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Introduction

m NBA schedules 1230 games in 176 days

Revenues total $2.6 bn
Inefficiencies create

0 Lost Revenue Opportunities
o Player dissatisfaction

0 Fan dissatisfaction

Rama Isibo
BELY @ramaisibo

Replying to @HPbasketbz

Too many pointless games, NBA doesn't
market the big games, scheduling excludes
the rest of the world who have to wake up at
4am. NBA is a mess compared to other
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Initial Ideas

m Create an LP with team fatigue and fan penalty
0 Maximize Revenue for NBA
0 Minimize Fatigue (back-to-back games)
0  Minimize travel distance
m 162,000 Variable matrix
o Very hard to optimize
0 Massive computing power




The Model

Definitions

x4 - 1if team i plays team j on day d; O otherwise.

= objective coefficient value if team i plays team j on day d.

- comes from team-viewership data and importance of day.
w

¥
Fach team i is in Conference Set S, where C=1o0r2
Fach team i is in Division Set SD; where D =1,2,3,4,5,0r6

represents the number of games team i plays in week w
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The Model
T %% k.

) i=1j=1d=1 7 ° i
subject to:

Teams can only play once per day

Each team plays 82 total games

42 \Z =2Vie Sq ,j€S8s , C; 74 Ci Teams in opposing conferences play twice
=1 k J -

180
5 \:j <4V (i,j)€ S,  Teams in the same conference play at most 4 times
(]: 1

180
\d =4V (,]) € SD Teams in the same division play exactly 4 times
Z ij i
=1 W
V.
30 30 180 o2
Z x(’_ = 1230 Total number of scheduled games is 1,230 _1’;_‘
P ij
i=lj=1d=1

No games during all-star break,

d 70 38 s
’,- _'_’;- +,A =
( Z \ij \ij \ij) 0 Christmas Eve and Thanksgiving

d=123

At most five games on Christmas Day

At most 2 games on Opening Day
30
Z \,d Viiw=1,..,20  Weekly variable definition
a=Tw-8;=1 Y

"<4Vi,w At most4 games per week for all teams

'>1Viw, w 7'! 19 At least 1 games per week for all teams




The Greedy Algorithm

while (all teams haven’t played 82 games) {

for (weight-sorted days in the schedule) {
choose the objective maximizing game on that day
if (the game is schedulable) {
schedule it
decrease objective coefficients for d-1 and d+1
} else {

set objective coefficient for team-team-day combination = O
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# NBA scheduling project

# total length of schedule
days = rep(o, 180)
# create a function to easily update day weights by day of the
dayconfficiant.by.week ~ functionCeay_of_meek, weigh, 1ist) {

wz\gh( is a nun
e Ga'a vacsor of welghts

# for input
#sunday = 1

Saturday = 7

# imut s changed hre for correct use in code

§F (day_of week == 1 || day_of week — 2) {
op il s 4

b else
day_of_week

tay_of_week -

For (i in seqCfrom - day_of week, to - length(days), by -
Listli] - weight

return(list)
¥

team_weights = rep(0, 30)
# FLL in team weights

# create our objective function coefficients easily with di

objective_coefficients - functionCtean weights, day_weight:
hts and day weights are both vectors

ans - Length(tean weights)

nun_days = Length(day_weights)

# create a 30 matrix of

zero_s - repCo,

obj - array(zero_:

Crum_teans, run_teans, mun_days))
for Cd tn 1:num_days) ¢
for i in 1:nun_teans) {
for (3 in Linum_teans) (
1F (4 <= ) { # do nothing
}etse ¢
3[4,3,d] = tean weights(i]*tean weights(§]*day.
)
)
¥

¥
return(ob))
3

Index, Team, #ins in 17-18 season, TV viewership statist
AST:

Atlantic
1 - Raptors, 59, 1.44

5 - Knicks, 29,
29 - pelicans,
50 Mevericns, ‘24, 1114

# Hawks, Magic and Nets had no TV data, so we took average

# from code to English:
Tean_List = c("Raptors'

# thoughts - are one of these more important? different we
tean_weightsl - c(59°1. 1.69, 55°2.33, 28°1.74, 29°1

39+1.33, 27°1.48,
a1
481,06, 482, z-,
27+1.66, 1.5°35°1.80
22117, 48°1.42,

471,75,
# team_weights?

#[1) 84.96 128.15 16 73.44 51
% 001 "Sa00 "0 0.88 105,60 72,85 157.76 5550 4

# Day weight creation:

y:
# then
days - day.
# then
dogs - dar-cosficent by week(1, 6,d0y5)
# then Wednesdays (do

kg o o PPN
# and Mondays and Thursdays are tied:

# tuesdays are lowest (de
iys - day_coefficient_by_week(3,3,days)

£ most mportant day 15 cheistrad vhich is day 71 on the &

days(71] =

# second nost important day is opening day

days[1] =

# the all star break will be added in the choosing in the a

# now that we have team weights, and day weights, we can co

objL - objective_coefficients(tean weights1, days)

# Greedy Algorithm Construction:

# where to go: loop through this list over and over until a

# First iteration:
set.seed(10)
lay_set - 1:18¢
randon_days - sample(day_set, replace - F)

randonize days to spread out

150 # objl = objectve value matrix
151 L = length(objil1,,1])

152

153 # create an empty matrix that will be edited to

154 data - rep(@, 30°30)
155 number_games - array(data, c(30,30))
156 # number of games each team plays against divis

157 # number of games against other teams in confer:
158 # number of games against other teams out of col
159 # number of total games must be 82

160 obj_copy = obj1
161

162 # add names for conferences and divisions:
163 East - seq(1:15)
154 West = seq(from = 16, to = 30)

Jss Atlantic = seq(i 5)

167 Central = seq(from = 6, to = 10)
Southeast s=q( , to = 15)

169 Northwest = seq(from = 16, to = 20)

170 Pacific - seq(from - 21, to = 25)

171 Southwest - seqCfrom = 26, to = 30)

173 obj_value = 0
174 # create an empty 30 matrix where binaries will
175 data - rep(0, 180°30°30)

176 Binary_Schedule - array(data, c(30,30,180))

175 sorted_random_days ~ rep(2,180)

182 sorted_random_days[1] =

183 which(days == 9)

184 #[1]1

185 sartechnddeays[Z] -1
w = which(days —

187 #[1]5 12 19 26 3 4 47 5 &1 68 75
188 w_ - sample(w, replace = F)

189 # > w_

190 # [1] 166 150 180 75 110 61 152 117 26 145 ¢

191~ for (i in 3:(length(w) + 2)) {

192 sorted_random_days[i] = w_[i-2]
193 3}

194

195

196w = which(days == 7)

197 w_ - sample(w,replace = F)

198~ for (i in 29:(length(w) + 28)) {
199 sorted_random_days[i] - w_[i-28]
200 }

201

202w - which(days — 6)

203 w_ - -

204~ for (i in 55:(length(w) + 54) {
205 sorted_random_days[i] - w_[i-54]
206 }

207

208w = which(days =

209 w. sam\e(n.rep\uce -0

210~ for (i in 80:Clength(w) + 793 {
211 sorted_random_days[i] = w_[i-79]
212}

213

214w = which(days == 4)

215 w_ - sample(w,replace

216~ for (i in 106: (length(w) +105) {
217 sorted_random_days[i] = w_[i-105]
218 3}

219

220 w

21w )

222+ for (i in 157:(length(w) + 156)) {
223 sorted_random_days[i] = w_[i-156]
224}

225

226 #sorted_randon_days

7
228 # add christmas day to maximize that

229 sorted_random_days = sorted_random_days[-c(1,2)"
231

232 # day 122 - 129 is the all-star break
233
234 # nake the games per week matrix:

235 week_count
236 week_set

237+ for (i in seq(from = -1, to = 180, by = 7)) {
238 print(paste@(week_count, " ", i," ", i+l," ",
239 week_set = rbind(week_set, c(\ 11, 102, 143,
240 week_count = week_count +

241

242 # week set tells us which day belongs to which |
243

244 weekly_games = array(rep(0,26*30),c(30,26))
245 # weekly_games[i,w] represents the number of ga
46

247
248 # back to ba(k reducer
249 reducer

269~

274~

289

349

total_ganes = rep(0,30)
total_conference_games - rep(@,3)
LO0P = 1

Xx=-0
# algorithm produces a schedule where each tean plays 76 ganes, the final 6 games will b
# greedy algorithm

while(sum(total_ganes) != 30°76) {

# consider adding the Christmas game constraint
for (d in sorted_random_days)
W = which(week_set == d, arr.ind =
|f((d> 122 86 d < 129) |1
71 8& LOOP > 1) 11
18& LOOP > 1) 11
7001 d =38 {
# don't schedule anything (All-star break, christmas eve, thanksgiving)
} else {
scheduled = 0
# sort the weights in decreasing order
sorted_weights = sort(obj_copy[,,d], decreasing = T)
# determine if the game is schedulat
while (scheduled == 0) {
#East_West_Gane = 0
TEAMS - which(obj_copy[, ,d]
if (dim(TEAMS)[1] > 1) {
# all zeros
scheduled
} #print(pasted(TEAMS, " TEAM SEARCH"))
else if (total_games[TEAMS[1]] >- 82 || total_games[TEAMS[2]] >- 82 ||
sun(Binary_Schedule[TEAVS[1],,d], Binary_Schedule[,TEAVS[1],d]) »= 1 ||
sum(Binary_Schedule[TEAMS[2],,d], Binary_Schedule[, TEAMS[2],d]) >= 1 ||
weekly_ganes [TEAMS[1],w] >= 3 || weekly_games[TEAMS[Z],w] >- 4) {
# do ot schedule games if team has a full schedule
# do not schedule game if team already plays
‘obj_copy [TEAMS[1], TEAMS[2],d] - @
}

i

max(obj_copy[,,d]), arr.ind = T)

# if teans are in opposing conferences and they havent played 2 or more games, s
else if ((TEAMS[1] %in% East && TEAMS[2] ¥ir% West) || (TEAMS[2] ¥in¥ East & TE
if (nunber_games[TEAVS[1], TEAMS[2]] < 2) {
# schedule the game
nunber_ganes[TEAMS[1], TEAMS[2]] = number_games[TEAMS[1], TEAMS[2]] + 1
1

schedulzd
obj_value - obj_value +

Binary_ ScheduleHEms[J] TEAMS[2], d] -

#print(pasted(TEAMS[1], " plays *, rgms[z] " EH))

print(pasted("Day ", d, ": ", Team_list[TEAMS[1]], " vs. *, Team_list[TEAMSL
‘total_games[TEAMS[1]] = total_games[TEAMS[1]] + 1

total_ganes[TEAMS[2]] = total_games[TEAMS[2]] + 1

weekly_games [ TEAMS[1],w] = weekly_games [TEAMS[1],w] + 1
weekly_games [TEAMS[2],w] = weekly_games[TEAMS[2],w] + 1
# when a game is scheduled, lets reduce the objective of "nextdoor” games
if (d - 180) {
#dont increase to d == 181
} else
obj_copy[TEAMS[1],,(d+1)] = reducer*obj_copy[TEAMS[1],,(d+1)]
b3_copyl, TEAS[1], (d+1)] = reducer*obj_copy[, TEAVS[L], (d+1)]
3

=
# dont reduce to d == 0
} else
ooj-copyLTENIST,, (8- 1)1 - reducer-bd-copy TEMSLL (4-10)
obj_copy[, TEAMS[1],(d-1)] = reducer*obj_copy[, T 1(d-1);

b3 _copy [TEAYSLL], TEAYS[2],] = 0
#print(pasted(nax.finder, * FIRST))

3
} # if the teans are in the same division and haven't played 4 or more games, schedule it
atse if CCCTeMI ok Alanele 8 TEUS(Z) 4k Aelntlc) 11 (TEMSLT) wink Contra 85 TEMSI
AMS[1] %ir% Southeast 8 TEAMS[2] %ir¥ Southeast) || (TEAMS[1] irk Pacific &4 TEAM
CTEMSIEL X1 Nortwest &5 TENSL2) Sirk horawests 11 CTEMS Xk Sostest &4 T6S
nunber._ganes TEAYS[1], TEAMS[2]] < 4 ) {
# 8& East_West Game 1= 1 add above
# schedule the gam
number._ gamsrrsms[u TEAMS[2]] = number_ganes[TEAMS[1], TEAMS[2]] + 1
scheduled =
obj_value = obj_value +
Binary_Schedule[TEAMS[1], TEAMS[2], d] =

#print(pasted(TEAMS[1], * plays ", mus[z], " DIVISION'))
print(pasted("Day ", d, ": ", Team_list[TEAMS[1]], " vs. ", Team List[TEAMS[2]],
total_games[TEAMS[1]] = total_games[TEAMS[1]] + 1
total_games[TEAMS[2]] - total_games[TEAMS[2]] + 1
weekly_ganes[TEAMS[1],w] = weekly_games TEAMS[1],w] + 1
weekly_ganes[TEAMS[2],w] ~ weekly_games TEAMS[2],w] + 1
# when a game is scheduled, lets reduce the objective of "nextdoor” games
if (d == 180) {

#dont increase to d == 181

3 else {
obj_copy[TEAMS[1], ,(d+1)]
obj_copy[, TEAMS[1],(d+1)]

}

= reducer*obj_copy [TEAMS[1], ,(d+1)]
= reducer*obj_copy[, TEAMS[1],(d+1)]

438

39

}
Sprine 000y
f G

(
# dont reduce to

obj_copy[TEAMS[1],,(d-1)] = reducer*ob3_copy [TEAMS[1],,(d-1)]
obj_copy[, TEAMS[1],(d-1)] er*obj_copy[, TEAMS[1], (d-1)]

ce_games[TEAWS[2]] <

Y

# 8 East_West_Game 1= 1 add above
iF Cnumber_ganes[TEAMS[1], TEAMS[2]] == 0
total_conference_games [TEAVS[1]] =

schedul
obj_value = obj_y

inary.Schedule TEAIS[1], TEAWS(Z], @) = 1
#orint(pasted(TEAUS[1], * plays ", TEAMS[2],  CONFERENCE™))
print(pasted(*Day ", d, " ", Team_list[TEAUS[1]], " vs.
total_ganes(TEAUS[1]] = total_games[TEAUS[1]] + 1
total_games[TEAUS[2]] = total_games[TEAUS[2]] + 1

else if (nusber_ganes[TEAMS[1], TEAMS[2]] <3 ) {

# if the teams are in the same conference but different divisions,
else 1 Crumbergomes TEWSL1], TEANIZA] < 4 8 total_conference_ganes[TEASLL] < 6 88

they can only play

sr Ctoralconference.gonesCTEMSELI] > 2 11 totan _conference. ganes[TEAMS[2]] >=

=) Team 1ist{TEASL21], *

at most ¢

2 {

1
total _conference_games(TEAMS[1]] + 1
total _conference_games[TEAVS[2]] = total _conference_games[TEAMS[2]] + 1

nunber_games[TEAMS[1], TEAMS[2]] = nunber_games(TEAMS[1], TEAMS[2]] + 1
ed =

CONFERENCE™),

# 1f (total _conference_games(TEAUS[1]] >= 24 |1 total_conference_games(TEAUS[Z]] >= 24) {
¢

2}

# 88 East_West_Game 1= 1 add above
nurber_ganes TEAVS(1], TEAMS[2]] -
total_conference_games TE

0)(
[1]] - total_conference_ganes [ TEAUS[1]] + 1

total_conference_ganes[TEAUS(2]] ~ total_conference_games [TEAMS[2]] + 1

3
umber goues TEAS(1], TEAS[Z] - rumber_gomes(TEASLL), TENSTZ] + 1

Scheduled
obj_value - w;

Strary Sched s TENSLL], TENKSE2), 4] -
rintpuaTSIL], © ploys T, - CONFERENCE™),

Sl e URHTEUSTIT], vy, T L TENSTATI, ¥ GRS
o pones (ENR(11) - toteloomes TEASEAT) +
Totel pomes TEA(2)) ~ totel_pames TENISL2)) © 1
veekly.gomes TEWSL11, ] - weekly. gomes TEAGSL] ] + 1
eekly_gomes TENES(2], ] - weekly_gomes TEAESZ] ] +
P o Gt (8 auied, et raduee the chseniive of “naxtdoort games
iF Gl 1)
#dont increase o d == 181
}else {
obj_copy[TEAMS[1],,(d+1)] = reducer*obj_copy[TEAUS[1] ,(ds1)]
o Cory L TENSLLT 613 - reduceroaby-coryl, TERSLLCor10]
i@
# dont reduce to d == 0
}else {
obj_copy[TEAMS[1],,(d-1)) = reducer*obj_copy(TEAUS[1] ,,(d-1)]

reducer*obj_copy[, TEAYS[1],(d-1)]

0bj_copy[, TEAMS[1],(d-1)] =
}

}
else {
# tncremsnt max finder t find the next schaduloble gome
obj_copy [TEAMS 1], TEAUS (2], d] =
o inneoaencaan i, 1 ST

71 8% L00P = 1)
o TN, T2, 1) - 0

LooP - L0oP + 1

# choosing Final 6 games for each team

obj_copy2 = obj1

8 find achadlzble gomes s poselbtlitins
ibilits

for

7 if the teams are in the same conference but diferent divisiorns,
onference but different divisions, then its o match
for @i Lengtncsinary. Scneaiers 112 ¢

§F CsumcBinary_Schedule( ., .a]

rep(0,30°30°180), <(30,30,180))

o i 130 €
WGP L
# do nothing

3
else §F CCCCEwirk ast 5 5 %irk East) |1 CE ik West 84 3 ¥irk West))

L Mk MLOTELE) 8] S AELankLe) 11 CICY MIT AELont1c) 88 L MWK AtLanticd) 11

1L xirk Contral) 3.3
g nw Southocst> 8 3 Mk

i %irk Pacific) & j ¥ink Pacific) 11 (I(j ¥in% Pacific) &

j %ir% Central) || (1(j ¥in% Central) & i ¥in¥ Central) |
Southeast) |1 (1(j ¥in¥ Southeast) &4 i %i

§ %irk Northwest) &5 § ¥iri Northwest) || (!(j ¥in¥ Northwest) &5 i ¥irik Northwest) ||

CICi ¥irk% Southwest) &4 j ¥in¥ Southmest) || (1(j ¥in¥ Southwest) & i ik Southwest)))
I

"G arr.ina
nory.Seneduter, iRl
ciaBinary Schaaniel3;.33: Binary Scheniel 5 1

> ‘weekly. gamas (3w >

if ither ooty plaring that day

poRSIBAIAEesCL 3,0) - obd-comatt

Forintpasteaci, -

466
467 possibilities.copy - possibilities

then its a match

XD, arr.ind = T

2, are.ind < T

g % oo cterosch
472 toam welght natrix - array(rep(0,30°30),c(30,302)

7

478+ for L in 1:30) ©

4755 for 3 tn 1:30) ¢

a7 -t

a7 # do nothing

78 etse

a7 Cean weignt_ratrix(i,1] - tean_weightsi(1] * team weightsi(i)
w0

W

prany

pr

b

485 # order the tean weights:

486 ordered_tean weights - €O

bl

488 sortad-teom veiohts - sorCtean.neighist)

489~ for C

490 ordered_tean_meights - cCordered_team weights, whichCtean welghtsi — sorted_tean weights(i1))
o

02

493 matched gomes

154 e ganes3 - muy(r..,(n 507300, cc20,307)

95 six schedne.gane:

%

457 e Coumtmatched. number_gones) < 0°6) {

98- " for (i in ordered_teon weigh

a 1o Cmatched_nunber. ganes1] < 6)

S00 ont_matrixC,i]
So1

S0 Csumpossiaiicies TEMS L TEMST21, D) - 0 11

s03 s 1), TERSS,

504 m<m moar-sonet TEAS(3)] 1~ 8 11'natched. munber_gones TEAESCZ)) - 63 {
s05 #"do nothing

s06- 3 ose O

S0 ¥ pair them up

s08 tod_number_games (TEAHS[1]] = matched_nunber._ganes (TEAMS[11] +
g RS CGERELS! SRR .
s Pronk(pasted(TEAMSIL], * shoutd plcy - TEMNS(Z1))

512

513 six_schedule_games - rbindCsix_schedule_games, cCTEAMSIL], TEAMS[2]))
1 3

515 Coan_weignt_natr{(TEAMS[1], TEAYS[2] = @

6

sy

s )

5193

20

s e teams will play, and we just have o schedule them
522 4 Tevs ring m ramoerof days.sach taam courd pioy

523 gome_count -

S2a- for ciin 1 \er\gthuu)eheﬂulman‘ﬂ ) ¢

557 “leam " Six stnaite-gamesli 1011

s ez - S\Ls(hedule_gnms[ly]ﬂ]

=

28 m (u n 180 ¢

s29 tesCtaam, tean2, )

551~

532 Count - count + 1

s

s34 )

535 game_count - cCgome_count, count)

56 )

537

538 # theres so many possible days, this really should not be an tssue
39

S8 1% Sondon_daye = soreea.randon.dvel-cCrtoon

542 possibilitiest,

543 possibilities, 1) = 0

4

S45 for L ln 3ilengthcstn schedule ganesl 102 ¢

Si6 scheduled -

S oot tin schedte_gamest1. 01 ]

i ooz - sicao A

S re o weroaetotiL eatteamt, tean2, ] == maxCpossibilitiesCteamt, tean2, 1>, arr.ind = T3
S51  cholce tist - samplec1iTOP, 107>

52

553

S54-  whileCscheduled == 0) [

555

S8 maxdays - =

557 TOP - lengthmax_days)

358 chotcetist - samplect:Top,TOR)

559

S0- for otcs in crotcestise) ¢

se1 gy

Se2 ek st = d, arr.ind = >3]

Sea- i coeeiny. anea keamion - 411 weakly_games(tean2,u] > ) {
o4 o rothing

s65 Poraibiiitiesttem toon2,d - 0

se6 - 3 olse ¢

s67 Scheduled - 1

se8

-

s )

571

572 # schedule the game

573 Binary_Schedule[teant, tean?,d] - 1

T4 printGustedCeeon, *ploy 1, tea, © on dey *, )

575 weekly._ganes| ) = weekly_ganes tear,u]

3

s Rt A

# renove possibilities for that tean on that day in the future
possibilities(teant, ) - 0

# how will gane not get scheduled

for (i in 1:30) {
ComBinary Schediel, 5,1 Birary.Scheulef. 1 1= 8 {

i

# we're all good -
1ASCEDLE - dot fromaoutri bl
colnanes (NBA_SCHEDUL

print(pasted(*oh o *, Team 1

50D

- lets write up the schedule
, nrow-1230))
“Team2")

NBA_SCHEDULE  rom_count, 1]

NBA_SCHEDULE  ron_count 2 st[i]

eSSl v count. 2] 7 Yeam st

printGostesc a an List[i], * vs.
ronctount 1

°, Team 1531



Interesting Finds:
Opening Day

Actual 2018-19 NBA Schedule Our 2018-19 NBA Schedule
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Interesting Finds:
Christmas Day

Actual 2018-19 NBA Schedule Our 2018-19 NBA Schedule
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Evaluation Q}

First Iteration Schedule New Schedule (B2B penalty)

7% increased TV revenue m 5% increased TV revenue
over NBA over NBA

$180M “improvement” $130M “improvement”
However, on average 35 Reduction to average of 25
back-to-back games back-to-back games
Slightly less total travel Slightly less total travel

distance as real schedule distance as real schedule
1




Conclusion

Tradeoff between revenue and player comfortability
Difficulty balancing different objectives
NBA likely not optimizing for revenue

Optimizing for additional constraints such as rest, travel
time or cost




Further exploration

Additional Inputs Methodology

Better Revenue Model u
Broadcasting availability

and constraints

Home and Away

optimization

Different or added
objective (travel time,
rest etc.)

Improved Heuristic
Industrial solver with IP







