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Let index be the current configuration for this thread
ifindex ’s depth is current  depth
find the configuration for index
for every next configuration
find next index for next configuration
if next index’s depth is not set
set next index’s depth
to be current depth+1
set next index’s move

Al 3.10 siafisndmsumsdumainyadiusulvdiive waguszuranansain

For every initial configuration
set depth for the configuration to be O
current depth = 0
While depth is changed
run kernel for every vertex at current depth
synchronize the kernel

=] v o [ 1% a < ¥ 1
a1N 3.11 sviam&mm‘m‘umsﬂummnqﬁmuJuwu'mmsuawu'wﬂizmawanme

ANTULDULTWIANYDITUABUITUAB
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] s 1 ¥ 14 a
AN 3.12 AIBYININITAURILUINININNAD

Let index be the current configuration for this thread
find the configuration for index
for every next configuration
find next index for next configuration
if next inde x’s move IS not set
enqueue next index with atomic instruction
in second queue
set next index’s move

] LY = ° [ ¥ a ¥ 1 a
AMNY 3.13 FUANYUAINTUNITAURIIINAIVBILUINUIVBINUIFUTEUIaNANTINN

For every initial configuration
enqueue the configuration’s index in first queue
While first queue is not empty
run kernel for every vertex in the first queue
synchronize the kernel
firstque  ue = second queue
empty the second queue

a CY = o s 14 a ¥ 1
AN 3.14 SUANYUFIRTUNITAURIAINAIVDILUINUIVBINUILUSLUIANANANY

ANUTUTDUTIIA1VDITUADUIIUAD
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Funouds Funoudey | nafildede | mheanusild | snaunsideu
AagUuuy sULUUEEn
IDA* (Reinefeld, 1993) | 1-2-3-4 757.9 ms 1,922 bytes 46
5-9-13 7.953 ms 1,362 bytes 32
8-Puzzle 0.029 ms 1,322 bytes 31
M3 4.3 MIUERINANTTUSTINAIATUADUSS IDA*
11234 11234
5 51678
9 (10| 1112
1314 | 15
A 4.3 drdunsuftymeessasiiym
Funouda Funaudes | nanily wiherusIile | Srusunisdsy
gﬂLLUULQ?ﬂlﬁJ
BFS (Parberry, 2015) | 1-2-3-4-5 9,515 ms 100.08 MB 31.04
Leftover 34,303 ms 692.83 MB 32.86
Total 43,818 ms 792.91 MB 63.99
Proposed 1-2-3-4-5 893 ms 65.98 MB 31.04
Leftover 4,181 ms 456.81 MB 32.86
Total 5,074 ms 522.79 MB 63.99

A1379% 4.4 arsaSeuiisuTunaulsamiuaeslyngaavasuiaunFesduinay

funoutos UYLV ﬁwuaumswﬁaugmmmaﬁa
1-2-3-4 524,160
5-9-13 11,880 67.64
8-Puzzle 362,880
1-2-3-4-5 5,765,760
63.99
Leftover 39,916,800
Optimal 2.09x10" 52.59

A13199 4.5 mseSeudisuguuuunisudalulandgesdmsulsaunGesduiiay
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4.3 a@5Unan1nay
NHANITNAABIVUABUI DU IUSAUIS awUnLay nuITusaudsilenanlunism

ANMBUUBENINDIAMNI B UNUTUABUIDTNOUNTN karldVUI8AINUINLUAIBNAIY B9

o ¥

Tuneudssaosuuuil uanseiuiiesnisnsdaiudeyauazsluuunsuszanana AIanse

€

a6

TUPUTS lassaredoya | msvszanana | nadld | mhoawdild
IDA* (Reinefeld, 1993) | lall4 ARy 30 ms 1322 bytes

BFS (Parberry, 2015) | #151948% a1 288 ms 6.298 MB
Proposed UD2EIAU YU (GPU) 61 ms 4.153 MB

A15199 4.6 as1aUSeuisurunaudslunisuiusauseauuaia

INAITNA 4.3 NUPEMTUUTURBETT IDA* afildlun1smAneutulzluegiv
anudnvesrulivenfeduiunisvasusuuuuresdymiug lnedwiudgmnistenas
FaumMsuanisnuUsEla 2.07 vinlideaudnvesnulifintunis agvirlinalglu

= =

nsmfmeuindulszna 2.07 wh Tneileauladmeuressuuuuiieniigadediviliai
Anasantuldnalunismimeuinnifuly

nsdifinUwd Jymilvualvg e1asilildnaiuazmirernudlunisussuiana
Qq%uﬁaa 3afimsissudisuussans s sunewisinedmdudamiilnatu wadulus
919t 4.7 mlddunouituuuruulundisdszananansiinlfussansamlunig
Uszananageiudnudanit uasnsldsuaufuwmusuuuulunisifulogaldmiseniud
tonindnifes iiesndedifmlunsiuieyadstivunslug

TUROUIT lassaiedoya | msvssanana | nadld | mhoawdild
BFS (Parberry, 2015) | A151948% a0 43,818 ms | 792.91 MB
Proposed WA YU (GPU) 5074 ms | 522.79 MB

f1319% 4.7 msalSeuiisuvusaudslunisuivsaunizasduiiavlasnidymdas
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Hardware Software Memory
GPU Device / Kernel Global Memory
Streaming Multiprocessor Grid Global Memory
Processor Block Block Shared Memory
Processor Block Warp Shared Memory
Processor Thread Register
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Memory Clock cycle
Global Memory 600
Constant Memory 5

Shared Memory 5

Register 1
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Specifications Value
CUDA Cores 640
Block Size 1024
Warp Size 32
Global Memory 2048 MB
Constant Memory 64 KB
Shared Memory per block 48 KB
32-bit Register per thread 255
Compute Capability 5.0
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Let index be the position to find the value
Let data be the Fenwick tree
value =0
while index > 0
value = value + datafindex]
index = index - ((index) & ( - index))
return value
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Let value be the value to find an index
Let data be the Fenwick tree
depth = Most significant bit of size of data
current = depth
while depth > 0
depth = depth / 2
if current > size of data
current = current - depth
restart the loop
if data[current] = value
position = current
if data[current] >= value
current = current - depth
else
value = value - data[current]
current = current + depth
return position
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