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FEENRNONE., XAAREFEEHIE, FAEEENEMENT] (BBIFRTLEIEIFENTD, HWINTE
BY500.245H T —INERFHIEENEY, /N NBJLUTERRLY) . bif EXEBEFERNAIRAS, AFRER

MRIARIER (B, AXBREHARLIEESZENARIRN—=SAE, TERE) . FIFHEE, £
KPR ERRFEEETXROZENE, B EAIEREHIS, XEXESHELVSTEESG. RIS
=, NERECXME—REREMFHEENEXFARE, PEHINERE—DEEER. PRI FAIERDIF
FiFE, EPNREEF. FEFHUSOIEERMEZEE (RACRERINERFRETF) . NEGOTHER
RUCENALR, TNCERRERAOEEN, WFREE, SIFTAANES. B8, RO ZENKEORNE
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BRI AT F SEETF, FREHWRISHEENLEEN. EHRESIIHTERED, £
BSHEEF—ETENMRR, ReaANSHEF—EAXNMNIERRMEESE. (summarized by GPT-40)
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5E4%: https://pan.baidu.com/s/1hbpZgFOIY3JV15fNYql1-A?pwd=wvOv
HEENAS: wvov

XENARRS

T BRI
o Ffflatex & wordB{Et&ElR
o 2224507-CHIEMR L . pdf

WHLEHAIOIE TS EHIENRT

FREE . pptx

HETRISAERSERATFERN—EE R, DIRAREN—SER, BOERREETERSRE
B#ERE, EEFEE8THXRNE AR SUEME-BIRTERERE REE, FRERFEET.
BB E KA @RI $2=WRITE RIGHT FOR THE AMERICAN
MATHEMATICAL CONTEST IN MODELING_14284249.pdf

PDREXFYE. IR—NMEXFAEXNMREITUR, BAXMENFLERENEMN (Fie, &
ETM) . FREFASBRERIRASHH T IR, AFRNRKENE, JUEEEERESES/
BEEERSD.
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B 5.2 The Introduction
[ KEER 2022/01/14 11:31:58

Q |,

P The introduction to your paper should be the first part of the paper you write. Your

5 "introduction should include your interpretation of the contest problem, your survey

-and discussion of the existing work related to the problem, and your thoughts and
.approa.ches to solving the problem. i |

The introduction is where you need to show the reader that you have put
significant thought into the problem. You should begin writing the introduction as
soon as you begin working on the problem, and you should revise it a few times
during the course of developing your solution.

The first paragraph of your introduction is the most important paragraph
of your paper and should convince the reader that they want to read the rest.

The entire first paragraph should be accessible even to people unfamiliar with the

problem at hand and get them interested. It should not be mathematically heavy

B REEE 2022/01/1411:31:27 and symbols should be kept to a minimum. In the paper “Applied Mathematicians
Bake the Best Brownies: The Ultimate Pan Design”[4], the authors begin their

- Goos  Long Way, paper:
BB BENRT(150x231mm) K < 99/ 451 > Dl NEBO0D 8B M 6% ©—0 @ =

2021301570 -gw1 X/ R EF AT IR A 200 . pd £

B, RIEFER (UE) 215FFREN (HFEFRUHIFIOREARS, M22FFHAFRIRIZERFIM0.1%Lm T

2%, #T20f8) BUDERENIRNEY, ENEME—
2406176.pdf
IR EL ST TFRRITELNC!

P
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00.2 —EEREBMSR P ZXRTE

¢ https://zhuanlan.zhihu.com/p/4469990827?utm_campaign=shareopn&utm_medium=social&utm_psn=17733
75325663268864&utm_source=wechat_session
—RIBRFERSRENEM, RE T —LESERSHIER,

o https://levitate-qgian.github.io/2020/06/18/MCM-experience-sharing/

MEZMEHZERERN, IMEREEREENRE. E—RINARRIFNEESTENEM, KM
HARTOIIC X AR T T iR BROIFME. NEPIRIN—LERFEinAE IR IAMBAARE—E,
un:

6.4 54 XFTHERITHE

EREhIH T EEEERRRNREER, MESEERESESHT SABRNS TSI,
- BEARSTTAH TERENANHRER SIBM Y T IFSRNSIE.

- EAREENREE MR T S1riai.

- BRIRITH T REEAFRIIRE S,
- ERTICTREMRRR, FEHTRRGEE.

e https://www.zhihu.com/zvideo/1465336604042285056
—MPARFAOISA, WEEhFIoRAIX A, IEXNFYRE. KX MUTNEISIFERZ], RIRIFILLES
EIXAMISTRIEHER, RSEKERERIRRIZS .

¢ https://zhuanlan.zhihu.com/p/380305377?utm_campaign=shareopn&utm_medium=social&utm_psn=17733
73526906753024&utm_source=wechat_session
—AMARHREPAIEFDIZSLLEIRE, BUENFE, XENEETE, REFEILSREMAR. B
HERIMIAIN—EERE, NRRLTEX, FEBRXRMINTERAMREE R REERESEE.

¢ https://zhuanlan.zhihu.com/p/3702490467?utm_campaign=shareopn&utm_medium=social&utm_psn=17733
74177497939968&utm_source=wechat_session
—PNFTEIEAZONBENEESRE. ERIR, UK F. #iEF. REFSENUEES. EBiY
IEXFEIEFREFHE, SHPTINERZRMRIN—LEMSAEISR (30, EXFERREIC. ks
5@EREE) . AEXEERME, MEefnTLURI0ORBEIAISH RIS R —Le4tt,

. {Ri%

—REFERCNATERAERZ, LXMERME—TMRIR, FFEE.
o Rig1: ORFFERIN, ELELE, T VHEMEITIESY (RETERY) .
R BURNMERMEEEERN.
o {RiR2: ORFFEFPAGIENE—EFGORERA.
B AN FRESFNRSSTETDRE.
o {Rig3: ORABKEIZIES, (BEFEIEHM.

B THICXABHENERGNEMERNERE, BSROR—EFER, HR—IRIFAM. B
RS, ORIEXt—ER—LENERANIM, mARX—HitrsERaLIEEMEIASER.
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1. HFEREENFR

HFRENERNTREMA? BREE, PR EEERRER 47 BUFR.

THMS, HFERELES, —MNEENHFRIERENZE (XENEENRESR, RERASGIEX. KEE
BRI, FTECHERE. B, #EEFE—F, REEMRITHR. REARESHECHROFR) -

1.
o IBIEABCDEF/ANEE (30min-1h)

o 1118, EaEFMEERFNRENMES LK MERE, ik —EHEN2-31NEE,
(10min)

o IRIEX, MENEEINRER, XEEGTAERIITE (1h)
o g, WEEEBERIAMEE, eHE T LRI EZRFRREGE.
o EERICXINTICXIENIAT,
F—RFRAIGMNIZHEILE, KRGS —K 1400 FEHERE, TS AERE,
2
o BIERAMEEX, MAMYXZEE/NE. (30min)

o Wi, ERHMHENHES N NENERRRAR (ATLARKEER 3TN 52N AT
%, FLRKRREREIGEEZE, AERRTIEEE S XINEHITBINFIP) |, FEZBA
PERRVIEA—2L.  (15-30min)

o 218X, (1h)
» BXFMHRENE, BURYE (RIFEA—ROIERPEAMTAXREENY) KIXAEER
FHRIEF.
» EEFNARCNAMRETS, BREEENGHE.
» TRIEFNASRIENAMREEKE, BREBNBEEAESTKE, RETTBREEAESH
AR, $EHISI,
o ifit. WEHBERIAIM. (30min)
o EERIEX. Wit, HIFHE— " IREN. SEMRE (G& = FFE. FEAE) .
PRAEBLSHVIERR, FNEMRERRE, R,
3.
FASLARTRNTEAR EHSHENX. RERHE) , So/VENEKIER, SBECHERZ/
RRRIRRIRTS 22,
IR, EREHITER2. F3L.

ERZHARAMOIHREERE GRS, REANEEER, RIEXERTRE, SEFMRAVERES, RET
REFRZE, BT EHSE R R E RN aeFER e E D, TERERBPIEEEEREET —
MER, ZEHITRIERRE. EZSRERIMNCOHTESEE, BRE/\IINAEERILR. X, —&Hh
WHENRIEY (HR, BESHATFHSERsS®) , Hl7T!

B2:

o {FENGIZETRREtAE?

o (RERPATHEESTH—IITE. E8R1E?

o REUERDAVIPLEMER, EHARRRAIMAYTESR?

BIZIRESC, HFEENERRTDIFETIFR, MIFERN. FRHTEEN, FETE XNMIVERE
TR MEEN AR N MERSURB R X AR R, AL EISRFR, (BRETEERChIRE
fEEE, FEEREACENMNRRELENTABRIAM. ERNE EERESC:

MBHFEDREBR I FMRIX /IR ?
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SFEFEE. ERHFRE, FERIERSHEE (EELM) BERETINEHR, SEEERNEHR
ARESHENBR (55]2019A%, SRR &, MENAEEAIHN—FER) .

B, ATEFHFRE—NNGE, BEEEIRZA, BAMXEEEX. ELFHREscmSHMEFIEX (R
ERFE—XZRXR) 2NZOBRELGHAR, R&REGEE SEWTRREEY. FEH, scEfmEFe
SOSEARBIESAIEE), IFEZR. FAIANCICEAER (RTWPHEEL, Real Time Win Probability) #2E
FATIEICXAMEE, BHFIER T RIEII T —AE—RIEEHTRLESEY, HENREERAISE
AR,

ZE, EAT—NERENUR, BRENRETIERR (RTEZNEN) . EMZESKEARBE L
BE—¥, MEECE— (KRREEN) BEA. HMNEBEIRNMER. Bk, FHRRIEXZRINE

BAFHaITiEZRl, SeBEREeX, FEREESNMNENXBINENMVEBCNEREN. FTEEAHT
EXHIAIE, HIN20245FCRl, £XNRXERZORERR. . RAEL CIREEISIERE, Z/EX ‘momentum’iy

%, momentum, EIFAMEAL, FERBANHTEMN. XmomentumiIEWTTIE, WTE— 1 EEER
4R, BLHENEBE T RE NS, BuZIRESC:

=meX! =EeX! &' !l X! !

£/, HE(ImomentumIENHRE N, FEKAIFMAE tennis, momentum, quantificationXtf
AUKHEASRIEIO ., SHATFFRE1985FAIHDEFIEN (REMAEHK I =icitreference B3 |AXR, At

HAEICE—EBointroductionfIE —ERFIMES 7T IXRICXAWEEMERED) . EMGEERNRENBKREF
BEE—HENE. XFidmomentum N TIEEBRANENY, HEENFISCRBEREX, ZElt, BHEEEEMESR
(RTWPHREY) (ER/NFTHERFAEA(EHAIRL, FITAIERED, B2 OMER (RTMQIEE!, Real Time

Momentum Quantification) ,
STOP! EREAIEEBAMFEITAIL T BREE RIS —FRifER, 185, XNEEESY, TEKA]
ISP BRI TAOEENSE, ERECXIEE, BRUSHIRERE, .

BIMTIE? BAWRERGESY, MRE—SSECREXIINE, —SLWERNNISE, —Ff—~EREAEIG
HE@E, BASR, XEEREMEMIESZBE? B2, B PIMLEEBEREZIN BRER NVAER
FI(E? NEROBENAEHTEEEERREY, BA—IHTELANECKHER. BELRFRL, XE&RSHH
%, EAXMEDEETCEMR, MEERR (KSH) SERMAMREAKNITIREYSE, NEEEN
BAIARARER. NEFERNAERTER, SESNEKERNEERREIBLE RGBT E
B K, TN, WY, BAMSEIFMEMST0E, BRRKE, TTiREES, EIIRX..

EXPEESRY. FARESZEERFIRKNE#THR, MENZELCXFHRIPKETE (REEEAEER
MREE RIS SR, EEERPAEER. S, NRRERERRAE, eiaLIER, SEZM
BRICXZ R EMEHARLTER, PRI ERSIAEZEHHEHEHSIPAREET, %08 (B
BIFARYEZIRE!] BAMATREARIBEEE) B SHFEFFGRRK, NEFE. NIERNEE (88
RIS T MERRNGZ SR AIESS . AVERE B hRIFEERS) TR, B EEAIRMERIAIR (e, $8R
ENBERA) | HTA—REK, BREDE,

ERIEER, SAFTEARTEELNTRTARMZ, BRESEIABEEAME, HMEHREZEAMA
ERHERRRIZAMEIRE,

EE—MREENTEGEFEENRRN, MARFRZHAEBFRFEISHIERR. HFRIAY (18303%
KZ, BRBEEZ, MRDEITER) SSHEEITER, RMAFTHRRAE. AAXTE, FEE
B, TRNBE (18XF, #EF, ®EF) IX—FENEEEER:

o BNFENEIENHAE, BE—MEFREZIMNT, HEEEITERAEIFMIMEE, BRIETRE.
o EEFNEENAE, BE—TERH. ANBSH. EEERITIEROIMREL
o WEF, RFE—HETH (HBERATsEEAL) A8, TRE?

Eit, 525 (AFEM)X—ITHHEL, TEFENFEARER MERTER, RAREIIREFEE
HERER BT, — MBI FRIZ S REE SN —IERAESHR (A% Loptnewbinglfl) |



1.1 REEHFEESEFRNRE 2=

HETSFCRRICT, ARG TASHMBITERTE. ASENOHARRU— MIARNAEL AT
X%, MEENAEENGEERES, HET, #. (REGEHKR). XELRBEHTUEE, EMNERNHBEE

iR, TFERETIRNCO9%EETHEENIEN. H—, IEXHeIHEaTR. H=, FHAAMRANEXELBEAM R
A9%F, BREAFBRUKRENMRSS(IA? ATLA, LUIHEEMR, AadpiteitBRFIEMAMEHINRARERNR S, ES
BEXET, & (IRARRREHFR). L, FIFBESAARRENAERS, MIFNSFEENAERE. t

¥, BEABANFERATERGEETTE, HIMIFHERLEANRRIC A ERAELF. HALIFREESRAIY
EE—TRMITHLERT T EIEABEDIER (NREDABE,  BSRREKRES)

B AFREREFTRE BEHFERITRE
MELZREES
EARFERRS
ETHeND
RIEFImizae
BN FBIERE

2. ZHFAREBEMTA?

2.1 &ty

IERMFRAEE, S8, RIEE, FUBERIREFRERARNERE, JA1H, REERREERRN—REBZE
HERE (RHHEXAER) .

2.2 EARER?

20247, EBZDNERRITEERIEAZE? ? —OEARETURNTHOBNERETRIILE, BTkl
BT EHCHERRAR, XEEERFEERARE, HaSESHRERRRRIE T E,

B%, —RIEXHEMEERASIBINTEROIFE, AXKHERE, IRBEERN. BR, ZRFSMEMEE
PASEEIERIARSHNZINAELFERE. IR ERIATEE R ERrptexcelpythonizd], FEFT

SHIERRE AT LAEHESEMAE, HARINE, WNREZEISA, BiEA. MRZEIASA. BESENE,
BHMENMITHZ, FELRETSEETOZD.

HFHRE, BRRE— e
BEBFRORIRARELER 5 BB RO FRAFNEERANSZ N, HIEE, RENRIFNEE.

IR TR MR
o BEBROIVBRARBLER 5 87D TEABPMEERIARIZN

XNMRFIERE, FRAARBRS. X—RARERFE, SEEFRTERAES, HERALLG, &
BEFRASHEN, FFEFEF, NEEPMESE? B, BE—Eu.
o RRIIFHEE
o R: FBAPHNENFRIZEIER L EAINEEMER, EE—LWE (WpptElLFintroductionZBHIHE
BUREEROIEZR, X MARESCEYF, FrBORICU/ABRENZE) . REPIDNERRERTE
Z=E, HEE—, XHFHERENSFHSHNERNET. SHENIER, BRASKEERR
17, FARXNIERZERNISHEE. SERENENE, BICEEXMEENdonefiZ perfect,
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o ¥ MEFORICNERIIESE, MEMBRYIF. JR, BCHEZAXE, IFEEHESNE,
ELAITERERER (XE, FRMZESHRIR, BMEREERESLSEE—SEFRMRENEH
k, BTUESEFHSEIMER. XTENIRET, BRXENIREEERINE, BRERE, o
SWT—T, BENSEWERNEE. XATEHERE, AesiEoptEEHNEN (XFhSEI5EM
WEE, FAE? ) BOATHE, ARSI,

WIN_A

Po
Po (400) qo

Do

/po/ (30:0) % }/ 40:15) " ¢,
Do (15:0) 9 Po (30:15) @ AD_A %o
/ /
(0:0) (15:15)

qo Po qo /zﬂ// Deuce
/pO/

by (15300 AD B

©:15" Po
0300~ 4,

Do (15:40) 9o
(0:40) do

qo

WIN_B

SEFEE:

Winy

(0,40)

Wing
IEFER, BAMEAESFEZRNN L (GRIF) RIASR, XEFITNERXAZF . . .

ok, EREIXT, BRESZE—THREPUAZEIRESTEE, IKKACEHIN—MBUSBIFAI ORE
EE,

2.2.1 (SRR

VIE, wRE, wiE, EENEERTIE. NONFRRN—RITTERORNET R, AitAIoR X EERERT
TE—BRHRRERRE (%8, RIBEAT HNKke) .

JREHSIXEE :
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Part I (Section 4): Data processing and analysis I I

Part 1l (Section 5): Model construction

Data cleaning I Text sentiment analysis Difference equation Principal
model based on deep s > component
- - ; prediction model S
Observation of product lifecycle l learning 7 analysis
v - - . A
Trend and relationship of star-rating-based and (1 ‘Sf'gm"'"'""" ) I Correlation analysis I Success index
text-based indicators (solve Requirement 1) (2) I\fyword extraction v construction
y L2 (3) Word to vector Difference equation 7R
Star-rating-based Text=based evaluation (4) Training A AlD, = :
evaluation indicators indicators L ,:'IIVRM :ZNI: \;r'ﬁcamm 0"-‘
————————————————— G s e tiveness o
- .| | ' Number of reviews | o F2aN o+ AN, effec
| Average star-ratings | | | | il il Model result analysis +AE, success index
\ R : e C T e (1) Features of reviews after a e —T
| NN ! | ATRICN [ : Average text words 1 series of specific star-ratings v
:_ AL AT T ] T _,"_ ______ 1 (2) Relation between direction of la"“"l'ca"o'.‘ ol'.tlme-bascd measures, patterns
: I'he favorable rate : "~ AVerage sRtBIORT | sentiment and star-ratings and delfn:mlf\au‘on of the Iil('slvcoml.)lnallt)fl of
1 P \ : £ \ (solve Requirement 2.d, 2.¢) measures indicating potential success or failure
e ] U leeeaaa=2 e — ) ) = e (solve Requirement 2.a,2.b & 2.¢)

Part I1I (Section 6-8): Result analysis

Sensitivity analysis

(1) The effect of training set on sentiment analysis accuracy

(2) The effect of data updating on PCA results

Model evaluation

Conclusions and future we

F2023p9HILICIIXEE |

Fe112024F90RICHKIXHE :

Part I (Section 3&4): Data Processing and Part II (Section 5): Part I1I (Section 6):
Construct Graph KEGSDG Model VKEGSDG Model
| Data cleaning | *I Quantify push |* | Quantify external change |
'] ¥ ¥
Analyze the meaning of growth rate of indicator values | Transfer growth rate of SDG "l Quantify push l*
into SDG Score T
¥ v
Femmmmmmmmmmm | [ - . e Transfer growth rate of SDG
: R : - h KNN predict SDG Score into SDG Score
, Annual growth rate of ! 1 PCA weighting to | P 5
1 indicators for countries i quantify the target | | KNN predict SDG Score |
: ______________ | N e ottt ' Calculate —— ———
:_ oo -: :- ------------ 1 eigenve;tm‘ S];)Ef:iﬂ Calculate
1 Annual growth rate of ! | Obtain inter-target | centrality core eigenvector Predict
! 1 | R | for each next year centrality [—{ SDG Score [+
! indicators for world ! | correlation ] SDG
: 1 H ' : for each next year
e B ! SDG
T I

Part IV : Result Analysis

Model effectiveness analysis

Model advantage and disadvantage

Sensitivity analysis

(BIAEATAEFNA, SENEHI0DHELRN, EEERS TH.. AL

AKX —EE A HEBIERMKETIE, FAMSERNCIR, AKEIMCPHIERATEE, taligSiRd...)

Part I (Section 5): Real-Time Momentum
Quantification (RTMQ) Model

Part II (Section 6): Swing
Prediction (SP) Model

Part ITI (Section 7): Mixed-
Strategy Nash Equilibrium Model

| Calculate pre-match win prediction

| | Data Preprocessing |

| Strategy Payoff Calculation |<*

| Reverse calculate probability of winning the 1% point

Real-Time Win
Probability

Still has the effect of
the serve side
advantage

z 7
Calculate 25 indicators
v
FoTTTTTTTTTTTIS | Factor analysis |
i Quantification of . e —
I Momentum (MMT) | )
| | Swing
b JZCIIIIEIICIIIC prediction
| | based on -
H Fourier-seri H AR N Predict
H ourier-series | multivariate MMTTV
! fitted MMT = 1 logistic
: MMTTV : regression
o1 model

¥
| Expected payoffs |
]
Best responses
¥
| Nash equilibrium |
—
Adopt to
compete
against

of
PP

Optimized
strategy

bination

Part IV : Result Analysis

Model evaluation

Model generalization

Sensitivity analysis

IR EF? XEERRHAEHST! ARZIRATRE, RBEDEAR. SR, RIFEREEXERFSS
BEEH, FAETEE, BRERER.



2.2.2 B MERLEIEE
XNMETLRERRREFREZFEENERHEN—KE (RTIMOEEEITRE) . ISHERE.

Obiiin Pre-wien Yo Predierion
Calculate K; Calculate E;(t) Calculate P;(t)
250 -1
= _ Ej(O)-Ei()
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Problem Chosen 2024 Team Control Number

MCM/ICM
C Summary Sheet 2406176

Summary

Momentum, elucidating the phenomenon wherein a player’s real-time performance surpasses
pre-match expectations, holds paramount significance in tennis matches. This paper introduces the
Real-Time Momentum Quantification (RTMQ) model, which quantifies momentum by assessing
the disparity between a player’s pre-match win probability and the real-time win probability. The
study establishes the importance of momentum by comparing our model’s results with an alternative
model that neglects in-match performance. Notably, specialized indicators are employed to predict
momentum swings, and game theory is applied to strategize against different opponents.

First, we use the independent and identically distributed (ITD) assumption to reverse calculate the
server’s probability of winning the first point (pg), base on the Elo rating system. 1ID assumption
is not applied to calculate any other value, including real-time win probability. Then, RTMQ
model is constructed by integrating po and the Real-Time Win Probability (RTWP) model for
calculating subsequent point win probabilities during a match, that also eliminates the effect of
the serve side advantage. The resulting momentum difference aligns seamlessly with real-world
observations. The significance of momentum is confirmed through a K-S test, rejecting the
hypothesis that in-match performance is inconsequential. Further analysis involves applying the
Fourier Series Fitting (FSF) model to track momentum trend.

To forecast large momentum shifts, a Swing Prediction (SP) model is introduced. The model
operates on a per-set basis, as a set provides a more comprehensive dataset for analysis compared to
individual games. We sample the momentum trend value (MMTTV) from the momentum trend at
the end of each set. This is because the frequent in-set momentum shifts can render predictions based
on real-time momentum data at the end of each set unreliable. At the same time, key technical
performance factors are distilled from specialized indicators through factor analysis. We then
employ a Multivariate Linear Regression model to predict the swings. Our model demonstrates
an impressive prediction accuracy of 90.44% on our test problem, with specific factors such as
2nd_serve_direct_won and Net_approach_point_won identified as crucial contributors to player
1’s momentum.

The paper extends its analysis to dynamic strategic choices made by tennis players during
matches, employing the Mixed-Strategy Nash Equilibrium model. K-means clustering is
utilized to determine strategic clusters. The Nash equilibrium is calculated, offering insights into
optimal strategy combinations against different opponents.

The efficacy of the proposed models is validated through testing on notable tennis matches,
including the extraordinarily tight 2023 Wimbledon Gentlemen'’s Final between Carlos Alcaraz and
Novak Djokovic, and the one-sided 2017 French Open match between Andy Murray and Andrey
Kuznetsov. The SP model exhibits high accuracy (85.32% for the Alcaraz vs. Djokovic match,
and 88.34% for the Murray vs. Kuznetsov match), while the FSF model accurately cap-
tures momentum trends, taking into account the score situation and historical commentary.
Eventually, we pinpoint crucial factors for inclusion in future models.

Keywords: tennis; momentum; real-time win probability; Elo rating system; mixed-strategy Nash
equilibrium; quantification model
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