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Baseball schedule

Wednesday: Red Sox party at Fenway Park

Apr26  ws = Yankees 710 PM

Yankees 710 PM

— How hard is it to create a schedule for
Cubs 710 PM .
23 vs @ Cubs 105 PM Major League Baseball?
Sun, Apr30  ws Cubs 8:08 PM
G Orioles 7:10 PM
G Orioles 7:10 PM
i Orioles 7:10 PM

Wednesday, May 3, 7:10 PM

Fenway FParl

- Baltimore Boston &
#* Orioles @ Red Sox &%
Preview - Tickets

-

Thu, May 4 vs g Orioles 710 PM
Frio May5 @ @ Twins 3:10 PM
Sat, May 6 @ @ Twins 2:10 PM
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Philadephia Phillies Traveling tournament Montréal Expos
[ ] Schedule each match in a day:, [ 7 ]
[2 ) [2 )
: | ; |
E | e |
G ] 6 ]
PHI  ®NYM

Atlanta Braves New York Mets
[1 ] [1 )
; | ; |
4 ] |ATh 4 )
5 ] |5 |
6 J 6 J
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Philadephia Phillies

(1 away to [NYM)
[2 )
3 ]
4 )
5 )
6 J
Atlanta Braves
[1 ]
[2 )
3 J
4 )
5 ]
6 J

Traveling tournament Montreal Expos
Schedule each match in a day. [ 1 ]
2 )
3 )
MoN |14 )
E )
6 ]

PHI S°NYM

@
ATL

New York Mets
[NYM] VS [ PHI

— A A A NS

K
E
E
(4
E
(6
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Philadephia Phillies

(1 away to [NYM)
(2 away to [MON|
3 )
4 )
|5 )
6 J
Atlanta Braves
1 )
2 |
3 )
4 )
|5 ]
6 J

Traveling tournament

Schedule each match in a day.

€]
ATL

Montréal Expos

[MON| VS [ PHI

LR N S N S A—

New York Mets

[NYM] VS [ PHI

— A A A NS
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Philadephia Phillies
away to [NYM|
away to [MON]

| PHI JVS [ ATL |

)
)
J

2
3
4
9
6

1
[
[
|
[
[

Atlanta Braves

YY)

alo|e|lwlN]—=

]
away to [ PHI %
]
]
J

Traveling tournament

Schedule each match in a day.

e
ATL

Montréal Expos

[MON| VS [ PHI

LR N S N S A—

New York Mets
[NYM] VS [ PHI

— A A A NS
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Philadephia Phillies
1 away to [NYM]

[PHI VS %ATL
C

Atlanta Braves

away to [ PHI

— A A A A

Traveling tournament

Schedule each match in a day.

e
ATL

Montréal Expos

[MON| VS [ PHI

LR N S N S A—

New York Mets
[NYM] VS [ PHI

1 )
2 )
3 ]
(4 away to [ PHI |
E |
E |
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Philadephia Phillies
1 away to [NYM]
2 away to MON]

M

|

| [

3 VS [#
[4[PH|] [NYM
E VS |[MON
(6

Atlanta Braves

]
away to [ PHI %
]
]
J

Traveling tournament

Schedule each match in a day.

e
ATL

Montréal Expos

[MON| VS [ PHI

away to [ PHI

—e A A A A

New York Mets
[NYM] VS [ PHI

1 )
2 )
3 ]
(4 away to [ PHI |
E |
E |
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Philadephia Phillies Traveling tournament Montréal Expos
[ ] away 7 [NYM] Schedule each match in a day. [ ] ]
(2 awayto [MON] (2 [MON|VS[PHI |
Lo v C |
(5 [PHI | VS [MON| MO% (5 away to [ PHI |
(6 away to [ATL) i ]
PHI g NYM

Atlanta Braves ' ) New York Mets
(1 ] g (1 [N¥M] VS [PHI |
E to [ PHI % E }
(4 . ] ATL (4 away to [ PHI |
|5 J E )
(6 [ATL] VS| PHI | (6 ]
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Philadephia Phillies
1 away to [NYM]
2 away to [MON|

[ PHI |V

[

[ [
3 s{
(4 [PHIVS|
5 S|
6 (

NYM%
[ PHI | VS [MON|
away to [ ATL |

Atianta Braves
away to |[MON
2 away to [NYM

[MON|
NYM|
3 away to [ PHI |
[MON|
NYM|
| PHI

4 [ATL | VS [MON
5 [ATL | VS [NYM
6 [ATL | VS [PHI

YY)

Traveling tournament

Schedule each match in a day.

MON

=i
PHI %’H/NYM

Montréal Expos

1 [MON] VS [ATL

[MON| VS [ PHI

[MON| VS [NYM

5 awayto | PHI

[
2
3
[
[
[

]

| PHI |

NYM]

4 away to [ATL]
| PHI |

NYM]

6 awayto [INYM

New York Mets

1 [NYM] VS [ PHI

2 [NYM] Vs [ATL

3 away to MON

5 away to [ ATL

g e e

A A AN

[

4 away to %PHI
|
[

6 [NYM] S [MON
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Philadephia Phlllles

665

Total team distance: 2.127

Atlanta Braves
(1 away to MON

Total team distance: 2.011

Traveling tournament

Schedule each match in a day.

No consecutive
reverse match

= 3 consecutive

home matches MON
—

ATL | < 3 consecutive

away matches

" Minimize total
distance: 8.276

Montréal Expos

[
2
3
[
[
[

[MON] VS (AT E

[MON|VS[PHI|

[MON]VS [NYM]

4 away to i

5 awayto __ b
6 awayto [INYM

: A37

Total team distance: 2.011

aar
380

665

745
0

Total team distance: 2.127
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Traveling Tournament Problem (TTP)

http://mat.tepper.cmu.edu/TOURN/

Teams Matches Optimal (proven)
o Academic simplification 4 12
. Il
Small datasets 5 30

e Heavily researched
o Since 1999 8 56
o 26k results on scholar

«  Still suboptimal solutions 10 90 X
12 132 b 4
14 182 W
16 240 4
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What is a Planning Problem?

ZAVZ’

Optimize Goals

b"?ﬁ

With limited Resources

Under Constraints
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Vehicle Routing

Assign the delivery order more efficiently

S
N
Goals Resources
Minimize fuel consumption Vehicles (capacity, fuel)
Minimize driving time Deliveries (location, packages)

Minimize required vehicles

[1]®

Constraints

Max 8 hrs consecutive driving
Arrive before due time
Max vehicle capacity
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Vehicle Routing

Assign the delivery order more efficiently

| %r“.\ . Capacity
Log #  =20ton
:@ LY '_;:' fﬂ
& L 10 ton
Optiona s ; P 3 ton
k P, L3 . .
Can wait till tommormow m _ g
; N 2
Time window \ .
Deliver between " i -
8 AM and 10 AM 3
Armored vehicle - -
Expensive delivery »-—

Business Value
-15% Driving Time

(based on real benchmark versus traditional
algorithms, Belgium datasets)

Users:

Supermarket & Retail Stores
Freight Transportation
Buses, Taxi’s & Airlines

Technicians on the road
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Demo
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Employee Rostering

Assign shift to employee more efficiently

Goals Resources
Increase Employee well-being Nurses

[1]®

Constraints

Work 1 shift per day
Max consecutive working days
Requested days off
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Employee Rostering

Assign shift to employee more efficiently

_ Mon Tue Wed Thu Fri Sat Sun

| B 14 22 6 14 22| & 14 22| & 14 221 & 14 22 & 14 22 5 14 22
| AN S T I T 1 A YT 1 S I 1 T T I O T B
¥ _ 10 hours

(1] : . b - [~ =1

Forward rotation < 5 consecutive shifts
1 shift per day :':-'\-'J..--'.r"1L me to ‘;I:::[:;;: e o

-+ 1o o

¥X - [ = [ = rree
“- Requires nurse skills - Day off request
“--. Requires engineering skill = 48 hours rest i

ce

No weekend work

Business Value
+53% Employee well-being

(average on real benchmark versus traditional
algorithms, Nurses case)

Users:

Hospitals

Call Centers

Police and Fire Departments

Courts of Justice

#redhat #rhsummit
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Where is the Money?

Lower Costs

Less wages
Less fuel consumption
Less vehicles required

Improve Customer
Satisfaction

Better consecutive rest time
Reduced waiting time
Comply with requests (holidays)

Increase Turnover

More deliveries
More flights/busses/trains
More passengers

#redhat #rhsummit
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Show me the Money! O F

| O
[N \5¢
e -15% Driving Time

o Supermarket & Retail stores, Freight transportation, Buses, Taxis, Airlines
e +53% Employee well-being

o Hospitals, Call centers, Police & Fire Departments,
o -18% Cloud Hosting Costs

o Datacentre automation
o -31% Travel Distance

o Tournament scheduling

#iredhat #rhsummit ‘ redhat.



#redhat #rhsummit




Two Types of Constraints

Hard Constraints must be satisfied by any solution (for it to be a feasible solution)

¢ Crew must not exceed 8 hours in 24
e Truck must not be overloaded
e Every shift must have a full complement of nurses

Soft Constraints should be satisfied as much as possible (better solutions satisfy more soft
constraints)

e Crews should return home every 5 days
e A nurse’s time preference should be honored

#iredhat #rhsummit ‘ redhat.



Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

delivery _ =5 ton

locations

3 ton 3 tons 2 ton

'.P_ 3 ton=
3fon ¥ 2 ton
4 ton . ' 3 tone

@ - Capacity: 10 ton

#redhat #rhsummit

O. redhat.



Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

Total: 30 mins =~ 5ton  Over capacity by 7 ton

delivery _ *5 ton

locatio

ns

3 ton 3 tons «2ton

3 t_on
+4 ton

- 3tons
Tl
2 ton
3tone °

depot -~

/ 17ton>10ton
3 ton ~e S tON 2ton}y
= hy 5]
- 4 =3 ton
By
4 ton e T 3ton 3 ton A" 2 10N
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

Total: 30 mins )
17 ton = 10 ton

3 ton = 2 ton
b *
4 =3 ton
delivery _ *5 ton 'n?}
locations 4 ton —3 = 3 ton 3 ton —X? 2 ton
- .\'
3ton 3 tone *2ton
oy 3tons
Tl
3 ton 2 ton
4 ton Jtone *
depo
by

*;~5ton  QOver capacity by 7 ton

@ -Thard / -30soft
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

delivery _ =5 ton

locations

. J/
3ton 3 tone *2ton

[ 3 ton=
Ly
3ton [ 2 ton
<4 ton 3tone *
depot -
e Capacity: 10 ton
S

Total: 30 mins =—~5ton  Over capacity by 7 ton

7 17ton>10ton
_____ 3 ton
35; h - Zfon i -Thard / -30soft
) ey =3 ton
Ny
4 ton llllll ) LT 3 ton 3 ton — P S z ton
B~ 5 ton

Total: 35 mins

10 mins
3 ton e 310N 2 ton
= 2 e
) o ==—3 ton
B
dton—s - T3lon gign. gt 2ton

#redhat #rhsummit

Q. redhat.



Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

delivery _ =5 ton

locations

. J/
3ton 3 tone *2ton

[ 3 ton=
Ly
3ton [ 2 ton
<4 ton 3tone *
depot -
e Capacity: 10 ton
S

Total: 30 mins =—~5ton  Over capacity by 7 ton

7 17ton>10ton
_____ 3 ton
35; h - Zfon i -Thard / -30soft
) ey =3 ton
Ny
4 ton llllll ) LT 3 ton 3 ton — P S z ton
B~ 5 ton

Total: 35 mins

10 mins
_____ Jton-,
-y & 2 e Ohard / -35soft
o M
] on
W
dton—s - T3lon gign. gt 2ton
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

delivery _ =5 ton

locations

. J/
3ton 3 tone *2ton

[ 3 ton=
Ly
3ton [ 2 ton
<4 ton 3tone *
depot -
e Capacity: 10 ton
S

Total: 30 mins =—~5ton  Over capacity by 7 ton

7 17ton>10ton
_____ 3 ton
35; . b 2ton 5] -Thard / -30soft
) ey =3 ton
P
4 ton llllll ) LT 3 ton 3 ton — P S z ton
B~ 5 ton

Total: 35 mins

10 mins
_____ Jton-,
-y & 2 e Ohard / -35soft
o M
] on
W
dton—s - T3lon gign. gt 2ton
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

Total: 30 mins ~w~5ton  Over capacity by 7 ton

/ 17ton>10ton
_____ 3 ton -
3@ s 2O o 7hard / -30soft
" . w3 ton
delivery _ +5 ton Mgy ng
locations 4 ton —3 " 3 ton 3 ton — Y2 2 ton
- '\q s
3ton 3 tone *2ton /\
-E'ﬁ 3ton. Total: 35 mins e 5 ton
3 ton fiw 2 ton 10 mins
*4 ton 3tone | L. 3ton~ J
depot ~ 3 ton = e s Ohard / -35soft
b '
» .:.., =3 ton
o Y e
#p - Capacity: 10 ton toms " TBlN ggon 2 ton
C
Total: 33 mins o S ton
11 mins
3 ton e S tON -2 ton
o e
n 2
“. 2 I - 3 T.OI"I
g
4 ton ——» 3 ton 3 ton — &t 2 ton
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

Total: 30 mins ~w~5ton  Over capacity by 7 ton

/ 17ton>10ton
_____ 3 ton -
3@ s 2O o 7hard / -30soft
" . w3 ton
delivery _ +5 ton Mgy ng
locations 4 ton —3 " 3 ton 3 ton — Y2 2 ton
- .\q s
3ton 3 tone *2ton /\
-E'ﬁ 3 tone Total: 35 mins e 5 ton
3ton fiw 2 ton 10 mins
*4 ton 3tons * | . 3 ton -, i
depot ~ 3 ton = e s Ohard / -35soft
b :
» .:.., =3 ton
= Y W
] Capacity: 10 ton 4 ton 3 = 3 ton 3 ton 3 2 fon
o
Total: 33 mins o S ton
11 mins
_____ 3 ton -, )
3}3 k \ 21on_ om Ohard / -33soft
" — - »—3 ton
g -
4 ton ——» 3 ton 3 ton — &t 2 ton
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Score Comparison Vehicle Routing

Hard constraints always outweight soft constraints.

Total: 30 mins ~=~5ton  Over capacity by 7 ton
17 ton = 10 ton
_____ 3 ton -
3@ h a2 o “hard / -30s0ft
- . 20 mince—3 ton
delivery _ +5 ton Mgy o "
locations A e— " 3 ton 3 ton -k 2 ton
- \\]
3ton 3 tone *2ton /\
‘ﬁﬁ 3 tone Total: 35 mins e 5 ton
3 ton fiw 2 ton 10 mins
*4 ton 3tone | L. 3 ton -, .
depot ~ 3 ton = My = e s Ohard / -35soft
b :
o =3 ton
o Ryl ;
#p - Capacity: 10ton ona TBlON ggon r2ton
bl A
Total: 33 mins o S ton
11 mins
_____ 3ton -, .
3}3 k \ 21on_ om [ Ohard / -33soft ]
. & 12 minsy 3 ton Highest score
ue ;
4 ton ——» 3 ton 3 ton — &t 2 ton
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Planning problems are hard to solve

Well ... very hard actually ...

o Exploring all potential solutions takes millions of years.
o Software optimization engines are expensive.
o Expertise is expensive (mathematicians, Operations Research specialist).

#iredhat #rhsummit ‘ redhat.



Let’s do some math ...

In how many combinations
can 100 locations be assigned
into 10 vehicle trips?

10'% ways

Number of atoms in the observable universe:

1080

One vehicle Vehicle Routing
C
s
- o7
“a ,.-I ‘:"::_::-__'____ .r'f
— B -
= \/
e A e
Model: linked list .
- ; .
Il times
wd

“3

I
Search space: n! (n+v-1) 1/ (v-1)"!
# locations search space # locations # vehicles space
4 24 10 2 39916800
100 10 &0 10 19
1000 10" 100 10 1p'™
10000 1pieesd 200 20 1pt
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Please Wait...

Please Wait. .

- X

Please wait. This might take a few billion years...

#redhat #rhsummit

0. redhat.



Input/Output overview vehicle routing

Use 1 SolverFactory per application and 1 Solver per dataset.

Domain ¢java, .)

( Wehice }——{ Cusiomer )

Score function (an, ..)

Hard constraints:
- Vehicle capacity
- Time windows

Soft constraints:
- Minimize driving time

#redhat #rhsummit

Q redhat.



Input/Output overview vehicle routing

Use 1 SolverFactory per application and 1 Solver per dataset.

Domain ¢java, .) Score function (an, ..)

Hard constraints:
- Vehicle capacity
- Time windows

( Wehice }——{ Cusiomer )

Soft constraints:
- Minimize driving time

-

buildSalver() !
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Input/Output overview vehicle routing

Use 1 SolverFactory per application and 1 Solver per dataset.

Domain ¢java, .) Score function (an, ..)

Hard constraints:
- Vehicle capacity
- Time windows

( Wehice }——{ Cusiomer )

Soft constraints:
- Minimize driving time

-

Problem ] buildSolver() a

. »
e B e
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Input/Output overview vehicle routing

Use 1 SolverFactory per application and 1 Solver per dataset.

Domain ¢java, .) Score function (an, ..)

Hard constraints:
- Vehicle capacity
- Time windows

( Wehice }——{ Cusiomer )

Soft constraints:
- Minimize driving time

-

Problem

buildSalver() Q

solve(problem)

Solution

#redhat #rhsummit

Q redhat.



Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner 2|

@PlanningEntity
class Process {

}

@PlanningVariable
Computer getComputer() {...}

Java beans

42 Business Resource Planner
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@PlanningEntity
class Process {

}

@PlanningVariable
Computer getComputer() {...}

XML file

Java beans

<cloudBalance>
<computerList>
=computar id="1"=_..<lcomputar>

<lcomputerList>
<procasslists
process>
<pame>A</namea>
<computer ref="1"=>
<fprocess>

<{processlist>
<fcloudBalance>

43 Business Resource Planner
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

L

OptaPlanner&

@PlanningEntity
class Process {

}

@PlanningVariahle
Computer getComputer() {...}

XML file

XStream

@PlanningEntity
@XStreamaAlias(...)
class Process {

{@PlanningVariable
Computer getComputer() {...}

}

Java beans

<cloudBalance>
<computerlist=>
<computer id="1"=_..<fcomputer>

<ipomputerlist>
<processlist>
<process>
<name=A<iname>
=computer ref="1"/=
</process>

<(pracesslist>
<fcloudBalance>
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@PlanningEntity
class Process {

@PlanningVariable
Computer getComputer() {...}

XML file

XStream

@Planning Entity
@XStreamAliasi...)
class Process {

{@PlanningVariable
Computer getComputer() {...}

}

Java beans

ar

JAXB

]e

<cloudBalange>
<compuierList>
<computer id="1">_..<lcomputar>

<lcomputerList=
<processlist>
TPIOCEES>
<nameA<iname=
=computer ref="1"=>
<lprocess=

</processlist=
<lcloudBalance>
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@FlanningEntity
class Process {

@PlanningVariable
Computer getComputer() {...}
}

XML file

}

XStream

@ Planning Entity
@xStreamAlias(...)
class Process {

@Planning\ariabla
Computer getComputer() {...}

Java beans
..f_ -'—
‘ EOI‘anIIBI'Y |( TOCESS

T ( ProcessE )
([ Computer Z Process F )
"~ Process G )

or

JAXB

<cloudBalance>
<computerlist>
<gomputer id="1"%.._.</computer>

<jcomputerLists
<processlist=
=PrOCess=
cnamesfsinames
<omputar refsq s
<fprocess®

<processlist>

Relational Database

/’F.-._._._-—__-_-_h‘"‘\
‘-..._________-_-_____-_-_________/
Table PROCESS

process id | process name
1 A
2 [
3 [=
4 o]
5 E
3 F
7 G
‘-._____________—______________/

46 Business Resource Planner
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@FlanningEntity
class Process {

@PlanningVariable
Computer getComputer() {...}
}

XML file

XStream

@ Planning Entity
@xStreamAlias(...)
class Process {

@Planning\ariabla
Computer getComputer() {...}
'

Java beans
7 <
‘ EOI‘anIIBI'Y |( TOCESS

T ( ProcessE )
(!:m'm:mtmrzrc Process F )

— | Process G

or

<cloudBalance>
<computeriist>
<computer id="1"%_._</computer>

<jcomputerLists
<processlist=
=prOCess®
chamesAsiname
<oomputer rafs"1 "=
<lprocess®

<processlist>

LI o NI

JPA

Relational Database

#HIBER] —
(@ PlanningEntity —
@Enity Table PROCESS
class Process ) ;
process id | process name | computer id
@Planning\Variable i i ! x
@ManyToOne 2 E J
Computer getComputer() {...} 2 5 I i
v}
} 5 E ¥l
[ F
7 G

47 Business Resource Planner
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@FlanningEntity
class Process {

@PlanningVariable
Computer getComputer() {...}
}

XML file

XStream

@ Planning Entity
@xStreamAlias(...)
class Process {

@Planning\ariabla
Computer getComputer() {...}
'

Java beans
7 <
‘ Eompuler\' |( TOCESS

T ( ProcessE )
(!:m'm:mtmrzrc Process F )

— | Process G

or

JAXB

JPA

<cloudBalance>
<computerlist>
<gomputer id="1"%_._.</computer>

<jcomputerLists
<processlist=
=PrOCess=
cnamesfsinames
<omputar refs s
<fprocess®

<processlist>

Relational Database

/
\

#HIBER] —
(@ PlanningEntity r—
@Enity Table PROCESS
class Process ) ;
process id | process name | computer id
@Planning\Variable i i ! x
@ManyToOne 2 2 J
Computer getComputer() {...} 2 E I i
v}
} 5 E ¥l
ar [ F
JDBC —

48 Business Resource Planner
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

OptaPlanner&

@FlanningEntity

W T—
| Computer Y ¥ FOCESS

T ([ FromsE )

XML file

XStream

@ Planning Entity
@xStreamAlias(...)
class Process {

}

{@PlanningVariable
Computer getComputer() {...}

or

JAXB

class Process {
@PlanningVariable
Computer getComputer() {...}
}
Java beans /

JPA

<cloudBalance>
<computerlist>
<gomputer id="1"%.._.</computer>

<jcomputerLists
<processlist=
=PrOCess=
cnamesfsinames
<omputar refsq s
<fprocess®

<processlist>

Relational Database

(CompuierZ ) Proces ) \
"~ Process G )
Infinispan,
Hadoop, ...
Data Grid

4 HIBERN — T
(@ PlanningEntity r—
F L . Table PROCESS
process id | process name | computer id
@Planning\Variable 1 A i x
@ManyToOne : ] il
5 3 [ X}
Computer getComputar() {...} - - Ll
} ] E
ar G F
JDBC —
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Integration overview

OptaPlanner combines easily with other Java and JEE technologies.

@PlanningEntity
class Process {

{@PlanningVariable

}

OptaPlanner@

XML file

XStream

{@PlanningEntity
{@XStreamAlias(...)
class Procass {

@PlanningVariable
Computer getComputer() {...}

}

Java be

Computer getComputer() {...}
ans {/)l

or

Camel, ...

Hadoop, ...

<cloudBalance>
<computarList>
<computer id="1">_..</computar>

lcompuberList>
=processlist=
SProcess=
cname=feinames
<eomiputer refs s
<lprocess>

=Iprocesslist>

REST/SOAP

T ProE \
[cmwwz]t}( TWF i
= Process G
JAXRS, nfnspan\

Data Grid

G S K
JPA Relational Database
{@PlanningEntity
- Table PROCESS
{ process id | process name | computer id
@PlanningVariable L A 1ix)
@ManyToOne 2 2
Computer getComputar() {...} i E
! 5 E
or 8 F
7 G (z)
JDBC }\
\-..___________—__________,../
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Multi-threaded Partitioned Search

Already in OptaPlanner 7.0.0.CR1

e Splitup
o Custom Partitioner code
o  Generic Partitioners (TODO) %
« Merge Solver thread
o Nocode - Part thread Part thread
_ s0lve() : . :
e Multi-threaded : : i
o Progress reporting \sawe{-ﬂ- t1) \snlve{ ) |
o Fast forward (anti-OOME)
o Anti-starvation ) - mergel) . e :

#iredhat #rhsummit ‘ redhat.



Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

Solver thread

solve()

#redhat #rhsummit ‘ redhat.



Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
= 1\

N [ Part thread | | Partthread | | Partthread | | Partthread |
\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}
Can | get
intermediate
results?

' partCount = 4 '
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
= 1\

b ;
-
solvel) < | | Partthread | | Partthread | | Partthread | | Partthread |
Nsolve(part1) \ | \solve(pari2) \ | ‘\solve(part3) \ | ‘\solve(part4)

bestSolutionChanged() . new best
Progress reporting "
of the whole

' partCount = 4 '
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
= 1\

B -
solve() ~, | [_Part t!"lread | | Part thread | [ Part thread | | Part thread |
\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() . new best
Progress reporting bestSolutionChanged() | |- new best
of the whole

' partCount = 4 '
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Progress reporting
of the whole

Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
=

- =5
| Solver thread
leﬁg"’er.mread [Partthread | [ Partthread | [ Partthread | [ Partthread |
\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() ~ new best
bestSolutionChanged() | |.- new best
bestSolutionChanged() | |- new bes!

' partCount = 4 '
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Progress reporting
of the whole

Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

solve()

Solver thread

bestSolutionChanged()

7

v
=

D

==

bestSolutionChanged()

bestSolutionChanged()

bestSolutionChanged()

\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}

| Partthread | | Partthread | | Partthread | | Partthread |

- new best
- new best
L new best

- new best

' partCount = 4
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Progress reporting
of the whole

Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

solve()

Solver thread

bestSolutionChanged()

7

v
=

D

==

bestSolutionChanged()

bestSolutionChanged()

bestSolutionChanged()

bestSolutionChanged()

\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}

| Partthread | | Partthread | | Partthread | | Partthread |

~ new best
new best
new bost
new best

o new best

' partCount = 4
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

b it
| Solver thread
leﬁg""er,‘hmaﬂ [Partthread | [ Partthread | [ Partthread | [ Part thread |
\snlve{parﬂ) i \snlve{;r;rl?) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() < newbest
bestSolutionChanged() | |. new best
bestSolutionChanged() | |.- new bes!
bestSolutionChanged() | |- new best
bestSoluionChanged() | |~ newbest
What if e — -

Part threads produce faster :
than Solver thread consumes?
Blocks or OOME?

v

v
=

' partCount = 4 '
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
=

b it
—Solver thread
solvel) < | | Partthread | | Partthread | | Partthread | | Partthread |
\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() ~ new best
bestSolutionChanged() | |. new best
bestSolutionChanged() | |.- new bes!
bestSolutionChanged() | |. new best
bestSolutionChanged() | |.- new best
< |

;\.;}f“'g‘\ﬁ - new best

g ;
NB™ e bestSolutionChanged() o new best

Ll

It skips forward!
No blocking and no OOME.

' partCount = 4 '
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v
= 1\

—Solver thread
solvel) < | | Partthread | | Partthread | | Partthread | | Partthread |
\snlve{parﬂ) i \EOIM’E{.“-E‘.’I'/) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() . new best
bestSolutionChanged() | |. new best
bestSolutionChanged() | |.- new bes!
bestSolutionChanged() | |. new best
bestSolutionChanged() | |.- new best
a0
G.;}N'S‘\ﬁ. .+ new best
-;az};@w_x\ bestSolutionChanged() onew best
- T T T T
! partCount = 4
What if

there are only 4 CPU’s?
Starvation of other threads?
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Partitioned Search Threading

The main Solver transparently delegates to and aggregates from the child solvers.

7

v Hi Y
= 1\

| Solver thread |
leﬁ;"’er,‘hmaﬂ [Partthread | [ Partthread | [ Partthread | [ Partthread |
\snlve{parﬂ) i \snlve{;r;rl?) \snlve{partﬁ) \snlve{part-&}
bestSolutionChanged() . new best
bestSolutionChanged() | |.- new best
bestSolutionChanged() | |- new best
bestSolutionChanged() | |.- new best
bestSolutionChanged() | |- new best
O
k&ﬂ‘""%@. .+ new best
"B:OGEN-'F\ bestSolutionChanged() onew best
| ' ' partCount = 4 ' '
; We donate only 2 CPU'’s.
runnablePartThreadLimit = 2 NO starvation
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Demo

Traveling Tournament Proble
Baseball dataset nl14
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BRMS / BPM Suite

JBoss Business Resource Planner
(AKA OptaPlanner) is part of

e BRMS
e BPM Suite

Drools

Rule engine
and Complex Event Processing

Example: insurance rate calculation

Drools

Workbench

Design rules,
decision tables, ...

Drools
Execution
Server
REST/JMS service
for business rules

7 OptaPlanner
Planning engine
and optimization solver

OptaPlanner
Workbench

Design solvers,

OptaPlanner
Execution
Server
REST/JMS service

‘ redhat

Example: employee rostering benchmarks, ... for optimization BRMS
= iBPM jBPM jBPM
. ﬂ‘l ) Workbench Execution
Workflow engine Server
Design workflows, | | REST/JMS service .’ redhat

Example: mortgage approval process

forms, ...

for workflows

BPM Suite

\

J

\

~
Lightweight, embeddable engines (jars)

which run in a Java VM

v
Web applications (wars)
which run on a Java Application Server
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Try it now

www.optaplanner.org Surf to www.optaplanner.org Open the directory examples

and double click on runExamples

v optaplanner-distribution-*
. o .o, 8 A4 Download OptaPlanner » [l binaries

v examples
B binaries
| » | data
Unzip [ optaplanner-distribution-*.zip
|- sources

runExamples.bat

|=| runExamples.sh
_Javadocs
_ reference_manual

3 sources
webexamples
=| ReadMeOptaPlanner.txt

[ [|||I

| UpgradeFromPreviousVersionRecipe.txt
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