s F? GFem TIF eI TR IR e =151
STENS] NI FE? YOI I TV, (I GOS0 Ao T2l 7l FACS A | 550 ANE NHA A 9F JoSHIa
AEIANPRG SF FCE [ @3 14 TNEW ;. “Job Market Signaling” | ST RN reF @I o5 ST FACS (e AN GF6
S| 2ISICS 2R T I5RA (Costly)—aR FICHT PG e, T T T ORI FTF ANS | AFSHAIGR (FAFITEGHE |

AW FUAF W I REwiste Horniet

3 TF G0 F A SH-rFSTT I (thetay) R IF AREF T3 $,00,000 TAR, AR FH-7FeF I (thetar,) I ¢0,000
TR | @ g prefendiom ferress S “SioFRl (& &N w7, S ol s &l fres wE mif $96 1 0dd FUR @I
AV U (72, 12 ©f (FIC| RTCRIeiyel 327 FCE =1 |

B 9 (LI (@ eifosifae el wma e e a1z woef fon @ait (it gl «iem s Refanee s @il s
TS| 7-8 (*YF, 94 B 9HD YT AT T RO I SO AR |

foitsre-@ee *1$ (The Single-Crossing Property)

&3 TS Rl AR 8 A 436 (e, theta) THTS (K G917 TGN | T-N19) &1 ey SO sfifefess AMwe! FK= F71 1 A
COTCS} ATICHI| SRR NP 26 - (BT S I
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frac{partial cH{partial e}(e, theta_H) &lt; frac{partial c{partial e}(e, theta_L)

bt 397 T CTeA-pioe *1$ | ([0 @ Fred (U 42 4209 M0Ea AR cay {36 G S0 (9 G |

TeiitaGe seIel (Separating Equilibrium)

fersl asm @36 TS e Face: 7 e Q1 R N9 egee* U, OIF $,00,000 TAR (@67 (ST TE; WA T ARFCE 1,
SI(F €0,000 THF (NS =(J |

TG ST A G5 @3 [ SGT T8 0,000 THANTT WORG ([OR (5T ACAF (@1, O3 (37 Frerd Svgices ffey (e (s fqe
A (e = 0) | PFFIVLI SH-TF FAF O (& TS U6 QeIeAd B 2@ (3 FIHRCWs [fel S I (e = e*) @R T (@@
I | AR Frdoela ey @ e e Refem @4l G o |

AR @2 O (9 SAifed f[ww 77; @ft epfeq @ e @it faa:

o oifen Hifseier S (1975): TEe 7T @ 9 o euR Fa 141 72 FF @ PR 217 42 weefer 30 | 53 TR @3
@& (e WIpE =8, Il @ft @ weifaes i Amfese Semsia: <@g (erhe TEvel 9o e (¥ g I 1 RS Eifs
THT (0B @R |

o BT oFT-S11-8TIF: 9FH @ EAGRSET (e FreF emt I (T OF F310 (4? [opt s Ruye sifew nfafes
2R ST 5T | FOfGTBIaT Troite Aeiiez=IfN =1 a5 20e o5 52 @ WHI6Y Hof=iet |

[
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PART 09 - TREMBLING HANDS & REFINEMENTS SHAKIL MAHMUD EDITORIAL + GAME-101

The Discipline of Mistakes: Trembling-Hand Perfection & Sequential Rationality

Reinhard Selten & Roger Myerson: Eliminati Dominated Fragile Equilibria

Perturbed Strategy Simplex & The Trembling-Hand Convergence
Action 1

EQUILIBRIUM HIERARCHY

Trembling Hand Perfect (THP)

Proper | Sequential

Perfect g*

limo® = 0* where oi(s;) > 0, Vs; € S;

0

oo OIS EbiSs e 3 Gafere- TS SHIwd SPRITITIN, QN ST T 37 (21T

F T e SR (@ affefl TN wEny @I (6 ARl AeeRe, g fof aff e s @ el ARl A% Jfaverr
GW@zﬁcﬁwm|asmamaaﬁawwﬁmwm,ww«%gmw%mmaﬁuﬁammma
@ efSorF FACR TSN g I 11 g w7 RT @ @RGF Fse *won Fgrel s ahie Fg: NHEa TS I,
SO ETICE NRIeTsIos A 2ol [ 359 20, a3k el e (I Y2re Falfowr i T600 Al | 559 AT JZARIE (76 (51N
et «F PorsFA AT A: (GERA-IS AT (Trembling-Hand Perfection) | $i&TF W1 FYRAIS sifares
(T T 0 [ (o ISR ueT @ WAlF SR TS (ACE T S |

v&a Snfgorress opefe

OFB 2x% (4R T RCIBA T TF (T SN CUTARICSE G5 T 5115 B BIteR 891d Yereld &oid=iial (Weakly Dominant) | Sizfie,
efSsrs [ faeet T ot © @e (0 (It B (1 0), &9 &lf o R et 4f5 5118 0 (7w | @it (B, R) oRIRG effessieeig aa(b =y
IR, TR efSoRF R (LA SN CATHIIG 0 I 0-&4F SICHF SHISA |

g G2 ST Srore ©5 | SN (ACERS (F AN I bet (AL T FICAIR OIS (Troies #{1est =1, I effost 7 @ (wbarca e
GBS T B L BITET B19f (7, 1 (37 [R5 eeita 55?3 SIS AN 7 13 fZeT (D0 STy |

shakilmahmud.com &2 TeJfeTe ALFAT « BIFT 3 HISFYR + 2020 Page 22 of 47


https://shakilmahmud.com/bn/game-theory-part-09-trembling-hand-perfection-refinements-bn/

oIw f2lafg 3 vaifaem fowtsn

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

ABIFS o @ TLara =l

TS G35 ABIT (oI T FACEH (@A CATARS (T Bl FTs 5, 216 (G0 @S I 5 78l epsilon &gt; 0-(8 [{ag
BAGTEANS AN GFESI TCH T:

sigma_i(a) ge epsilon_{ia} &gt; 0

9T T 2R F ST (07 (I BITd TYRID AT #5208 oA 1 | GF6 (S (@RFRST sigma* A (GRS
IAATFE I QT Wl AR *F IR AN SR ARE (epsilontoo) (72 SRINIG STF A

Ui ktoin ftysigmak = sigma*

R SVIRAC, <& CATETRIG M &S F&r TSR epsilon-98 g1 I L C4TE, O SN (UCERICSH G5 T’ 5IteR &esifaie =¥ 203

epsilon times & &gt; 0, T B-aF (0) (5T @ | T ANTST Yo SIS TE AITE (B, R) 407 T QR QG *1& ST
&1 (T, L) o s |

936 e FHFTe TS (T A-Gle TS I FAE2 50 A, af ST STrox TfEF 9 T-RS AR e @ Afs Frem
e <P A0Y, 9FG G2 &P ARF |
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PART 10 + CHEAP TALK & STRATEGIC INFORMATION SHAKIL MAHMUD EDITORIAL + GAME-101

Costless Signaling: Crawford-Sobel Information Partitions & Conflict Bounds

Vincent Crawford & Joel 1982): Strategi ng of Information

Crawford-Sobel Partitioning of the State Space [0, 1] with Bias b

Interval 1 Interval 2 (Wider by 4b) Interval 3 (Widest: Coarse Message)
Action y, = a2 Action s Action y,

=0 3 2 a;=1

As bias b increases, communication degrades into coarse partitions; when b = 1/4, babbling is the only equilibrium.

1.1/ 2
1 — @ = @ — a;_y + 4b => Max Partitions N(b) = l—5+§\/1+zl

5@ d0: PRAIE OTIEET SHTBXIA Niwe, Tt BNGIEP 1651 B o1l SRl [Hgplo 3 @18l SIANTsS (1|

B IR oo SCSCE O SFITHT Ols ST 26 53] W{ToF o75: 2GR 2IeTK Selltad [He*A ffF, I9ad 719 I%4

TFe ey 5@ oe @il w1 S T 3foqt™ FoAIS, @R FRGT W S-TeM, Jrad e & [
AR (BRI NeEa ol ssjef 71 eensa (Free) | SR (@01 S 436 (73 | FICAT TRAMS AT Arge T ssjef [{ewy srona
0F U (“Bo%1 57) @Il i aNfeifess o2y a5 TS SIR? sobs AN ST TS GIR (SIEA (&S SBAICTGE S O
RFTII AEIANNG B FCE | SR e FE (T (FCA AZA s A WifAF 4T6 26N 75| FAR ML (FIRHANS (NI FEI—
(1 Ol G S sifefes o e 23 otdre Sige Ferel A1 erigel (Informational Coarsening) |

TCTIG-CAIEe 59 bF Woee

O3 FISTANTS FRG TLHARNFIR AT GFG SATRIS| (2T (F) G2 AT & Az &9 (R):
1. &Ffea we5: &FfS [0, 9] WM T 96 o5 WA theta @I T | @b 2 AE@ @A FF eFo AN =& @
A1 (o9 ST |
2. CEFS: (2FT 5SS theta TN, TG (I AW AMTH TS AT 1 | (7 S9IFCE G5 [T 219 181 AN |
3. &9: QIS theta S 1 | (37 8] ©H GHH AV FMCFH 3y @2 FCH |

4, Fed SIS @ AN b: A19F B AIF IO TNV 2MCFHS (AT (y = theta) | [5G (2aFa 9B #FFore I I7T b &gt; 0
JCICZ—CT SIF N9 ISR S5 (5T b ARGt &f*1 51T 4 (y = theta + b) |
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P ST9ef STof A ST ?

(2T [ U s ey Iece AAI? T 2o IS g FCE y = m B O, O (2475 T e e AW m = theta + b
TR | o @fb |TsT (AR @, T o7 &I Y wifd Rt Fac 71 1 2jearefa sies e snfafsseig asea |

AT B @ STATe STl

TG 8 (I N T (T @3 (Ll i) (o = 2fes a5 A1 oHft=w (Interval Partitions)-a3 W15 | 9Tl [0, 8]
AT FOWTE G O T T 0 = a 0 &lt; a1 &lt; a 2 &lt; dots &lt; a N =5 |

o 5705 I T [ag_1, ay] IR (TR A, (27T G0 T8 IS| (MF: “NA10 ay,_ 1 I3 ay, -9 NI IS QR 1~
o ST I3 T ARS| BT (312 M 51T NI SN SMCHS (7T |

afefs a=fea ag weeriba o 5 4b sifawe 33 =
a_{k+1} &#8211; a_k = a_k &#8211; a_{k-1} + 4b

a7 o1 7Ce], Sowdl WCA CHTRICE (@R Srige] @ fRoiea i 9o AT (T ASISCE| S5 (WG] AT 8 FeT ] 1< 2 |

FHTom sififes Fraf

I b TS AT, S NG 251 N (b) & FC q:

o YT bged /8, T N = o | &3 T (A (I WA &eA1of (Babbling Equilibrium) 5783 | (81 (@10 FARE K (I
2 A A, AI9F T SO A |

FoCfoF Srger nf

GHIG-(TRE AT FCECR (T FoAI1C0 970 FrAEEF @ T8 OlF] (FIC ST gherel 7w; aft @ afvar Nfifss amree |
FICAT AR AFCA 1 =Bl flegmiearirel 78 03; fafze SregerR 2t SfrerR aFwig a2 |

¥
G R, AT (2026) | 59 5F @ (TS G2 Q-2 — TG- (TN NBH @ FHewfos a~argel” | (o RefF @ e fenz, <@ so |
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PART 11 - EVOLUTIONARY GAME THEORY & ESS SHAKIL MAHMUD EDITORIAL + GAME-101

The Biological Calculus: Replicator Dynamics & Evolutionary Stable Strategies

John Maynard Smith & George R. Price (1973): Phenotypic Competition & Natural Selection

Replicator Phase Plane & The Hawk-Dove Stable Attractor x* = V/C

dx/dt > 0 (Hawks flourish) dx/dt < 0 (Hawks suffer injury)

® @)

x = 0 (100% Dove) X* = V/C (ESS)

ESS Condition: u(x* x*) = u(y, x*) and if equality holds, u(x*, y) > u(y, y).

& =X (Ax); —xTAx) = x* = % is ESS in Hawk-Dove

foq 50: RIOVIT BISTeT @17 (3957957) 3 @I I, 7 (SIS I OTFAY QIGIAIG " = V/C

T 4 (o e Fler Al 98 SNItTE @2 (T N CATATIGH] 2 S Jiawarig Afifss siomag | f[Fg ssaw A
aaa‘?ﬁmmem‘ﬁ*ﬁ @ RIS GRiTGN 26T O (6 Y @R Tkl |enfoim ord @9, @Sy (e St @
SRR RN e S “The Logic of Animal Conflict” | (N6 fH2l SRR S (T (o1 RefRa I 208 (&I SToon
(51 J1 WARE JfaTeR ATIEH (12 | SRS (AT TG (IS T2 AT, (-3 AT T4l T TSN AT ATFCES
(Fitness), ¥ ARGIREFIT 2 20l (AW &AFFeS 16w | @eIe? oy (v RadAiw ¢or Refa (Evolutionary Game Theory) |

RF-(TI® (4el: 2/ qitend 9

oFfeTe AMONF T, TRH I WHR 0S| FHIA (@IS 7M V &gt; o [ efscaifion g @it el emeeiBiz o o[l 1% | afsfs
1N 75 TS WHACNT GFT6 &7l FC:

o 55 (Hawk): 59 Sepsae< | (37 9653 o1G13 SIfcy T Tomwe 7l frer wize o3 <1 eifSor ofiery |
o (TS (Dove): &%y @ #ifafeT | 7 o7 (M, g afSo s SEwe T WS 7 (0T SeFale Aty 17 |

T 35 (Trres (el =, SR ORI (FIC TSNS FBIR T Ol F0F (V/2) | 58 93D 2 @ (S (7l 70e 2 s7onpef S0 fRfca ¢ (
V), SR (TS 21 %15 (0) | |F T Jfo [(Ha (74l T, O WF 37 A1) TS TSR ORd AR 0%, 5@ oRifewes M
S 2INSTE 6 C &gt; 0 | T ofif#re (ot (V &#8211; C)/2 |
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ety FRfeMa & e (ESS)

I ST SHIRE] 20 AN IF TR @R @I Lo Net TR @1 Fred Siars wecs 51 = | SR GRS R sieifis Fm
Sreife=iE 63eT SHICEReT (ESS): @t ase1 @b fomste @vaeisrs Caf*1es 1l «fs TmcaliBia wiigsiesr enfll aizet w<cet @ Icl e
AISEIG CMIET I3 (AF GT SITH AW | eifSFIo FACo AT 1 |

TF-(TIS ALHLHT AN

I erFfere TRWIER =T FS T YT G A @ (C &gt; V):
o I M (IS T, O [ Teadl BfeAe WF? [l Fier a6 NEHIFD 201 T A (37 S (ISt 2]Ifers 0 [ofa e
S #iE @32 K@= oI |
o AR it 2F 2, O 91T (2137 A S (V &#8211; C)/2 &lt; 0) | ©2 O35 WfReST (@re (&Il Iwifa 71 3K sffereze
2 (BT R 38T Fa!

T [ua @ gonfs B A0 o | aFg FieAeT ooy 91 ESS 2l @F 6 e Smeaidl @2 aid wgors 5 o+ =
fracV C =8| R i T© el 25 (CggV), eFfors el 2 AFHITS ©© FCN T |

@f2itebe TNy (Replicator Dynamics)

559 AN (5 (Ga1a 93k fe TR siififess TRFECeR NH LF IR epfor Rivag e e sgsire sfiafss =

dot{x}_i=x_ileft( f i(x) &#8211; bar{f}(x) right)

T e 7 TR oG REGTACHR (5T ©Itel 6 (7, 979! eroy O fomere R 906; S ©f [efe e &ifs =311 i
oo 5@ QT3 SIFo N5 @ Tife=Ial SbMarem= s R Sirereieta e Refza sy FfeMe aee |

(4

FIZCGA: N2, #NFT (2026) | "Rasiz oo Refd @ 395957 — @faeba Afems (el Fyegans” | ¢ Refd @ e fSerz, 4e ss |
https://shakilmahmud.com/bn/game-theory-part-11-evolutionary-game-theory-ess-replicator-bn/
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PART 12 + NETWORK GAMES & STRATEGIC TOPOLOGY SHAKIL MAHMUD EDITORIAL + GAME-101

The Architecture of Influence: Graph Laplacians, Centrality & Cascades

Ballester, Calvé-Armengol & Zenou: Nash Equilibrium in Comp

Strategic Interaction on Network Graph: Bonacich Centrality & Diffusion

STRATEGIC MULTIPLIER

Effort levels x_i* align
with spectral radius:

A_max(6) < 1/a

=l -aG) 1= 3 d*G*1 = baonacicn(G, @)
k=0

foq o3 BMGEE BTG MAFLAT A1, Q@IS T (GFT 3 (NE3TIF NI DHIIIT o141

AT (o1 RSRTS (TR (T & *rolR W& farie: T 9113 G TR {60z (Lety, Tacel gom [iftgs 35fes Jrangf

TRt TR | g AT WK STepel, W e @< e SUFISHITS (FHAIe QTersdl Wg UE Soe (5 eTTH
(Complex Networks) STl | &5 AFSISF 71T {21 O3 ST TR @ S = (7 dref Ami=-emie 3ed g g afoors
I A | GFe TR M WAL EoW FRI6e= @it ool gfvws o @ 7, o7 eeiiis = o) by Igud AN
BSTF T | 200Y N (FRANNES A, WS FIACS-ARTITCAT G2 3O (T SFIACHG P S 9F SREAGAT ST No1G
e FE: “Who’s Who in Networks. Wanted: The Key Player”| SRl &€ F& (T (@01 (HSTE AR GUSTHR
T T AN FAI GG e e @92 (@=ios rgifFG (Bonacich Centrality)-a swrge? |

FBETF (AT NifeifsE FST

&3 IF 936 &% G = (V, E), T AR SEeSIet™ s A = [g;;] 79 kealfe | &fsfb arers ¢ @3fs [ @este ewser
T4l z;ge0 FERer F@ (@ A@gar [V, Tg7 agfes ame A EreeR @) | areetd SoTieR TREN R OB e
(Strategic Complementarities) €3 F5f&5re WA IS 46 AVYS A

u_i = alpha_i x_i &#8211; frac{1}{2} x_i*2 + beta sum_{j=1}*n g {ij} x_ix_j

QI beta &gt; 0 Tl (&FHFeTS sifisEmoR Mal: T ANF @I ef Sz i @tsdl ISR (z;uparrow), O TGS SINNS
5B AT @R 1wl i oI |
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T1TG BSIS @ S SR

ST TS | FI6-AGIF TR (fracpartialu;partials; = 0) STAA FaCeT (A T
x_i=alpha_i + beta sum_{j=1}*n g_{ij} x_j implies (I &#8211; beta G) mathbf{x} = boldsymbol{alpha}

T (heTEa T WRCes lambda_{max}(G) &lt; s/beta *1$ 97 B, O Sy ohema ffver = s wiGHG 3ot
-4 T

mathbf{x}** = (I &#8211; beta G)*{-1} boldsymbol{alpha} = sum_{k=0}*infty beta’k GAk boldsymbol{alpha}

@=1fos rgif&fo: sce enifife

93 49 S O GF A ATE (TS i (A (S §-93 W05 B k-CHCha (N6 1047 T4 beta® A sRGTEAR @R J5IW AE
SO o | T4 i &l I (boldsymbolalpha = mathbfs), $4+ &fsf (AtaTEs e eoel Famla FoG-EIIDE

orgifeo-a T = |

GFGH CATEARIITSS SN (HET (el OfF TR IFA IR @517 f1eq wea 711 @b Fda 03 o1 3o g1 Fob! TS, O
GO TG FO0| Aea— I ST (B S TSR AT S |

f&-camia (Key Player) w511 @ Sis6hi< 41

FIENOE G2 S TN GF0 o5 ABI AN AN A (B (VB STNHT TNET SORIY FICTS I3 | WfYs 457 (SFics
BIRCe (I e (Trefbre [tk a1 SReee FEsa?

SR efslel FACE (T HAT ooyl (IS (T FA @RI g AR et 73 | 372 @ft 2@ f6-coma Svees TEwa[l (e, 1 fRres
FERRT IR e AT FEHF FUoF WYATST @oF 6T @ | @3 AT e wiwefss e Sk
Y@ (Basel 111 fNasi<at]) @32 TRINIRICS [BFMIF @ (FRIGE5IER Aie Qo [EeTe I5%s = |

¥

STRCG: =7, *RT (2026) | "FESHIE N @ GBI GCAeer — &l enaifciEnT @ @=ios CrRIEn" | cor RS @ (NI fSeE, 1e 5%/
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PART 13 - COOPERATIVE GAMES & THE CORE SHAKIL MAHMUD EDITORIAL + GAME-101

The Geometry of Coalitions: Characteristic Functions & The Core Polytope

Von Neumann, Morgenstern & Gillies: Unblockable Imputations in Grand Coalitions

3-Player Imputation Simplex x, + X + Xs = V(N) & The Core Polytope
Player 1 (1,0,0)

BONDAR-SHAPLEY THEOREM

Core is non-empty iff
game is balanced:

EV_Sv(S) s V(N)

Player 2 (0,1,0) Player 3 (0,0,1)

Core(v)={x€R"| I x;=v(N), X xi>v(S), VSCN}
ieN =

foa d0: foF RIETRIGT ENHEBHA BINEET 3 @I A1t I [BIT (515 G171 AIBT A1 2831 I DA |

F-@eiEte o fefice wog cateTel [femeia remm Tl 51e o, St SR (I WETS T §fes I
q SO A 1| 5@ e 3oz, (A wRife @32 Arenifen YRS SRS WNF (@5, (G 36, IR F0oe dke TS
(T 519 T 8T9F (OPEC) (STEd S FWgy ICd; T AETE (Y ANGE (S6 (FB1) 2107 I | CATARS! T4
TS I (TS VT LSS e FACS A, 02 (Freetare el et awee = @35 ¢ @b gl Sesiifve (iiB 9w
ST 67 FACH (@I To-We A TR v LAz F0I (@F T ST AT 91T 7? @62 20 (Fraeieaive o Refd
(Cooperative Game Theory) €3z 3 &9 (The Core)-a3 SHififes Toie |

CARBTIeTE FieIT @ FIoTitadet 2860

GG 2S0ebe a3b (@ATRTS (4& (N, v) aF MRE@Ee =&, @ N A (ERemd ofb @R (S) 2 93(0
I 1 CeNb S-47 e (Wb AT T |

g wftafor sfiRfore gona-emHRe® (Superadditivity ) s 2A1ts: 36 @=ml (oiib @F 0T ST (Y S oM FUCR
SIMA AT SAMCAR (FIHFCAR (BT I 20© AA1CF 71 (v(ScupT)gev(S) + v(T)) | O3 TCA FANCSE TIF NI A{d© QNS (Frafereia
(Grand Coalition) N-& (S5 379 A% = (v(IV)) | o7 & 2CA1: G2 S0 Jreiid Ofsf 541 Sfbe?

shakilmahmud.com &2 TeJfeTe ALFAT « BIFT 3 HISFYR + 2020 Page 30 of 47


https://shakilmahmud.com/bn/game-theory-part-13-cooperative-games-core-polytope-bn/

oIw f2lafg 3 vaifaem fowtsn

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

¢&Id (The Core)-a9 wges]

O 367 (9% = = (21, dots, z,,) A (NG IFHF 6+ | M I TA-(SI5 S M (T (S6az 20T OF 0(.S) TS FCS AN
SV &I I6TE N sumiingzi-99 (OTF @, ©F Ol 98 361 2eqesv oed g (Block) T4 @32 afis (@™ (ote
|

73 (I 2| (12 75T TG (76 ICH (HICA| (SHR FAH| §F FACS A

textCore(v) = leftxinmathbbR"; middle|; sumi,nz; = v(N)quadtertdquadsumipsz;gev(S),; forallSsubseteqNright

erifNfeFens @@ 2l @3 Tee 2AfFChst (Convex Polytope) | (FIE ARF (A 67 20 G5 FE Aeicaress @ qftafos
SIAAT— I [CHIR 1% (TUN (AT ([ 20 O] AT (I BTG Tk TS oA 11 |

TARICTSI- =TT SAAITS: (FIF FUF vy ACH?

TR (LA [ (@I R AE? ARGeFOIE $6d 20l 71 | SR SRS (SIh (R (@4 fSTem s00 TAR Sfeify F0F,
AT (I T X3! I GRS RS QoI A0 ST Qs Q1 fWee (STe (Fats 2I1ed |

550 AT &5 ITANTS| U2 FCHC HFICET FATOIE N T (T IB0 (P DS (T (F RN AF GF0g 8 woARm =1é
(el (4GS TS (Balanced) =0 23 | &R canaifir gafate eor afsBe @2 Ssomfs sy sxmifere Kot sfsk @
(G 15T o fefeese |

¥
FIZCGA: S, N (2026) | " PIGAETS (7 @ 77 (I — (IRETEE eI @ (@ribare FfFg” | o RefF @ crpifer feenza, 4a so |
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PART 14 - THE SHAPLEY VALUE & FAIR ALLOCATION SHAKIL MAHMUD EDITORIAL + GAME-101

Axiomatic Fairness: Marginal Contributions & The Shapley Allocation Formula

Lloyd Shapley (1953): The Unique Value Satisfying Efficiency, Symmetry, Additivity & Null Player

The 4 Axiomatic Pillars of the Shapley Value Allocation

1. EFFICIENCY 3. NULL PLAYER
$o_i=v(N) i~j=2o_i=o_j Av(S)=0 = ¢_i=0 (U +v) = d(u) + ¢(v)

e is fully distributed; no suEmugwa]rginal contributors receive épiaypey-ontrib

The Shapley value is the ONLY allocation operator satisfying all four axioms simultaneously.

sy= 3 SHOISI=DN by v

n!
SCN\{i}

foq o8 19T G 51415 (Nifers Fosis BF: ol Ao, [A1%pT RIS 932 [@ISA@rlet |

m@ﬂmﬁ@cwwm” (SIBsTe FRTed 9 S5 419 Ee 97 56 9@ Twme] AACR: T2 CHE (1F T4 Qe As,
I WAF CHE (IS (TOF SR TR AE T N (FA0 (1o, Tl 9 Sfiafosen vzorere (Fair) © (&
FACS A | &R TS IED6 QLT NGB Tgy IMST (ofF FAE; I Fo 5 (o7l Sfve? GFb maw AEEAT a6
GRATFIFIA ST (5D ARFS 20, (@ Re@ING TSR ©lst F© 267 THS? $5¢0 A Sfas =g I3 ferefm drzrs =torns
g S5 751 9B eEeita a3 @fSzivie TN e © o S (= W3 #M3i9itet S5t (The Shapley Value) |

TITTeId HIKi0 Fesiig B

FCIS = (FIC NI GF SN @17 767 71 w2 oifs wiimeaifns Tyaifes wesfom (Axioms) WG FIGE:
1. wwel (Efficiency): sumphi; = v(N) | &S @EIEHER Sesiifite 6 M @it (0o 2o 7@; @I W Q25T
TRIGS A4 R |

2. &fSTey (Symmetry): 4o (4GRS 1 @SS FSI-T (@ts T S@MW A0, O SItie @il S 9ol JN 20 = | (Il
FFHATS HETC 1 |

3. ffEpa catetrse (Null Player): T CATEARIS T (I (SMCh (FIcT Afefies Yol (15t F60e 1 A, O 7 (I Tsie!
AR T (phi; = 0) |

4. (remReTel (Additivity): 36 Fi®T (4 9L TS A (M6 I 20 5RF IR @INER TN (phi(u + w) =
phi(u) + phi(w))|
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TIITET SFIeI A A

FCTT #FHATE AN FACE (T 98 B0 FosamE AFAICY A FACS AT 9% 3% @aowg snfefss wonaba w=ifiey [
12 S1afb 201 el AGRS ARTISCHHC GFe CATERITSH 2T TMIC erssifFe ore:

phi_i(v) = sum_{S subseteq N setminus {i}} frac{|S|! (n &#8211; |S| &#8211; 1)!{n!} left[ v(S cup {i}) &#8211; v(S)
right]

93 BN T ©gIo LI T2

° 3 T n G CATARIG ATAITNCE] 0N T AT 90 T3 T | ST IR (16 FB1<5 @ =6l n! 51

o (YTEARIG § T4 TR (OIF, O OF & SoIfFe (@b S-9 & T G2 R WISV HCA (SCH g M o7 =7 [v(S cup {i})
&#8211; v(S)]1

o e TSI TS 89T 93 IS SRMIT oG 2719 12 20| =791 Syl |

Y ST ANSTIT L5 I (AT GHCADCAIET G213

=TISITET ©yIe] ey ey 2feirest sifes (ol gl ediet @ faw gfarer wrew gy fofe:

o RWawtRa FIwetEa Wety Wefaer: @b R, T_ifE (b @ oeRl (erhd (A ISt Mo «ws MR o *sieie wees
e FiFe |
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PART 156 « BEHAVIORAL GAME THEORY & BOUNDED RATIONALITY SHAKIL MAHMUD EDITORIAL + GAME-101

The Cognitive Ladder: Level-k Reasoning, Cognitive Hierarchies & QRE

Colin Camer semarie Nagel: The Keynesian Beauty Contest & Finite Depth of Thought

The p-Beauty Contest (Guess 2/3 of Average): Cognitive Step Ladder

Level-oo
0 (Nash)
Level-2 %
22.2

o

Mann — EA

Real human players exhibit finite cognitive depth (Level 1-2), rendering pure Nash equilibrium uninformative without behavioral calibration.

2 2
Go~U[0,100], G =ZE[Go] =333, Go=3Gi=222,
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PART 16 + THE REVELATION PRINCIPLE & INCENTIVES SHAKIL MAHMUD EDITORIAL + GAME-101

The Blueprint of Truth: The Revelation Principle & Incentive Compatibility

Hurwicz, Maskin Any Implementable Social Choice is Implementable Truthfully

The Revelation Principle: Commutative Equivalence of Indirect & Direct Mechanisms

\“EC"{W Rule g(m)

‘Outcome’

Direct Truthful Mechanism £(8) = g(s*(6)) spaceX

Truth-telling is a Dominant Strategy

We can restrict our search for optimal mechanisms entirely to direct, truthful mechanisms without loss of generality.

w(f(6,), 6;) > ui(F(6),6;), V6;,6; € ©;
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PART 17 « THE VCG MECHANISM & EXTERNALITY PRICING SHAKIL MAHMUD EDITORIAL + GAME-101

The Clarke Pivot: Dominant-Strategy Truthfulness & Social Optimization

William Vickrey, > Groves: Truthful Provision of Public Goods
The VCG Architecture: Aligning Private Incentive with Social Welfare
1. SOCIAL ALLOCATION 2. CLARKE PIVOT TAX 3. TRUTHFULNESS

k* = argmax ¥ v_j(k) ft_i = T_{i=i} v_j(k*_{-i}) - T_{i=i} v_j(k*) v_ireported = v_i

velpgent pays exactly the damage their presence causesathérs it strategy regat

In single-item auctions, the VCG Clarke Tax simplifies directly to the Vickrey Second-Price Auction!

ti(v) = 3 vj(k*;) — T vj(k*) = Agent i Internalizes Externality
B
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t_i=h_i(hat{v}_{-i}) &#8211; sum_{j neq i} hat{v}_j(k"*)
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Strategy) |
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t_i=sum_{j neq i} hat{v}_j(k_{-i}**) &#8211; sum_{j neq i} hat{v}_j(k"*)
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PART 18 « AUCTION DESIGN & REVENUE EQUIVALENCE SHAKIL MAHMUD EDITORIAL + GAME-101

The Auction Frontier: Revenue Equivalence & Myerson'’s Virtual Valuations

Roger Myerson (1981): Revenue Equi Theorem & Optimal Ironing Mechanisms

Myerson’s Virtual Valuation Curve & The Optimal Monopoly Reserve Price
d(v)
REVENUE EQUIVALENCE THEOREM

For ii.d. risk-neutral buyers:

1st-Price Auction (Sealed)

() 2nd-Price Auction (Vickrey)

English & Dutch Auctions

Valuatior Al generate identical expected revenue!

Reserve r*

1-F()

=0 = r*=971(0) Optimal Reserve Price
70 ¥~ (0) Op

Y =v-

foq S I3 NRIPTAT SIEIeT SIGRAIA @1 932 [IASA [N STl Neely Sefifare aies Sgene! S5y
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2. ©15 @ (Dutch Auction): 935 8% Y5 (S 9 B NC! AN AN AEF; (T &AW HeFE F0E TS, (37 (312 0T 915
& |
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psi(v):

psi(v) = v &#8211; frac{1 &#8211; F(v)K{f(v)}
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psi(rA*) = 0 implies rA* &#8211; frac{1 &#8211; F(r *)H{f(r"*)} = 0
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PART 19 + MATCHING MARKETS & STABLE ALLOCATION SHAKIL MAHMUD EDITORIAL + GAME-101

Markets Without Money: The Gale-Shapley Algorithm & Deferred Acceptance

David Gale & Lloyd Shapley n Roth: Medical Resid Kidney hange

Bipartite Deferred Acceptance: Proposing, Tentative Engagement & Stable Matching

DOCTORS (M)

DEFERRED ACCEPTANCE

v Always yields stable match

v Proposer-optimal (M-ideal)

A(m,w) suchthatw >, u(m) and m >, u(w) => Stable Match
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PART 20 + ALGORITHMIC MECHANISM DESIGN & CRYPTO SHAKIL MAHMUD EDITORIAL + GAME-101

The Digital Frontier: Price of Anarchy, Cryptoeconomics & MEV Auctions

Nisan, Roughgarden, Nakamoto & Buterin: Algorithmic Game Theory, BFT & Slashing Games

The Cryptoeconomic Triad: Price of Anarchy, Byzantine Quorum & Slashing

1. PRICE OF ANARCHY 3. MEV AUCTION (PBSA)

PoA = C(Worst Nash) / C(Opt) Quorum Q = 2/3 Stake Proposer-Builder Separation
Selfish ed routing efficiency Byzantine Nash equilibrium under slashing Seal id block

Pigou / Braess Bound: 4/3 Extractable value redistributed

Provably bounded loss Economic Finality Achieved Mitigates toxic frontrunning

Algorithmic Mechanism Design merges game theory, computational complexity, and cryptographic trust into autonomous protocols.

maXseNash Cost(s) ‘_t
mingg Cost(s) ~ 3

PoA = (Pigou Networks)
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AN G FFCHRA SHITCCHAF OIICed AR NAfER 07, o947 foarre wRfeq Tuete AR = SR Sibvael
Q3R JIZCSTBIS WGNCER 715 AOR | 96 (FRT 2GR (T T5yef & @ RFhIge 197 FOb! FH 2 (@IN THRCIE
(T BREA-CHRBTd [ofe (e q0g, G IOl T 7oy Qe (Mgre? @3 fade Reee wfige s o Fore
pieTaifawi oo fAefd (Algorithmic Game Theory) 93z f&UsB13tE MR (Cryptoeconomics) |

&3 &< @IS (Price of Anarchy — PoA)

555 T FIEHF [Real 2feamt (Fexform @3k fFEom ssnftfifan ayaafmtie wrel ¢ oo Refa e wfbe o afsat
IR eI FCE: &AIRA WG @IS (PoA) |

I Rieaige IRFE (TN FHRCAHT (TB! B0 AR A =1 Gifnd) TR sl SIvd ferg ST J(6I0s o1l 91Y ([0
¥, T GF Ty AHRE] Cofd T | RANTS, e 7es (@ g At *ER G5 Ten F_WE FF 92 (@0 e | &2 51
QIfF oifFwiol S Tl Refeletl @ FIRTolF SR AN Fob| Aol ¥e7s fmre =0

textPoA = fractextSocial Cost(textW orst Nash)textSocial Cost(textOptimum)
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