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BCTVYII

ajauy yIakoBKH 3aCTOCOBYIOTH B PI3HOMAHITHUX cdepax BUPOOHUIITBA:
MOYMHAIOYN 3 BUTOTOBJIEHHS JIMCTOBOI'O CKJIA, TPOEKTYyBaHHs JIeTaJseil Ta BU-
KPOMOK JIJIsi BUTOTOBJIEHHS MeOJIIB, 3aKIHIYIOUN KOMII' IOTEPHOIO Ipadikoio Ta
cucTeMaMi PO3IOJIJICHHS PECYPCiB B BEJIMKUX KOMII IOTEPHUX KjacTepax. Me-
TOIO 3a/Iavi YIIAKOBKHU € PO3MIIIEHHS e/IEMEHTIB B KOHTeHepl 3 MaKCUMaJIbHOIO
IIJIBHICTIO 800 BUKOPUCTaHHs MiHIMaJIbHOI KIJIbKOCTI TaKnX KOHTeliHepiB. JIio-
JIMHA 3/1aTHA BUKOHYBATH 1110 3aJ1a4y, aJje Ie oTpedye baraTto Jacy i He 3aBXKIM

pe3yJjibTaT € OlITUMaJIbHUM.

Macirabn MOXK/IMBOI €KOHOMIT 3a JIOTIOMOI0I0 BUKOPUCTAHHS aJIrOPUTMIB
JUT aBTOMATHU3AIT BUPIIIEHHST POCTYThH KOYKHOI'O POKY: TLIbKKM B Kutai obcsr
BUITYCKY TEKCTUJIHLHOI IMPOMUCIOBOCTI cArae Oiibine 40 MiTbsap/liB KBaIpaTHIX
METPIB TKAHUH, TOMY HaBITh IOPIBHSHO HEeBeJINKa €KOHOMIs 38 paXyHOK MiHI-
Mizalil HAJJIMIIKIB BUPOOHUIITBA MOYKE IPU3BECTU IO 3HAYHOI'O CKOPOUYEHHSI

BUTPAT MaTeplaJLy.

Y OiabinocTi BuliaJIKiB Taka 3aja4a € NP-1moBHO0O, 1 J1U1s1 38249 3 BEJIMKOIO
KLJIBKICTIO 00'€KTIB € HEMOXKJIMBUM BUKOPUCTAHHA TPAJUIIIHUX aJrOPUTMIB
Jepe3 00MezKeHICTh 00UNC/TIOBAJILHUX pecypciB. B Takux BUmaIKax, aJbTepHa-
TUBOIO MOXKe OYTH TJIX1JT, AKWIl IPYHTYETbCS Ha BUKOPUCTAHHI €BOJIIONIHHITX

aJIFOpI/ITMiB7 S0KpeMa I'eHETUYIHOI'O.

Brepriie eBoustrotiitnuit anropurm 0yB npejctasiaenuit Hinibcom bapiuesti
[1] B 1954-my poui B [HCTHTYTI HIepcrieKTUBHUX Jloc/izkenb B [IpincToni, a
BUPIIINTHU 1HKEHEPHI IPoOJIeMH 3a JIOIIOMOI'OI0 CTpaTeril eBOJIOIIT BIaI0Csd

Brepire rpymi [aro Pexenbepra [2].

Metoto auIioMHOl POOOTH € AOC/IIXKeHHs 3a/ia9i YIIAKOBKHI, MOYKJINBICTh
Ta ePEeKTUBHICTL BUPIMIEHHS 11 MIKIACY — 3aJa9l PO3KPOIO — 3a JIOITOMOI0I0

TFeHeTUYIHOI'o aJIrOPUTMY.
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BUCHOBKU

Y pobOTi pO3TJIAHYTO FeHETUIHUI aJIrOPUTM K OJIMH 3 BU/IIB €BOJIIONIHHIX
ajaroputmiB. Po3pobsieno nporpamy Ha MoBi mporpaMmyBatisg Go, sKa MOJIETIOE
3aJlady TIBIHOTUHHOIO PO3KPOIO0 Ta peaJli3ye NeHEeTUYHUIl aJIrOpuTM Jjis 11
Bupimenns. /s nopiBHsIHHSA edEeKTUBHOCTI BUPINIEHHS 3a/1a9i ONTUMIBaIll 3 3
PI3HUMHI cTIIOCOOaMU KpOCcoBePY OyJIO MTPOBEIEHO 00UMC/IIOBATBLHUI eKCIIepUMEHT

Ha Pi3HUX HAOOpax BXIJHUX JIAHUX.

[IpomemMoncTpoBaHno, 10 €BOJIONINHI aJrOPUTMHU, 30KpeMa TeHeTUIHHII,
MOYKHa BUKOPHUCTOBYBaTH JJIs 3aJa49 JIBOBUMIPHOTO PO3KpOoIo. ['eHeTmanmii aJi-
FOPUTM II0Ka3aB 3aJ0BlLJIbHI pe3y/bTaTu B O0YUC/IIOBAJILHOMY €KCIIEPUMEHTI.

Po3pobJieno Ta mnpejcrapieHo BidyaJsizallilo OTPUMaHUX PillleHb.

3a JI0IIOMOI'0I0 T€HEeTUYIHOIO0 aJI'OPUTMY MOXKJINBO BUPIIIYBATH OLJIBII
ITUPOKMI KJIAC 3a/1a49 ONTUMIBAI] PO3MIIIEHHs, 30KpeMa 3 (irypamu JI0BLJILHOI
dopmu. Cepejr HEJOJIIKIB aJArOPUTMY HOTPIOHO BiB3HAYNTH HEJETEPMIHOBAHICTH

Ta HEMOXKJIUBICTh ACUHXPOHHOI YU IapaJiesibHOI peaJizallil aJropuTMy.
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Homarok A

Ko nporpamvmn

package guillotine

import (
Hfmt”
"math/rand"
"sort"
Htimell

)

var = fmt.Println

func GetPhenotype(spec xCutSpec, genotype Genotype)
LayoutTree {

genotype = genotype.copy ()
sort.Sort (genotype)

It := NewLayoutTree(spec)
remaining := len(spec.Boards) — 1
for i := 0; remaining > 0; i++ {

wj = &genotype|i|
if 1t.take(wj.i, wj.j, wj.config) {

remaining —— 1

}

return It

type Population [|Genotype

func NewRandomPopulation(nboards uintl6 , size uint, r =
rand . Rand) Population {
pop := make (|| Genotype, size)
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for i := range pop {
pop|i]| = NewRandomGenotype(nboards, r)

}

return pop

type RankedPopulation struct {
Pop Population

Fitnesses []uint

func (rp *RankedPopulation) Less(i, j int) bool {
return rp.Fitnesses|[i| < rp.Fitnesses]|]j]
1
func (rp *xRankedPopulation) Swap(i, j int) {
rp.Pop[i]|, rp.Pop[j] = rp.Pop[j], rp.Pop]|i]
rp. Fitnesses|[i], rp.Fitnesses|[j| = rp.Fitnesses]|]j
|, rp.Fitnesses|[i]

}

func (rp *xRankedPopulation) Len() int { return len(rp.Pop

)}

type Selector interface {
next () Genotype

}

type SelectorBuilder func(rp xRankedPopulation) Selector

type TournamentSelector struct {
size int
buf FitnessPositions
p float32
rp x RankedPopulation
r xrand . Rand

min bool
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func NewTournamentSelectorBuilder (size int, p float32, r
«xrand .Rand, min bool) SelectorBuilder {
return func(rp xRankedPopulation) Selector {
return &TournamentSelector {
size: size ,

buf: make (|| FitnessPosition ,

size),
p: P
T r,
rp: p ,

min: min,

type FitnessPosition struct {
i int

fitness uint

type FitnessPositions [|FitnessPosition

func (fps FitnessPositions) Len() int { return
len(fps) }

func (fps FitnessPositions) Less(i, j int) bool { return
fps|i]. fitness < fps|j].fitness }

func (fps FitnessPositions) Swap(i, j int) { fps|i],
fps[j] = fps[j], fps[i] }

func (ts *TournamentSelector) winnerRank () int {
//This could be faster if modelled with a

//negative binomial distribution generator
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for {
for i = 0; 1 < ts.size; i++ {
if ts.r.Float32() > ts.p {
return 1

func (ts *xTournamentSelector) next() Genotype {
fps := ts.buf
for i := 0; 1 < ts.size; i++ {
ri := ts.r.Intn(len(ts.rp.Fitnesses))
fps[i].i = ri
fps[i]. fitness = ts.rp.Fitnesses|ri]
}
var winnerlndex int
winnerRank := ts.winnerRank ()
if ts.min {
winnerIndex = fps.getKminIndex (winnerRank
)
} else {

winnerIndex = fps.getKmaxIndex (winnerRank

)
}

return ts.rp.Pop|[winnerlndex |

func (fps FitnessPositions) getKminlndex(k int) int {
sort . Sort (fps)
return fps|k]|.1i

ki

func (fps FitnessPositions) getKmaxIndex(k int) int {
sort . Reverse (fps)
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return fps|k].i

func (pop Population) checkEvenSize () {
if len(pop)%2 != 0 {

panic ("Population size must be even")

type GeneticAlgorithm struct {

Spec xCutSpec
Evaluator Fitness

Mutator Mutator

Breeder Crossover
SelectorBuilder SelectorBuilder
R xrand . Rand
EliteSize uint

PopulationSize uint

Generations uint

func (ga GeneticAlgorithm) breed(pl, p2 Genotype) (cl, c2
Genotype) {
cl, ¢2 = ga.Breeder(pl, p2, ga.R)
ga. Mutator(cl, ga.R)
ga.Mutator(c2, ga.R)

return cl, c2

func (ga *GeneticAlgorithm) Evaluate(pop Population) (rp
* RankedPopulation) {
fitness := make([|uint, len(pop))
for i, genotype := range pop {
phenotype := GetPhenotype(ga.Spec,
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genotype)
fitness|i] = ga.Evaluator (phenotype)
}
rp = &RankedPopulation{pop, fitness}
sort . Sort(rp)

return rp

func (ga *GeneticAlgorithm) Next(rp xRankedPopulation)
Population {
selector := ga.SelectorBuilder (rp)
psize := uint(len(rp.Pop))
pepsi := make (|| Genotype, psize)
copy (pepsi[:ga. EliteSize|, rp.Pop|:ga.EliteSize])
for i := ga.EliteSize; 1 < psize; i++ {
pl, p2 :
()
cl, ¢2 := ga.breed(pl, p2)

selector .next (), selector.next

pepsi[i] = cl
if i < psize—1 {
14+
pepsi|[i] = ¢2

}

return pepsi

func (ga *GeneticAlgorithm) Run() xLayoutTree {
pop :
Boards)), ga.PopulationSize, ga.R)

rankedPop := ga.Evaluate(pop)

NewRandomPopulation (uint16 (len(ga.Spec.

for i := uint(1l); i < ga.Generations; i++ {
pop = ga.Next (rankedPop)
rankedPop = ga.Evaluate (pop)
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}

return GetPhenotype(ga.Spec, rankedPop.Pop[0])

func (ga *GeneticAlgorithm) TimeBoundedRun(limit time.
Duration) (gn uint, 1t xLayoutTree) {
start := time.Now()
pop := NewRandomPopulation(uintl16 (len(ga.Spec.
Boards)), ga.PopulationSize, ga.R)
rankedPop := ga.Evaluate (pop)
for i := uint(1); i < ga.Generations; i++ {
ng = int64 (i)
if (time.Since(start).Nanoseconds()*(ng
+1)) /ng > limit . 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 guillotine
import "math/rand"

type WeightedJoin struct {
weight float32
i, ] uintl6

config Join

)



type Genotype [| WeightedJoin

func (g Genotype) copy() Genotype {
¢ := make (|| WeightedJoin, len(g))

copy(c, g)
return c

func NewGenotype(n uintl6) Genotype {
length := n % (n— 1) / 2
return make (|| WeightedJoin, length)
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i
func NewRandomGenotype(nboards uintl6, r srand.Rand)
Genotype {
¢ := NewGenotype(nboards)
k := 0
for i := uintl6(0); i < nboards; i++ {
for j := 1 + 1; j < nboards; j++ {
config := r.Intn(8)
wj = &c k]|
wi. i — i
wiij o]
wj.config = Join(config)
wj.weight = r.Float32()
k-
}
}
return c
i
func (¢ Genotype) Len() int { return len(c) }
func (¢ Genotype) Swap(i, j int) { cli], clj] = clj

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

//Create a fresh pair of Genotypes, utility function for

Crossovers

func freshPair(pl, p2 Genotype) (n int, cl, ¢2 Genotype)

{
if n := len(pl); n != len(p2) {
panic("weighted joins must have the same
length")
} else {
return n, make (|| WeightedJoin, n), make
([| WeightedJoin, n)

type Crossover func(pl, p2 Genotype, r xrand.Rand) (cl,
c2 Genotype)

func UniformCrossover(pl, p2 Genotype, r srand.Rand) (cl,
c2 Genotype) {

n, cl, ¢2 := freshPair(pl, p2)

for i := 0; 1 < n; {
rs r.Int63()
for j := uint(0); 1 < n&& j < 63; j++ {

if (rs & (1 << j)) =— 0 {
cli] = pl[i]

e2[i] = p2[i]
} else {
cl|[i| = p2[i]
c2|i| = pl|i]
}
1



var

return

Crossover = UniformCrossover
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func OnePointCrossover(pl, p2 Genotype, r srand.Rand) (cl

var

, ¢2 Genotype) {

n, cl, ¢2 := freshPair(pl, p2)
cpoint := rand.Intn(n)

copy(cl [:cpoint], pl[:cpoint])
copy (cl|[cpoint:|, p2|cpoint:]|)

copy(c2|[: cpoint], p2[:cpoint])
copy(c2|cpoint:], pl[cpoint:])

return

Crossover = OnePointCrossover

func TwoPointCrossover(pl, p2 Genotype, r srand.Rand) (cl

, ¢2 Genotype) {

n, cl, ¢2 := freshPair(pl, p2)
pointl := rand.Intn(n)

point2 := rand.Intn(n)

if pointl > point2 {

pointl , point2 = point2 ,

copy (cl[: pointl], pl]|:pointl])

copy (cl|[pointl:point2|, p2|[pointl:point2])

copy(cl|[point2:], pl|point2:])

copy(c2|[:pointl], p2[:pointl])
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copy (c2|pointl:point2], pl[pointl:point2])
copy (c2[point2:], p2|[point2:])

return

var Crossover = TwoPointCrossover

type Mutator func(Genotype, *rand.Rand)

//In—place chromosome mutation, by replacing some of the
//gene weights by a new random weight .
//Given a chromosome, RandomNorm(p, sigma)
//genes will mutate
//Mutations are done with replacement , meaning a weight
//can be mutated multiple times. The effect is that
//for a mu value close to the chromosome length ,
//the actual number of mutated genes will be less.
//Hopefully that's not an intended usecase.
type NormalWeightMutator struct {

Mean, StdDev float64

func (p NormalWeightMutator) Mutate(c Genotype, r *rand.
Rand) {
take := uintl6 (r.NormFloat64 ()*p.StdDev + p.Mean)
for ; take > 0; take— {
i := rand.Intn(len(c))
cli].weight = rand.Float32()

type NormalConfigMutator struct {
Mean, StdDev float64
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func (p NormalConfigMutator) Mutate(c Genotype, r xrand.
Rand) {
take := uintl6 (r.NormFloat64 ()«p.StdDev + p.Mean)
for ; take > 0; take— {
i := rand.Intn(len(c))
cli].config = Join(rand.Intn (8))

type CompoundWeightConfigMutator struct {
Weight NormalWeightMutator
Config NormalConfigMutator

func (¢ CompoundWeightConfigMutator) Mutate(g Genotype, r
«xrand . Rand) {
c.Weight . Mutate(g, r)
c.Config.Mutate(g, r)

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

package guillotine

func max(a, b uint) uint {

if a >=1Db {
return a
} else {
return b
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type Board struct {
Width, Height uint

func (b Board) rotated () Board {
return Board{b.Height, b.Width}

func (left Board) Hstack(right Board) Board {
return Board{left . .Width + right.Width, max(left .
Height , right.Height)}

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

func (b Board) Hsplit(y uint) (bl, b2 Board) {
if y > b.Height {
panic("invalid split position")
}
return Board{b.Width, y}, Board{b.Width, b.Height

— v}

func (b Board) Vsplit(x uint) (bl, b2 Board) {
if x > b.Width {
panic("invalid split position")
}
return Board{x, b.Height}, Board{b.Width — x, b.
Height}
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func (board Board) Area() uint {
return board.Width x board. Height

type CutSpec struct {
Boards || Board
MaxWidth uint
TotalArea uint

func (spec *CutSpec) Fits(width, height uint) bool {
return width > 0 && height > 0 && (spec.MaxWidth
— 0 [
width <= spec.MaxWidth || height <= spec.
MaxWidth)

func (spec *xCutSpec) Add(width, height uint) *CutSpec {
spec.Boards = append(spec.Boards, Board{width,
height })
spec. TotalArea += width * height

return spec

func newCutSpec(nboards uint, maxWidth uint) *xCutSpec {
return &CutSpec{Boards: make ([]Board, 0, nboards)
, MaxWidth: maxWidth}

}

package guillotine
type Direction bool

const (
HORIZONTAL = false



VERTICAL = true

type Join uint8
const JOIN Join = 0

func (j Join) direct(d Direction) Join {
if d — VERTICAL {
return j | DIRECTION MASK
} else {
return j &~ DIRECTION MASK

func (j Join) irotated () Join {
return j | IROT MASK
func (j Join) istraight () Join {

return j &" IROT MASK

func (j Join) jrotated () Join {
return j | JROT MASK

func (j Join) jstraight () Join {
return j &~ JROT MASK

1

const (
DIRECTION MASK — 1 << iota
ROT MASK
JROT MASK



func (c¢ Join) direction () Direction {

return (c¢ & DIRECTION MASK) != 0

func (¢ Join) irot () bool {
return (¢ & IROT MASK) != 0

func (¢ Join) jrot() bool {
return (¢ & JROT MASK) != 0

type PickLeaf struct {
//1—based node index
//0 means no parent
Parent uintl6
Rot bool

type StackNode struct {
// 0—based mixed index.
//0 to n—1 => leaf index
//n to 2n—2 => node index
Left , Right uintl16
//1—based node index
//0 means no parent
Parent uint16

Direction Direction " json:"Vertical"®

type LayoutTree struct {
Picks |] PickLeaf //size N for N boards
Stacks || StackNode //size N—1 for N boards
Nboards uintl6
Spec xCutSpec
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Areas |] Board
NextNode uintl6

func NewLayoutTree(spec xCutSpec) xLayoutTree {

n := len(spec.Boards)

return &LayoutTree{
Spec: spec ,
Nboards: uintl6(n),
Picks:  make(|] PickLeaf, n, n),
Stacks: make ([]StackNode, n—1, n—1),
Areas:  make (|| Board, n—1),

//Join two boards if they're not already connected
together.

//Two boards can be already connected either directly or
through

//other Joins. They're connected if they belong to the
same tree

/ /component .

//Boards must be referred to by their index in the
CutSpec.

//config is a Join configuration , which specifies whether
the

//boards are rotated or not, and whether the join is
vertical or

//horizontal. Rotation configuration is only considered
if the board

//to be joined hasn't been picked before. The first pick
determines

//rotation

func (1t xLayoutTree) take(i, j uintl6, config Join) bool



iRoot := 1t .getLeafRoot (1)
jRoot := 1t .getLeafRoot(j)
config = 1t .fixRotationConfig(i, j, config)
k := 1t .NextNode
if iRoot = jRoot {
return false
}oelse {
It .setNode(k, iRoot, jRoot, config)
It .setChild (iRoot, k, config.irot())
It .setChild (jRoot, k, config.jrot())
It .areaStep (int (k), 1t.Spec)
if 1t .Spec.MaxWidth > 0 && config.
direction () == HORIZONTAL &&
It . Areas|k|. Width > 1t .Spec.
MaxWidth {
It .setNode(k, iRoot, jRoot,
config.direct (VERTICAL) )
It .areaStep (int (k), It .Spec)
}
It . NextNode += 1

return true

func (t xLayoutTree) clearNode (i, left , right uintl6) {
node := &t.Stacks|i]
node. Left = 0
node. Right = 0

//direction is a bool, no value for empty

func (t *LayoutTree) setNode(i, left, right uintl6 ,
config Join) {



func (t
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node := &t.Stacks]|1i]|

node. Direction = config.direction ()
node. Left = left

node. Right = right

«*LayoutTree) setChild (i, parent uintl6, rot bool)

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

}oelse {

t.Stacks|[i—t.Nboards|. Parent = parent + 1

func (1t *LayoutTree) rotationOnMaxWidth (i uintl6, rot
bool) (fixed bool) {

if i > 1t.Nboards || 1t.Spec.MaxWidth — 0 {

return rot

}

leaf := 1t.Spec.Boards|i|

if rot {
leaf = leaf.rotated ()

}

if leaf.Width > 1t.Spec.MaxWidth {
return !rot

}oelse {

return rot

func (1t *LayoutTree) fixRotationConfig(i, j uintl6 ,

config Join) Join {
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fixed := JOIN.direct (config.direction())

if 1t.rotationOnMaxWidth(i, config.irot()) {
fixed = fixed.irotated ()

}

if 1t.rotationOnMaxWidth(j, config.jrot()) {
fixed = fixed.jrotated ()

}

return fixed

type Fitness func(t xLayoutTree) uint

//Processes an area state from start to (non including)

end .

//Assumes state has already been computed from 0 to start

—1
func (t xLayoutTree) areaStep(i int, spec *CutSpec) {
stack = t.Stacks|i|
first := t.getBoard(stack.Left, spec.Boards, t.
Areas)
second := t.getBoard(stack.Right, spec.Boards, t.
Areas)

switch stack.Direction {
case VERTICAL:

t.Areas|i] = first.Vstack(second)
case HORIZONTAL:

t.Areas|[i] = first.Hstack(second)

//1t'd be better to decouple area calculation from tree
building

//but wee somehow need to track if the layout falls
outside the



//spec limits (maxWidth)
func (t xLayoutTree) Area() uint {
return t.Areas|[len(t.Areas) —1].Area()

func (t xLayoutTree) Height () uint {
return t.Areas|len(t.Areas)—1]|.Height

var _ Fitness = (xLayoutTree).Area
var _ Fitness = (xLayoutTree).Height
type Rect struct {

X, Y, Width, Height uint
i
type Drawer struct {

1t xLayoutTree

state || Board

type Drawing struct {
Boxes |[] Rect
Sheet Rect

func NewDrawer (1t xLayoutTree) xDrawer {
return &Drawer{lt: 1t , state: 1t.Areas}

func (d xDrawer) Draw() xDrawing {
nboards := n(d. It . Spec.Boards)
ke (|] Rect, nboards)
for i, board := range d.lt.Spec.Boards {
if d.1t.Picks|[i].Rot {

boxes :=

44
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board = board.rotated ()
ki
boxes[i]|. Width = board.Width
boxes|i].Height = board.Height
}
d. DrawWithOffset (2«nboards —2, Board{0, 0}, boxes)
totalArea := d.lt.Areas|nboards—2|
sheet := Rect{0, 0, totalArea.Width, totalArea.
Height }

return &Drawing{Boxes: boxes, Sheet: sheet}

func (d *Drawer) DrawWithOffset(i int, offset Board,
boxes |[|Rect) {
nboards := len(d.lt.Spec.Boards)
if i < nboards {
boxes|[i|.X = offset . Width
boxes|i].Y = offset.Height
} else {
stack := d.l1t.Stacks|i—nboards|
d. DrawWithOffset (int (stack . Left ), offset |
boxes)
leftOffset := d.lt.getBoard(stack.Left, d
.1t . Spec.Boards, d.state)
if stack.Direction = VERTICAL {
offset = Board{offset.Width,
offset . Height + leftOffset .
Height }
} else {
offset = Board{offset.Width +
leftOffset . Width, offset .
Height}
}
d.DrawWithOffset (int (stack . Right), offset
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, boxes)

func (t xLayoutTree) getBoard(i uintl6, orig |[]Board,
state |[|Board) Board {
if i < t.Nboards {
if t.Picks|[i].Rot {
return orig|i].rotated ()
} else {
return orig|i|
}
} else {

return state|i—t.Nboards|

//Gets the root of a leaf's tree. The root is encoded as:
//0 if the leaf is th root
//j+1 if the node j is the root
//The leaf is identified by its index in the layoutTree
picks slice.
func (t *LayoutTree) getLeafRoot(i uintl6) uintl6 {
if pick := &t.Picks|[i]; pick.Parent = 0 {
return 1
}oelse {
pick.Parent = t.getNodeRoot (pick.Parent)
return pick.Parent + t.Nboards — 1

//Gets the root of a node's tree. The node is identified
by
//it's 1—based index in the layoutTree stacks slice.
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//returns the l—based index of root node
//returns: l—based node—index
func (t xLayoutTree) getNodeRoot(i uintl6) uintl6 {
if node := &t.Stacks|i—1]; node.Parent — 0 {
return 1
}oelse {
node. Parent = t.getNodeRoot(node.Parent)

return node.Parent
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