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Study on rationality of soccer field dimensions and match
time based on the shortest path model and game load density

DING Zhigiang®, XIAO Jian?>, WANG Xudong®, LIN Wangli*
(1. Department of Automation, Chongging University, Chongqging 400044;

2. College of Mathematics and Statistics, Chongging University, Chongging 400044)
Abstract: As far as size of soccer field (including length and width) is concerned, this article
transformations it as a minimum-cost maximum-flow problem. In order to find an arrangement
which helps increase the number of passes to the strikers but guarantees the shortest average
distance of players, an algorithm called Successive shortest path and capacity scaling is applied
together with Geometry formulas. And a specific method combining former two mathematic
methods is structured in the article. The method is based on players’ capability and physical
condition data, and arrangement on soccer field size obtained by the method is reasonable,
because the result makes the game exciting while meeting the minimum physical exertion of
players. During experiment, German actual data for 2014 World Cup in Brazil is taken as an
example. Then the data are preprocessed to meet the need of process for solving the problem. At
last the result compares the actual soccer field size, and they have the high degree of agreement,
indicating that the method has a certain credibility. For the analysis of game time, the paper
established a race-density evaluation and calculation model for the football game time were
evaluated, that the current game time is unreasonable, and gives the reference time.

Key words: successive shortest path and capacity scaling algorithm; minimum-cost
maximum-flow problem; geometry formulas; game load density
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Fig.1 a and B schematic Fig.2 The minimum angle of the ball optional schematic
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Fig.3 Schematic critical state
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Fig.4 Schematic model solution
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S(M)eS(D)US(F) (9
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33 BMBKEIHE
331 HIEFALE

SChR R ERELZE T, T ERBAEA RIS IR IR PRES A, S1RABRRESE Mfw 2 . I AT
ATE St Edladt AT 1 ALEE. DL 2014 EEPU TS AR AR B, BATTAN 600 N B BR 4t i
e, 195 2014 S FAREFE DA T 373K 0 10 4% R

W T L3I (a AN, Bk AL BROCECAN A, I TADRRAS DU R B A RN Ko T 3RATTR Y B Air
I TR ER A H R Bt 48— At B SETHE N ER 03 N I LU SR I [ A B A H . BT SRR A
HRAERER A TS B EREH
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Tab.1 List of passing several German team

Bk 5 L E e FEER R INEL BRI [ Bk B LR
PR 690 244 0.35 31.9
TR 646 379 0.59 52.8
BRI TE T 435 321 0.73 66.4
T 4t 690 302 0.44 39.3
HAME IR 509 281 0.55 49.6
LR 131 65 0.49 44.6
B 682 221 0.32 29.1
5 258 11 0.43 38.7
VFIR ) 244 103 0.42 37.9
TR 280 44 0.15 14.1
EZIS RS 54 30 0.56 50.0
RS 690 562 0.81 733
B 690 537 0.77 70.0
MEBL R it 22 505 412 0.81 73.4
JEF%IR 655 315 0.48 43.2
S GEN 376 203 0.53 48.5
e 14 9 0.64 57.8
GRUESN 43 19 0.44 39.7

(] 37 e [t 2 PR o) B 3 e g P, B 37 I TR U B B BE S R . R T VM B B3I

B I5EIR, AT e th B — 3 LRk B L3 LU SR AP B2 o 3R 00 T R BRLIR S AN )t R 3

ENERE RIS, N T I NEENLINEN L, PR N 3 BR A1 22 3 R IO 224 B Ay e 25 2R 57
WL, VR4 IR 0L TS I (8] ) # 2 BE 2 -

vel _i=> (L /t,)/N, (12)

L '=Ts*vel _i (13)
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t, FORERRATE K ERIE LR L, BRI 255 K S e s L
SRR EMLRE I 11 TS OBIANEE T . U excel Bk B0 P-H40 0 i 5 B sh B 8 45 S 2 2

#* 2 EE AR FEREEE B (mimind
Tab.2 German players average running speed unit (m / min)

BRI g e R 7R % F) ST EE e} R 32 -
PR 53.4 50.7 431 56.1 62.8 52.6 53.3

o8 A i 1106 1103 86.7 1008 1157 1013 104.4
SR g 102.2 101.3 84.2 0 1107 954 97.3

ik =5 116.3 113.9 97.6 1079 1228  109.0 110.9
BFMGE /R B 108.0 105.1 0 1009 1127 1027 105.0
Tl 1195 0 94.3 115. 0 1138 109.2
B 128.6 116.4 97.3 20.1 1228 1279 118.1
e 129.9 136.6 133.4 38.7 0 1235 132.7
YRR 0 108.9 76.7 1203 1186  109.6 108.0
R 109.68 104.3 0 1028 1134 0 105.9
U % R 0 116.1 0 0 0 113.4 114.7
Rt 1237 123.0 97.0 1003 1156 1185 112.1
4 1226 1163 93.8 109.9 1258 1244 114.8
B R i 72 1348 125.2 100.6 1120 1357 0 121.2
JEF /R 1085 112.9 87.9 1049 1228 1128 109.0
P STUE 115.3 0 117.4 1110 1303 1197 118.8
i 7 0 8 0 0 0 57.8 1417 0 1417
FROL N 0 0 140.6 39.7 0 0 135.1

332 HBEMEMETHE
4 P 5/ B L RO VB SRt g 4 AR

FATS I 2014 L VH tH SRR e ZE4% [ Xof [ T2 78 B PR 2 2R 2R A g 2t D % ]
XPEEE AR 4 5, IR A (3 (4) BRI

\ "\,\ (VIQW
@ (Viinz, Cun)

P 6 ol x il B 7 o 45 &
Fig.6 Germany Brazil Versus network diagram
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10 Fe 2K ERAL 25 KR FUTT Ao

HIZ5 R TN, AR AR e G FE AR 2 237, BIBR G 6 B H R, XEBNFALLT
I BRI R L, BRGL 6 S EEER A 7 S . X AT DO SR IR ¢ RS,
A H A AL ) 9 R BR R AR BR — VPTG BB BN B, U R 5 e S B S 1R JE Y
PRES R DL BRI (AR 25 T — A BR 01, MU IZER B8 o RV o /NER 53 /K-
S W E f /N3 PR B KA ) e Ry 2 P C s, R s oy

RAE AKX (7)) CURHBhEE, AT W a4z

R 3 HiEhaE R

Tab.3 Radius List running

5 EY: REER,
2 i 4t 7 25.1
3 P AR 4 216
4 i 20.9
5 Pl 185
6 MEER R T 2 ks 25.3
7 7S UIERA 28.7
8 W2 IR 35.7
9 i 0
10 RGN 0
11 JB. 5% 0
334 FGHKE

MR R, Brlgs BB K R BUE L -

R A BRIRKELSR
Tab.4 Stadium length results

LN

f/ME

A

BRI KA /m

121.6

106.4

114.45

T EBR LIRS A 105m, S5THEZR T a30E, Bt He RAEE— TRz,



235

240

245

250

255

260

265

|I| “&ie zEﬁ http://www.paper.edu.cn

WO AT BRI KR A FE .

4 LSRN RS BT

IBE) AR I ZReE AR RE D, BB R E N, 27 AR5 05 K. (R BRI H
. BARRBUvIZs) B iash e /1 T BE, G KR LESRIN (], 2™ E I Bl 5 A 1A R
R, it LEBEmS Al A, WSEmORL . FrEk, & EUSEm A R 2 SO 2L, L BRLE SR
I IA] Dy 90min, 7E&EI7 Ak, RIS R I TR REA0RR . B DL— 3 A2 BR EES€ I (] AR AT 8
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41 RERHFEFE

JEBRECFE 25 T R LL B Rz B UG S TR] CHLgRai R]) SRR E b, e
BRNEH) RAELL I ERIE G il . L% B 2 SO Ll BRI (8] 5 Lb 28 52 B S 8] 1) B
18,

T T 6T G FE B B ST R LUK S 3R EE SR A TR BLEAT VRN, L SR B mT DA e EE 2§
(DR R A B R L B8 X005 RO s ZURR B, nT DA A2 (¥ S 2 BRIE 3 A A2 W] 43 e 3 21 B )
i

bl g8 B ik /N, B LGB TR AR /N, B84 b gt 72 v DR oA DR 345 Ak O TR it 2 17
JEBR R IE S DL R A, SRS R ARG o BT DATRAT ISR LU 285 PSR VE A
PR 2 5 G 2. A TE SRS & L3RR E M w L, 128 11 mEIAE, 25 13,
17, 18 Jmt S I3 R LU SR 0 LU 3R S

M 14 TTLLE H, 5 18 Jat AR K T L3R N 62%; 5 17 Jmtth ip g8 i, N
57.05%; &5 13 Jifi th: L AR FE A LU 2855 B O 68. 07%: 55 11 J BRI () b 3825 FE fe v, N 72.67%.
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Fig.7 Competition density histograms
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I A A R
4.2 HRSERTEITHEAR R

PEXHIE AR L IR SE T, FERE 45min(3-37) I LEZE P2 Py 58 Yk, AR TIS T)
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Tab.5 Movement in the form of tables

2z PR 185 (RS

LeBl (%) 24.3 49.2 26.5

I E RO 7 WM sE i ) AR, T LA RS S 51 ) 50 K A A
1000 K it 7 B R £, 50 2K g - 35 B8k 18] Ay 6.8, i 77 30 A~ 247 B 1) 24 3min0s,
AL LL 50 A B PRI KT S5 FE AR S B B AT R, AT g B R N KT 350 A D 1 T

AR T R A 52 M) o R B vl AR 3, BRAE ANATE S 1.Amifs, 50 K fr i A
V1, i I V2, ATREEE N V3. iR SCHER[7], AR BRBMAERIIEE) i CRE
FESFI1 0 FIHBIEEE S v 102105 K.

PRIfIEE RS S1=5*24.3%, W}[A] t1=S1/ V1 12 HifE & S2=5*49.2%, If[A] 2= S2/ V2 177
1% S3=5*26.5%, WJ[A] t3= S3/ V3. Vi Wikt (A4 t4=19%60=1140s, T F/xLH][E],

DRI A S 1 b B ] T AR Ly .
T = +t, +t,+t,*2)/60

(14)
SR (14) , IFHE R
F 6 BEE CPYHEEEE S=10210.5m)
Tab.6 Total time (average running distance S = 10210.5m)
B Pl (24.3%) 185 (49.2%) 117 (26.5%)
HIZNEEES Si (m) 2481.15 5023.57 2705.78
B AETE ti () 337.44 954.48 2459.8

2 1 Sz s b e rh 2 b e R T N 3R, AT FIRGE A T S, LRSI A A
SR ECZE A 102min, SRS 15min, &3 ELFE 1A 43min.

5 &b

AR SCHER T i R B FE W R EAKAE T 28 5 G K R 3R SRR R B i A
FR CL B ER GU T I SRS BT TERI BT s S TR K, A SOH I EAL Rt /N 9 P fe K
TRACAL R, S I 5 SR T DA 3w B 3L BB R HL BB PR B BN AR « TR 8
3 P PR BT A R B B Eh 4R S B PR RS I AR T BB AR B R SR BRI K
.

DLTE AR HE R ERIHER IR, HEiBE R 2.44m, 5524 7.32m, YITEFT 0T & 350 X
Wz W, HARGETHME 7.34m T, BERIZERFTEX A K. 44 BRI 5EE N
68m, BRIz K 4 B 5 FE D [106.4m, 121.6m], 4T (4 2 BRI ARAE & T e b 4 b Tt A8
FRIFE A, DRI BRI RS R A A o 8 b3 B A B R A 24 1 L FE IR
FEIT )55 2 S B L S0 it [kl DRI A R EAE F L BRI TR A & B, AR SCE HE A L 38 2 5
(). A EEBE R 101min, g4k E 15min, &3 L FERT (8] 4 43min.
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