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1. 00ddg

OOoobOobooobobooobobooobobooobobooobOooD200600 9th DI-
MACS Implementation Challenge - Shortest Paths (9th DIMACS) [1,8,9]0 000000
0000000000000000009%h DIMACSOOOODOOOOOO [3,7,15]000
0000000000 000000000000o0ooODo0o0oooooooOoOooD (o
24000 000580000)00000000000000OOOOOOOOOOOOOOOO
00000000000000000000 (boo)booooooooooooooOo
gboobobbuodgbbuobuooboooobbooobboooboboobobbuoobboonn
gouogbobgobodbogbbogbobooobodboobbooboobooon
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O0000000oOoOoOoOoOoOoOoOOOOOOOOOOOOOOOODOOODO 11)OoO
oooobobooooobooD “boboooor’oboob0oboboboooooDoDOoDn
gobbobobobbbbbootboobotbuggooooooooobobbbbobbobobboo
000000 [4,5,10,12,14,16,20|0 00 000000000000 (400000000
gogooobobbbbbbtbootbotdddddodoooooooooobobooobooboo
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O0[17-19)000000000000000000000000OO000D0D0UOooOoOoOOO

*http://www.census.gov/geo/www/tiger/
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2. 000ooooobbbooooooooa
21. 0000000000000 0O0d
00000000ooooooooo G=(V,E)ODDoOoOoo2000000000000:
e 10000DODO0O (Single-Source Shortest Path problem; SSSP):
- 00:00 seVid
— g0 goouooboobbbbouoooooaa
e 10 100000 (Point-to-Point Shortest Path problem; P2PSP):
— 00:00 seVOODO teVyd
— gb.:g0bobobobbobooboobd
DoobooobooobotdyveVoboooboobooboobooboo:
e dv): D0DOOOOD
e 7(v): 000D ODDDODOUODOD (DDODODDDOOODDOOO nil0OOO)O
e S(v) 0000000 DODO (unreached: 000 Olabeled: 00O Oscanned: 00 )0
O0sO00000000000000000000d(s)=00n(s) =nil0S(s) = scanned
d(v) = oo 7(v) =nil0 S(v) = unreached (Vv € V\{s}) OOOOO00O0DOOOOOOO
0000000 v000d(w) 000000000 (v,w)€ EOOD (OD) l(v,w) 000
00d@) +i(v,w) <dw) 000000 dw) + l(v,w) +d) 0000000000 S(w)
U unrearched U U U0 labeled OO UOOOOOOOOOOOOOOOOOOOOON
00 S(v)=scanned 0000000 labeled 000000000 OO0OODODODODOO
0000000010 1000000000 ¢t+0000 S(t)0 scanned 001000000
000000000 Sk) (MweV)D scanned 0000000000000 0ODODOOOO
lggoooooobooooobibbbooooooobobbbbboooa
O000000000000000000 (D000 labeledDOODODOO)DOOOODOO
goodooooooobbobbbouooooa
22. 0000000000000004d
O00000000000000 QOU0insertddecrease-key (0000 deletel insert)d
extract-min 0000000000000 0O0O0O0O0O0O0O0O0O0OOOODO “00000d
Oooooor’0 “00b0booooboboboboo0r’o2000000000000000O0
gogdd:
insert: 0 v eV OOOO d(v) D0DDO0O0O0ODO0OOOO0 QOOOOOO
delete: D veQUODODOODOODOODOODO
e decrease-key: 0 v€e QUOODOO000O d(v) O d'(v) (d(v)<d(v))DOODDOO
e extract-min: 00 d(v) DO00O0O0 ve@O0O0O0OO0O
221. 000000000000
gobotdbogtobooobboboubognboobbooboobbooboboon
gobbbdooooguobbuoooobobobbboooobbobuooouobbbooa
O00000000000000 (binary heap 000 2-ary heap)[20)0 00000000 20
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O0o0000oo0o0ooo0ooLD >000oo0oogoooooo (0 1o0)ooooo
gobobbbobbdudgubbbbibdgodubbbibUddinsertl]decrease-keyll
extract-min 00000000000 O(log,n) OO0O0OO0OOOODOOODOO(DOODODO
O00000000000o0o0)0o0ooooo

222 000000ooOoOOoOoOon

gbogbooobuogbuobobooooboobbooboooboobboobooon
gbbugoboobbboodobbuooobbooobbooobbuoooobboog1
00000000 (1-level buckets O OO Dial’s algorithm)[10|0 000000000000
0000000000000 0C+1(C:0000)00000O0OoDOOoOoOoC+1000
00000 “dv) mod (C+1)" 000000 100000000000 (0 200)000O
0000000000000000000000000000000 O(1) 000 insert
0 decrease-key OO0 Oextract-min 0 O(C'+1) 0000000000 CcOOO0OO
OO0000bOo000ooboobo0oooboooooDboobOoh DIMACSODODOOOO
D000 (mbp)[§| D000000000000000D (multilevel buckets)[14] 0020
gbogbbodboobbodoboobbodobobbbodoboobboobooon
goo

last bucket
et < not empty bucket

ir---Hi-gLéi-o-rit-y--E\“\\____.__/./O\
| | /
§ o/ \o E -

v 2
| towprioriy  r77777C 6% (; O O/% (?\ O

U 1gobboboogon

empty bucket

g2 100000040obo

23. 00000000

000000oobo0oooooo0obo0bob000ob0o0b0ob0o0Do00bOobDOooDIKH
(4-ary heap)O DIKB (1-level buckets)[4]0 mbp[14] OO 0 09h DIMACS OO OOOOO
090000000 00000000000D0 100 1600000)0000 Long-C
Family (1,048,576 0 04,063,200 0)0000 0000 Randomd-C Family (1,048,576 0 O
4,194,3040)00000000 Square-C Family (1,048,576 0 04,190,2080) 000000
0000000000000 000000000000000 4e40,...,15} 000000
040000000 (0 100)00000000010 100000 100000000
goooog sy bobuodobobbooo 40ebsbbooooboo
O00oo00o0oooODOOoDIKBOOOUODODODODODODODDODODODOo0ooooooooooooo
O00O0O0O0OODIKHO mbp OODOODOODOODOODODOODOODODOOOODOOO
000000000000 0000000D0ODO00O Appendix BOCODOEOFOGO
O00000000000D000 Harpertown (0 200)0000
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O 1: 9th DIMACSOOOOODOOO0ODOOOODO

Family 00 OO OO0 00 00
Long-n 2! 4 x 2" —32—2x (27/16) 0,277 [2,4 100 160000000000
Long-C 220 4x220-32-2x (220/16) [0,4' [2,4 100160000000000
Random4-n  2° 4 x 20 0,2 [1,17] 0OOOOCOOOCO
Random4-C 229 4 x 220 [0,4 ([1,17] 0ODOOOOOOO
Square-n 2 4 x 20— 4 x2i/2 0,2 [2,4 OOOODODOO
Square-C 220 4 x 220 4 x 220/2 [0,4] [2,4 00DO0ODOOOO
4 T T T T —» 512
DIKH —s— ) DIKH —=—
DIKB ----e--- o DIKB ----e--- ,
mbp - e R S P mbp - PO .
— 2r / g .‘.
g / = 256 |
° T o 14
g e S
= 1 :.' g_
g &
2 120 |
i A £ et
05 g
o = " - e
i e
026 L—— 64—
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i i
0 3: Long-C.i.0.gr: 0000 [sec.] 0 4: Long-C.i.0.gr: 000000 [MB]
4 T T T 512 T T T T
DIKH —=— DIKH —=—
DIKB ----e-- ; DIKB ----e---- H
mbp ..... O :'-' mbp ..... A ’:.‘
= 2
g 2t / £ 256 |
= 2
@ 1t 5 128 - Ve
@ £ —
=
3
05! 64

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i i

0 5: Random4-C.i.0.gr: 0000 [sec.] O 6: Random4-C.i.0.gr: 000000 [MB]

b 512

256

128 |

Execution Time [sec.]
=
Memory Requirement [MB]

0.25

64

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i i

0 7: Square-C.i.0.gr: OO0 O [sec.] 0 8: Square-C.i.0.gr: 000000 [MB]
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0200000

00000 00000 OS(Linux) GCC
Clovertown  Intel Xeon(R) E5345 2.33GHz x2 (400 x2) 16GB CentOS 5.4  4.1.2
Harpertown  Intel Xeon(R) X5460 3.16GHz x2 (400 x2) 48GB CentOS 5.4 4.1.2
Nehalem-EP  Intel Xeon(R) X5550 2.67GHz x2 (400 x2) 72GB Fedora 12 4.4.3
Barcelona AMD Opteron(tm) 2356 2.30GHz x2 (400 x2) 36GB CentOS 5.4 4.1.2
Shanghai AMD Opteron(tm) 2384 2.70GHz x2 (400 x2) 36GB Fedora 12 4.4.3

. ydobobouoonbbbogn
3.1. J0O0DOog

00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000 cCcooo0oooon
00000000000000000“C000000000000000000000
(000 =49, 000000000000 00“00000000000000000
000000000007 00000000000000000000000000000
“0000000000000000000700 “000000000000000000
00000000000000007000000000000000000000000
00000000000000000000000000000000000000000

gboboooooboood
3.2. 0000000

000000000000 90000000000000000000000 [13)0000
0000000000000000000000000000000000000000
000000000000000000000000000000000 CPUDODOOOO
00000000000000TLB 000000000000000000000000
000000000000 00000000000000000 (250 pico seconds) 00 0 O
00000000000000000 (RAM)OO Ghytess 00000000000000
000000000000000000000000 (100 nano seconds)J00000 00
0000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000L2(0000 L3)00000000000000000
Mbytes 00 00000000000000000000000000000000000
0000000000000000000000000000000000000000
(0 3.303.4035000)0

3.3.000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000 (0000000000000)000000000000000000

‘000000000000 000000000000000000000
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fast CPU
Registar Registar
250[ps]
L1 cache x10
TLB Cached Memor

1[ns]

2
/ L2 cache \ > x10
Main Memoy
/ RAM \ 100[ns] ;
HDD x10
/ Disk \ 10[ms]
slow

09 obbooggon

gbbogbobuogbbuobbboobbodbbooboooobboobbooboann
000000000000 64bytesI 00000000000 OODODOQO 64 bytes (32-bit
000 4bytes) D000 1600)0000000000000000O0O0O0O0OOOO
O00000000000000000000000O000000C00O0OO0O (0 1300)00
gogbbobdobil1gbobobdoooobobobobooo20b0booooobon
gbooboooon

3.3.1. JbbOouooobobouooobbbouooobn

00 000 mOI0000000000Q0OCOOOO0O00000000O00O0O (adjacency-
matrix representation) J 0 O(n?)00 0000 0O (adjacency-list representation) 0 0 O(n+
2m) 000 (600000000000 0ODO0O0O0OO00OO0O0OODOOOOOOOOOOO
gdooooobbobobobtbdooooobodooooobbbbbbuooooon
000000000000000000000000ODO (0 100bD)boDoDoUoboooo
goobbbobbodoooobbbuoobbbobodooooobobbboooooon
00000000000 (0 1100)o

U 10: 0boobobobobboobod o01-bbooobboooobbooobbon

0000000000000 00000000000000000D0o0oDoooOo000
O00000 incident[] 000000000 DOO0OO0OOOOOOOOODO arcl] ODOO
00000000000 0000D0000O0b00000o0D00oOoooD 0000000
0000 incident[v], incident[v+1], ..., incident[v+1]1-1 0000000000
0 arclincident[v]], arclincident[v]+1], ..., arclincident[v+1]-1] 00000
0000000000 1200000000 2(incident[10000000)000000O0O
O00000002(00300038)03 (004000 2)04 (005000 15) (arc1 00O
oooo)oooo
3.3.2. 0000000D0DODODO0OO0ODODDODODOOOODODOOOd

00000 arc[] 0000000000000 00000000000000000000
0000 Agee (0 1300)0000000000000000000 head[10 length[]
00000 Agy (0 1400)020000000000000000000000 (000

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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incident[]

NodeID |1 2 3 4 5 (6)

ArcID 0 2 5 7 8 8
arc[]
ArcID |0 1 2 3 4 5 6 7
head 2 3 3 4 5 4 5 5
length |4 5 8 2 15 10 6 9

012 0000000000000000000O (00O 5000 8)

00000 (00000000)000000000)00 Agwe 00000000000
000 (00000000000000000000000)00 4,,000000000
0000000000000 0000000000000000000000000000
00000000020000000 NypuON,, 0000000

4 R4
arc-length arc-length_ |
int incident [NUM_NODES+1]; int incident [NUM_NODES+1];
StI.‘llCt arc_t { int head[NUM_ARCS] ;
int head, length; int length[NUM_ARCS];
} arc[NUM_ARCS];
AN
013: 00000000000 A 0 14: 0000000000 A,

0 1500 30000000000000000000O0 (COoO0O0)oooooOoOoO
0000000bbo0obbooobboobbooobboobboooboboobog
000000000000000 (Aay, Nay) OO0 (100%) 00000000000000
gboogbobogbogb 2000000000000 000000bL0bOO0o0bO0boOn
goboboogobboboad:

(Aarya Nary) S (Astruct7 Nary) S (Aarya Nstruct) S (Astructa Nstruct>‘

3.4. k-ary heap 0000 kOOOO

01600 4000000000000000 (0 1300)000 k-ary heap OOO0O k0O
00000 ke{2,..,32} 00000000 1000000000000DOO0O0OOODOO
0000000 400 k=400000 4-aryheap 0000000000 O0O0OOODOO
000000 Harpertown (0 200)00 £A=2000000000000000000O
o000 f0b00b0b0ob0ob0obOobobOobOob0bob0bobobUoboDbO
O0000000000000000000000Oextract-min0 000 O(klog,n)O00O
gboboobuoogoobooo

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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20

T
Clovertown ——
Harpertown mmm
NehalemEP  m—
Barcelona ©=SxY
Shanghai

15 |

10 -

Performance Improvement [%)]

. N N
(Aary:Nary) (AstructNary) (Aary:Nstryct) (AstructNstruct)
Data Placement

U 15: (Aery, Nary) 000000000000 000O0O0 [%)

O 3: (Aary, Nary) 00000000000000000 (%)

(Aary7 Nary) (Ast'ruct7 Nary) (Aary7 Nst'ruct) (Astructy Nstruct)
Clovertown 0.0% +8.02% +12.61% +19.52%
Harpertown 0.0% +7.69% +11.70% +18.27%
Nehalem-EP 0.0% +1.90% +4.89% +6.36%
Barcelona 0.0% +7.59% +11.80% +12.92%
Shanghai 0.0% +6.38% +11.57% +18.94%
7.4
7.2
7L
§°° O 4: k-ary heap:k 0000000000 [sec.
g 66 k 0ooo
E 6.4 1 1-5 - 5565 6.27 6.31 6.21
.% 6.2 6-10 6.23 6.19 6.21 6.23 6.29
g 11-15 6.32 6.33 6.33 6.33 6.38
o er 16-20 6.46 6.51 6.58 6.64 6.71
58 1 21-25 6.76 6.81 6.87 6.93 6.97
56 26-30 7.02 706 T7.11 716 7.20
’ 31-32 7.24 7.30 - - -

2 4 8 16 32
k

U 16: k-ary heap:k 0000000000 [sec.]

3.5. 0000bo0buoobooobooboon

Ooooobooooobooobboooooboooooboboooboboo0ooooon
U 000insertl decrease-keylUextract-min U U U UOOOOOOOOOOOOOOMO
oobooobooooooboooboogoboobbooobooboobobbooboooDo
gobbodooboobooboobooboobooboobooboooooboooobooonn
Oooobooooboboooobbbooooboooobooobbooooobobooooobon
cobobodobobooobobobooobooboooobooooooboooboooboobooboonbon
O000000000000000000000 (Algorithm 2) 000000 (Algorithm 1)
OoboobooboboobboboboboobobobobobUdbDUextract-min O OO0
U0OO0O0000000insert U decrease-key UU DU UDOUOOOOOOOOOOOOO

O0000000 HOOOOOOOOOOO Hireot)DOODODODODDODODOOOOODO
000000000000 topdown-extract-min(H) (O 170 Algorithm 100 )0000
booboobooobobboobobooobobooboooboboobooboobOobOobooa
000000000000000000 bottomup-extract-min(H) (0 180 Algorithm 2

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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O00)00000000000000ooooooDooDoOOoOoOo0OOoO0OoOoOoOooooog
OO000 50 0topdown-extract-min(H) [ bottomup-extract-min(H) DO OOODOO
OodoO0o0O00oOo0oodbooUooOdooooO0oOobo0bDOoOooOoDbDoooDOoooboOoo
000000 (0 1300)00001010000000000000O0O0O0ODODOOOO

000000000400 5% 000000000000

0 5: 000000000000000000 [%]

topdown-extract-min(H) [sec.] bottomup-extract-min(H) [sec.] O000O
Clovertown 3.60 341 +5.52%
Harpertown 2.49 237 +4.718%
Nehalem-EP 2.56 2.41 +5.78%
Barcelona 4.47 430 +3.8™%
Shanghai 3.76 3.58  +4.82%

U 17: topdown-extract-min [J 18: bottomup-extract-min

Algorithm 1 topdown-extract-min(H)

1: if H=0( then

2:  return nil
3: end if
4: = + H{root|
5: Hlroot] <— H[H.size]
6: 1 < root
7: while H]left(i)] # 0 do
8 if Hlleft(i)].key < H[right(i)].key or H|right(i)] = () then
9: min <— left(i)
10:  else
11: min < right(i)
12:  end if
13:  if H[min].key < H[i].key then
14: swap(H[i], H[min))
15: 14— min
16:  else
17: return z
18:  end if

19: end while
20: return z

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo



gboboobooaboooboobooobooboaboo 67

Algorithm 2 bottomup-extract-min(H)
if H =( then
return nil
end if
x < Hlroot]
1 <= root
while Hlleft(i)] # () do
if Hlleft(i)].key < H|right(i)].key or H[right(i)] = () then
min < left(q)
else
min < right(i)
end if
if H[min].key < H[H.size].key then
14— min
else
break
end if
: end while
. if H[i] # H[H.size] then
H[i]| + H[H.size]
: end if
: return

I I R e e e e e e e T
M2 Q29 0 gk o

J.6. 00D UOOOODDOOOOO

gboogbobodgboobbodgboobboobogbobooboooboobooon
gbbuogbboobboboobbooobbuooobbooobbuooobooobod
gooboobbbbbbootbotbdddddodooooooooooooboboooboo
00000 (Algorithm 3)0 000 0000000000000 O0O0OODODOOOOOOO
gbobobooodgobbbuoogoobbooooobobooooobbboooobo
OO0000000000000000 POSIX Pthreads DO OO0 0OO0O0OO0OOOOOOOO
gboogobogobugbbogbboobbooobooobogbbuooboboob
gbobooboobooboobobboboobuoobobbobn 330340350
gbboboooobbbooobboboogobbobuoooobon

Algorithm 300000000000 OOOO

input: ODO00O0O0O S

1: generate all threads

2: while S # () do

3 (s,t) < pop(S) with mutex
4:  dijkstra(s,t)
5
6

. end while
. terminate all threads

3.7. 00D00Ogn0O
e OO UO0O0O0ODLDDOUOOOLDDOUOOUODLDOLDLUOOODLDbDDbDOO
e DU OO0ODLODLDUOOODLDOOOODLODLDLDOUOOODLDLDOUOOODLDO

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo



68 ugbogbogaoogaoo

e U UOOOODLDDOOOODLDDOOOODO

4. Uggobooooooobobodgo

oooooOoo0O000000000000O0O0O0OoO0obOOoOoOOOOOObObObODOOO0O
00000000000000000 (000000)0000o0o0oo0oo0oooooo
OoO0000000000o0o0o0o0000000000000O0O0O0O0O0O00O00OO0O00O00
oobooOoooooooooooooobobooboooooboOoOOODDODODOOOOOOO
000000000000 0000000000000000000000000 (O 20
0)00000000000000000000000O0000000000000000
Oododooobodooooodoooooooboobooodgooo200000 80
000000000000000000 Clovertownd Harpertown (0 1900) 0 L2 000
000000 2000000000000000000000000 Nehalem-EP (O 200
0)0 Barcelonal Shanghai 0 L2 000 000000000000 000000OOO0OO
40000000000 L30odbooooooooooooooooooooooon GNU
GCC(gee-4.1.20gec-4.43)0000000000-020000 (0 600)0

L2 cache

0 19: Intel Xeon(R) X5460: 000 L2 000 0O 20: Intel Xeon(R) X5550: 0 OO0 L2000
oboooooooboooobooooon gbobooboobooooboobooo

6 000000000D0OO00O0O0
goooo gee-4.1.200 gee-4.4.3

gogbooogd -02

41. J00gbooboooobobooodgooon

oob0oobooOooboobooooboobobooboooboob0ooboobobO0oobOooDn
Oob0ooboooooOoboooooooboooboooboobooobooooooobDOooDo
Linux OO cpufreg-selector U0 DO OODOO0OOO0OOODOOODOOOODOOOODOO
oobooboboooboboooboobbooboboobooobooooobDoooDooDOooDO
bbbl = 0uboobboobbobbobobooboobooboon
OoobOobOoboooboobooooboboooooobOooobooobooDoobooo
O0000000000000ODODOOOOOOOOO (0D 7O0) 000000000000
ooboobobooooobooooooboooooboobbooboobbOobboOobOoDo

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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0000000000000 00000000OO0Intel Xeon(R) 5160 3.00GHz OO0 OO0
00 2.00GHz (—-33%) 0000000000 1000000000000000O0O 27.01%
0000000000000 000000ooooO0O0o0o0ooooooooD (o 8uo)o

Urnoobbbiodgdgbbbdgdoobooooooo
oooo 0000

googo 0OO0oo0ooobooo
gboodg o0obooboooboobo

08 0000000000000 000Doooooon [%)
000000000 0000000 (000) 0000
Intel Xeon(R) 5160 3.00GHz 2.00GHz (—33 %) —27.01%

4.2. 200000000000

00 1000000O0OO00O0O0O0O0ODOO0OOO0OO0OO0O0O000O0O0O0 (0D 900)000 200
000000000000 (000)0000oooooooooooooooooo (o 10
O00) 00000000000 Linux 00 numactl 0000000 OOOOOOOOOO
200000000000 (DUD0D0ODODOOCOO0O0O0ODOD BOO)ODDODOOOOOODOO
0 (10000000 10)00000000000000000 200000000000
gbooboobbodbbuobbuoogobbooboobbuoobobooobboaobo
godbuodbbugoboggbbobbugobboobbogbbooobboonbo
gbbuogobbogboboobbuoo2u00bboobbooobbooobboaan
gboogboobugbbogbogobuoobbogboobobuoooobooooooon
gbbbuoooobbbuooobbbuooobobon

09 00b0odbodbdggbgobg200000000000
gooooo ud

100 gboooooao

gboooboodg obooobobobog2bd

200000 00000000 L200000000000000 200 (0:0 190000 10)
L20000 00000000 L20000000000000 200 (0:0 190000 20)

0 10: 1000000000000 2000000000000000(00)00000000

oood OooooDoO0o L2000200 L2000 200
1o0o0obooboooooo ooood oood oood
2000000000000 oood oood oood
200000000000 oooad oood oood
oood oood oood oood

00000000 Harpertown (Intel Xeon(R) X54600 0 200 1900) 0000000
0000000000000 0 (0 11o0)ooooooooooooooooooooo
00 2heap* (D0DODOOO0OO0OOOOOOOOODODO)0D0OOODODODOOOOOOOOOO
gooooooooooo

00 2-heap* 0000000000 O0OOO 120000000 12000000000
oo0o0oboooobobobl20dbooobbbooooboboooobobooooobD oo
gobooobobooobbtboo L2oopbooobbuooobobbooobobbooobo

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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U 11: 20000000000000000000000000O %0000 [sec.))

100 D00O0000 L2000200 L2000 200
2-heap® 0.00% (5.46) —1.05% (5.52) —4.03% (5.69) —18.56% (6.70)
2heap  0.00% (5.67) —1.59% (5.82)  —6.33% (6.17) —19.67% (7.12)
buckets  0.00% (3.93) —4.34% (4.13)  —12.48% (4.56) —30.27% (5.60)
mbp 0.00% (5.69) —2.00% (5.85)  —6.72% (6.17)  —26.90% (7.73)

goobogoboobooobbooboboobooboboobooobooboooo
gboobogboggboooobobbuoobobbuoobbuogbbogboooobooonon
gooboooooboooobbboooon

0 12: 20000000000000000000000000 (%0000 [sec.))

100 0000000 L2000200 L2200 200
Clovertown  0.00% (7.65) +1.02% (7.58)  —4.24%(7.99)  —22.21% (9.84)
Harpertown  0.00% (5.46) —1.05% (5.52)  —4.03%(5.69)  —18.56% (6.70)
Nehalem-EP  0.00% (5.51)  +0.53% (5.49)  —3.13%(5.69) )
Barcelona  0.00% (9.80)  +0.02% (9.80)  —5.81%(10.40) )
Shanghai 0.00% (8.32) +3.91% (8.01)  —5.66%(8.82) )

4.3. 2000000000000

00 2000000000000 O0ODOO00000b0bODb00o0o0obDbObo0oOoooDoboo
0000000000000 000000000oDoooo0ooooooood (Algo-
rithm 3)0000000000000000000000OOOOOOOOOOOO0 Clover-
townd Harpertown (0 1900 )0000000000C00CCOOODOOOOCOOOOOO
goddddoooooooobbbbbdddoooooooboooooooon
godgtobbooooooooboobobodddouoooonobooboboooouoa
gobobbooooobobboooobbbibl <= 000ggoboobboooooooo
00000000000 42000000000 (0 11)0000000000000O00O0
gogdgdgd200bddddddddddddooo @
00 (0 2100)001000000000000020000000000000000
000 (0 1200)00000000000000C00000OOO0O0OOOOOOOOOO

0 210 0 Harpertown (Intel Xeon X5460 3.16GHz (0 1900 )x2)0 00000000
Oo0oo00o0obOoo000ooooooooobobobobobooorLk20pooooooooo
0000000000 (64Kbytesd O 6Mbytes) 0 0012000 000000000000
000000000000 16% 000000000000 (0 2100) 000000 20
000000000000000000 (-1856%)0000000000L2000000
0000000000000 oooobobobo0bbb00o0il =L20000000
gugodoooooobbbbuooooao

5. gbDbOO0bOoobooboobon

OO0 9gh DIMACSOODOOOOODOODOODOODOOODOODOOOODOOODOODO
(0 BO00O)0DO0o0oO0OOoUoOoOooooo

5.1. 10ddobbbduodgbobbboooubbboooobbod

0000000000000 (0 1300)000 1000000000000 oOOObDOO
000000000 2-heapd2-heap* (0O00O0OCODOOOO0O0OO0O (DO R)0OO0OOO

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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2.0

other-dié
L2-unshared s 1
L2-shared - - -

18
16
14

=
N
\

© o
o ©

bandwidth [doubles/cycle]
-
o

°
~
\

o
(V)

o
o

16 64 256 1024 4096 16384
size [KB]

021:20000000000000000000000 [doubles/cycle]

0 13: 0000000000000
00 23,947,347 0OOOOO n
00 58333344 0O0OOOOO0O0OO m
00 [1,368855] O0O0OO00:0000C
0o 1, 8] 0000000000000

0000000000)0buckets 00009th DIMACS 000000000000000
DO0000 mbp[l4 000000000 [4,5,16/00000000000000 14 (00
0O[4)00 15 ([4,16)00 16 (5) 00 O0000Djk 0000 1000 1000000
000000 (000D 0hit 000000000000 (0000)0Mem 000000
0 (000 GByte) 0000000 00000000000O00 Harpertown (0 200) 0
0oo

00000000 2-heapO2-heap*dbuckets (0 140000)000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000

014 0000001

.. Init[sec.
ooo oooooo Dijk[sec.] toxtfile [binz]iry—ﬁle Mem[GB]
2-heap* O(mlog,n) binary heap 5.53 30.30 0.91 0.90
2-heap  O(mlogyn) binary heap 5.60 30.30 0.91 1.27
buckets O(m + nC) Dial’s algorithm 3.50 30.30 0.91 0.91
mbp[14]  O(m+nlogC) multi-level buckets 5.68 51.70 - 2.17

5.2. 0D OOOoOoOoooOo

0000000000000 000 (0 B300)0000000O0O0OO0O0 32-bit0O0O
000000000 2-heapd 2-heap*T buckets 000000000000 O00OOOOOO
OOooboobOoe-bit0O000ooboboboooooboboooobobooooon
goobobobobboboboobobbbbbootbdddoooooooooobobbbooboobon
O0o000oo0oo0ooooo0oooooUoD (0 1700 B8(1D1ODO0DODO0OO 10O
O0000000000)00)DOD0O mbp OOODOOODOD 64-bit000000O0OOODO

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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0 15: 00000024

ooo oooooo Dijk[sec.] Init[sec.] Mem[GB]
DIKQ O(n?) naive Dijkstra’s algorithm 674.13 51.28 1.81
DIKH  O(mlog;,n) k-ary heap (k =4) 7.23 51.94 2.43
DIKR  O(m+nlogC) 1-level R-heap(log, C' + 3) 8.09 52.87 2.80
DIKF O(m + nlogn) fibonacci heap 15.97 53.41 3.17
DIKB O(m + nC) Dial’s algorithm 4.38 50.38 2.62
DIKBD O(m +n(A+C/A)) double buckets A = [C/211] 4.67 52.59 2.62

016 000000 3 [5,16]

ooo oooooo Dijk[sec.] Init[sec.] Mem[GB]
bl  O(m+n(C)) 1-level buckets 5.58 52.48 2.55
b2 O(m + n(CY?)) 2-level buckets 5.57 52.51 2.55
b3 O(m +n(CY 3)) 3-level buckets 5.59 52.35 2.55
hl  O(m + n(log C)M/9+€)  1-level hot queue 5.93 52.39 2.55
h2  O(m + n(log C)/9+€)  2-level hot queue 5.93 52.47 2.55
h3  O(m + n(log C)(1/+€)  3.level hot queue 5.92 52.46 2.55

2-bit0000dbo0o0odboooobooobooboooobooobooooooboOoon
Harpertown (0 200)0000

0172 00000000000 [sec./query] 018 0000000000000 [GB]
2-heap® 2-heap buckets mbp 2-heap* 2-heap buckets mbp

32-bit 0 OO 2.61 2.47 1.68 2.63 32-bit 00O 0 0.90 1.27 1.09 2.17

64-bit 0 0 O 3.11 3.14 2.28 2.65 64-bit 0 OO 1.62 1.99 1.81 2.17

5. 3. UObuooobbobouoobobboooobbbooooboboboooobobo

0 1900 22002-heap 00O O0O0ODO (0D 200)0 10100000 10000000
Dooboboboboboborzooobooooo20bgoboooooooooon
000000000 (00000 Clovertownd Harpertown) 000 8 000000000
obo40b000boobooboobuoobooboobooboobooDb L2000
OO00000O0O0D0ODOO000oOooDoOoooOoOo0O (o000 Nehalem-EPO Barcelonall
Shanghai) 00 80 0000000000000 O0DOOO0OOO0OOOOOOOOOOOO
goo

54. 1010000000000 OO0O0O0O0ODOO0O0OOobDOOd

0000000000000 000000 2-heapd 2-heap*dbuckets 000000000
0000000000000000000000000000 (0 230 2400 200 210
0)000 2-heap*(4000000)0mbp0 0000000000 OODO4.02000000
(0 200 210000)02000000000000000000 (0 1100)0 2-heap O
2-heap* 0000000 mbpOOOOODODOOOOODODOOOOO 2-heap O 2-heap* O
000000000000000000000000 (0 200) 000000000 (01
O00)D0OOO0O00O0O0O000000o000 (Appendix ADBOCODOEDOFOG)ODOOOO
00000 Harpertown(O 200) 0000

6. oo oooooboobooo

20080 00000000DODOO 9h DIMACSOOODODOOODODOODOODODO
Ooo0o0OO0COCOOoOOO0OO0oOoUoOoOooOoOobOOoDOOGUI(DoooooOOoOoOoOoOoo

ooooooOoOoOoOoOOOOOO0OO0O000 OO0O0O0O0Oooooooooo
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8 ‘
Clovertown —=—
Harpertown ----e----
Nehalem-EP ----a---
= 4+ Barcelona - 1
q;, Shanghai ---+--
Sy
3
S 27
Q
=
|_
c 1r -~
S T R
5
s el TS
> e ~e
w o5+ T °
-

0.25
number of processors

022:0000000000000000000 [sec./query]

019 0000000000000000000 [sec./query]

number of processors 1 2 4 8
Clovertown 3.64 1.80 0.90 0.66
Harpertown 247 1.22 0.65 0.47
Nehalem-EP 258 1.36 0.72 0.42
Barcelona 4.67 246 1.31 0.76
Shanghai 3.86 2.01 1.03 0.57
4 ; 8 ;
2-heap* —=— 2-heap* —=—
2-heap ----e--- 2-heap ----e---- -
_ buck%ts j buckets :
g 2 M 8 4
g 1 22
= ¢
L T § 1
w
0.25 05

1 2 4 8 ' 1 2 4 8
number of processors number of processors

023: 00000000000 [sec./query] 0O 24: 0000000000000 [GB]
020: 00000000000 [sec./query] O 21: 0000000000000 [GB]

number of processors 1 2 4 8 number of processors 1 2 4 8
2-heap* 2.61 1.30 0.66 0.46  2-heap* 0.90 1.27 2.00 3.46
2-heap 247 122 0.65 0.46  2-heap 1.27 2.00 3.46 6.38
buckets 1.68 0.84 049 046  buckets 1.09 1.64 2.73 4.93
mbp 2.65 - - - mbp 2.17 - - -

000000)000000000000000000000' 000000000000
(0 2502600)0000000000000000O0OOO0OOOOODOOOOOODOODOO

thttp://opt.indsys.chuo-u.ac.jp/portal/
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Appendix. 9th DIMACS 00 0O0OO0O0OO

9th DIMACSODODODOOOOO (O 102200)0000000000000OOO0O0O0000
OO00bD100000b0obubooobuobobobuobOobogn 2-heapd buckets OO O
OoboooboooooboboooobooboooooboooobDobOod0 mppd
O0000000000002heap*0000000000000000O0O0O0OOOOOO
oboobouoobuoobboobobooboobboobbobbuoobdob O Harpertown
(0 1900 200)000000000O0OD0OO0OOO0O0DOO0OOOOOODOOOOO1010O

0000 1000000000000 (msec.000)0000O

A. USA-road-d Family

0 22.000000000000000

0o 0o 0o 0o
USA-road-d.USA.gr USA 23,947,347 58,333,344 [, 368,855]
USA-road-d.CTR.gr CTR 14,081,816 34,292,496 |1, 214,013]
USA-road-d.W.gr W 6,262,104 15,248,146 [1, 368,855
USA-road-d.E.gr E 3,598,623 8,778,114 [1, 200,760]
USA-road-d.LKS.gr LKS 2758119 6,885,658 [1, 138,911]
USA-road-d.CAL.gr CAL 1,890,815 4,657,742 [1, 215,354]
USA-road-d.NE.gr NE 1,524,453 3,897,636 |1, 63,247]
USA-road-dNW.gr ~ NW  1207,945 2,840,208 |1, 128,569]
USA-road-d. FLA.gr FLA 1,070,376 2,712,798 [1, 214,013]
USA-road-d.COL.gr  COL 435,666 1,057,066 [1, 137,384]
USA-road-d. BAY.gr BAY 321,270 800,172  [1, 94,305]
USA-road-d.NY.gr NY 264,346 733,846 [l 36,946]

Al. 0000000000000000000000

0 28009th DIMACS 00 000000000000 000000 USA-road-d.NY.gr (O 22
00)000000000000te{-10,..,10}00000000000000 (30 i(e)
0000 U(e)=1(e)x2 (Vec E)00D0)000000000000000O0O0000O0
000000000000000000000000000000000

64

2heap —=—
2-heap ----e---
buckets -

w
N

Execution Time [msec./query]

4

8 L L L L L L L L L L L L L L L L L L L
-10-9-8-76-5-4-3-2-10123465¢6 738 910
t

028: 00000000000000000O0 [msec./query]
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A2 0J0000000ODOODODOOOOOOO1010D0ODOO

Execution Time [msec./query’

4096

1024

256

[e2]
B

=
[<2]
T

S
T

2-heap(NY) ——
2-heap(LKS) ---
2-heap(USA) -
buckets(NY) -
buckets(LKS) --e---
buckets(USA) ---a--
mbp(NY) «-~m--
mbp(LKS) ~--@-
mbp(USA) .

* X

1 2 4 8
number of processors

0 29: Execution Time[msec./query]

8192

4096
— 2048

[
a O
=N
N A

Memory Requirement [MB
=
= w N
[oe] (o2} N o}

256

(2]
B
T

2-heap(LKS) ---
2-heap(USA) -
.8 buckets(NY) -
buckets(LKS) -
buckets(USA)

mbp(LKS) -

2-heap(NY) —+— |

mbp(NY) - - -

mbp(USA) &

1 2 4 8
number of processors

0 30: Memory Requirement[MB]

U 23: Execution Time[msec./query]

2-heap buckets
number of processors 1 2 4 8 1 2 4 8 mbp
NY 17.8 8.9 4.7 2.7 12.6 6.4 3.6 2.6 18.5
BAY 194 9.7 5.1 3.1 14.6 7.4 4.3 3.2 20.7
COL 29.2 14.6 7.6 4.5 22.7 114 6.4 4.8 31.6
FLA 73.2 36.4 193 116 54.3 295 157 125 77.2
NW 90.3 449 236 14.1 64.0 322 183 14.1 95.0
NE 110.2 55.1  28.8 175 76.2 384 220 16.8 | 113.2
CAL 138.8 69.1 36.6 224 | 102.3 51.6 296 239 | 1464
LKS 202.8 101.0 53.1 324 | 1448 728 414  32.7 | 2228
E 293.6 1458 772 481 | 206.8 103.8 59.6 48.9 | 303.1
W 512.1  254.1 1352 8.6 | 3743 188.6 109.0 90.6 | 557.5
CTR 2052.5 1023.3 549.2 436.1 | 1535.8 780.1 455.2 459.0 | 2207.9
USA 24679 1224.3 648.6 462.0 | 1680.4 844.9 487.6 461.4 | 2649.3
U 24: Memory Requirement[MB|
2-heap buckets

number of processors 1 2 4 8 1 2 4 8 mbp

NY 15 23 39 71 13 19 31 56 25

BAY 17 27 47 86 15 23 38 69 29

COL 23 36 63 116 20 31 52 94 39

FLA 57 90 155 286 50 75 1260 227 99

NW 63 100 174 321 54 83 139 251 | 108

NE 82 129 222 408 71 106 176 317 | 141

CAL 101 158 274 504 87 131 219 396 | 172

LKS 147 231 400 736 | 127 190 318 572 | 252

E 191 300 520 959 | 164 247 413 746 | 326

W 331 522 905 1669 | 285 430 719 1298 | 567

CTR 745 1175 2034 3753 | 639 962 1608 2900 | 1275

USA 1267 1998 3460 6383 | 1086 1635 2735 4933 | 2169
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gboboobooaboooboobooobooboaboo

B. Long-n Family 0000 10 100000

65536 T T T T T T T T T T T T

2-heap —8— 2-heap —=—

16384 [ buckets e P 256 | buckets --e-- A
_ mbp e - mib e .
S 4006 | 1 @
= o =3
'S 1024 - 1 B
8 5
E 256 K
g =
£ &4 &
£ 16 5
3 £
e 4t 2
w

1w
0.25 : : : : : : : : : : : :

14 15 16 17 18 19 20 21 14 15 16 17 18 19 20 21
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U 31: Execution Time[msec./query] U 32: Memory Requirement[MB]
U 25: Execution Time[msec./query] U 26: Memory Requirement[MB]
2-heap buckets mbp 2-heap buckets mbp

Long-n.14.0.gr 1.0 2.5 0.9 Long-n.14.0.gr 1 1 2
Long-n.15.0.gr 2.0 9.0 1.8 Long-n.15.0.gr 2 2 4
Long-n.16.0.gr 4.3 33.3 6.3 Long-n.16.0.gr 4 4 7
Long-n.17.0.gr 11.3 128.9 18.9 Long-n.17.0.gr 8 8 16
Long-n.18.0.gr 36.6 499.0 43.4 Long-n.18.0.gr 17 16 30
Long-n.19.0.gr 93.1 1937.6 93.0 Long-n.19.0.gr 34 32 59
Long-n.20.0.gr 210.7 7680.3  193.9 Long-n.20.0.gr 67 63 118
Long-n.21.0.gr 448.1  40652.3  408.7 Long-n.21.0.gr 134 126 236
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U 33: Execution Time[msec./query] 0 34: Memory Requirement[MB]
0 27: Execution Time[msec./query] 0 28: Memory Requirement[MB]
2-heap buckets mbp 2-heap buckets mbp
Long-C.0.0.gr 198.6 175.1  172.7 Long-C.0.0.gr 67 59 118
Long-C.1.0.gr 202.5 171.3  171.2 Long-C.1.0.gr 67 59 118
Long-C.2.0.gr 212.9 184.3 180.0 Long-C.2.0.gr 67 59 118
Long-C.3.0.gr 208.1 1904 184.2 Long-C.3.0.gr 67 59 118
Long-C.4.0.gr 206.1 193.9 1833 Long-C.4.0.gr 67 59 118
Long-C.5.0.gr 204.0 199.1 184.8 Long-C.5.0.gr 67 59 118
Long-C.6.0.gr 212.1 230.3  196.6 Long-C.6.0.gr 67 59 118
Long-C.7.0.gr 208.8 314.2  193.0 Long-C.7.0.gr 67 59 118
Long-C.8.0.gr 212.1 681.3 196.7 Long-C.8.0.gr 67 59 118
Long-C.9.0.gr 212.1 2076.2  196.2 Long-C.9.0.gr 67 60 118
Long-C.10.0.gr 208.9 7953.8  193.5 Long-C.10.0.gr 67 63 118
Long-C.11.0.gr 205.2 - 1914 Long-C.11.0.gr 67 75 118
Long-C.12.0.gr 203.2 - 188.6 Long-C.12.0.gr 67 123 118
Long-C.13.0.gr 205.2 - 1914 Long-C.13.0.gr 67 315 118
Long-C.14.0.gr 203.6 - 1903 Long-C.14.0.gr 67 1083 118
Long-C.15.0.gr 216.2 - 199.7 Long-C.15.0.gr 67 4155 118
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D. Random4-n Family 0 000 10 100000
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U 35: Execution Time[msec./query]

U 29: Execution Time[msec./query]

21

2-heap buckets mbp
Random4-n.14.0.gr 1.6 1.0 1.1
Random4-n.15.0.gr 3.4 2.1 2.5
Random4-n.16.0.gr 8.0 4.9 9.4
Random4-n.17.0.gr 26.4 19.4 35.2
Random4-n.18.0.gr 87.9 63.1 88.7
Random4-n.19.0.gr 252.4 160.8 233.4
Random4-n.20.0.gr 628.0 350.3 541.3
Random4-n.21.0.gr  1516.4 765.0 1183.4
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0 37: Execution Time[msec./query]
U 31: Execution Time[msec./query]

15

2-heap buckets mbp
Random4-C.0.0.gr 387.7 278.5 339.3
Random4-C.1.0.gr 410.2 283.2 338.6
Random4-C.2.0.gr 463.0 284.7  341.7
Random4-C.3.0.gr 543.1 288.8 461.7
Random4-C.4.0.gr 581.2 286.6  455.1
Random4-C.5.0.gr 596.5 296.8  457.9
Random4-C.6.0.gr 610.2 302.4 5154
Random4-C.7.0.gr 614.7 310.3 4879
Random4-C.8.0.gr 636.0 345.5  503.7
Random4-C.9.0.gr 648.3 371.3  553.2
Random4-C.10.0.gr 626.1 357.8 534.6
Random4-C.11.0.gr 622.9 384.0 5199
Random4-C.12.0.gr 642.4 486.1  548.1
Random4-C.13.0.gr 635.4 858.8  539.6
Random4-C.14.0.gr 626.6 2229.4  520.3
Random4-C.15.0.gr 637.5 7469.8  530.1
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U 36: Memory Requirement[MB]
0 30: Memory Requirement[MB]
2-heap buckets mbp

Random4-n.14.0.gr 1 1 2

Random4-n.15.0.gr 2 2 4

Random4-n.16.0.gr 4 4 8

Random4-n.17.0.gr 9 8 15

Random4-n.18.0.gr 17 16 30

Random4-n.19.0.gr 34 32 60

Random4-n.20.0.gr 68 64 120

Random4-n.21.0.gr 136 128 240
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U 38: Memory Requirement[MB]
U 32: Memory Requirement[MB]
2-heap buckets mbp

Random4-C.0.0.gr 68 60 120

Random4-C.1.0.gr 68 60 120

Random4-C.2.0.gr 68 60 120

Random4-C.3.0.gr 68 60 120

Random4-C.4.0.gr 68 60 120

Random4-C.5.0.gr 68 60 120

Random4-C.6.0.gr 68 60 120

Random4-C.7.0.gr 68 60 120

Random4-C.8.0.gr 68 60 120

Random4-C.9.0.gr 68 61 120

Random4-C.10.0.gr 68 64 120

Random4-C.11.0.gr 68 76 120

Random4-C.12.0.gr 68 124 120

Random4-C.13.0.gr 68 316 120

Random4-C.14.0.gr 68 1084 120

Random4-C.15.0.gr 68 4156 120
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U 39: Execution Time[msec./query]

U 33: Execution Time[msec./query]

2-heap buckets mbp
Square-n.14.0.gr 1.1 1.1 1.0
Square-n.15.0.gr 2.3 2.7 2.0
Square-n.16.0.gr 5.1 6.8 7.1
Square-n.17.0.gr 13.5 21.4 22.1
Square-n.18.0.gr 42.2 64.1 51.6
Square-n.19.0.gr 107.8 172.1  112.7
Square-n.20.0.gr 244.2 469.3  240.6
Square-n.21.0.gr 538.6 1343.5 517.0

Memory Requirement [MB]
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0 40: Memory Requirement[MB]
U 34: Memory Requirement[MB]
2-heap buckets mbp
Square-n.14.0.gr 1 1 2
Square-n.15.0.gr 2 2 4
Square-n.16.0.gr 4 4 8
Square-n.17.0.gr 9 8 15
Square-n.18.0.gr 17 16 30
Square-n.19.0.gr 34 32 60
Square-n.20.0.gr 68 64 120
Square-n.21.0.gr 136 128 240
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[0 41: Execution Time[msec./query]
U 35: Execution Time[msec./query]

2-heap buckets mbp
Square-C.0.0.gr 244.8 183.5 216.3
Square-C.1.0.gr 231.5 173.5 190.0
Square-C.2.0.gr 250.4 181.4 201.5
Square-C.3.0.gr 246.7 173.7  207.3
Square-C.4.0.gr 251.0 180.6  212.0
Square-C.5.0.gr 248.3 191.9 214.1
Square-C.6.0.gr 261.3 208.6 231.7
Square-C.7.0.gr 252.2 207.1 2245
Square-C.8.0.gr 254.8 220.8 2285
Square-C.9.0.gr 292.0 269.2  239.7
Square-C.10.0.gr 250.3 460.8  235.0
Square-C.11.0.gr 244.9 1293.9 229.8
Square-C.12.0.gr 239.9 4318.4 2279
Square-C.13.0.gr 253.4 16229.0  230.9
Square-C.14.0.gr 248.9  62905.3 230.9
Square-C.15.0.gr 260.5 - 240.2

0 42: Memory Requirement[MB]
U 36: Memory Requirement[MB]
2-heap buckets mbp

Square-C.0.0.gr 68 60 120
Square-C.1.0.gr 68 60 120
Square-C.2.0.gr 68 60 120
Square-C.3.0.gr 68 60 120
Square-C.4.0.gr 68 60 120
Square-C.5.0.gr 68 60 120
Square-C.6.0.gr 68 60 120
Square-C.7.0.gr 68 60 120
Square-C.8.0.gr 68 60 120
Square-C.9.0.gr 68 61 120
Square-C.10.0.gr 68 64 120
Square-C.11.0.gr 68 76 120
Square-C.12.0.gr 68 124 120
Square-C.13.0.gr 68 316 120
Square-C.14.0.gr 68 1084 120
Square-C.15.0.gr 68 4156 120
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ABSTRACT

FAST IMPLEMENTATION OF DIJKSTRA’S ALGORITHM
FOR THE LARGE-SCALE SHORTEST PATH PROBLEM

Yuichiro Yasui  Katsuki Fujisawa Hiroshi Sasajima Kazushige Goto
Chuo University — Chuo University — Chuo University — Microsoft Corporation

The shortest path problem can be widely applied not only to route search in large-scale network but to
other optimization problems where the shortest path problems are used as subproblems. Although there exist
stable and efficient algorithms for the shortest path problem, we need fast implementations when solving
large-scale shortest path problems. In this paper, we discuss how to make fast and general implementations
of Dijkstra’s algorithm, where the memory hierarchy is carefully considered to specify the bottleneck of the
algorithm and to improve the performance. Our implementations with the binary heap are superior to other
existing implementations when taking three factors (performance, robustness, and required computational
memory) into consideration. We show that our implementations can get optimal routes very quickly and
require smaller computational memory compared with other implementations through systematic numerical
experiments. We also explain the Web service for large-scale shortest path problems, which employs our
implementations.
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