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buboamnorexa Base Math Library

bubnmorexa Base Math Library npenoctaBiseT 0a30Bble MaTeMaTHYECKHE aOCTPaKIMH —
8eKmopul, Mampuywl, ag@urHsie npeobpazoéanus — M ONEpaluy Hal HUMU. bubmnoreka nmeer
Ooratelii Habop Mo Iep)KUBaeMbIX (ByHKIHH. HecMOTpst Ha TO, YTO MHOTHE W3 HHUX BBITIOIHSIOT
TPUBHAIbHbIE ONEpald, OHU HOCAT OOMMIl XapakTep © NPUMEHSIOTCS B Pa3IMYHBIX
QITOPUTMAaxX KOMITBIOTEpHOH Trpaduku. bonbinas yacte (QyHKIMN HOCST TaKHWe K€ MMEHA, Kak
GyHKIMH U3 CTaHIAPTHBIX O0nOmoTek s13p1koB C/C++, HO 371€Ch OHU PabOTaIOT C BEKTOPHBIMU U
MaTpuyHbIMU aprymeHTaMu. [lockonbky si3biku C/C+H+ moaaepKuBarOT meperpysky (QpyHKIHid,
yKa3zaHHble (YHKIMA OOBIYHO HMMEIOT HECKOJBKO BAapHUAHTOB C OJHHM U TEM K€ HMEHEM,

pasiinvaromuxcs TUIIaMM BXOAHBIX U BBIXOAHBIX ITapaMETPOB.

1. Knacenl Vector{2|3|4}D

Tao6uuua 1. ITons u MeToasl kiaccos Vector{2|3|4}D

OprbImbIe rnosA
CuHmakcuc OnucaHue
[2D|3D|4D] float X KommnoHeHma x sekmopa
[2D|3D|4D] float Y KommnoHeHma y sekmopa
[3D|4D] float Z KomnoHeHma z sekmopa
[4D] float W KomnoHeHma w eekmopa
KoHcmpykmopebl
CuHmakcuc OnucaHue
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Co3zdaem HosbIl 8eKmo, nymem
[2D] Vector2D ( float x = @, float y = 0 ) P y

[3D] Vector3p ( float x = @, float y = @, float z = @ ) HerocpedcmseHHo20 nepeyucneHus e2o
[4D] Vector4D ( float x = @, float y = 0, float z = 6, float w = 0 ) KOMIMOHEeHM

[2D] Vector2D ( const float[2] v ) Co3daem Hogbili Bekmop nymem 3adaHuUsA
[3D] Vector3D ( const float[3] v )

[4D] Vector4D ( const float[4] v ) KOMIOHEeHM Yepe3 maccue

Co30aem HogbIli 8ekKmop Mo 3a0aHHOMY
[2D] Vector2D ( const Vector2D& v )

[3D] Vector3D ( const Vector2D& v, float z = @ ) 0symepHOMY — 8€KMOpy C  yKa3aHUem
[4D] Vector4D ( const Vector2D& v, float z = @, float w = 0 ) Hedocmarouwux KOMMNoHeHmM

Co3daem Hosblli 8eKmop no 3a0aHHOMY
mpexmepHOMy 8eKmMopy C yKasaHuem
9 ) Hedocmarwux uau  omoépaceisaHuem
AUWHUX KOMITOHEHM

[2D] Vector2D ( const Vector3D& v )
[3D] Vector3D ( const Vector3D& v )
[4D] Vector4D ( const Vector3D& v, float w

[2D] Vector2D ( const VectordD& v ) Cozdaem Hosblli 8ekmop o 3a0aHHOMY
[3D] Vector3D ( const Vector4D& v ) yemsbipexmepHomy 8eKmopy c
[4D] Vector4D ( const Vector4D& v ) omb6pacsieaHuem AUWHUX KOMIOHEHM
ApUdJMequeCKUG orrepamopeol

CuHmakcuc OnucaHue
[2D] Vector2D operator - ( const Vector2D& x ) YHapHbIli muHyc. Bosepawaem —-x 0as
[3D] Vector3D operator - ( const Vector3D& x ) .
[4D] Vector4D operator - ( const Vector4D& x ) Ka# ool KOMIMOHEHMbI 8eKMOPa X
[2D] Vector2D operator + ( const Vector2D& x, const Vector2D& y ) Onepamop cnoxeHus. Bosspawaem x +y
[3D] Vector3D operator + ( const Vector3D& x, const Vector3D& y ) 014 Kaxcool napel KOMMOHEHM 8eKMOpos

[4D] Vector4D operator + ( const Vector4D& x, const Vector4D& y ) xuy

[2D] Vector2D operator + ( const Vector2D& x, float y ) Onepamop cnoxeHus. Bosspaujaem x +y
[3D] Vector3D operator + ( const Vector3D& x, float y ) 0219 Kaxc0oli KOMMoHeHmMbl 8eKkmopa X u
[4D] Vector4D operator + ( const Vector4D& x, float y ) cKanapa y

[2D] Vector2D operator + ( float x, const Vector2D& y ) Onepamop cnoxeHus. Bozspawjaem x +y
[3D] Vector3D operator + ( float x, const Vector3D& y ) 017 Kawcooli KOMNoHeHMbl 8ekmopa y u
[4D] Vector4D operator + ( float x, const Vector4D& y ) cKanApa x

[2D] Vector2D operator - ( const Vector2D& x, const Vector2D& y ) Onepamop ebiyumarus. Bosepawaem x - y
[3D] Vector3D operator - ( const Vector3D& x, const Vector3D& y ) 0149 Kaxcool napel KOMIMIOHEHM 8€KMOopos
[4D] Vector4D operator - ( const Vector4D& x, const Vector4D& y ) xXuy

Onepamop eblMumaHus. Bozepawaem x - y
0214 Kaxwc0oli KoMrnoHeHmMbl eekmopa X u
cKanapay

[2D] Vector2D operator
[3D] Vector3D operator
[4D] Vector4D operator -

const Vector2D& x, float
const Vector3D& x, float
const Vector4D& x, float

'
~~~
<< <
N N N

Onepamop ebliMumaHus. Bozepawaem x -y
019 KaxOol KOMMoHeHmMbl seKmopa y u

[2D] Vector2D operator - ( float x, const Vector2D& y
[3D] Vector3D operator - ( float x, const Vector3D& y
[4D] Vector4D operator - ( float x, const Vector4D& y

~— e e

CcKanAapa x
[2D] Vector2D operator * ( const Vector2D& x, const Vector2D& y ) Onepamop  yMHOXMCEHUA. Bosspawaem
[3D] Vector3D operator * ( const Vector3D& x, const Vector3D& y ) x*y 0na KawcOoli napbl KOMMOHEHM

[4D] Vector4D operator

*
~

const Vector4D& x, const Vector4D& y ) 8EKMOPOB X U Y

[2D] Vector2D operator * ( const Vector2D& x, float y ) Onepamop  ymHomeHus.  Bosepawaem

[3D] Vector3D operator * ( const Vector3D& x, float y ) Xx *y 0514 KaxcOol KOMNOHeHMbl 8eKMopa x
*

[4D] Vector4D operator * ( const Vector4D& x, float y ) u ckanspay

[2D] Vector2D operator * ( float x, const Vector2D& y ) Onepamop  ymHoweHus.  Bosepawaem

[3D] Vector3D operator * ( float x, const Vector3D& y ) Xx *y 014 Kaxool KoMnoHeHMbl 8eKmopa y
*

[4D] Vector4D operator * ( float x, const Vector4D& y ) U cKanAapa x

[2D] Vector2D operator / ( const Vector2D& x, const Vector2D& y ) Onepamop Odesnexus. Bosspawaem X/y

[3D] Vector3D operator / ( const Vector3D& x, const Vector3D& y ) 0149 Kaxcool napbl KOMIMIOHEHM 8eKMopos

[4D] Vector4D operator / ( const Vector4D& x, const Vector4D& y ) xuy

[2D] Vector2D operator / ( const Vector2D& x, float y ) Onepamop OeneHus. Bosspawaem x / y
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[3D] Vector3D operator / ( const Vector3D& x, float y ) 0018 KaxOoli KOMIMOHeHMbl 8eKmopa X U
[4D] Vector4D operator / ( const Vector4D& x, float y )

cKansapay
[2D] Vector2D operator / ( float x, const Vector2D& y ) Onepamop OeneHus. Bosepawaem x / y
[3D] Vector3D operator / ( float x, const Vector3D& y ) 019 KaxOol KOMMOHeHmMbl eeKkmopd y u
[4D] Vector4D operator / ( float x, const Vectord4D& y ) cKanApa x
[2D] Vector2D operator += ( const Vector2D& x, const Vector2D& y ) lpuceausarue co croxeHuem.
[3D] Vector3D operator += ( const Vector3D& x, const Vector3D& y ) BoeinonHAem onepayuto x +=y 044 Kauool
[4D] Vector4D operator += ( const Vector4D& x, const Vector4D& y ) apbl KOMIOHEHM 6EKMOPOE X U Y
[2D] Vector2D operator -= ( const Vector2D& x, const Vector2D& y ) lNpuceaueaHue c 6bIYUMAHUEM.
[3D] Vector3D operator -= ( const Vector3D& x, const Vector3D& y ) BoinosnHAaem onepayuto x -= y 019 Kaxool
[4D] Vector4D operator -= ( const Vector4D& x, const Vector4D& y ) apbl KOMIOHEHM 8EKMOPO8 X U Y
[2D] Vector2D operator += ( const Vector2D& x, float y ) lpuceausarue co croxeHuem.
[3D] Vector3D operator += ( const Vector3D& x, float y ) BoinosnHAem onepayuro X +=y 0414 Kaxool
[4D] Vector4D operator += ( const Vector4D& x, float y ) KOMITOHEHMbI 6EKMOPA X U CKanApa y
[2D] Vector2D operator -= ( const Vector2D& x, float y ) lpucsausarue c eblYUMaHUeM.
[3D] Vector3D operator -= ( const Vector3D& x, float y ) BobinosiHAem onepayuro X -= y 048 Kauool
[4D] Vector4D operator -= ( const Vector4D& x, float y ) KOMITOHEHMbI 6EKMOPA X U CKanapa y
[2D] Vector2D operator *= ( const Vector2D& x, const Vector2D& y ) lMpuceausaHue c YMHOMceHUuem.
[3D] Vector3D operator *= ( const Vector3D& x, const Vector3D& y ) BoinosnHAaem onepayuto x *=y 0na Kaxool

*—
[4D] Vector4D operator *= ( const Vector4D& x, const Vector4D& y ) N1apbl KOMIOHEHM 8EKMOPO8 X U Y
[2D] Vector2D operator /= ( const Vector2D& x, const Vector2D& y ) lNpucsausarue ¢ OeneHuem. BeinonHaem
[3D] Vector3D operator /= ( const Vector3D& x, const Vector3D& y ) onepayuro X /= y 014 KaxOol napol
[4D] Vector4D operator /= ( const Vector4D& x, const Vector4D& y ) KOMITOHEHM 6EKMOPOE X U y
[2D] Vector2D operator *= ( const Vector2D& x, float y ) lpuceaueaHue c YMHOX}eHuem.
[3D] Vector3D operator *= ( const Vector3D& x, float y ) BoeinosHAem onepayuto x *=y 018 kancool
*—
[4D] Vector4D operator *= ( const Vector4D& x, float y ) KOMITOHEHMbI 6eKMOPa X U CKanapa y
[2D] Vector2D operator /= ( const Vector2D& x, float y ) Mpucsausarue c deneHuem. BoinosnHsem
[3D] Vector3D operator /= ( const Vector3D& x, float y ) onepayuto X/= y ona Kaxcool
[4D] Vector4D operator /= ( const Vector4D& x, float y ) KOMITOHEHMbI 6EKMOPA X U CKaAApa y
JloauyecKue oriepamopeol
CuHmakcuc OnucaHue

[2D] bool operator < ( const Vector2D& x, const Vector2D& y ) Bosspawjaem true, ecau HepaseHCcmMeo
[3D] bool operator < ( const Vector3D& x, const Vector3D& y ) X<y ebinonHaemca 074 Kaxodoli napel
[4D] bool operator < ( const Vector4D& x, const Vector4D& y )

KOMIMOHEHM 8€KMOopo8 X U y
[2D] bool operator > ( const Vector2D& x, const Vector2D& y ) Bosspawaem true, ecnu HepageHcmeo x >
[3D] bool operator > ( const Vector3D& x, const Vector3D& y ) y ebinoaHsemca 0na Kaxcdoli napel
[4D] bool operator > ( const Vector4D& x, const Vector4D& y )

KOMIIOHEeHM eekmopos x u'y
[2D] bool operator < ( const Vector2D& x, float y ) Bosspawjaem true, ecau HepaseHcmso
[3D] bool operator < ( const Vector3D& x, float y ) X<y 8binonHaemca onda Kaxcool
[4D] bool operator < ( const Vector4D& x, float y )

KOMIOHEHMbI BEKMOPA X U CKAA4pa 'y
[2D] bool operator > ( const Vector2D& x, float 'y ) Bosspawaem true, ecsiu HepaseHcMso
[3D] bool operator > ( const Vector3D& x, floaty ) x>y 8blnosnHAemca ona Kaxcool
[4D] bool operator > ( const Vector4D& x, float y )

KOMITOHEeHmMbl eeKmMopa X U cKaa4apay
[2D] bool operator < ( float x, const Vector2D& y ) Bosspawjaem true, ecnu HepaseHcmeo
[3D] bool operator < ( float x, const Vector3D& y ) X<y 8bIrosHaemcs onsa Kaxcooli
[4D] bool operator < ( float x, const Vector4D& y )

KOMIMOHEHMbI BeKMOPA y U CKAAApa x
[2D] bool operator > ( float x, const Vector2D& y ) Bosspawjaem true, ecau HepaseHcmso
[3D] bool operator > ( float x, const Vector3D& y ) x>y 8bINnosHAemcs ona Kaxcool
[4D] bool operator > ( float x, const Vector4D& y )

KOMIMOHEHMbl 8eKMOPA y U CKAAAPA X
[2D] bool operator <= ( const Vector2D& x, const Vector2D& y ) Bosspawjaem true, ecnu HepaseHcmeo
[3D] bool operator <= ( const Vector3D& x, const Vector3D& y ) x<y eblnonHAemca Ona Kawdol napei
[4D] bool operator <= ( const Vector4D& x, const Vector4D& y )

KOMIMOHEHM 8eKkKmopoe X u'y
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[2D] bool operator >= ( const Vector2D& x, const Vector2D& y ) Bosspawaem true, ecsiu HEPaBEHCMBO X =

[3D] bool operator >= ( const Vector3D& x, const Vector3D& y ) y ebinoaHasemca 0aa Kaxdoli napel

[4D] bool operator >= ( const Vector4D& x, const Vector4D& y )
KOMIOHEHM 8eKmopoe X u'y

[2D] bool operator <= ( const Vector2D& x, float y ) Bosspawaem true, eciu HepaseHCcMso
[3D] bool operator <= ( const Vector3D& x, float y ) x<y 8blronHaemca ons Kaxcool
[4D] bool operator <= ( const Vector4D& x, float y )

KOMITOHEeHmMbl eeKmMopa X U cKaa4apay
[2D] bool operator >= ( const Vector2D& x, float y ) Bosspawaem true, ecnu HepaseHCmMso
[3D] bool operator >= ( const Vector3D& x, float y ) x>y 8bINoAHAeMcs ons Kkancooli
[4D] bool operator >= ( const Vector4D& x, float y )

KOMIOHEHMbI BEKMOPA X U CKAA4pa 'y

Bosspawjaem true, ecau HepaseHCMeo
x<y 8bINnosHAemMcs onsa Kaxcool
KOMIMOHEHMbl 8eKMOPA Yy U CKAAAPA X

[2D] bool operator <= ( float x, const Vector2D& y
[3D] bool operator <= ( float x, const Vector3D& y
[4D] bool operator <= ( float x, const Vector4D& y

~— e

Bosspawjaem true, ecnu HepageHcMEO
X2y  eblnoaHAemcsa ona Kaxcooli
KOMIMOHEeHMbI 8EKMOPA Y U CKAAAPA X

[2D] bool operator >= ( float x, const Vector2D& y
[3D] bool operator >= ( float x, const Vector3D& y
[4D] bool operator >= ( float x, const Vector4D& y

~ e e

[2D] bool operator == ( const Vector2D& x, const Vector2D& y ) Bosepawaem true, ecau paseHcmeo Xx =y

[3D] bool operator == ( const Vector3D& x, const Vector3D& y ) 8blrnosnHaemcs onsa Kaxcool napel
[4D] bool operator == ( const Vector4D& x, const Vector4D& y )
KOMIOHEHM 8E€KMOopo8 X U y

[2D] bool operator != ( const Vector2D& x, const Vector2D& y ) Bosspawaem true, eciu HepaseHcmMeo x #

[3D] bool operator != ( const Vector3D& x, const Vector3D& y ) y ewlnonHAemcA O0na Kawdold napel
[4D] bool operator != ( const Vector4D& x, const Vector4D& y )
KOMITOHEeHmM eeKkmopoe x u'y

[2D] bool operator == ( const Vector2D& x, float y ) Bosepawaem true, ecau paseHcmeo X =y
[3D] bool operator == ( const Vector3D& x, float 'y ) abiriosiHaemcsa 078 Kaxcool KomnoHeHmol
[4D] bool operator == ( const Vector4D& x, float y )

8eKMopPa X U CKaAapa 'y
[2D] bool operator != ( const Vector2D& x, float y ) Bosspawjaem true, ecau HepaseHcmMeo
[3D] bool operator != ( const Vector3D& x, float y ) X#Y 8blronHaemcs onsa Kaxcool
[4D] bool operator != ( const Vector4D& x, float y )

KOMIMOHEHMbI 8EKMOPA X U CKAAAPA Y

Bosepawaem true, ecau paseHcmeo X =y
8bIMonHAeMca 0na KaxOoli KOMIOHeHMb!
8€Kmopa y U cKanapa x

[2D] bool operator == ( float x, const Vector2D& y
[3D] bool operator == ( float x, const Vector3D& y
[4D] bool operator == ( float x, const Vector4D& y

~— e e

Bosspawjaem true, ecau HepaseHCcMeo
X#£Y 8bINnoaHAemcs onsa Kaxcool
KOMIMOHEHMbl 8KMOPA Yy U CKAAAPA X

[2D] bool operator != ( float x, const Vector2D& y
[3D] bool operator != ( float x, const Vector3D& y
[4D] bool operator != ( float x, const Vector4D& y

~— e

Onepamopsi 8800a/8bi800a

CuHmakcuc OnucaHue
BeinosnHAem 8800 8eKkmopa X U3
[2D] istream& operator >> ( istream&, Vector2D& x ) €CMaHOapmHo20 nomoka 8g00a.
[3D] istream& operator >> ( istream&, Vector3D& x ) KommnoHeHmel eekmopa moz2ym 6bimeb
[4D] istream& operator >> ( istream&, Vector4D& x )

npou3sosibHbIMU Yucaamu, p03a€ﬂ8HHbIMU
cumeosiom I7p06€/70

BeinosnHAem 861800 8ekmopa X 8

[2D] ostream& operator << ( ostream&, const Vector2D& x ) cmaHdapmHbil OMoK 8618094,
[3D] ostream& operator << ( ostream&, const Vector3D& x )
[4D] ostream& operator << ( ostream&, const Vector4D& x ) Komnonermer  sekmopa  pasdensromca

cumeosiom npo6ena

JdononHumesnoHsie oriepamopeol

CuHmakcuc OnucaHue

lMpeobpasosaHue 6ekmopa K maccusy

[2D|3D]4D] operator float * () sewjecmeeHHbIx Yucen ¢ naasaroweli
moykoli
[2D|3D|4D] operator const float * ( ) const MpeobpasosaHue 8ekmopa K
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KOHCMAaHMHOMY MAccusy 8euyecmeeHHbIX
yucen ¢ naasarouweli moykoli

[2D|3D|4D] float& operator [] ( int index )

Obecneyusaem docmyn K KOMMNOHeHmMam
8EeKmopa e cmuse maccuea

d’yHKHUU O6U4€20 HAa3Ha4YeHusA
CuHmakcuc OnucaHue

[2D] Vector2D Abs ( const Vector2D& x ) Bosspawaem x, ecau x 2 0; 8 ipomugHom
[3D] Vector3D Abs ( const Vector3D& x ) cny4ae eosspauwjgem —x 044 Kawool
[4D] Vector4D Abs ( const Vector4D& x ) KOMITOHEHMbI 6EKMOPA X
[2D] Vector2D Sign ( const Vector2D& x ) Bosspawaem 1.0, ecau x>0, 0.0, ecau x =
[3D] Vector3D Sign ( const Vector3D& x ) 0 u -1.0, eciu x < 0 0na Kaxool
[4D] Vector4D Sign ( const Vector4D& x ) KOMMOHEHMbI 6eKMOpPa X
[2D] Vector2D Floor ( const Vector2D& x ) Bosepawaem 6aunaiiwee yenoe 4ucno,
[3D] Vector3D Floor ( const Vector3D& x ) MeHbWee Uuau pasHoe x 074 Kauool
[4D] Vector4D Floor ( const Vector4D& x ) KOMIIOHEHMbI 6eKMOopa X
[2D] Vector2D Ceil ( const Vector2D& x ) Bosspawjaem Gausaiiwee yenoe 4ucso,
[3D] Vector3D Ceil ( const Vector3D& x ) bonbwee unu pasHoe X 044 Kaxcool
[4D] Vector4D Ceil ( const Vector4D& x ) KOMMOHEHMbI 6eKMOpPa X
[2D] Vector2D Fract ( const Vector2D& x ) B o

o3epawaem x-—floor(x) 0na kawodol
[3D] Vector3D Fract ( const Vector3D& x ) pau f (x)
[4D] VectordD Fract ( const Vector4D& x ) KOMITOHEHMbI 8eKMOpa X
[2D] Vector2D Mod ( const Vector2D& x, const Vector2D& y ) B

osepawaem  x—y - floor ( x ona
[3D] Vector3D Mod ( const Vector3D& x, const Vector3D& y ) p iu y-f ( /y)
[4D] Vector4D Mod ( const Vectord4D& x, const Vector4D& y ) Kaxdoli napbl KOMIOHEHM 6€KMOopPos X U y
[2D] Vector2D Mod ( const Vector2D& x, float y ) Bosspawaem  x—y-floor(x/y) dnsa
[3D] Vector3D Mod ( const Vector3D& x, float y ) Kaxcdol KOMMoHeHMsl 8eKmopa X U
[4D] Vector4D Mod ( const Vector4D& x, float y ) cKkanapa y
[2D] Vector2D Mod ( float x, const Vector2D& y ) Bosspawaem  x-—y-floor(x/y) 0nsa
[3D] Vector3D Mod ( float x, const Vector3D& y ) Kax0ol KOMMoHeHMol 8eKkmopa y U
[4D] Vector4D Mod ( float x, const Vector4D& y ) cKanapa x
[2D] Vector2D Min ( const Vector2D& x, const Vector2D& y ) Bosspawaem y, ecnu y <x; 8 npomusHom
[3D] Vector3D Min ( const Vector3D& x, const Vector3D& y ) cny4ae gosspauwjaem x 048 Kaucool napel
[4D] Vector4D Min ( const Vector4D& x, const Vector4D& y ) KOMMOHEHM 6eKMOopPo8 X U y
[2D] Vector2D Min ( const Vector2D& x, float y ) Bosspawaem y, ecnu y <x; 8 npomueHom
[3D] Vector3D Min ( const Vector3D& x, float y ) cayyae eo3spawiaem X 044 Kaucool
[4D] Vector4D Min ( const Vector4D& x, float 'y ) KOMMOHEHMbI 6eKMOPA X U CKAAApa y
[2D] Vector2D Min ( float x, const Vector2D& y ) Bosspawaem y, ecnu y <x; & npomusHom
[3D] Vector3D Min ( float x, const Vector3D& y ) cny4ae gosepauwjaem X 008 Kawool
[4D] Vector4D Min ( float x, const Vector4D& y ) KOMMOHEHMbI 6eKMOPA Y U CKAAAPA X
[2D] Vector2D Max ( const Vector2D& x, const Vector2D& y ) Bosspawaem y, ecnu y > x; 8 npomueHom
[3D] Vector3D Max ( const Vector3D& x, const Vector3D& y ) cnyyae sosspauwjaem x 08 Kaxcool napel
[4D] Vector4D Max ( const Vector4D& x, const Vector4D& y ) KOMITOHEHM 6eKMOpoe X U y
[2D] Vector2D Max ( const Vector2D& x, float 'y ) Bosspawaem y, ecnu y > x; 8 npomueHom
[3D] Vector3D Max ( const Vector3D& x, float y ) cny4ae gosepawjaem x 048 Kawool
[4D] Vector4D Max ( const Vector4D& x, float y ) KOMMOHEHMbI 6EKMOPA X U CKANAPa y
[2D] Vector2D Max ( float x, const Vector2D& y ) Bosspawaem y, ecau y >x; & npomusHom
[3D] Vector3D Max ( float x, const Vector3D& y ) cnydae  gosspawjaem X 048  Kawool
[4D] Vector4D Max ( float x, const Vector4D& y ) KOMMOHEHMbI 6eKMOPA Y U CKAAAPa X
[2D] Vector2D Clamp ( const Vector2D& x, Bosspawaem min (max(x, a)’ b) ona

const Vector2D& a, const Vector2D& b ) .
[3D] Vector3D Clamp ( const Vector3D& x, Kax(OOU 2pynibl KOMMOHEHM 8eKMOopos X,
const Vector3D& a, const Vector3D& b ) aub

[4D] Vector4D Clamp ( const Vector4D& X,
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const Vector4D& a, const Vector4D& b )

[2D] Vector2D Clamp ( const Vector2D& x, float a, float b ) Boszepawjaem min(max(x,a),b) 0na
[3D] Vector3D Clamp ( const Vector3D& x, float a, float b ) Kaxc0ol KOMMoHeHMbl 8eKmopa X U
[4D] Vector4D Clamp ( const Vector4D& x, float a, float b ) CKa/mpoeaub

[2D] Vector2D Mix ( const Vector2D& x, const Vector2D& y,
const Vector2D& a )

[3D] Vector3D Mix ( const Vector3D& x, const Vector3D& y, Bosepawaem x - (1-a)+y-a 0na kaxcool
const Vector3D& a ) 2pynsl KOMITOHEHM 6eKMOopPo8 X, y U d

[4D] Vector4D Mix ( const Vector4D& x, const Vector4D& y,
const Vector4D& a )

[2D] Vector2D Mix ( const Vector2D& x, const Vector2D& y,

float a ) Bosspawaem x - (1-a)+y - a dna kaudol
[3D] Vector3D Mix ( const Vector3D& x, const Vector3D& y,

Float a ) napel KOMMOHEHM 8eKmopos X, y U
[4D] Vector4D Mix ( const Vector4D& x, const Vector4Dé& y, CKanapa a

float a )

Bosspawjaem 0.0, ecau x<a, 8
[2D] Vector2D Step ( const Vector2D& x, const Vector2D& a ) paw ’ .

[3D] Vector3D Step ( const Vector3D& x, const Vector3D& a ) npomusHom cny4yae sosepaujaem 1.0 onA
[4D] Vector4D Step ( const Vector4D& x, const Vector4D& a ) Kaxcool napsl KOMMOHEHM 8eKmMopoe X U a

Bosspawaem 0.0, ecau x<a, 8

[2D] Vector2D Step ( const Vector2D& x, float a )
npomusHoOm Y m 1. a
[3D] Vector3D Step ( const Vector3D& x, float a ) po u? om ciydae so3spawiae 0 on
[4D] Vector4D Step ( const Vector4D& x, float a ) Ka#Ool KOMMOHeHmMbl eekmopa X U
cKanAapa a
[2D] Vector2D Smooth ( const Vector2D& x, Boszspawjaem 0.0, ecau x< a, 1.0, ecau
const Vector2D& a, const Vector2D& b ) x>b u 8blroaHAem nAasHyto

[3D] Vector3D Smooth ( const Vector3D& x, X v 0.0
const Vector3D& a, const Vector3D& b ) urmepnonayuio xepmuma mexcoy 0.0 u

[4D] Vector4D Smooth ( const Vector4D& x, 1.0, ecnu a<x<b 0na kamcool epynmnol
const Vector4D& a, const Vector4D& b ) KOMMOHeHm 8eKkmopos X, y U a
)

Boszspawaem 0.0, ecnu x< a, 1.0, ecau

[2D] Vector2D Smooth ( const Vector2D& x, float a, float b ) xzb u 8bIM10/1HAEM nnaeHyto
[3D] Vector3D Smooth ( const Vector3D& x, float a, float b ) uHmepnonayuo Xepmuma mexcdy 0.0 u
[4D] Vector4D Smooth ( const Vector4D& x, float a, float b ) 1.0, ecnu a<x<b ansa kaxcoii

KOMIMOHEHMbI BEKMOPA X U CKAsApos8 a u b

FeomempuuecKkue yHKYuuU

CuHmakcuc OnucaHue

[2D] float Length ( const Vector2D&
[3D] float Length ( const Vector3D&
[4D] float Length ( const Vector4D&

Bosspawaem 0suHy sekmopa | x|

X X X
~ e

[2D] float Square ( const Vector2D&
[3D] float Square ( const Vector3D&
[4D] float Square ( const Vector4D&

Bosspawaem Keaopam OauHbI 8eKmopa
2
[x]

X X X
~ e e

[2D] float Distance ( const Vector2D& x, const Vector2D& y )
[3D] float Distance ( const Vector3D& x, const Vector3D& y )
[4D] float Distance ( const Vector4D& x, const Vector4D& y ) mouxamu |x—y|

Bozspawjaem paccmosHue mexoy 08yms

[2D] float Dot ( const Vector2D& x, const Vector2D& y )
[3D] float Dot ( const Vector3D& x, const Vector3D& y )
[4D] float Dot ( const Vector4D& x, const Vector4D& y ) 8eKmopos x uy

Bosspawjaem ckanapHoe npoussedeHue

Bosspawaem eekmopHoe npouseedeHue
8EKmopos X Uy

[3D] Vector3D Cross ( const Vector3D& x, const Vector3D& y )

[2D] Vector2D Normalize ( const Vector2D& x ) Bosspawaem eekmop ¢ mem e
[3D] Vector3D Normalize ( const Vector3D& x ) HanpasaeHuem, Yymo X, HO C eOUHUYHOU
[4D] Vector4D Normalize ( const Vector4D& x ) dnuHoii

[2D] Vector2D Reflect ( const Vector2D& i, const Vector2D& n ) Alna nadarowe20 sekmopa i u opueHmayuu
[3D] Vector3D Reflect ( const Vector3D& i, const Vector3D& n ) nosepxHocmu n so3spauwjaem

[4D] Vector4D Reflect ( const Vector4D& i, const Vector4D& n ) HanpaeneHue ompaxceHus
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[2D] Vector2D Refract ( const Vector2D& i, const Vector2D& n, .
Float index ) [na nadarowezo sekmopa i, opueHmayuu

[3D] Vector3D Refract ( const Vector3D& i, const Vector3D& n, nosepxHocmu n U OMHOCUMEsIbHO20

float index ) KosguyueHma  npensomaeHus  index
[4D] Vector4D Refract ( const Vector4D& i, const Vector4D& n,
float index ) e038pawaem HaripassieHue rpesomMmaeHua

Yenosele u mpuzoHomempuyeckue hyHKyuu

CuHmakcuc OnucaHue

Ana Kawcdoli KomMnoHeHmMbl 8ekmopa X
nepegodum epadycbl 8 pPaAduaHel U
8038pawaem pesysnomam

[2D] Vector2D Radians ( const Vector2D& x
[3D] Vector3D Radians ( const Vector3D& x
[4D] Vector4D Radians ( const Vector4D& x

~— e e

Ana Kaxwool KomnoHeHMbI 8ekmopa X
nepesodum paduaHel 8 2padycel U
so3spauwjaem pesysemam

[2D] Vector2D Degrees ( const Vector2D& x
[3D] Vector3D Degrees ( const Vector3D& x
[4D] Vector4D Degrees ( const Vector4D& x

~— e e

[2D] Vector2D Sin ( const Vector2D&
[3D] Vector3D Sin ( const Vector3D&
[4D] Vector4D Sin ( const Vector4D&

Boszgpawjaem  sin(x) 0na  KaxcOol
KOMMOHEeHMbl 8eKMopa X

X X X
~ e e

const Vector2D&
const Vector3D&
const Vector4D&

[2D] Vector2D Cos
[3D] Vector3D Cos
[4D] Vector4D Cos

Bosspawjaem cos(x) 0naa  KaucOol
KOMIMOHEeHMbI 8EKMOopa X

~~~
X X X
~ e e

[2D] Vector2D Tan
[3D] Vector3D Tan
[4D] Vector4D Tan

const Vector2D&
const Vector3D&
const Vector4D&

Boszgpawjaem tan(x) 0na  Kawool
KOMMOHEeHMbl 8eKMopa X

~~~~
X X X
~ e

[2D] Vector2D Asin ( const Vector2D& x ) B . o
o03spawyaem arcsin (x) 014  Kaxool
[3D] Vector3D Asin ( const Vector3D& x ) pawy (x)
[4D] Vector4D Asin ( const VectordD& x ) KOMIMOHeHMbl 6eKmopa x
[2D] Vector2D Acos ( const Vector2D& x ) Bosepawaem arccos (x) 0na  Kadoii
[3D] Vector3D Acos ( const Vector3D& x )
[4D] Vector4D Acos ( const Vector4D& x ) KOMIOHEHMbI 8EKMOpPA X
[2D] Vector2D Atan ( const Vector2D& x ) B o
o03spawaem arctan (x) 0na Kawool
[3D] Vector3D Atan ( const Vector3D& x ) pawy (x)
[4D] Vector4D Atan ( const Vector4D& x ) KOMITOHEHMbI 8eKMOpa X

SKCnoHeHyuasbHble U 102apupmuyeckue pyHKyuU

CuHmakcuc OnucaHue

[2D] Vector2D Pow ( const Vector2D& x, const Vector2D& y )

Bosspawjaem x’ 0dna kawdol napel
[3D] Vector3D Pow ( const Vector3D& x, const Vector3D& y ) pawy p

[4D] Vectord4D Pow ( const Vectord4D& x, const Vector4D& y ) KOMITOHeHM 6EKMopos X Uy

[2D] Vector2D Pow ( const Vector2D& x, float 'y ) Bosepawaem X ons Kaxcdoli
[3D] Vector3D Pow ( const Vector3D& x, float y )

[4D] Vector4D Pow ( const Vector4D& x, float y ) KOMIOHEHMbI 8€KMOPA X U CKAnApa 'y

[2D] Vector2D Exp ( const Vector2D& Bosspawaem & ons kaxcdod

const Vector3D&
const Vector4D&

[3D] Vector3D Exp
[4D] Vector4D Exp

~N~~
X X X
~ e e

KOMIMOHEHMbI BeKMopa X

[2D] Vector2D Log ( const Vector2D& x ) Bosepawaem Inx ons Kancood
[3D] Vector3D Log ( const Vector3D& x )

[4D] Vector4D Log ( const Vector4D& x ) KOMIOHEHMbI 8€EKMOPA X

[2D] Vector2D Sqrt ( const Vector2D& x ) Bosspawaem ona Kaxcooll
[3D] Vector3D Sqrt ( const Vector3D& x )

[4D] Vector4D Sqrt ( const Vector4D& x ) KOMIMOHeHMbl 8eKmopa x

2. Knacewl Matrix{2|3|4}D

Tab6uuua 2. ITons u MeToasl KiaccoB Matrix{2|3|4}D
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KoHcmpykmopel
CuHmakcuc OnucaHue

[20] Matrix2D ( float d =@ ) Co3daem Hoeyo Mampuuy ¢ 0OUHAKOBbIMU
[3D] Matrix3D ( float d = @ ) 4 P Liy
[4D] Matrix4D ( float d = @ ) a71emMeHmMamu Ha 2nasHol duazoHanu
[2D] Matrix2D ( const float[2] d ) Co30aem HOBYHO Mampuyy ¢ 3000HHbIM
[3D] Matrix3D ( const float[3] d ) Maccueom — 37emMeHmos  Ha - 21agHoll
[4D] Matrix4D ( const float[4] d )

duazoHanu
[2D] Matrix2D ( const Vector2D& d ) Co30aem Hosywo Mampuyy ¢ 3000HHbIM
[3D] Matrix3D ( const Vector3D& d ) 8eKmopom a71emMmeHmo8 Ha 271a8HOU
[4D] Matrix4D ( const Vector4D& d )

duazoHanu
[2D] Matrix2D ( const float[2][2] m ) Co3daem Ho8yHO mampuuyy nymem
[3D] Matrix3D ( const float[3][3] m ) 300aHUA B8cex ee 3nemeHmos 8 e8ude
[4D] Matrix4D ( const float[4][4] m )

maccusa
[2D] Matrix2D ( const Matrix2D& m )
[3D] Matrix3D ( const Matrix3D& m ) Cosdaem HOBsz mampuuy kak modHylo
[4D] Matrix4D ( const Matrix4D& m ) Konuto 3a0aHHO

Apugmemuyeckue ornepamopel

CuHmakcuc OnucaHue

[2D] Matrix2D operator - ( const Matrix2D& x ) Y y
HapHbIl MuHyc. Bosspawjaem -x 014

[3D] Matrix3D operator - ( const Matrix3D& x ) P y paw
[4D] Matrix4D operator - ( const Matrix4D& x ) Kax#0020 31emeHma Mampuyel X
[2D] Matrix2D operator + ( const Matrix2D& x, const Matrix2D& y ) Onepamop cnoxceHus. Bozgpaujaem x;; + y;;
[3D] Matrix3D operator + ( const Matrix3D& x, const Matrix3D& y ) 014 KaxcOol napel anemeHmMos Mmampuy, X
[4D] Matrix4D operator + ( const Matrix4D& x, const Matrix4D& y ) uy
[2D] Matrix2D operator - ( const Matrix2D& x, const Matrix2D& y ) Onepamop ebldumaHus. Bosepawaem x;; -
[3D] Matrix3D operator - ( const Matrix3D& x, const Matrix3D& y ) 7 0414 Kaxcool napsl 31eMmeHmMo8 mampuy,
[4D] Matrix4D operator - ( const Matrix4D& x, const Matrix4D& y ) xuy
[2D] Matrix2D operator * ( const Matrix2D& x, const Matrix2D& y ) Onepamop  ebidumaHuA.  Bosspawaem
[3D] Matrix3D operator * ( const Matrix3D& x, const Matrix3D& y ) pe3ynbmam anzebpauyecKozo

[4D] Matrix4D operator

*
~

const Matrix4D& x, const Matrix4D& y ) YMHOMEHUA MampUy X U y

[2D] Matrix2D operator * ( const Matrix2D& x, const Vector2D& y ) Onepamop  8blMumaHuA.  Bosspawaem
[3D] Matrix3D operator * ( const Matrix3D& x, const Vector3D& y ) pesyabmam anzebpauveckozo
[4D] Matrix4D operator * ( const Matrix4D& x, const Vector4D& y )

YMHOM(EHUA MAmpuybl X Ha 8eKMop y

[2D] Matrix2D operator * ( const Matrix2D& x, float y ) Onepamop  ebiyumanus.  Bosspawjaem

[3D] Matrix3D operator * ( const Matrix3D& x, float y ) X'y 0719 Kax0020 3AemMmeHma Mmampuuysl x
; % ;

[4D] Matrix4D operator * ( const Matrix4D& x, float y ) u ckanapa y

[2D] Matrix2D operator / ( const Matrix2D& x, float y ) Onepamop  eblqumaHus.  Bosepauwjaem

[3D] Matrix3D operator / ( const Matrix3D& x, float y ) X/ Y 0018 Kaxdo20 snemeHma Mampuysi x

[4D] Matrix4D operator / ( const Matrix4D& x, float y ) U cKanapa y

[2D] Matrix2D operator * ( float x, const Matrix2D& y ) Onepamop  ebiyumaHus.  Bosspawaem

[3D] Matrix3D operator * ( float x, const Matrix3D& y ) X+ ;i 0014 Kaxcdo20 3nemeHma mampuusl y
; % X

[4D] Matrix4D operator * ( float x, const Matrix4D& y ) u ckanapa x

[2D] Matrix2D operator / ( float x, const Matrix2D& y ) Onepamop  8blMUmMaHuA.  Bosspawaem

[3D] Matrix3D operator / ( float x, const Matrix3D& y ) x/y,-j 0419 Kaxc0020 asieMeHma mampuuysl y

[4D] Matrix4D operator / ( float x, const Matrix4D& y ) u ckanapa x

Onepamopsi 8800a/8bi800a

CuHmakcuc OnucaHue
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BbinonHaem 8600 mampuuybl X MO

[2D] istream& operator >> ( istream&, Matrix2D & x ) CmMpoKam u3 CmMaHOAPMHO20 OMOKA
[3D] istream& operator >> ( istream&, Matrix3D & x ) 88000. 3JnemMeHMbl Mampuysi moaym
[4D] istream& operator >> ( istream&, Matrix4D & x )

66imob npou3eosibHbIMU yucaamu,
pa3d€ﬂeHHbIMU cumeosiom npo6ena

BoinosnHAem 8618600 Mampuysbl X MO
[2D] ostream& operator << ( ostream&, const Matrix2D & x ) “
cmpokam 8  CMAHOApPMHbIU  NOMOK
[3D] ostream& operator << ( ostream&, const Matrix3D & x ) p p
[4D] ostream& operator << ( ostream&, const Matrix4D & x ) 6b618004. SnemeHmel mampuysl
pasdendomca cumeonom npobena

—~~

JdononHumersnoHsIe oriepamopesl

CuHmakcuc OnucaHue

Obecneyusaem odocmyn K 371eMeHMam

[2D|3D|4D] float * operator [] ( int index )
Mampuybl Kak K 08yMmepHoMy mMmaccusy

Obecrieyuusaem 0docmyn K 3n1eMeHmMam
[2D|3D|4D] const float * operator [] ( int index ) const mampuuybl KOK K KOHCMAHMHomy
dsymepHOMy maccusy

dyHKkyuu obwe2o Ha3Ha4eHuA

CuHmakcuc OnucaHue

[2D] float Determinant ( const Matrix2D& x )

[3D] float Determinant ( const Matrix3D& x ) Bo3spawaem onpedenumesns Mampuysi X
[4D] float Determinant ( const Matrix4D& x )

[2D] Matr1.x2D Transpose ( const Matr‘lleD& X ) Bosepawaem pesyasmam
[3D] Matrix3D Transpose ( const Matrix3D& x )
[4D] Matrix4D Transpose ( const Matrix4D& x ) MPAHCroHuposaHua mampuysi X

[2D] Matrix2D Adjugate ( const Matrix2D& x )
[3D] Matrix3D Adjugate ( const Matrix3D& x )
[4D] Matrix4D Adjugate ( const Matrix4D& x ) 0na Mampuybl x

Bosspauwjaem npucoeduHeHHYo mampuyy

[2D] Matrix2D Inverse ( const Matrix2D& x )
[3D] Matrix3D Inverse ( const Matrix3D& x )
[4D] Matrix4D Inverse ( const Matrix4D& x ) mampuysl X

Bozspawjaem obpamHyro mampuuy 015

®yHKYUU 0bwe20 Ha3HayeHus

CuHmakcuc OnucaHue

Boszspawjaem  mMampuuyy — ompaieHus

[3D] Matrix3D MirrorX ( void )
omHocumensHo naockocmu YZ

Bosspawjaem  mMampuuyy — ompaieHus

[3D] Matrix3D MirrorY ( void )
omHocumesnbHo naockocmu XZ

Bosepawaem — mampuyy — OmMpaMceHus

[3D] Matrix3D MirrorZ ( void )
omHocumernsHo naockocmu XY

Bosspauwjaem mampuyy nosopoma 80Kpy2

[3D] Matrix3D RotateX ( float a )
ocu X Ha yeon a (8 paduaHax)

Bosspauwaem mampuyy nosopoma 80Kpy2

[3D] Matrix3D RotateY ( float a )
ocu Y Ha yeon a (8 paduaHax)

Bozspawjaem mampuyy no8opoma 80Kpya

[3D] Matrix3D RotatezZ ( float a )
ocu Z Ha y2on a (8 paduaHax)

Bosspawaem mampuyy nogopoma 80Kpy2
[3D] Matrix3D Rotate ( float a, const Vector3D& v ) 300aHHO20 HanpaeseHus V HA y2on a (8
paduaHax)

Bozspawiaem mampuyy no8opoma 80Kpya
ocell cucmembl KOOpOUHAM HA 300aHHbIe

[3D] Matrix3D Rotate ( const Vector3D& a )
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8EKMOpPOM a yesnbl (8 paduaHax)

[3D] Matrix3D ScaleX ( float s )

Bosspawaem
macwmabuposaHus
KoaghghuyueHmom s

mampuyy
gdosnb ocu X ¢

[3D] Matrix3D ScaleY ( float s )

Bosspawaem
macwmabuposaHus
KoaghpuyueHmMom s

mampuyy
8dosne ocu Y ¢

Bosspawaem mampuuyy
[3D] Matrix3D ScaleZ ( float s ) macwmabuposaHus e80onb ocu Z €

KO3ghpuyueHmMom s

Boszspawaem mampuyy

[3D] Matrix3D Scale ( const Vector3D& s )

macumabupoesaHus 800sb oceli cucmemol
KOOpOUHAmM ¢ 300QHHLIMU BEKMOPOM S
KoagpuyueHmamu

3. Knacc Transform

Tabauna 3. ITonst u MeTonbl Ki1acca Transform

KoHcmpykmop

CuHmakcuc

OnucaHue

Transform ( const Vector3D& t = Vector3D :: Zero,

const Vector3D& o =
const Vector3D& s = Vector3D ::

= Vector3D :: Zero,
Unit )

Co3daem Hogoe agppuHHoe
npeobpasosaHue 075 3a0aHHO20 8eKMopa
napannenvHo2o0  nepeHoca t,  yenos
nosopoma o u KoaghpuyueHmos
MacwmabuposaHus s:

Fp)=R-S-p+T,peR’,

20e S — mampuya macuwimabuposarus, R —

mampuya nosopoma, T — 8ekmop
napannesnbHo20 nepeHoca
®yHKUUU Npeobpa3osaHUa KOOPOUHAM
CuHmakcuc OnucaHue
Bosspawjaem pesynsmam
Vector3D ForwardPoint ( const Vector3D& p ) npeobpa3zosaHus MoOYKU p:
Flp)=R-S-p+T
Bosspawaem pesynsmam
Vector3D ForwardVector ( const Vector3D& d ) npeobpa3osaHuUA HaNpaeneHus d:
Flp)=R-S-p
Bosspauwjaem pesynsmam
Vector3D ForwardNormal ( const Vector3D& n ) npeobpa3o8aHUA HOPMAnNU N:
Flp)=R-S"p

Vector3D BackwardPoint ( const Vector3D& p )

Bosspawjaem pesynsemam o6pamHo20
Mpeobpa308aHUA MOYKU p:

Fip)=S"-R"-(p~T)

Vector3D BackwardVector ( const Vector3D& d )

Bosspawjaem pesynesmam o6pamHo20
npeobpasosaHusa HanpaenaeHus d:

Flip)=s"-R"-d

OYHKYUU YmeHUs / yCMaHOoBKU napamempos rnpeobpa3oeaHus
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CuHmakcuc

OnucaHue

Vector3D GetTranslation ( void )

Bosspawaem eekmop  napannenbHo2o0
nepeHoca

Vector3D GetOrientation ( void )

Bosspauwjaem eekmop ¢ y2namu nogopoma
80KpYye oceli cucmembl KOOPOUHAM

Vector3D GetScale ( void )

Bozspawaem e8ekmop c
KoagppuyueHmamu  macwmabuposaHuA
800s1b oceli cuicmembl KOOPOUHAM

void SetTranslation ( const Vector3D& t )

Yemanasnusaem Hosbll 8eKmMop
napannenbHo20 nepeHoca

void SetOrientation ( const Vector3D& o )

YcmaHaenusaem Hogbie yanbl nosopoma
80Kpye oceli cucmembl KOOPOUHAM

void SetScale ( const Vector3D& s )

YcmaHasnusaem Hosble KoagguyueHmel
macwmabuposaHusa 80oab oceli cucmemsl
KoopouHam
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