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This thesis presents you two methods for calculating optimal independent
contact region for 2D and 3D case. In 2D case, we’'ll construct graspable region on
configuration space and then use Loovoronoi diagram to find largest square which
represents optimal contact region of that grasp. In 3D case, we'll transform the problem
into graph system which vertex represent polyhedral face and 2 type of edge which
represent adjacency property and force closure grasp property between every pair of
edges. Then use GPU programming to calculate optimal independent contact region in

parallel programming manners.
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Face-Vertex Meshes
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2.4 Introduction to CUDA

241 nmsldnsauanaailuginsaliursuuuaunu
TuldAteun malulagaesnifauaniua (graphic card) lagnivmunluudaes

waslszananaiuatingunn (3U7 10) Wasannilsznavldfaanisailszananaanuaunin
o o % [~ '8 o K | 51:: o o
WaT bandwidth dmiudetayanannizage nnfananana lullaqriiuaailuglnsaiiudsry

felunistszunananinnanilnyaldlunisAanua s sinnan



17

Theoretical GB/fs
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With shared memory

51/ 14 Shared Memory

243 maaauldsunsuuu CUDA
2.4.3.1 A Highly Multithreaded Coprocessor

Wainniadaulilsunsuuuw CUDA ndauansnaazgnuesiiuginaninialuiezes
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memory Inein1slaudayaszindng host memory Uax device memory HUAZNIENNNIUNNT
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317 15 annilmenssy CUDA

2.4.3.2 Kernel

Kernel {luanildmanitsunsuivineuetuu device Inaazyinauniansiunans
pfuuLau Tnaudasgae9n1sineIuazEFandn thread wazd thread 1D iwiaag1eaa
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2.4.3.3 Thread Block

1
= 1%

Thread block Aanguaay thread NgnanTisannguiun liRans lunadnd
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24

Tsunsnannils host aziflusindamandsaas kemnel Taiflufnllsunsngusuusay
thread 'lUglq device wazazninistlszananalaenissay thread il block wag grid

pnunlananaluugnludnasi

2.4.3.5 Memory Model

Threada N19ULW device HWANNINENTY DRAM uazuiagauaniaguiuniga

3
aalszinmnsinelfassially

Registers : aunsnauiazidawls, Wnieldainsesiu thread waaiu

1 = v ¥ K % o = %
- Local memory : @nu13naunazilauld, Wnielfannsziu thread inanii
- Shared memory : @1x13ne1ULazBeuls, WndeldannszAu block WRearu
- Global memory : gnx1saanukazi@euls, Wnneldannszau grid Wweaiu
- Constant memory : @1113n811lAasnanen, Wnheldannsziy grid inaaiu
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Grid
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3171 16 n1adinisuaeAINATE89 CUDA

2.4.4 gyuuU Hardware &l'aamémmmwa

2.4.4.1 A Set of SIMD Multiprocessors with On-Chip Shared Memory

ANFALAAINANANNNTDUszraNATUTUNTN CUDA 1atidlsznatauann
multiprocessor uane|ianuT iduanslugili 17 Inaiusas multiprocessor tiuflu

an1menssNgiafiFandn Single Instruction, Multiple Data architecture %138 (SIMD): 1w
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Multiprocessor HuaxsaazinnislszraanaldnFasiunaznans block i
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2.4.4.3 Compute Capability
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n9laulilsunsuuy CUDA
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I
o o

- __host__uar _ global__ launsndsenaldiudaridumnaniuls

[

- global__ #aaili void function winiiu (ldfinng return An)
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NINULNG warp auAaLIiaud thread lu warp AuazBusinau fdadnns
sudszfuinduneunisdeudeyanduldaiwlsszinnilazgninrenl s
Funeudnlyl AFesldAdaitaranis synchronize nau

18/ ATRIAINTIL

- _shared _ uwar _ constant _ ld@unsalddaniuls

- constant G’T@agﬂﬁmummmmﬁa host Winth

- shared __ lg1nnsannvusanEnsususinaudsznnale
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1
6 o

1 v

- msBenldfefiunidu _ global azfeasldn1smieAnfitdAsang (aznanai
sia )

co

- msBanldWeaidunidy _ global aznaumninanululilsunsuils host Aaudn

ATNULEFAA5S (asynchronous )

v A o

"instszniasaulsiae g Aulaae daulsiuusldnunaes register
=~ = . 2 A Py S Y o
vigaluunensl complier aziaanyazldnunL local memory nilun1slsenasa
wsrunalug)odu array - deunnsldsiaulsdsziny pointer Buannsad iy
- My v . o P

shared memory %178 global memory Alg dn compiler aA111970a7UUNLAENNNAL
o d’j Y o a 1 ZJ/ o o ¥ Y a K = 1 a 1 i/,
N3kl SRduiuazieAu i ldene8aie global memory WeagNgAgawINTwL
wazdmaA 3 pointer Tudauuea host Tl avinaminuanaes device vizasaanler
pointer 14184 device THTWUILAIINAYRS host ARTiANGANTTNN LA

awnsnszyld waziinazinlilgainis segmentation fault Walilsunsuviganingu
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2.4.5.3 NNSATUUANITINADS LINUNI552NIaNA kernel

= 173 o‘nl/ t:ll G5 ?:/ v o a Y o
nsGEenldiaridulamin _global_ 1 azsiasinnisssymisilnesliiunig
dszananati)dng Inenisfimesninivualvitiuasdszneuludiag ARves grid, NAved
block waz3NNUnLneAITNATLL shared memory fg block Asiaani1slillsunsulding
o o Y e O A
syynnimasiatldssndnsefariduiy input 2eeeriduiiug 1w Func <<< Dg, Db,

Ns >>> (input) Iag# Dg, Db uaz Ns Hpanuvsnasase bl

- Dg wususdszinm dim3 (dudssinndaudsianizaes CUDA uune il

o [~1 dl 1 aa ] [ = dl A aacl ¥ ¥
mmumwmnmﬁ@wﬂumum LLﬁlﬂtﬂqﬁuﬁ]LWﬂ\iﬁu\?M?@@@\?Nﬁ]ﬂ‘lﬂ 1%

v
' o

o o 4 a KX aa dl I o O 2’/
ANNTUNITAWAIDNNALEN L) ThaIy Dg.x * Dg.y AzinnNuUauu block NUNA

¥

o
NABINTUIZNIRNG

|

- Db ludauilstlszinn dim3 dailudaszysunnaes block tagd Db.x * Db.y *
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- Ns {luanuau byte 289uLR8AINAT shared memory NFaan15andss Wi
14 block et lddfusaulsnninisisenemdudszinn external array Ns

i v
wsudsnazsvyvive esyfld uaraassiuiu 0 drlivinnisdsenae

2.4.5.4 Built-in Variables

- gridDim dlusutlsdszinn dim3 wazazueaniarualfnwes grid

- blockldx {ludauilstsziny unit3(wdewiu dim3 ynetns wildiveylsfls)
WATLBNTNUNNELALL3TA169 194 block 1%u°'|

- blockDim WuFaudsilssinn dim3 wazazuenieauafaves block

- threadldx WluFulstsz0m unit3 BazUaNINUNNLLATLTEaNFU84 thread
v

iy
da’1imUag built-in variable Aa

- Tanwnsnenny alillsunsugsgenedaumislumias aanuaaessouls
2y
wia i1

- daunsasean vl W squdsianils

2.4.5.5 Built-in Vector Types

- char1, uchart, char2, uchar2, char3, uchar3, char4, uchar4, short1,
ushort1, short2, ushort2, short3, ushort3, short4, ushort4, int1, uint1, int2,
uint2, int3, uint3, int4, uint4, long1, ulong1, long2, ulong?2, long3, ulong3,
long4, ulong4, float1, float2, float3, float4
faulswaniifudeususulsesnim C Usnadauariinuinariuaziy

uuiRresanlsingannsneeaeneldfaasauls x, y, z waz w
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- dim3

WiHauiy uint3 nisznig wiABusiuaesian il lflszniarnldaziiu 1

246 Texture Memory

iunagaauanfaguu device memory uaraNsnaulaetinaman Weing
audnya aziinnsdnsasdayarasqalndipasanld dndnisaudeyaainisnamingiu
o rd < d e dn s e
N13871UATINLAY texture memory fnaNNTaNazdsAnaU ldgaldsunsuldlaen llddaena
! 1 o a d! ! o 1% 1 dd‘
n1sguAINUaaAYINANaseEasdaeszudnnan i lfatnamnn Tnaaniznstin thread

T warp iwgafiuinnisgudeyaansunislnde i

Texture memory sulsgnaanuuunntaeiuliiuieiunissudayaann 2 J5
NA1IABLNANINIIEIUAIATN texture memory AR A dayanat Indnuszazniauu 2 J5

Auantiuazgndnsasienld nseudiayaann texture memory ununaziaanid glopal

U

£ E%
St =

A v Ay A
memory %78 constant memory ULNARAAI alilil

=

BN v = g S !
- Global memory uumm&mzﬂwmmmmﬂ@Lﬂuﬂ@mm £iN91 memory bank
fndinnsanudayanuazFnniuain memory bank Wgari fiazfaseniinisey
! 1 v
NINNIMIkTaL ANNA LUty aTILANFNSAUIW WH texture memory Azl
tloyunilszinnil asdudayalsiFandiunn
- meAuwrnsitesdayanazianisauazinuan kernel tnagilnsalianns
. =KX o ¥ 4 !
14 multiprocessor a4 B Mnataandn

- aunsnudasdayaiin integer Tinaneniluanuauazalugag [0.0,1.0] viza [-

]
o

1.0,1.0] neudsnaulsd deilflszlaminuauniednuns ninasinaunn

N198714183 AN texture memory 1l AZABNIINITBIUNIBANRIRNIE ( texture fetches)

o

Tneazdidoulstsziny texture reference @iilusinalilels texture TaaunsnszyAn 9y

¥ a

texture reference leanazliianudanaann texture Ty 1 85/, 2 JRv3a 3 WA 69 texture

u

dl a a o Q’l’ :j/ A dl | 1 o dl
memory Al lAnefinusatiuiduae cuda array FailunuagANRN Uz NaaniLL
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1Nl L1l texture memory Tagianng gunsotlsynnalddaust 1 39 3 T3 seeiunnsldem
1l321Am 8, 16, 32 bit integers %78 16, 32 bit float uaztisunsuluil device anunsnianag
audayaan cuda array H1UNN texture reference vinddu daunnsdandiayaasionn
Tulsunanannils host Enumdatamnz cudaMemcpyToArray flaziugananslunisdnaen

dayaann array wuvilsnfuulilsunsuils host T cuda array uuils device

24.7 AIRIAU 9 MNEINUNITAANTUUIYAINAT

NN9BNUUNEIANNANLU device BULRRLALNTUANNNTnAzd e R UAdasa 1Tl
16N cudaMalloc TNNNWURAUAUAIFS malloc 2a9N11 C 1R, cudaFree AMnUAL
WUEIANINAN IUAENTUAIRYS free 109NN C UsNFA UAZ cudaMallocPitch @9 ld&11sy

float* num;

cudaMalloc(&num,10*sizeof(float));

uarl¥ANd4 cudaFree AMUFLALULNLAINNAN UALINAUANES free 189011 C UInB

v 1 1
o Y o o I~

471N19994 array T 2 TFviu azld Ands cudaMallocArray \WaA®R4 array Lag

1 v
o

cudaFreeArray lun1sAUMUIEAIINAT ANES cudaMallocArray HuazfasldsanuiuAd
cudaCreateChannelDesc aaian135zyilszinnaasdautls, 35n1seudays uaznisutlas
o A P A o % ! o
mrﬁlfauwmiﬂ,mn@ummumﬂ@uuﬂumum@umimmmﬂ@

cudaChannelFormatDesc channelDesc =

cudaCreateChannelDesc<float>();

cudaArray* cuArray;

cudaMallocArray(&cuArray, &channelDesc, width, height);
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way M; Huduseanniu t; Huunn 1 miml,@:%l,%’ﬂzjlﬁﬂd"mq (n; aunsauldlaenig
wnw £ Tuianauduunfnaly 90 aeen) namausa@aaniu C; fianunsonszinuudu E;
annsoflelfdunnmes n; + (tan a)t; ween; — (tana)t; dla t; €
[0, 77/2) lusmesavibmasnmausadaemiu

o '

1 Qil o M v 1 a = o =X o [~1 dl % a o
Vinquunevin daduenaaslilfaguuinanawneniuy A funiafiasianuaniia
1 AQI a o 2% md‘a 1 ¥ dl 3 | o :
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n =n,length = length’,L = L'uvaz X = X' o X =
v,E L t,nyvwC
Configuration space 184H{aaUYINAaaIazLli [0, L) X [0, L') gl

o

(u,u) € C azdan (U, w) diu “nssuiinn” fseidle length’ (1) uas

o

(length’) 1 (u") funsduifinnansRuutnasuss (fefdu length Gnaziy

A
fayailuge uaglimnenudruuaidlani length ™! azfudayailuiiuiusiauay
Tirnauiluanioves P)

enlvimm “nedunfe” G © C fluwaprasvindunna linisduitunisdun “fa”

[

A 1o dl 1 a dld v a o dl
(G PomrawinduiegluFnnntauauiRwnTareuss) G; ; udumnaesanidy
a ! a @

Anvessnu E; uaz E; azllenaiu

Gij =GN0 ([L;Lixq] X [L}, Liyq])

312 msAwanmn G;j

@ o o Aol ' | v 4 } ' v !
Gj j \hoihduaesnsqufiifaileeguusiu E; uasintoanileeguudiu E;

A =

tynisdundaniitlaaeuss iutlgmdgnansuduesnediuda andsenaili 2 [f16

a

HEmnsAnEn 13udalu [27] 91 Gi,j assananNlflnaadunis 9 aaNn1T Uusawls

!/ asa v v o v I o
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o/ ! , 1 o ng ] ] ng
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a
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annnaziiulddntuaden U aanld A U, p(u) azedaulllufidBbaqiuiy

t; Wuszazmiawini A U duiu qatateass I(1) azeaeulilluiia —t;
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3.1.3 n1ga88 configuration space
Wasannawsiaziinanunsnanesialdatedasylu isnuduiasascuazdainlinig
AutiuilunisdundnuanTRuuuTaseduss Arumaesusazinduianmzy laaesn
dl o o ZJ/ a v A . . [~ [ a dl dl 1% o/
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a

unu fasiuazdasdAwdanidasnsiielu [0,2L] X [0,2L']

TunsilitAsiadudngAaumnaii azaiun9nld configuration space NNAWIALANNTNLAN

[% y k4 ! ' o o |l =
16 dWeaannlungiitl G azguunnssaLun U = U WIIZIINI9RAL U U U Diudeu

e X e dd X e d o da ey e a Cnd e ¥
NIAAUTNALNUIRALEALNAD Tefazin Iildvinduma (aaduTaulasw) iy w0
% 4 o = . < 5% ' 1% ! | i

awnsnsn G Wsldeseniletivatidnuuu (Wiaans) du U = U (U 21(a)) dauaas G 9

| ! | o
agwite u' > L (vdannswnnaes u > L @wdsalu [0,2L] X [0, L] ¢ide

[0,L] % [0,2L] ) Gaunuiin1sfuiidniueg dauiisnmumnaanaesidu



40

! a i i ! @ o i % 1
u=u — L asnamedganinduu = u + L) Adudeyandn mwanzliianle
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3.1.5 USIIUANNARATENANAR
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