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ABSTRACT

In baseball game, the most important linkage is fighting between pitcher
and batter. Pitcher asfield defense player with strongest offensive, it plays
adecisive roles in restricting batting party attack. Pitching qualities can
affect and control attack party players’ batting quality, and further affect
whole game result. Pitching technique and strategy play a key role, it
decides whole game. This paper according to major league baseball and
K orean baseball organization’s partial statistical information, by analyzing
pitching techniques as well as pitcher and batter measures situation table,
use judging expectation value method to calculate best pitching method
that pitcher knocks out batter. Result shows that best strategy for pitcher
restraining batter batting is that select pitching mostly in upper area that
no pitching onmiddle area, every 10 times pitching, chooseto pitch toward
upper areafor 4 timesand pitch toward lower areafor 6 times.
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INTRODUCTION

Modern basebadl isderived from British cricket and
created inAmerica. In 1839, American Doubleday or-
ganized thefirst match basebal gamewhichwasquite
similar to modern basebal, it proceed between Boston
team and New York team. In 1945, baseball histori-
calyfirst compstition rulescame, whichwasuniformly
named by American Cartwright. And it defined base-
ball suchtitle, many clausesinthefirst ruleshasbeen
continued using until now. In baseball game, defense
party’spitcher standsin the midpoint of infield, attack
party’s batter standsin the batting field, thetwo forms
gamedirect confrontation. Thepitcher ispeopledirect
controlling batter and base-runner, he and catcher (pos-
terior batting areafirst catcher) compose of defense

party first lineof defense. Inagame, if pitcher pitching
efficiency isgood, | et batter cannot normally batting,
then attack party cannot break through defense party
first laneof defense, sothat it also achieve protection of
thesecond lineand third lineof defense.

A completdy basebal gamewill carry out Qinnings
game, pitcher in hisown defenseinnings, only accumu-
late knocking out attack party threeplayers, whichim-
mediatdy declaresuchinning gameisover. Therefore,
inacompletely game, pitcher at |east should take chal-
lengefrom 27 batters. Assumethat every player bats
fair fly ball andislegaly caught by defense party play-
erstill knocking out, pitcher should carry out 27 times
pitching ;assumethat pitcher pitchesthreestrikesto
every batter, and make “strike out” to batters, then the
pitcher needsto carry out 81 times’ pitching. In real



714

Baseball game pitcher knocks out batter best model and strategy research

BTAIJ, 10(4) 2014

FULL PAPER o

baseball game, it isdifficult to make hypothesiscome
true. But onepitcher endsacompletely gamewithless
pitchingtimes, and thenit will indicatethepitcher’shigh
control rateand high pitching level. Any pitchingtactics
arestarting from pitcher ball holdingway. Therefore,
basisfor pitcher developing pitching tacticsishow to
master holding tactics and main points. Straight shot
gripand curvegripisby far pitching mainstreamgrip.
Ingame, athleteshould flexiblemaster bal tacticsso as
to get winning advantage: oneisaccordingto pitch point
changestotransformball grip. Thatistousecurvebadll
pitching strikezonemiddlepartid ingdepartia outside;
userisebal pitching highinterior angleand high exte-
rior angle; usedrop bdl pitching low interior angleand
low exterior angle; usefloater pitchingwaist nearby ball.
Second isdefining grip according to pitching speed,
freeshotsat different peeds, and aternatesspeed. Third
ischanging ball grip accordingtoball changes. When
base-runnersare on base, equipped ball should helpful
to control player, break bunting tactics. Fourthisde-
ciding ball grip according to tactics demands. When
tacticsrequired batting high fly ball, it can aso equip
withrisebal.

To effectiverestrain batter’s ability playing, it re-
quired toimplement straight fast ball, becauseitsbal
speedisfast, itiseasier to control sphere, if flexible
collocatewith pitching point tactics (especially istwo
low balls, highfork bal), it hasmuch better efficiency.
In pitching techniques, fixed bal releasing positionis
thekey of them, whenreleasingtheball, keepitinthe
front top of right forehead, and persist every timere-
leasing position should be basically fixed, not changing
randomly. When ball isreleased, put index finger and
middlefinger on ball top half, and pressit hard, let ball
producesfiercely rotationa speed, meanwhilefurther
increase ball accel erated speed and accel eration capa:
bility. At the sametime, wrists should cooperate with
fingersand makerdativeactions, if wrigtsturning angles
changes, thenfingers’ pressingisat easewhileit also
should changeaccordingly.

GAMING MODEL ESTABLISHMENT AND
SOLUTION

Pitcher can adopt wind-up position and set posi-
tion two postures, beforetwo kindsof pitchingal need
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to usefoot to pedal pitcher’splate. Wind-up position
only dlow pitching to batter, after pitching motion start-
ing, motion should continue and not stop. Set position
can pass pickoff to base-runnersbase, but after pitch-
inggtarting, it only dlowsto pitchto baiter. Beforepitch-
ing, it should keep static holding, posturesin front of
body should beat |east 1 second. After pitching, base-
ball height that isbelow batter hand and shoulder while
above knees, whilewidthisinside home plate, such
ballsall be regarded as strikes. Pitcher accumulates
pitching threestrikesto battersthat knocksout batters.
When pitcherspitched baseball isbatted in foul terri-
tory, whichisaso regarded pitcher pitching strikes. If
battersbat fair fly ball, whichislegally caught by any
defenseparty players, it isal so regarded asbattersare
knocked out.

Pitching technical analysis

Key topitchingisball speed, ball type, control and
physical ability. Hereit puts emphasison researching
ball types. Baseball sportsprocessintheair involves
Bernoulli’sprincipleand fluid mechanica knowledge.
Baseball, after being pitched by pitcher, it occursrela
tivemovement withair; therefore, baseball will takeair
resistance effects, asFigure 1 show.

Basebal | amost happensto makerotation, mean-
whilebasebal | marching routewill changewith pres-
sure, air flow changing, it occasionally swings, andthe
ball becomesaknuckleball.

When pitcherspitch baseball, middiefinger andin-
dex finger generatefluctuation on basebdl, basebd| pro-
ducesrotation after being out of pitchers, accordingto
different rotation, it will generate breaking ballsasup-
per floater, drop ball, changup, cut, sinker and curve
ball. Upper floater ball routeiseasier tojudge, there-

{

The pitcher

—~—y
Figure 1: Baseball with air resistance
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fore batter easily bats upper floater. Speed up upper
floater ball speed, batter batted upper floater iseasier
to occur highfly ball, at thistime; it isconvenient for
defense player direct catching and knocks out batter.
Drop ball and sinker in batting process, it easier hap-
pensto ground bdl inthesecond and third infidd, when
first base hasbase runners, it ishel pful to make double

playing.
Pitching strategy

Assumein case pitching strikes, pitcher can fully
control baseball well; |et baseball to bepitched to any
effective batting area. Wedivideeffectivebatting areas
into three partsthat arerespectively upper area, middle
areaand lower area, which are pitcher available op-
tiond threepitching strategy aress.

According to major league baseball and Korean
baseball organization datastatistics, two associations’
activeprofessiond players’ player battingindex can be
writteninto TABLE 1:

TABLE 1: American and Korean Player s battingindex

L ower area
0.20

Middle area
0.38

Upper area
0.30

Meaning of theindex is: For ball pitched to upper
areg, batters’ 10 times batting can play 3timeshome
runsor basehits. Theproblemisthat pitching generaly
hasnorules, if batter supposed pitching not conformto
pitcher practicd pitching status, thenbatters’ batting rate
would dightly reduce; assumewhen batter supposethat
pitcher will pitch to upper area, batter index would
changeasTABLE 2:

TABLE 2: Upper Pitching batter index

Middle area L ower area
0.25 0

Upper area
042

Whiled so assumethat batter supposesthat pitcher
will pitch lower area, batter index changesas TABLE
3

S0, tothebatter, therearethreeincoming ball sup-
posing strategies: upper area, middleareaand lower
area. Thenwe get pitcher and batter game situation as

TABLE 3: L ower pitching batter index

Lower area
0.40

Upper area Middlearea
0 0.30
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TABLE4:
TABLE 4: Pitcher and batter gamesituation index
Pitcher
Upper area  Middlearea  Lower area
Batter  Upper area 0.42 0.25 0
Middle area 0.30 0.38 0.20
Lower area 0 0.30 0.40

From TABLE 4, weareclear that itisazero-sum
game. Inpractical game, pitcher and batter strategies
selectioniscompletely at random, so, this paper will
find out best mixed strategy for pitcher.

Zero-sumgame

Zero-sum gameisakind of specid gameproblem.
Inthekind of game, only twoinsiders, every insider
only hasfinite strategiesto select. Under anyonesitua
tion, twoinsiders’ winning sum alwaysequal to zero
that two partiesprofitsareintens ve confronted.

Gameproblemsindudemany kinds, zero-sumgame
isvery specid oneof them. In zero-sumgame, only set
twoinsiders, and every insder optional strategiesare
finite. Andinany one puresituation, twoinsiderswin-
ning sumiscongtant to zero that two partiesprofitshave
intensive confrontation feature.

Setinsder |, Il strategy setsarerespectively as:

S_ ={O(l,a2,"',0!m} y SZ z{ﬂluﬂzy"'lﬂn}

Wheninsiderlsdectsdtrategy o, andinsderlisdects
strategy 5; ,itformsintoasituation(ai, ,—),itisclear
that such situationhasm- n pieces. To any onesitua-
tion(ai, ,—),recordinsiderlWinningvduesaj,and
cdl:

a, a, - a,
NILTL
By By A

Thatisingder | winningmatrix (orisinsiderll pay-
off matrix). Dueto assumegameiszero-sum, ingder I
winningmatrixis — A.

Wheninsider I, Il and strategy set S, S, aswell

s LBioTechnology
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asingderl winningmatrix A aredefined, azero-sum
gameisgiven, zero-sum game can also be called as
matrix gameand can Simply berecorded as.

G={S.5;A
Giveninsiderl use probability x selecting strat-
egy o, insiderll uses probability, Y, selects strat-

RecordX:(Xl,...,Xm)T, y:(yll...,yn)T, then
insider | expectationwinningis E(x, y) = X' Ay
Record S :

Strategy Oy, 0,0
Probability Xty X,

S:
Strategy By By
Probability Vi Y

Respectively cal S and S areinsider | and |

mixed strategy.
Accordingtorelativedefinition: if it exists m di-
mensionsprobability vector x and n dimensionsprob-

ability vector y, letall m dimensionsprobability vec-
tor and dimensionsprobability vector x and n dimen-
sions  probability  vector y have:
X' Ay =max x' Ay =minX" AY  thenit called (%, y)
ismixed strategy game problems’ saddle point.
Zero-sum gamelinear programming solution

Whenm > 2 andn > 2, generdly adopt linear pro-
gramming method to solve zero-sum game problems.
Thepurposethat insderl selectsmixed strategy x isto
let:

n
X" Ay =maxminx' Ay=minx" A y,e)
X oy y =
n
=maxmin ) E,y,
x y ‘3
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Amongthem, e isvector that only the j compo-
nent is 1 and other components all are zero,

E = xTAeJ. .

Record 4= E, = mjin E; due
tonyl,myi“ZE;yj ,  when y =1,
j=1 j=1

y, =0(j #K) ,itarrivesat minimum g, s0 x should
be linear programming problem:
max

an:a”x >, )=12,-,n(ThaE; > E)

st. i)g =1
:zo,izlz,---m

solu-

tion.
Similarly, y should be linear program-

max v

Yay;<pi=12-n
j=1

st. Zn:yi =1
j=1

y,20,j=12,---n

ming: solutions. By lin-

ear programming knowledge, itisclear abovetwofor-
mulasaredual programming to each other; they have
sameoptimal objectivefunctionvaue.

Analyzing TABLE 4, itisclear that pitcher adopts
pitching inmiddlearea, no matter batter adoptswhich
kind of strategy, andit ispossibleto hit the baseball.
Therefore pitcher to avoid pitched baseball hit, he can-
not adopt middle area pitching strategy. Then change
TABLE4intoone 3x 2 gametableasTABLE 5 show.

Calculatepitcher optimal mixed game

Given pitcher selectsamixed game(y,0,1-y) .

Hn Tudian Jounual
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TABLEDS: 3x 2gametable

Pitcher
Upper area L ower area
Batter  Upper area 0.42 0
Middle area 0.30 0.20
Lower area 0 0.40

Select graphica method working out best game corre-
sponding y vaue.In(y, E) planestraightline y =0
fixed heightsarerespectively 0.42, 0.25 and O point
A, Baswel asC ;indraightline y =1 fixed heights
arerespectively 0.40,0.30and Opoint A', B' aswdll
as C'. Connect point A andpoint C', point g and
point g aswell aspoint C andpoint A', andthenit
getsthreestraight lines AC', BB’ aswell as CA' (as
Figure 3), their equationsarerespectively:

AC';E+(0.42)y=0.42 )
BB':E-(0.10)y=0.25 %)
CA":E-(042)y=0 ©)

From above 3 equations, itisclear that £ value
from them is just relative to pitcher mixed
game(y,0,1- ), batter 3kindsof incoming ball sup-
posing strategy corresponding expected values. The 3
straight lines constructed extremely large broken line
ISASPA’ , according to grgphic method, itslowest point
S should be solutionto our problems. Now from Fig-
ure3, itisclear that point S isstraightline AC' and
graightlinegg intersection point, S multaneousequa-
tion (1)and(2), it can solveit. Solveabove two equa-

'y
042 042 A
A /|
3 .o
0.2
a8 /F
¥ s
/
C 7 C
(o] 1 7

Figure3: Graphic method calculating

tions, and then it can get optimal solu-
tion(y,E) =(0.42,0.22).

CONCLUSIONS

According to abovecalculation result, itisclear :
pitcher best strategy to restrain batter battingis sel ect-
Ing to more use upper areato pitching and not pitch
middlearea, every 10timespitching, select pitchingto
upper areafor 4 times, pitching to lower areafor 6
times. Meanwhileit makes suggestionsto pitcher as
following:

Pitching strategy

Pitcher should consider using upper floater pitching
more. Drop bal and sinker utilization meet batting strat-
egy “4 upper 6lower” pitching proportion, itiseasily to
achieve batter swing bat invain. Meanwhile, if batter
bats with success, drop ball and sinker would more
easly gppear infidd ground bal, whichisconvenient to
defenseplayer to catch and run down base-runner.

Cooperatewith catcher

The catcher gets close to batter, batter’s stance,
posture, technica features, psychologica weskness, ball
selection status, trial adopting attack tacticsand field
stuationsaswell asothersare open-and-shut, itiseas-
ily tofind out batter’s disadvantages.

Pitching pickoff

Pitcher’s pickoff statusonly happenswhenthereis
someone on the base. Main task is picking off base-
runners’ off-base distance, the next ispicking of f base-
runnerswho leave too soon.

Cover consciousnessin participatingrun down

No matter which base has runners, when succeeds
inpicking off, it may happensto run down, at thistime
pitcher should make clear about cover direction that
when picking off first baserunnersand generating run
down, it should cover first base; in case pickoff second
base runnersand generate run down, it should cover
thethird base; in case pickoff third base runnersand
generaterun down, it should cover home base.
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