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3

ВСТУП

Задачу упаковки застосовують в рiзноманiтних сферах виробництва:
починаючи з виготовлення листового скла, проектування деталей та ви-
кройок для виготовлення меблiв, закiнчуючи комп’ютерною графiкою та
системами розподiлення ресурсiв в великих комп’ютерних кластерах. Ме-
тою задачi упаковки є розмiщення елементiв в контейнерi з максимальною
щiльнiстю або використання мiнiмальної кiлькостi таких контейнерiв. Лю-
дина здатна виконувати цю задачу, але це потребує багато часу i не завжди
результат є оптимальним.

Масштаби можливої економiї за допомогою використання алгоритмiв
для автоматизацiї вирiшення ростуть кожного року: тiльки в Китаї обсяг
випуску текстильної промисловостi сягає бiльше 40 мiльярдiв квадратних
метрiв тканин, тому навiть порiвняно невелика економiя за рахунок мiнi-
мiзацiї надлишкiв виробництва може призвести до значного скорочення
витрат матерiалу.

У бiльшостi випадкiв така задача є NP-повною, i для задач з великою
кiлькiстю об’єктiв є неможливим використання традицiйних алгоритмiв
через обмеженiсть обчислювальних ресурсiв. В таких випадках, альтерна-
тивою може бути пiдхiд, який ґрунтується на використаннi еволюцiйних
алгоритмiв, зокрема генетичного.

Вперше еволюцiйний алгоритм був представлений Нiльсом Барiчеллi
[1] в 1954-му роцi в Iнститутi перспективних дослiджень в Прiнстонi, а
вирiшити iнженернi проблеми за допомогою стратегiї еволюцiї вдалося
вперше групi Iнго Рехенберга [2].

Метою дипломної роботи є дослiдження задачi упаковки, можливiсть
та ефективнiсть вирiшення її пiдкласу – задачi розкрою – за допомогою
генетичного алгоритму.
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ВИСНОВКИ

У роботi розглянуто генетичний алгоритм як один з видiв еволюцiйних
алгоритмiв. Розроблено програму на мовi програмування Go, яка моделює
задачу гiльйотинного розкрою та реалiзує генетичний алгоритм для її
вирiшення. Для порiвняння ефективностi вирiшення задачi оптимiзацiї з з
рiзними способами кросоверу було проведено обчислювальний експеримент
на рiзних наборах вхiдних даних.

Продемонстровано, що еволюцiйнi алгоритми, зокрема генетичний,
можна використовувати для задач двовимiрного розкрою. Генетичний ал-
горитм показав задовiльнi результати в обчислювальному експериментi.
Розроблено та представлено вiзуалiзацiю отриманих рiшень.

За допомогою генетичного алгоритму можливо вирiшувати бiльш
широкий клас задач оптимiзацiї розмiщення, зокрема з фiгурами довiльної
форми. Серед недолiкiв алгоритму потрiбно вiдзначити недетермiнованiсть
та неможливiсть асинхронної чи паралельної реалiзацiї алгоритму.
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Додаток А

Код програми

package g u i l l o t i n e

import (
" fmt"
"math/rand"
" s o r t "
" time"

)

var _ = fmt . Pr in t ln

func GetPhenotype ( spec ∗CutSpec , genotype Genotype ) ∗
LayoutTree {

genotype = genotype . copy ( )
s o r t . Sort ( genotype )
l t := NewLayoutTree ( spec )
remaining := len ( spec . Boards ) − 1
for i := 0 ; remaining > 0 ; i++ {

wj := &genotype [ i ]
i f l t . take (wj . i , wj . j , wj . c on f i g ) {

remaining −= 1
}

}
return l t

}

type Populat ion [ ] Genotype

func NewRandomPopulation ( nboards uint16 , s i z e uint , r ∗
rand . Rand) Populat ion {

pop := make ( [ ] Genotype , s i z e )
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for i := range pop {
pop [ i ] = NewRandomGenotype( nboards , r )

}
return pop

}

type RankedPopulation s t r u c t {
Pop Populat ion
F i t n e s s e s [ ] u int

}

func ( rp ∗RankedPopulation ) Less ( i , j int ) bool {
return rp . F i t n e s s e s [ i ] < rp . F i t n e s s e s [ j ]

}
func ( rp ∗RankedPopulation ) Swap( i , j int ) {

rp . Pop [ i ] , rp . Pop [ j ] = rp . Pop [ j ] , rp . Pop [ i ]
rp . F i t n e s s e s [ i ] , rp . F i t n e s s e s [ j ] = rp . F i t n e s s e s [ j

] , rp . F i t n e s s e s [ i ]
}
func ( rp ∗RankedPopulation ) Len ( ) int { return len ( rp . Pop

) }

type S e l e c t o r i n t e r f a c e {
next ( ) Genotype

}
type Se l e c t o rBu i l d e r func ( rp ∗RankedPopulation ) S e l e c t o r

type TournamentSelector s t r u c t {
s i z e int
buf F i t n e s sPo s i t i o n s
p f l o a t 3 2
rp ∗RankedPopulation
r ∗ rand . Rand
min bool
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}

func NewTournamentSelectorBuilder ( s i z e int , p f l o a t32 , r
∗ rand . Rand , min bool ) S e l e c t o rBu i l d e r {

return func ( rp ∗RankedPopulation ) S e l e c t o r {
return &TournamentSelector {

s i z e : s i z e ,
buf : make ( [ ] F i tne s sPos i t i on ,

s i z e ) ,
p : p ,
r : r ,
rp : rp ,
min : min ,

}
}

}

type F i tn e s sPo s i t i on s t r u c t {
i int
f i t n e s s u int

}

type F i t n e s sPo s i t i o n s [ ] F i t n e s sPo s i t i on

func ( fp s F i t n e s sPo s i t i o n s ) Len ( ) int { return
len ( f p s ) }

func ( fp s F i t n e s sPo s i t i o n s ) Less ( i , j int ) bool { return
f p s [ i ] . f i t n e s s < fp s [ j ] . f i t n e s s }

func ( fp s F i t n e s sPo s i t i o n s ) Swap( i , j int ) { fp s [ i ] ,
f p s [ j ] = fp s [ j ] , f p s [ i ] }

func ( t s ∗TournamentSelector ) winnerRank ( ) int {
//This could be f a s t e r i f modelled with a
// negat ive binomial d i s t r i b u t i o n generato r
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for {
for i := 0 ; i < t s . s i z e ; i++ {

i f t s . r . Float32 ( ) > t s . p {
return i

}
}

}
}

func ( t s ∗TournamentSelector ) next ( ) Genotype {
fp s := t s . buf
for i := 0 ; i < t s . s i z e ; i++ {

r i := t s . r . Intn ( len ( t s . rp . F i t n e s s e s ) )
f p s [ i ] . i = r i
f p s [ i ] . f i t n e s s = t s . rp . F i t n e s s e s [ r i ]

}
var winnerIndex int
winnerRank := t s . winnerRank ( )
i f t s .min {

winnerIndex = fp s . getKminIndex ( winnerRank
)

} else {
winnerIndex = fp s . getKmaxIndex ( winnerRank

)
}
return t s . rp . Pop [ winnerIndex ]

}

func ( fp s F i t n e s sPo s i t i o n s ) getKminIndex (k int ) int {
s o r t . Sort ( f p s )
return f p s [ k ] . i

}
func ( fp s F i t n e s sPo s i t i o n s ) getKmaxIndex (k int ) int {

s o r t . Reverse ( fp s )



28

return f p s [ k ] . i
}

func ( pop Populat ion ) checkEvenSize ( ) {
i f len ( pop )%2 != 0 {

panic ( "Populat ion s i z e must be even" )
}

}

type GeneticAlgorithm s t r u c t {
Spec ∗CutSpec
Evaluator F i tne s s
Mutator Mutator
Breeder Crossover
S e l e c t o rBu i l d e r S e l e c t o rBu i l d e r
R ∗rand . Rand
E l i t e S i z e u int
Popu lat ionS ize u int
Generat ions u int

}

func ( ga GeneticAlgorithm ) breed (p1 , p2 Genotype ) ( c1 , c2
Genotype ) {

c1 , c2 = ga . Breeder (p1 , p2 , ga .R)
ga . Mutator ( c1 , ga .R)
ga . Mutator ( c2 , ga .R)
return c1 , c2

}

func ( ga ∗GeneticAlgorithm ) Evaluate ( pop Populat ion ) ( rp
∗RankedPopulation ) {

f i t n e s s := make ( [ ] uint , len ( pop ) )
for i , genotype := range pop {

phenotype := GetPhenotype ( ga . Spec ,
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genotype )
f i t n e s s [ i ] = ga . Evaluator ( phenotype )

}
rp = &RankedPopulation{pop , f i t n e s s }
s o r t . Sort ( rp )
return rp

}

func ( ga ∗GeneticAlgorithm ) Next ( rp ∗RankedPopulation )
Populat ion {

s e l e c t o r := ga . S e l e c t o rBu i l d e r ( rp )
p s i z e := uint ( len ( rp . Pop) )
peps i := make ( [ ] Genotype , p s i z e )
copy ( peps i [ : ga . E l i t e S i z e ] , rp . Pop [ : ga . E l i t e S i z e ] )
for i := ga . E l i t e S i z e ; i < p s i z e ; i++ {

p1 , p2 := s e l e c t o r . next ( ) , s e l e c t o r . next
( )

c1 , c2 := ga . breed (p1 , p2 )
peps i [ i ] = c1
i f i < ps i ze−1 {

i++
peps i [ i ] = c2

}
}
return peps i

}

func ( ga ∗GeneticAlgorithm ) Run( ) ∗LayoutTree {
pop := NewRandomPopulation ( u int16 ( len ( ga . Spec .

Boards ) ) , ga . Populat ionSize , ga .R)
rankedPop := ga . Evaluate ( pop )
for i := u int (1 ) ; i < ga . Generat ions ; i++ {

pop = ga . Next ( rankedPop )
rankedPop = ga . Evaluate ( pop )
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}
return GetPhenotype ( ga . Spec , rankedPop . Pop [ 0 ] )

}

func ( ga ∗GeneticAlgorithm ) TimeBoundedRun( l im i t time .
Duration ) ( gn uint , l t ∗LayoutTree ) {

s t a r t := time .Now( )
pop := NewRandomPopulation ( u int16 ( len ( ga . Spec .

Boards ) ) , ga . Populat ionSize , ga .R)
rankedPop := ga . Evaluate ( pop )
for i := u int (1 ) ; i < ga . Generat ions ; i++ {

ng := int64 ( i )
i f ( time . S ince ( s t a r t ) . Nanoseconds ( ) ∗( ng

+1) ) /ng > l im i t . Nanoseconds ( ) {
return i , GetPhenotype ( ga . Spec ,

rankedPop . Pop [ 0 ] )
} else {

pop = ga . Next ( rankedPop )
rankedPop = ga . Evaluate ( pop )

}
}
return ga . Generations , GetPhenotype ( ga . Spec ,

rankedPop . Pop [ 0 ] )
}

package g u i l l o t i n e

import "math/rand"

type WeightedJoin s t r u c t {
weight f l o a t 3 2
i , j u int16
c on f i g Join

}
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type Genotype [ ] WeightedJoin

func ( g Genotype ) copy ( ) Genotype {
c := make ( [ ] WeightedJoin , len ( g ) )
copy ( c , g )
return c

}

func NewGenotype (n uint16 ) Genotype {
l ength := n ∗ (n − 1) / 2
return make ( [ ] WeightedJoin , l ength )

}

func NewRandomGenotype( nboards uint16 , r ∗ rand . Rand)
Genotype {

c := NewGenotype ( nboards )
k := 0
for i := uint16 (0 ) ; i < nboards ; i++ {

for j := i + 1 ; j < nboards ; j++ {
con f i g := r . Intn (8 )
wj := &c [ k ]
wj . i = i
wj . j = j
wj . c on f i g = Join ( c on f i g )
wj . weight = r . Float32 ( )
k++

}
}
return c

}

func ( c Genotype ) Len ( ) int { return len ( c ) }
func ( c Genotype ) Swap( i , j int ) { c [ i ] , c [ j ] = c [ j

] , c [ i ] }
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func ( c Genotype ) Less ( i , j int ) bool { return c [ i ] .
weight < c [ j ] . weight }

// Create a f r e s h pa i r o f Genotypes , u t i l i t y func t i on for
Crossovers

func f r e s hPa i r (p1 , p2 Genotype ) (n int , c1 , c2 Genotype )
{

i f n := len ( p1 ) ; n != len ( p2 ) {
panic ( "weighted j o i n s must have the same

length " )
} else {

return n , make ( [ ] WeightedJoin , n ) , make
( [ ] WeightedJoin , n )

}
}

type Crossover func (p1 , p2 Genotype , r ∗ rand . Rand) ( c1 ,
c2 Genotype )

func UniformCrossover (p1 , p2 Genotype , r ∗ rand . Rand) ( c1 ,
c2 Genotype ) {

n , c1 , c2 := f r e s hPa i r (p1 , p2 )
for i := 0 ; i < n ; {

r s := r . Int63 ( )
for j := u int (0 ) ; i < n && j < 63 ; j++ {

i f ( r s & (1 << j ) ) == 0 {
c1 [ i ] = p1 [ i ]
c2 [ i ] = p2 [ i ]

} else {
c1 [ i ] = p2 [ i ]
c2 [ i ] = p1 [ i ]

}
i++

}
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}
return

}

var _ Crossover = UniformCrossover

func OnePointCrossover (p1 , p2 Genotype , r ∗ rand . Rand) ( c1
, c2 Genotype ) {

n , c1 , c2 := f r e s hPa i r (p1 , p2 )
cpo int := rand . Intn (n)
copy ( c1 [ : cpo int ] , p1 [ : cpo int ] )
copy ( c1 [ cpo int : ] , p2 [ cpo int : ] )

copy ( c2 [ : cpo int ] , p2 [ : cpo int ] )
copy ( c2 [ cpo int : ] , p1 [ cpo int : ] )
return

}

var _ Crossover = OnePointCrossover

func TwoPointCrossover (p1 , p2 Genotype , r ∗ rand . Rand) ( c1
, c2 Genotype ) {

n , c1 , c2 := f r e s hPa i r (p1 , p2 )
po int1 := rand . Intn (n)
po int2 := rand . Intn (n)
i f point1 > point2 {

point1 , po int2 = point2 , po int1
}

copy ( c1 [ : po int1 ] , p1 [ : po int1 ] )
copy ( c1 [ po int1 : po int2 ] , p2 [ po int1 : po int2 ] )
copy ( c1 [ po int2 : ] , p1 [ po int2 : ] )

copy ( c2 [ : po int1 ] , p2 [ : po int1 ] )
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copy ( c2 [ po int1 : po int2 ] , p1 [ po int1 : po int2 ] )
copy ( c2 [ po int2 : ] , p2 [ po int2 : ] )
return

}

var _ Crossover = TwoPointCrossover

type Mutator func (Genotype , ∗ rand . Rand)

// In−p lace chromosome mutation , by r ep l a c i n g some o f the
// gene weights by a new random weight .
//Given a chromosome , RandomNorm(p , sigma )
// genes w i l l mutate
//Mutations are done with replacement , meaning a weight
// can be mutated mul t ip l e t imes . The e f f e c t i s that
// for a mu value c l o s e to the chromosome length ,
// the ac tua l number o f mutated genes w i l l be l e s s .
// Hope fu l ly that ' s not an intended usecase .
type NormalWeightMutator s t r u c t {

Mean , StdDev f l o a t 6 4
}

func (p NormalWeightMutator ) Mutate ( c Genotype , r ∗ rand .
Rand) {

take := uint16 ( r . NormFloat64 ( ) ∗p . StdDev + p .Mean)
f o r ; take > 0 ; take−− {

i := rand . Intn ( l en ( c ) )
c [ i ] . weight = rand . Float32 ( )

}
}

type NormalConfigMutator s t r u c t {
Mean , StdDev f l o a t 6 4

}
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func (p NormalConfigMutator ) Mutate ( c Genotype , r ∗ rand .
Rand) {

take := uint16 ( r . NormFloat64 ( ) ∗p . StdDev + p .Mean)
f o r ; take > 0 ; take−− {

i := rand . Intn ( l en ( c ) )
c [ i ] . c on f i g = Join ( rand . Intn (8 ) )

}
}

type CompoundWeightConfigMutator s t r u c t {
Weight NormalWeightMutator
Conf ig NormalConfigMutator

}

func ( c CompoundWeightConfigMutator ) Mutate ( g Genotype , r
∗ rand . Rand) {

c . Weight . Mutate ( g , r )
c . Conf ig . Mutate ( g , r )

}

var _ Mutator = NormalWeightMutator {} . Mutate
var _ Mutator = NormalConfigMutator {} . Mutate
var _ Mutator = CompoundWeightConfigMutator {} . Mutate

package g u i l l o t i n e

func max( a , b u int ) u int {
i f a >= b {

return a
} else {

return b
}

}
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type Board s t r u c t {
Width , Height u int

}

func (b Board ) ro ta ted ( ) Board {
return Board{b . Height , b . Width}

}

func ( l e f t Board ) Hstack ( r i g h t Board ) Board {
return Board{ l e f t . Width + r i gh t . Width , max( l e f t .

Height , r i g h t . Height ) }
}

func ( top Board ) Vstack ( bottom Board ) Board {
return Board{max( top . Width , bottom . Width ) , top .

Height + bottom . Height }
}

func (b Board ) Hsp l i t ( y u int ) (b1 , b2 Board ) {
i f y > b . Height {

panic ( " i n v a l i d s p l i t p o s i t i o n " )
}
return Board{b . Width , y} , Board{b . Width , b . Height

− y}
}

func (b Board ) Vsp l i t ( x u int ) (b1 , b2 Board ) {
i f x > b . Width {

panic ( " i n v a l i d s p l i t p o s i t i o n " )
}
return Board{x , b . Height } , Board{b . Width − x , b .

Height }
}
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func ( board Board ) Area ( ) u int {
return board . Width ∗ board . Height

}

type CutSpec s t r u c t {
Boards [ ] Board
MaxWidth u int
TotalArea u int

}

func ( spec ∗CutSpec ) F i t s ( width , he ight u int ) bool {
return width > 0 && he ight > 0 && ( spec .MaxWidth

== 0 | |
width <= spec .MaxWidth | | he ight <= spec .

MaxWidth)
}

func ( spec ∗CutSpec ) Add( width , he ight u int ) ∗CutSpec {
spec . Boards = append ( spec . Boards , Board{width ,

he ight })
spec . TotalArea += width ∗ he ight
return spec

}

func newCutSpec ( nboards uint , maxWidth u int ) ∗CutSpec {
return &CutSpec{Boards : make ( [ ] Board , 0 , nboards )

, MaxWidth : maxWidth}
}

package g u i l l o t i n e

type Di r e c t i on bool

const (
HORIZONTAL = f a l s e
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VERTICAL = true
)

type Join u int8

const JOIN Join = 0

func ( j Join ) d i r e c t (d D i r e c t i on ) Join {
i f d == VERTICAL {

return j | DIRECTION_MASK
} else {

return j &^ DIRECTION_MASK
}

}
func ( j Join ) i r o t a t e d ( ) Join {

return j | IROT_MASK
}
func ( j Join ) i s t r a i g h t ( ) Join {

return j &^ IROT_MASK
}

func ( j Join ) j r o t a t ed ( ) Join {
return j | JROT_MASK

}

func ( j Join ) j s t r a i g h t ( ) Join {
return j &^ JROT_MASK

}

const (
DIRECTION_MASK = 1 << io t a
IROT_MASK
JROT_MASK

)
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func ( c Join ) d i r e c t i o n ( ) D i r e c t i on {
return ( c & DIRECTION_MASK) != 0

}
func ( c Join ) i r o t ( ) bool {

return ( c & IROT_MASK) != 0
}
func ( c Join ) j r o t ( ) bool {

return ( c & JROT_MASK) != 0
}

type PickLeaf s t r u c t {
//1−based node index
//0 means no parent
Parent uint16
Rot bool

}

type StackNode s t r u c t {
// 0−based mixed index .
//0 to n−1 => l e a f index
//n to 2n−2 => node index
Left , Right uint16
//1−based node index
//0 means no parent
Parent u int16
D i r e c t i on Di r e c t i on ` j son : " Ve r t i c a l "`

}

type LayoutTree s t r u c t {
Picks [ ] PickLeaf // s i z e N for N boards
Stacks [ ] StackNode // s i z e N−1 for N boards
Nboards u int16
Spec ∗CutSpec
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Areas [ ] Board
NextNode uint16

}

func NewLayoutTree ( spec ∗CutSpec ) ∗LayoutTree {
n := len ( spec . Boards )
return &LayoutTree{

Spec : spec ,
Nboards : u int16 (n) ,
Picks : make ( [ ] PickLeaf , n , n ) ,
Stacks : make ( [ ] StackNode , n−1, n−1) ,
Areas : make ( [ ] Board , n−1) ,

}
}

// Join two boards i f they ' re not a l r eady connected
toge the r .

//Two boards can be a l r eady connected e i t h e r d i r e c t l y or
through

// other Jo ins . They ' re connected i f they belong to the
same t r e e

//component .
//Boards must be r e f e r r e d to by t h e i r index in the

CutSpec .
// c on f i g i s a Join con f i gu ra t i on , which s p e c i f i e s whether

the
// boards are ro ta ted or not , and whether the j o i n i s

v e r t i c a l or
// ho r i z on t a l . Rotation c on f i g u r a t i on i s only cons ide r ed

i f the board
// to be j o i n ed hasn ' t been picked be f o r e . The f i r s t p ick

determines
// r o t a t i on
func ( l t ∗LayoutTree ) take ( i , j uint16 , c on f i g Join ) bool
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{
iRoot := l t . getLeafRoot ( i )
jRoot := l t . getLeafRoot ( j )
c on f i g = l t . f i xRota t i onCon f i g ( i , j , c on f i g )
k := l t . NextNode
i f iRoot == jRoot {

re turn f a l s e
} e l s e {

l t . setNode (k , iRoot , jRoot , c on f i g )
l t . s e tCh i ld ( iRoot , k , c on f i g . i r o t ( ) )
l t . s e tCh i ld ( jRoot , k , c on f i g . j r o t ( ) )
l t . areaStep ( i n t ( k ) , l t . Spec )
i f l t . Spec . MaxWidth > 0 && con f i g .

d i r e c t i o n ( ) == HORIZONTAL &&
l t . Areas [ k ] . Width > l t . Spec .

MaxWidth {
l t . setNode (k , iRoot , jRoot ,

c on f i g . d i r e c t (VERTICAL) )
l t . areaStep ( i n t ( k ) , l t . Spec )

}
l t . NextNode += 1
return true

}
}

func ( t ∗LayoutTree ) c learNode ( i , l e f t , r i g h t u int16 ) {
node := &t . Stacks [ i ]
node . Le f t = 0
node . Right = 0
// d i r e c t i o n i s a bool , no value f o r empty

}

func ( t ∗LayoutTree ) setNode ( i , l e f t , r i g h t uint16 ,
c on f i g Join ) {
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node := &t . Stacks [ i ]
node . D i r e c t i on = con f i g . d i r e c t i o n ( )
node . Le f t = l e f t
node . Right = r i gh t

}

func ( t ∗LayoutTree ) s e tCh i ld ( i , parent uint16 , ro t bool )
{

i f i < t . Nboards {
t . Picks [ i ] . Parent = parent + 1
t . Picks [ i ] . Rot = rot

} e l s e {
t . Stacks [ i−t . Nboards ] . Parent = parent + 1

}
}

func ( l t ∗LayoutTree ) rotationOnMaxWidth ( i uint16 , ro t
bool ) ( f i x ed bool ) {

i f i > l t . Nboards | | l t . Spec . MaxWidth == 0 {
return ro t

}
l e a f := l t . Spec . Boards [ i ]
i f r o t {

l e a f = l e a f . r o ta ted ( )
}
i f l e a f . Width > l t . Spec . MaxWidth {

re turn ! ro t
} e l s e {

re turn ro t
}

}

func ( l t ∗LayoutTree ) f i xRota t i onCon f i g ( i , j uint16 ,
c on f i g Join ) Join {
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f i x ed := JOIN . d i r e c t ( c on f i g . d i r e c t i o n ( ) )
i f l t . rotationOnMaxWidth ( i , c on f i g . i r o t ( ) ) {

f i x ed = f i x ed . i r o t a t e d ( )
}
i f l t . rotationOnMaxWidth ( j , c on f i g . j r o t ( ) ) {

f i x ed = f i x ed . j r o t a t ed ( )
}
re turn f i x ed

}

type F i tne s s func ( t ∗LayoutTree ) u int

// Proce s s e s an area s t a t e from s t a r t to ( non in c l ud ing )
end .

//Assumes s t a t e has a l r eady been computed from 0 to s ta r t
−1

func ( t ∗LayoutTree ) areaStep ( i int , spec ∗CutSpec ) {
s tack := t . Stacks [ i ]
f i r s t := t . getBoard ( s tack . Left , spec . Boards , t .

Areas )
second := t . getBoard ( s tack . Right , spec . Boards , t .

Areas )
switch stack . D i r e c t i on {
case VERTICAL:

t . Areas [ i ] = f i r s t . Vstack ( second )
case HORIZONTAL:

t . Areas [ i ] = f i r s t . Hstack ( second )
}

}

// I t 'd be be t t e r to decouple area c a l c u l a t i o n from t r e e
bu i l d i ng

//but wee somehow need to t rack i f the layout f a l l s
ou t s i d e the
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// spec l im i t s (maxWidth)
func ( t ∗LayoutTree ) Area ( ) u int {

return t . Areas [ len ( t . Areas ) −1].Area ( )
}

func ( t ∗LayoutTree ) Height ( ) u int {
return t . Areas [ len ( t . Areas ) −1]. Height

}

var _ Fi tne s s = (∗ LayoutTree ) . Area
var _ Fi tne s s = (∗ LayoutTree ) . Height

type Rect s t r u c t {
X, Y, Width , Height u int

}
type Drawer s t r u c t {

l t ∗LayoutTree
s t a t e [ ] Board

}

type Drawing s t r u c t {
Boxes [ ] Rect
Sheet Rect

}

func NewDrawer ( l t ∗LayoutTree ) ∗Drawer {
return &Drawer{ l t : l t , s t a t e : l t . Areas}

}

func (d ∗Drawer ) Draw( ) ∗Drawing {
nboards := len (d . l t . Spec . Boards )
boxes := make ( [ ] Rect , nboards )
for i , board := range d . l t . Spec . Boards {

i f d . l t . Picks [ i ] . Rot {
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board = board . ro ta ted ( )
}
boxes [ i ] . Width = board . Width
boxes [ i ] . Height = board . Height

}
d . DrawWithOffset (2∗ nboards−2, Board {0 , 0} , boxes )
to ta lArea := d . l t . Areas [ nboards −2]
shee t := Rect {0 , 0 , to ta lArea . Width , to ta lArea .

Height }
return &Drawing{Boxes : boxes , Sheet : shee t }

}

func (d ∗Drawer ) DrawWithOffset ( i int , o f f s e t Board ,
boxes [ ] Rect ) {

nboards := len (d . l t . Spec . Boards )
i f i < nboards {

boxes [ i ] .X = o f f s e t . Width
boxes [ i ] .Y = o f f s e t . Height

} else {
stack := d . l t . Stacks [ i−nboards ]
d . DrawWithOffset ( int ( s tack . Le f t ) , o f f s e t ,

boxes )
l e f t O f f s e t := d . l t . getBoard ( s tack . Left , d

. l t . Spec . Boards , d . s t a t e )
i f s tack . D i r e c t i on == VERTICAL {

o f f s e t = Board{ o f f s e t . Width ,
o f f s e t . Height + l e f t O f f s e t .
Height }

} else {
o f f s e t = Board{ o f f s e t . Width +

l e f t O f f s e t . Width , o f f s e t .
Height }

}
d . DrawWithOffset ( int ( s tack . Right ) , o f f s e t
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, boxes )
}

}

func ( t ∗LayoutTree ) getBoard ( i uint16 , o r i g [ ] Board ,
s t a t e [ ] Board ) Board {

i f i < t . Nboards {
i f t . Picks [ i ] . Rot {

return o r i g [ i ] . r o ta ted ( )
} else {

return o r i g [ i ]
}

} else {
return s t a t e [ i−t . Nboards ]

}
}

//Gets the root o f a l e a f ' s t r e e . The root i s encoded as :
//0 i f the l e a f i s th root
// j+1 i f the node j i s the root
//The l e a f i s i d e n t i f i e d by i t s index in the layoutTree

p i ck s s l i c e .
func ( t ∗LayoutTree ) getLeafRoot ( i u int16 ) u int16 {

i f p ick := &t . Picks [ i ] ; p ick . Parent == 0 {
return i

} e l s e {
p ick . Parent = t . getNodeRoot ( p ick . Parent )
re turn pick . Parent + t . Nboards − 1

}
}

//Gets the root o f a node ' s t r e e . The node i s i d e n t i f i e d
by

// i t ' s 1−based index in the layoutTree s t a ck s s l i c e .



47

// r e tu rn s the 1−based index o f root node
// r e tu rn s : 1−based node−index
func ( t ∗LayoutTree ) getNodeRoot ( i u int16 ) u int16 {

i f node := &t . Stacks [ i −1] ; node . Parent == 0 {
return i

} e l s e {
node . Parent = t . getNodeRoot ( node . Parent )
re turn node . Parent

}
}
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