JP 2013-527918 A 2013.7.4

(19) BFEHFEF(P) A RIFHFLAERA (1) SR HBARES
153 2013-527918
{P2013-527918A)
) AEE TRSETHLE (2013.7.4)
(51) Int.CI. F1 F—=a—F (%)
GO1T 1/20  (2006.01) GO1T 1/20 B 2G08S
GOo1T 1/00 {2006.01) GO1T 1/00 A
GO1T /12  (2006.01) GO1T 1/12
GO1T 1/203  (2006.01) GO1T 1/2 E
GO1T 1/20 G
EEER RBR THRELER XFRK (£8 H BREAEIKES
el HEES 5 EE2013-502916 (P2013-502916) | (71) AEA 512254519
(86) (22) B EEH SERR23E4A4H (2011. 4. 4) B=F FF pFAF4 =2 XFT
85) BIFCTIRME  ER24ZE11B28H (2012.11.28) —HY AN IS4 DR—TT 4 —
(86) ERX L EEES  PCT/US2011/031104 TAVHERE {V/4 60115,
87 ERAMES  W02011/162851 FHNT, TALE h—i 321
67 EEAMA SER23EE12H 200 (2011.12.29) | (71) A 512255491
QD EEIETESS 61/320,542 ZIA3 NH—F TIATVA, T
(32) & H SERR22E4H2H (2010.4.2) VIS —
@3 EEEEER HKE US) TAVAERE fV/4 60510-
5011, NAET, TZzliTk,
¥—. 4—. #HwrzA 500
(1) HEEA 512254885
IZp—3Fa— F7 wvararsy
FA—ANIVFE 2522, =—a—
FOA wI—AZ
BAEEIZRS
(54) [FADEF] SEEBFIEr—2WBEREOLHOEMEEHE (HPC-PCT)
GNOO0D . s o
0000000000000000000000000 N A J
0000000000000000000000000 - ] 3
0000000000000000000000000  * " swmemen —t-
00000000000 DDDO0O0000000oooo Hond o, (3 e o)

0000000000000000000000000
0000000000000000000000000 p— —
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000

FIGURE 1



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

OooooooQgooao

Ooooooo4o0ooooo4o0 oo oooo oD oDoDoooo oo oDoooooDooogooao

OO0 O0DoDoo4o0ooooog4gooood

Ooooooogogogooao

Oo0ooDoogog4ddooDooggUgooooooggg

OO0 oooodogoao

O 0Ooooo
O Oogogo

O
O

O

OoooooQgooao

(2) JP 2013-527918 A 2013.

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O

7.

10

20

30

40

50



OoooooooOooooOoooOoooOoooOoooO oo oDoOoooOooooooODoooDooooooooOooOooOod
e e e ) e A A A |

Ooooooooooo0oooDooooooDooogooao

OoooooooooooooDoooogogooooaog

Oooooooooooogoog

OO0 oo oooggg
OO0 oooooogoQgog
OO0 oooooggog

O

OooooOoooLOoo oo o oo oDogooogogoogogogo

Ooooooooooodg

OooooooooooooDooooooDoooQgooao

OO0 oDooogoggogooood

OO0 ooDooUggUoooDoooggoooDooogooao

OOoo0ooooo

O

Ooooooooooodg

oo oooOo0 oo ooo o0 oo oo oo oDooogoQgo-g

I Y o B

O
O
O
O
O
O
O
O
O
O
O

Ooooogogaog

OoooooQgogoao

I I o B

Ooooogogaog

I Y o B

OooooooOoogoao

O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

Ooooogogaog

OoooooOoogao

Ooooogogaog

OoooooOooQgao

OoooogogaoQg

O
O
O
O
O

O
O
O
O
O

OoooooOooOgoaono

O
O
O

Ooooogogao

OoooooOoogoao

Oooooogogao

€))

goad

Oooo0oooOoogoao O
Oooooogogoao O

O O
O O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OooOoo0ooooogao

O
O
O
O
OJ
O
OJ
O
O

O
O
O
O
OJ
O
]
O
[
O
O
O
O
O
O
O
O
(]

Ooooogogoao

OoooooOoogoano

OoooooQgogoao

Ooooo0oogoood

OoooooQgogao

JP 2013-527918 A 2013.

Ooooogogaog

O

OoooooQgogao

goooooooan

Ooooogogaog

OoOoooood
OO0Ooo0oooogod
OoOoooood
OOoo0oooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
O0Ooo0oooogod
OoOoo0ooood

7.

10

20

30

40

50



e e e Y Iy

Oo0ooogo0dooDooUUUUooD XX oo ooooo oo oo4ddoooooDooogogooood
[ e e [y e e e

O 0O0oOooooog
OOoooooo
O 0O0oOooooaog
OOoo0ooooaoo
O 0O0o0ooooaog

I e ) e e s Iy o

[ s [ e v A [

e s s e e ) e ) e e e e A

O
O

O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooao
O Ooooo
O Ooo0ooOoao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O OoOooo
O Ooooo
OO oOooo
O Ooooo
OO oOooo

Ooo0oooogdg

O
O
O
O
O
O
O
O

OooooooooooQgogoao
OO0 oDoog x ogoooogogaog
OooooooooooQgogoao
Ooooooooooogogaog
OooooooooooQgogogao
Ooooooooooogogaog
OooooooooooQgoogao
OooDoooooooogogao
OooooooooooQgoogao
OO X oooooooogogao
OooooooooooOoogoao
Ooooooooooogogoao

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O 0Oo0oooo
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
O Ooo0oooo
O0Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao

Ooooooooooood
Oooooooogoooogodg
Oo0oooooooooood
Oooooooooooodg
Oo0oooooooooood
Oooooooooooogodg
Oo0oooooooooood
Oooooooooooodg
OO0 oDoDoogoggogooood
Oooooooooooodg
OO0 ooDoogogogogoooogod
Oooooooooooodg
OO0 ooDoogogogoooogod
Oooooooooooodg
OO0 ooDoogogogogoooogod
Oooooooooooodg
OO0 ooDoogogogogoooogod
Oooooooooooodg
OoDoooogoggogoooogod
Oooooooooooodg
Oo0ooooogogogoooogod
Oo0oo0xooooooood

4)

O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O O0OoOgoao
O Ooooo
O O0OoOgooo
O 0Ooooo
O Ooogoo
O 0Ooooo
O Ooogoao
O Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo

O
O
O
O
O
OJ
O
]
O
[
O
O
O
O
O
O
O
O
(]

O

JP 2013-527918 A 2013.

O Oooo

O Oooo

O Oooo

O Oooo

O O0ooo

O Oooo

O 0Oooo

O Oooo

7.

O 0Oooo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy

Oo0ooo0o00ooDoDooggUo0 X ooo4Qooooooo4ooooogogggoooao
OoOooooooooooo0 oo oooo0D oo oooo0oDoDooogoooao
e s e Y

Ooo0oooQgogoao
OOo0o0ooogogogao
OoooooQgogoao
Oo0ooogogogao
OoooooQgogoao
Oo0ooogogogao
Ooo0ooooQogogoao
OoOoo0ooogogao
OoooooQgoogoao
Ooooogogao
OoooooQgoogoao
Ooooogogao
OoooooOoogao
OoooooQgogoao
OoooooOoogao
Ooo0oooQgogoao
OooOooooOoogoao
Oo0ooogogoao
OooOooooOooOgoao
Oo0oooQgogao
OOo0ooogodgogao
OoooooQgogoao
OOo0o0ooogogogao
Oo0oooQgogao
OOo0ooogo-gogao
Ooo0oooQgogoao
OOo0ooogogogao
OoooooQogogoao
OoOoooogogogao
Ooo0oooQogogoao
Oo0ooogogogao
OoooooOoogoao
Ooooogogogao
OoooooOoogao

OO0 o0ooDooggoooooogogdg
OooooooooooooogoQgdg
OO0 oDoDooogogooooooggdg

OoOoooood
OOooooogod
OoOoooood
OOooooogod
OoOoo0oood
OOooooogod
OoOoo0oood
OOooooogod
OoOoo0ooood
OOooooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
OoOooooogod
Oo0Ooo0oood
OoOoooood
OoOoo0Oo0oood
OOoooood
Oo0Ooo0Ooood
OOoooood

O
O
O
O
O

O
O
O
O

O
O
O
O

O 0Ooooo
O Ooogoao
O Ooooo
O Ooogoao
O 0Ooooao
O Ooogooo

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
OJ
O
O
O
O
O
O
O
O
O

O 0Ooooo

OooooooQgogoo
O oD oooogogo
OooooooQgoo
Oo0ooooogogao
Oooooooogogoo
Oooooogogao
OooooooQgogoo
Oooooogogao
OooooooQgogoao
Ooooo x ogogao
Oooooooogogoao
Ooooooogogo
OooooooQgogoao
Oooooooogogoo
OooooooOogogoao
Ooooooogogoo
Oooooooogogoao
OooooooQgoo
Oooooooogoogoao
OooooooQgogoo
OO0 oooogogog
oo ooooQgogoo
OO0 oooogogaog
OooooooQgoo
OO0 oooogogo
OooooooQgogoo
O ooooogogao
OooooooQgogoo
OO0 oooogogo
OooooooQgogoo
Oo0ooooogogao
OooooooQgoo
Oooooogogoao
Oooooooogogoao

O O0Oogoao

O 0Ooooo

O oOooo

O o0Ooo

O oOooo

O o0Oooo

O 0Oooo

O 0Oooo

O oOooo

O o0Oooo

O oOooo

O o0Oooo

)

oono
oo

O oOooo

O 0Oooo

O oOooo

O o0Ooo

O o0Oooo

O 0Ooo

O oOooo

O

O 0Ooooo
OoOoooo
O 0Ooooo
OoOoooo
O Ooooo
O oOoooo
O 0Oooo

O Oooo

O o0Oooo

JP 2013-527918 A 2013.

O 0Oooo

O o0Oooo

gooano

O

O 0Oooo

O

O o0Oooo

O

O 0Oooo

O

O 0Oooo

O oOooo

goooano

O

O 0Oooo

O Oooo

O

O 0Oooo

O 0Oooo

O

O oOooo

O

O o0Ooo

O

O oOooo

7.

O o0Oooo

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

e s ey ) s e ey e e I

O0Oo0oooao
OO x Oooo
O 0Oo0Oooaog
O Ooooo
O OooOooo
O Ooooao
O O0OoOooo
O 0Ooooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooOoao
O Ooooo
O 0Oo0ooOoo

O
O
O
O

O
OJ
O
OJ

e A s e s e e e e e s e Y
Ooooooo4o0ooooo4o0 oo oooo oD oDoDoooo oo oDoooooDooogooao
e e A s e s e e ) e e ) e e s e Y

O Ooooo
OO oOooog
O Ooooo
O OooOooo
O 0Ooooao
O OooOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O o0Oooo x
O OooOooo
O 0Oo0ooOoao
O OooOooo
O 0Oo0ooOoo

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo
O Oooo
O 0O oo
O Oooo
O 0O oo
O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O 0o oo
O 0Oooo

Ooo0oooQgogoao
OOo0o0ooogoQgogao
Ooo0oooQgogoao
OoooogoQgogao
Ooo0oooQgoao
Oo0ooogogogao
Ooo0oooOoogoao
Ooooogogogao
Ooo0oooOoogoao
Ooooogogao
Ooo0oooQoogoao
OoooooQgogoao
OoooooOoogoao
OooooQgogoao
OooOooooOoogoao
Ooo0oooQgogao
OooOooooOoogoao
OooooQgogoao
OooOooooOooOoao
Oo0oooQgogoao
OOo0ooogo-gogao
Oo0oooQgogoao
OOo0o0ooogogogao
Oo0oooQgogoao
OOo0o0ooogogogo
Oo0oooQogogoao
Oo0ooogogogao
Ooo0oooQoogoao

OoooooooooooooooogQgQg
Oo0oDoo4oo0ooDoDoo4ogoooooggdg
OoooooooooooooooogQgdg
Oo0ooooo0ooDooo4gogoooooggg
OoooooooooooooooogQgQg
Oo0oooooooDooooooooogg-g
OoooooooooooooooogoQgdg
Oo0oooooooDoooooooooggg
Oooooooooooooooooogogg-g
OoooooooDoooooooooggg
OooooooooooooooooogooQgadg
Ooooooooooooooooogogg
OoooooooooooooooogoQgadg
Oooooooooooooooooggg
OoooooooooooooooogoQgadg
OoooooooDooooooooogoQg-g
OoooooooDoooooooooQgdg
OoooooooooooooooogoQg-g
OooooooooooooooooQgdg
OoooooooooooooooogQgg
OO0 o0Dooo0oU0oooDoDoo4Uogoooooggdg
OoooooooooooooooogoQg-g
OOo0o0Doo40o00ooDoDoo4Uogoooooggdg
OoooooooooooooooogQg-g
OO0 o0Dooo0oU0ooDoDoo4ogoooooggdg
OoooooooooooooooogogoQg-g
Oo0oDoooo0ooDoDoo4gogoooooggg

(6) JP 2013-527918 A 2013.

O
O
O

O0Ooo0oooogd
OOoo0ooood
OO0Ooo0oooogd
OOoo0ooood
OO0Ooo0oooogd
I B

Ooooooooooooogogoooodg
OOo0ooDoooooooogoooodg
Ooooooooooooooooodg
Oooooooooooogooood
Ooooocoooooooooooodg
Oooooooooooogogoooodg
Ooooocooooooooooood

O

O 0Oooo

O 0Oo0ooOoo
O OooOooo
OO oO0ooog
O Ooooo
X Oogoogodg
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo

e S R
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O 0Ooooo
OO oOooog
O Ooooo
O OoOooog
O OoT oo
O OoOooo
O Ooooo
O O0OoOooo
O 0Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O Oo= OO
O Ooooo
O 0Ooo0ooao

O

7.

O

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

OoOoo0ooogdg
OO0Oo0ooog
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O O0OoOooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

OO0 oDoooooooooogogogooao
OO0 Do ooo4goooDoooggogoao

O Oo0Oo0ooooao
O O0Oo0ooooaog
O Oo0Oo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0ooooao
O Oo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
O O0Ooo0ooooaog
O Ooo0ooooao
OOo0o0ooooog
O O0Oo0oo0oo0ooao
O Oo0o0ooooaog
O O0Oo0oo0oo0ooao
O Oo0o0ooooaoo
O 0O0o0ooooog
O OoOo0ooooao
O Oo0ooooaog
O Oo0o0ooooao
O O0Oo0ooooaog
O O0O0Oo0ooooao
O 0O0o0ooooaog
O OoOo0ooooao
O O0Oo0ooooaog
O Ooo0ooooao
O O0Oo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
O O0Oo0oo0oooao

OooDooo40ooooooo0ooDooooooooodg
OO0 OoDooodoooDoouoddoooDooogooooood

OoooooQgogooao
Ooooogogoao
OoooooQogooao
Ooooogogoao
OoooooOgooao
Ooooogogooao
OoooooOoooao
Ooooogogooao
OoooooOooOooao
Ooooogogooao
OoooooOooOooao
Ooooogogooao
Oooo0oooOoogooao
Oooooogogooao
OoooooooOooao
Oooooogogooao
Oooo0ooocOoogooao
Ooooogogooao
OoooooOoogooao
OoooooQgooao
OO0 ooo-gogoao
OoooooQgogooao
Ooooo-gogoao
OoooooQgooao
Ooooogogoao
OoooooQgogooao
Ooooogogoao
Ooooooogooao
Ooooogogoao
OoooooOogogooao
Ooooogogoao
Ooooooogooao
Ooooogogooao
OoooooOoogooao

Ooooooogogooaoo
Ooooogogoao
Ooooooogogogoao
OooOoogogoao
Ooooooogogooao
Ooooogogoao
Ooooooogoogooao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Oooo0ooogoogoao
Ooooogogoao
Oooo0oooogoao
Ooooogogoao
Oooo0oooogoogooao
Oooooogogooao
Oooo0ooogoogooao
Oooooogogogoao
OooOoo0ooooOoogooao
Oooooogogogoao
OO0 ooogogoao
Ooooooogogoao
Ooooogogoao
Oooooogogoao
Ooooogogoao

O
O
O

O
O
O

OoOoo0ooogod
O0Ooo0oooogd
OoOooooogod
OOoo0oooogd
OOoo0oood
OoOoo0oooogd
OoOoo0oood
OOoo0oooogd
OoOoo0ooood
OoOooooogd
OoOoo0ooood
OoOooooogod
OoOoo0ooood
OoOooooogod
I B
OoOoo0oooogd
Oo0Ooo0ooood
OoOoo0oooogod
O0Ooo0Ooood
OoOooooogod
OO0oo0oooogd
OoOooooogod

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
(]
O
O
O

) JP 2013-527918 A 2013.

OooooooQgg
OOooooogogdg
OooooooQgg
OOoooooggdg
Oooo0oooQgdg
OOoooooggdg
OooooooQgdg
OOooooogogdg
Oooo0oooQgdg

O OoO0oooaog
O Ooo0oooo
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao
O0Ooo0oo0ooao

O 0O O
[ i R
O 0O O
[ i R
O 0O o
O O o
O O o
[ i R
O O o
[ i Ry
O O o
O OO
O O o
O O o
O O o
[ i R
O O o
O O o

O O

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A
OoOooooooooooOooooOoooOooooooOoooDoDoooOooooooboDoooooooooooOooOooOod
I e A A A

OooooooQgooao

Ooooooo4o0ooooo4o0 oo oooo oD oDoDoooo oo oDoooooDooogooao
e e A s e s e e ) e e ) e e s e Y

Ooooooogogogooao
Oooooogogooao
Ooooooogoogoooao
Oooooogogooao
Ooooooogoogoooo
Oooooogogooao
Ooooooogooooao
Oooooogogooao
OoooooogooooOoo
OooooogoQgooao
OoooooogoogoooOoao
Oooooogogogooao
Ooo0oooogoogooOoao
Oooooogogooao
Ooo0oooogoogoooOoao
Oooooogogogoooao
Oooo0oooogoogogooOoao
Ooooooogogogoooaoo
OoOoo0oooogooOooOooOoao
Ooooooogogogooao
OO0 o0ooogogooao
Ooooooogogogooao
OO0 oooogogooao
Ooooooogogogooo
OO0 oooogogooao
Ooooooogogoooao
OOoDoooogogooao
Ooooooogooooo
Oooooogogooao
Ooooooooooao
Oooooogogooao
Ooooooogooooao
Oooooogogooao
Oooooooogoogooao

OO0 oooodogoao
Ooo0oooogoooao
Oooooggogoao
Ooo0oooQgooao
Ooooogogogooao
Ooo0oooQogooo
Ooooogogogooao
Ooo0ooooOoogooao
Ooooogogogooao
Ooo0ooooOoooao
Ooooogogooao
Ooo0ooooOoooao
Oooooogooao
OoooooOoogooao
Ooo0ooogooao
OoooooOooOooao
OoooooQgooao
OooOooooOoogooao
OoooooQgogooao
OooOoo0ooOoogooao
Ooo0oooQgooao
OO0 oOoogQgogoao
Oo0oooQgooao
Oo0ooogQgogoao
OoooooQgooao
Oooooggogoao
OoooooQgooo
OoooogQgogoao
Ooo0oooQoooo
Ooooogogogooao
Ooo0ooooooao
Ooooogogogooao
Ooo0oooooooao
Ooooogogogooao
OoooooOoogooao

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

Ooooooogogooao

O Ooo0ooo
OO oOooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooao
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo

O Oooo

Oo0ooooodogoao

O O ogo

Ooooooogogogoao

O Oooo

Oo0oooodgogoao

O O oo

Ooooooogooao

O Oooo

Oooooodgogoao

O O oo

Ooooooogooao

O 0Oooo

Oooooodgogooao

O 0o oo

Ooooooogogooao

O 0o oo

Oooooogogooao

O 0o oo

Oooo0ooogogooao

O 0o oo

Oooooogogooao

O 0o oo

Oooo0ooogogooao

O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0oo o
O Oooo
O 0Ooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O 0o oo

Oooooogogooao

O Oooo

(8) JP 2013-527918 A 2013.

Oooo0ooogogooao
Oooooogogooao
Oooo0ooodgoogooao
Oooooogogooao
Oooo0oooOgooOooOoao
Oooooogogooao
OO0 oooodogoao
OoooooogQgoo
O0ooooogogogao
Ooooooogoggoo
Ooooogogoao
OoooooogoQgoo
Ooooooggoao
OoooooogooQgoo
Ooooooggoao
OooooooQgoo
Oooooggoao
Oooo0ooogoQgoo
Ooooooggoao
Oooo0ooogoQgoao

OJ
O
O
O
O
O
O
O
O
O
O

O 0o oo
O Oooo
O 0o oo
O Oooo
O 0o oo
O Oooo
O O ogo
O Oooo

O

O

[

O

O

O

O

O

O

O

O

7.

O

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

OoooOooooooooooOoooooooooooooOoooooooooooooooo0ooQgoanbo
I R

o o o

|
|

O

O oo
[ e e v e [

(]

(]

(]

OOoo0ooooaoo
O 0O0o0ooooaog

e A s e [ e e sy e e e s e Y o

O Ooogoo
Ooo0oooOoooo

O
O
O
O
O
]
O
]
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
(]

O 0Oooo

O Ooooo
O O0OoOooo
O Ooooo
O OooOooo
O 0Ooooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
OO oOooog
O Ooooo

Oo0oooodQgooao
Oo0ooogoQgooao
Oo0oooQoooo
Oo0o0oogoQgooao

Oo0Ooo0ood
O o B
I B B
OoOoo0ooodg
Oo0Ooo0ood
OOoo0ooodg
I R B
OoOoo0ooodg
O0Ooo0oood
OoOoo0ooodg
O0Oo0ood
OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooogdg
O0Oo0oood

OooooQgooo
OoooogoQgogoao
Ooo0oooQgooo
OoooogoQgogooao
Ooo0oooogooao
OoooogoQgooao
Ooo0oooOoooo
OoooogoQgooao
Ooo0oooOoooao
OoooogoQgooao
Ooo0ooooOoooao
Oo0ooogoQgooao
Ooo0ooooOoooao
OooooQgooao

O 0Oooo

O OooOooo
O 0Ooooo
O OooOooo

O
O
O

O

O oOooo

O 0Oooo

O
O

O o0Oooo

O
O
O
O

O
O
O
O

O
O

O 0Oooo

O o0Oooo

O oOooo

O 0Oooo

O oOooo

O o0Oooo

O oOooo

O 0Oooo

O 0Oooo

€))

O o0ooo

[ [y |
OooooogoQgQg
[y |
OooooogoQgQg
O0Ooo0Oo0oood
OoOoo0oooogod
OO oO0ooo
O Ooooo
OO oO0ooo
O Ooooo
O OoOooog
O Ooooo
O OooOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo

O oOooo

O 0Ooo

O oOooo

O 0Ooo

O oOooo

O Ooooo
OO oOooo
O Ooooo
OO oOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O Ooooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O

[

JP 2013-527918 A 2013.

O 0O oo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

gooano

O

O

O

O

goooano

O

O

O

O

O

7.

goooooao

10

20

30

40



Ooo0oooooo0oooooooDoooogoooooaog

OOoooooooooboooobooOoao
OoOOoooooooooogoooogoog
Oo0ooooooooboobooooboOoao
OoOooooooooooooogoog

O O

5
¥
|

O

OooDooo4o0ooooogoQgooo oo

I e e e O s Y [
oo o

[
[

<
[

Oo0ooooooooooooogoogoogoogao

OO

N
!

od

O

O
]
O
(]

OoOoo0ooood
O
O
O
O

OO0Ooooood
OoOoo0ooood
O0Ooo0ooood
OoOoo0oood

O Oooo
O Oooo
O Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

Ooo0oooooo0ooDooooooooodg
O
O
O
O
O
O
O
O
O

Oo0oooooQo0ooDooogoUgoooogodg

O
O
O
O
O
O
O
O
O
O
(]

EANZ I W Al

5 5
(FEEN b = [P

O
O
O

O
O

OooooooooooogQgoQg
OO0 o0ooDoo4gogooooggog
oo oooooogooo
OO0 ooooogogoao
b oDoooooooQgg
OO0 oooooogogogoao
Ooooooooogooao
OO0 ooooogogHE
OoooooOoooo
Oo0oooogodgooao
OooooooQgooao

Hy[4{bph + bpu) + 3f]+ V

[loga'm] [loga %]
8

Hul4([

goooan

O

O Oooo

O

Oooooogodgooao

O
O

O O0ooo
O Oooo

(]
O

bfa

O

OooooooQgooao
OoooogoQgooo
OooooooQogooso
OooooQgooo

14185 a4 T

(10)

O
O
O
O

JP 2013-527918 A 2013.7.4

oooOboOoood

gooboooobbooobbogoao

]
O
O
O
O

= [leghly

O
O
O 0O o
O OO

OoooooQgooao
OooooOgoaos

OoooooodgooOoao
Ooooooogs

ViV V;i ]
Ve

|
|

OooOooooodgoOooao

10

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

30

O O o
O O o

40

OooooooQgooao
OoooogHXe

Ooooooogd

OO0 oooogodgogoao
OoooooQgooao
Oo0oooogodgogoao
OooooooQgooao
Oo0oooogogogooao
OoooooodQgooao
OooooogoQgogooao
OoooooodQgooao
Oo0oooogogdQgooao
OoooooodQgooao
OooooogodQgooao
Ooooooodgooao

(1)

50



OO ooo

Oooooooooooogdg

e e
oo oo

L

OOooooooooooooooooogogoaoQg
OO0 0DoDoodUooDoDooggUogoooogogaog
OooooooooooooooooogogoaoQg

1)

JP 2013-527918 A 2013.7.4

goooobooooobooooobooooobooooboboooobobooooboboooao
oooobOobooOoo0oDoooooooOobobbooooooo,b0bbObO0bO0Ooooobooobooao

oooOao

goonoan
gogdg

IEDy, = Hyf

0

ugadd
ooao
ogdad
oaddg
ooao
ooao
oadadg
udd
ooao
oogadg
ugadd
ooao

OO0 0o oodooooogoogdg
OoooooooooooQgdg
oo oo oooogodg
oo oo oooogod
OooooooogoQgoo
OOo0oooooggogao
OooooooogoQgoo
OOo0oooooggogao
OooooooogoQgoo
OOooooooggogao

«};

g

O

ooan
oo
g

Ooo0Odo
|

i

Sseoooo

OO0 oDoooQo0ooDoooggoUgooooodg
Oo0oooDoooo0 oo ooo oo oooodg
OO0 0o ooogogooooogogog
Oo0ooooooooooogogogooao
OO0 ooDoogg4ogooooggooao

O Oooo
O
O

OO0 ooDoooooooooogogooQg
OO0 oDoooogoooooogogog
oo oo oooooooooogogooQo
OO0 oo ooogoooooogogog
OO0 oooooooooooogogoQg

O

Oooooooooooogogaog

O 0oogoe

OooooooQgogoo
Ooooooogogo
Ooooooogogoo
Ooooooogogo
Ooooooogogo
Ooooooogogo
Ooooooogogoao
Ooooooogogoo
Ooooooogogoao
Ooooooogogoo
Oooooooogogoo

O

OoooooogooooOoo

Oo0ooogoogooao
Ooo0ooooOoooo
Oo0ooogoogooao
Ooo0oooOooOooao
Oo0oooogooo
Ooo0oooooOooOooao

O O0Oo0oood

O Ooogoooo
O 0Oo0oooao

O Oooo

O
O
O
O
O
O
O
O
O
OJ

O 0o oo

O Oooo

O 0o oo

[ I R |

O Oooo

OooOooooOooOooao
Oo0oooQgooo

I o

O 0o oo

O Oooo

[ I R |

O 0o oo
O Oooo

O

Oo0oooQgogao
O oD oooogogog

O Oooo

Oo0oooogoooo
Oo0o0ooogoQgogoao

O O0Oo0ood

O o0ood

O oOoooo

[ I R |

O
I [ o Y

O oD oooogogo
oo ooooQgogoo
O oD oooogogog
oo ooooQgogoo
O Oooooogogo
OooooooQgogoo
O oo ooogogo
OooooooQgogoo
O oo ooogogo
OooooooQgogoo
Ooooooogogo
Ooooooogogoo

Oo0o0ooogQgogoao
Ooo0oooQoooo
Oo0ooogoogogoao
Oo0ooooooo
Oo0ooogQgooao
Ooo0oooQgooo
Oo0ooogoQgooao
Ooo0oooOgooo
Oo0ooogogogooao
Ooo0oooOoooo
Oo0ooogogQgooao
Ooo0oooOoooo

OJ
O

O Oooo

10

20

30

40

50



a
a

Oooooooooogdg

O 0O0oo0oo0oo0oand
Oo0Oo0oogoood

O Oooo

O o0Ooo0Oo0ooOoao
OoOoo0oo0ogao
O o0Ooo0Oo0ooano
OoOoo0oo0ogao

o,
S’
IED, “

goooan
oaddg

I
MLP,, Lf + Hy{bra +p+ (LfJ + 1)by}

“992 I

Lf+ Hu{(] g U"‘P""(i

Lt + B (1Ll 1 p

Vo[V + V2 + V]
+(l ]

: v,

+1(

O
O
O

oooooao
gooooano

O
O

O
O
O
O
O

gooooad
oooooao
gooooo

Ooogogoooooogdg
Ooooooooooogdg
Ooo4gogoooooogdg
Ooooooogogogoao
Ooooogogoao

O Oooo

O 0Oooo

O 0Oooo

[ I R |

[ I |

ViV Vd
V;_S

N
|
<3

\_,h

={f Nf

00

goono
goobobooooboboooano
ugogobobobooooboogdd
ooooObOOO0ooooooao
ogogoao

ud

[ i R
O O O

IED, + MLPy + MAX (Im, Vi) S M

gooboooooboooobooboad
ooooODbOO0O0OO0oooogg 0o
goooan

ugadg

of +Lf + B2 4

O
O

O
O

(12)

O

O

JVE+VE+V]

Y
Ve

[toga([Ye%e%1)]
8

O

0}

O
O

O O
[ |

O
O

(5)

ad

O
O
O
O
O

O
O
O
OJ
O

8

2, /V2+ V2 + ij . 1)”[1092[[%&1)1

Vv,

JP 2013-527918 A 2013.7.4

j+ ety

gagooano

gogooano
ooooOao
ooooano

gogooano
gogooano

OJ
O
O
O
O
O
O

gogooan

1}

-

MLPm

Mloga2e]. [log2 ]
s 1t1—3

+MAX (Hy[4([

ViV Va

ViV Va

)+ 3+ 120

L=

RN

Im

gooooooooan

O0Ooo0oooao
O 0Oo0oo0ooao

~

Vi

ooooObOOO0oOoDoooooobbboy,0oOoooooaob
goooboooooboobooogooobooobobooobobo
oogobooooooooooboooyb0b000oo0obo0o0On

Nf) <M (6)

ooobODoOO0o0ooao
ooobDDoOoooao

10

20

30

40

50



O

Oooooooooooooogdg

O

O

O Ooooo

(13) JP 2013-527918 A 2013.7.4

00O

Vv,V
P=(fHLw1) (7)
0000000000000 DD0DO0O0O0DDO0O0O0DDO0OO0O0DDDO0OO0OO0DDDOaOo
ooooao
Ooo0oooOoOoao
0000000000000 D0D0, 0000000000
OoooDooooao
Ooo0oo0oOoOoao
ooooao
O0o0D0D0D0O0O0DDOOo
ooooao
0OQgao
Oooo
Ooono
Ooooo0oOd
0oo0o00DO0oooooDoooooooooo®®ao
ooooao
0O0ao

203
- 150(8) + () 4y 20R), y yyRomliellyyy

IEDm

MLPm

20 3 3
earax (ool o (ool sy 2, B0

Im Vin

106 6
= 4H, +720 + Hu{l+ 4+ (693)(9)} +MAX (28, + 8210°, 32010 )

IEDm MLPm

Ten Vi

— 2,781, + 720 + MAX(28H,, + 8210°,32210°) <2 GB (8)

gogooobodoypoobod "ODooocooo0cooooooooOoao

ooooaon
ooao

2,781 Hy, + 720 + 28H,, + 8z10°
Hy

1A

2 GB
2 GB — 720 — 8z10°
2,809

7N

H, < 761,652.0

ooooObooo0y,000oan “oDooooo”oO00O00O0DO0O00o0aO

ooooao

00O

2, TBLHy, + 720 + 32210 <
Hy <
Hy, <

2 GB

2 GB — 720 — 322108
2,781

760,691.5

000000, 0000007 0000000000000 00D0O0OD0O0O0O0OO0O0O0O0
D00, 0000, 00000000000 00000000000000000
oooobObOoOoO0oDoooooooOobobboouoy,oobocobobbboboooooooobooao

gooobooogao
goooan

10

20

30

40

50



(14) JP 2013-527918 A 2013.7.4

0oooao
P:fPW
“raooaoooow
o 760, 692
= 106
ooooooooobooad
oo oooob oo oobob b ooooooo
oooooao
Oo0o0o0oao
3
[“992(;2953 'I]'I}
oooooooobooooao
oooooao
goooooooboboododaoao
ooocooobobOooooooooboObbooooooooybDb0bO0n
oooob,00,00b0O0O0Obb0O0DO0DO0O0o0oobODO0DO000
oooooao
Oooon

Vi /V2+ VZ+ V2 [ (I—VHVW‘BQ-U-I
wa+1af+Hw{(r”_o%2é1—l)+P+u_ \/?—-_dj+l)(fﬁf_—‘£"_—_-l)}

2 B g
IED,, ML
P wv
+Hw[4(r[log;pﬂ]+[f og2p 1 y4:gf et Vi d'iSM

T

-Tm

o Vi Vi Vi
Ve /VZ+V2+ VfJ ) Il gz(f—;‘vrs—m])}

7

B lf + {12 44 (1

VpVu Vi
Vi

P
L AL L A0 PR AR

M — I f - [l
Ttoga (122744111
8

N - > Hy,
Lo 1 [logz 52
Pebtgp LRy g iR Ly

[4F + ([Lemlalyy 4 poy (| LYYW | 4 gy (7

uoooooooooooooobooooobooooboogao
gooodaad

aggoano

M—-ILf-V

> Hy (@)
af +bro 4 p+ (B2 ]+ 1)by + 4(5pn + bpuw)

gooobboooooooobbboooody0ob0ODbDbO00DO0oOooan
gooodaad

10

20

30

40



(15) JP 2013-527918 A 2013.7.4

ogogoano

2 GB — (180)(4) — [

8 20 20 > Hy
(408 + (100 4 g (2R gy lom TS0y g Lol plton el

2,139,482, 928
[16 + (1) + 4+ (692 + 1)(4) +4(2 + 2)

> Hu

761,652.9 > H,,

ooooobb,00,00o0boobobbboooooogb00ODbODbOO
gooooao

ooooao
o Vo V2 + V3 + V2 [loga([X%1)]
Hyf +Iaf+H1Li{(]—” Q;IGH}-FP*F(L h; ikl | +1)(]’_£__8_Vr—'|)}
126 s
(Y < M
‘——Tf—’
Vin
0 i VE+VELVE Loga( [ Ya¥ela]y]
aly + (LIl 4 gy (VR TEEYE TR Ty
< M- Lf - (L)
Vi Ve Ve
M = (I + (W%} £ .

TV ftogz ([ 225741
§ o ((Romtelyy 4 p o (VR |y )

guoobobobooooboboouooobooogogoobab
gooao
gogooano

|
|

M- (Ig.-l—V)f
f+ b +p+ (1552 + 1),

> (10)

O
udd

Lol o R |
Ll i R |

g
udadg
oad

O Oooooaoo

O O
O O

2 GB — {180+ ([25])}4
4 (Rosgi®0y) 4 5.4 (1230 gy Lo

2, 115,482,928

TE( +ar (een@

760,691.5 > Hy,

ocooobobooooooooobbbooooooooobboyooobooboboboao

10

20

30

40

50



(16) JP 2013-527918 A 2013.7.4

0000000000000 O000D00O00O00000
0DOooooo

Doooao

flogz (1251 ..

[ty

0000000000000

DOoooo0o



(17) JP 2013-527918

ogogoano

EXAMPLE 2

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <mpi.h>

const int RandomizedRange = 10000;
/* command line configurables */
int Randomized; /* -r <nelem> */

int N;

int parse command line args(int argc, char **argv, int my_id)
{

int i;

int error;

/* default values */

Randomized = 0;
N = 0;

for (i = 1, error = 0; lerror && i < argc; i ++)

{
if (!stremp(argv[i}, "-r"}))
{
Randomized = 1;
if (i + 1 < arge && (N = atoi(argv[i+l]}) > 0)
1 Y¥;
else
error = 1;
}
else
error = 1;

} /* endfor */

if (error && !my id)
f
/* only Master prints usage message */
fprintf(stderr, "\n\tusage: %s {-r <nelem>}\n\n", argv[0]);
fprintf(stderr, "where\n\n");
fprintf(stderr,
"\t-r <nelem>\t- Randomized input with N=nelem\n\n"});
} /% endif */

return error;
} /* end parse_command line args() */

struct stats

{
float mean;
float sse;
unsigned int nj;
}; /* end struct stats */

/*
"Note on a Method for Calculating Corrected Sums of Squares and Products,”
B.P. Welford, Technometrics, Vol 4, No. 3, Aug 1962, 419-420.

The Art of Computer Programming, D.E. Knuth, vol 2, 2nd Edition, p 216
The Art of Computer Programming, D.E. Knuth, vol 2, 3rd Edition, p 232

Reccurrence forumla that keeps a running mean (M _k) and running SSE (S_k)
17
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for some stream of values X i

For x 1
[ L. %= 30 L
1 =20

0=

For x i i>1
M i=M_(i-1) + [(x_1i - M _(i-1))/i]
S i =8 (i-1) + [(x_i - M (i-1)) * {x_i - M_i)]
At any time k>1
running mean = M k
running sample_ (i.e., not _population_) variance = 5_k/(k-1)

"Updating Formulae and a Pairwise Algorithm for Computer Sample Variances,”
T.¥. Chan, G.H. Golub, and R.J. LeVeque,

Technical Report STAN-CS-79-773, Department of Computer Secience,

Stanford University, 1979,
ftp://reports.stanford.edu/pub/cstr/reports/cs/tr/79/773/C5-TR-79-773.pdf

Given two sample sets where the mean and SSE have been computed
for each; <M k,1 S k,1 N 1> and <M k,2 5 _k,2 N_2>
we can compute the combined mean and SSE as follows

N =N1+DN_2

d=Mx%,2 - Mk,1

combined mean = M k,1 + d*N_2/N

combined SSE = 5 k,1 + S k,2 + d"2*N_1*N 2/N

L 4
static void push(float *m, float *s, unsigned int *n, float x)
{

¥ = % o+l

if (*n == 1)

{
*m = X}
*s = 0.0;

t

else

{

float old mean = *m;
float d = x - old_mean;

*mo 4= (d/(*n));
*g = {gefa = *m) ki
Y /% endif */
/* printf("after pushing $f RunningMean %f Running8SE %f\n", x, *m, ¥s); */
return;
} /* end push() */
void combine stats(void *operand_ vec,
void *operand result vec,

int *len,
MPI Datatype *dtype)

{
struct stats *op = (struct stats *) operand vec;
struct stats *op res = (struct stats *) operand_result vec;
18
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int 1i;
unsigned int combined n;
float delta;

for (i = 0; i1 < *1len; i ++)
{
combined n = op[i].n + op res[i].n;
delta = op[i].mean - op_res[i].mean;

op res[i].mean += (delta * op[i}.n / combined n);
op_res[i].sse += (op[i].sse +
(delta * delta * op[i].n * op_res[i].n / combined n));
op_res[i].n = combined_n;
} /* endfor */

return;
} /* end combine_stats() */

#if 0O

void combine stats(void *operand_vec,
void *operand result_ vec,
int *len,
MPI Datatype *dtype)

{
struct stats *op = (struct stats *) operand_ vec;
struct stats *op res = (struct stats *) operand result vec;
int 1i;

for (i = 0; i < *len; i ++)

{
op_res[i].mean += op[i].mean;
op _res[i].sse += op[i].sse;
op_res[i].n += op[i].n;

} /* endfor */

return;

} /* end combine stats() */
#endif

static float SampleData[] = {17.0, 19.0, 24.0};

int main(int argc, char **argv)

{
int numprocs, my_id;
5%, 45
struct stats s{2};
MPI Op op;

float *src_data;

/* for derived struct */

MPI Datatype Stats mpi;

int block lengths[3]; /* number of "things" in each element of */
/* our new struct. for us, 1 each */

MPI_Aint displs[3]; /* displacement of each element */

MPI Datatype types[3]; /* type of each element */

MPI_Aint start addr;

MPI_Aint addr;

MPI Init(&argc, &argv);
MPI_ Comm_size(MPI_ COMM WORLD, &numprocs);

MPI Comm rank(MPI_COMM WORLD, &my_id);
printf("hello, world: my id %d numprocs %d\n", my_id, numprocs);
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if (parse command_line args(argc, argv, my_id))
{

MPI Finalize();

exit(l);
} /* endif */

if (Randomized)

{
if ((src_data = malloc(N*sizeof(float))) == NULL)
{
fprintf(stderr, "ERROR: failed malloc %n bytes\n", N*sizeof(float));
exit(l);
} /* endif */
for (i = 0; i < N; i ++)
{
/* about 1/2 positive and 1/2 negative */
src_data[i] = (random{) % RandomizedRange)-(RandomizedRange/2);
printf("my_id %d: sample data %f\n", my id, src_data[i]);
i
}
else
4

src_data = SampleData;
N = sizeof(SampleData)/sizeof(float);
} /* endif */

/*t***k********************************/

/* compute local running mean and SSE */
/**************************************/

s[0].n = s[1l].n = 0;

[

for (i 0; 1 < N; i ++)

{
/* just push the same sample data into both ‘regions’ of s[] */
push(&(s[0].mean), &(s[0].sse), &(s[0].n), src _dataf[i]);
push(&(s[l].mean), &(s[l].sse), &(s[l].n), src data[i]);

} /* endfor */

[rREATKEIRERKAKRAKRARKAAKRKA KKK KA AR KAk Xk ko /

/* compute global running mean and SSE */
/***************************************/

block lengths[0] = block lengths[1l] = block_lengths[2] = 1;

types[0] MPI_FLOAT;
types[1l] = MPI_ FLOAT;
types[2] = MPI_UNSIGNED;

MPI Address(&(s[0].mean), &start addr);
displs[0] = 0;

MPI_Address(&(s[0].sse), &addr);
displs[1l] = addr - start addr;

MPI Address(&(s[0].n), &addr);
displs[2] = addr - start_addr;

/* build new derived datatype */
MPI_ Type struct(3, /* nelements */
block lengths,
displs,
types,
&Stats _mpi);
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-

MPI_Type commit(&Stats_mpi);

MPI Op create((MPI User function*) combine stats, // my user-defined func

1, // commute flag
&op); // op handle
MPI_Allreduce(s, // operand
s, // result
9. // count
Stats_mpi, // data type
op, // operator

MPI_COMM WORLD);

MPI Op free(&op);

printf("myid %d: after s[0].mean %f s[0].sse %f s[0].n %d\n", my id, s[0].mean, sf

0j.sse, s[0].n);

printf("myid %d: after s[l].mean %f s[1l].sse %f s[1].n %d\n", my_id, s{l].mean, s[

l].sse, s[ll.n);

if (my_id == 0)
{

/* computing mean and SSE the old-fashioned way for checksums */

float sum = 0.0
float sse = 0.0
float mean;

~ N

for (1 = 0; i < N; i ++)
sum += (src_datal[i] * numprocs);

mean = sum/(N*numprocs);
for (i = 0; 1 < N; 1 ++)
sse += ((src_data[i] - mean)*(src_data[i] - mean)*numprocs);
printf("myid %d: 2-pass mean %£ sse &%f n %d\n",
my_id, mean, sse, N*numprocs);
} /% endif */

if (Randomized)

{
free(src_data);
} /* endif */

MPI Finalize(});
exit(0);
} /* end main() */
#ifndef PCT IED H
#define PCT_IED H
#include "pct.h" // struct entry_exit
#if defined(__ cplusplus)
extern "C" {
#endif
void compute_ IED(int nhistories, float *inmput_floats, float *IED);
void adjust IED{int nhistories,
unsigned char * history bitmask,
unsigned short *input ushorts,

float *input_ floats,
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float * IED,
struct entry_exit t *entry_exit);

#if defined(__cplusplus)

}
#endif

#endif /* PCT_IED H */
#ifndef _mlp m
#define _mlp m

/* here we use ‘unsigned int’s to store voxel indices */
class MLP_m

{
public:
MLP_m(int my nh});
"MLP m();
/********************/
/* proton histories */
[rrkkrkkkkkkkhhkkkrkkk [
void set_my nhistories_for MLP(int mnh_ for MLP)
{ my nhistories_for MLP = mnh for MLP; }
void add voxel idx_to_history({int h_idx, unsigned int v_idx);
/* iterators */
unsigned int *get_first voxel_ idx from_history(int h_idx);
unsigned int *get next voxel idx from history(int h_idx,
unsigned int *last voxel idx p);
/* faster iterator — assumes voxel idxs for a given history */
/* stored in a contiguous mem block */
unsigned int get_history idx to ntouched voxels idxs(int h_idx):
JEEk KRR KKK KRR KX KKK/
/* chord lengths */
JrEkkrxkkkkkkkkkkk [
float get_chord length(int h_idx);
void register firing angle(int h_idx, float theta);
[ExFhkxkhhhkkkxhkkkhkkkkkhkhk [
/* memory management stats */
/***************************/
int get_curr mem block idx() { return curr_mem block_ idx; }
int get n mem blocks() { return n_mem blocks; }
unsigned long get n recorded voxel idxs()
{ return n_recorded_voxel idxs; }
int get_my nhistories_for MLP() { return my nhistories_for MLP; }
unsigned long get_n _copies() { return n_copies; }
unsigned long get_n_copied bytes() { return n copied bytes; }
unsigned long get_nbytes_allocd for voxel idxs();
int get n allocd blocks() { return curr_mem block idx+1l; }
unsigned int get_block nbytes(int b idx);
private:
[rkdkkkkdkkdhokkdohkkkkk [
/* proton histories */
/********************/
/* my nhistories = as many as I was given from input */
22
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/* my nhistories for MLP = number of histories remaining after */

/* throwing out as many as we know did */

% not touch the phantom ... used only */

/* for initial big block malloc */

int my_nhistories;

int my_nhistories for MLP;

unsigned long n_recorded voxel idxs; // for estimating subseguent
// big block malloc’'s

unsigned int **history idx to touched voxels idxs; // len=my_nhistories

unsigned int *history idx_to_ntouched_voxels_idxs; // len=my_nhistories

int n_mem blocks;

unsigned int **mem block pointers; // len = n_mem blocks

unsigned int *mem block nidx_lengths; // len = n_mem blocks

/* slot for next voxel idx */

int curr _mem block idx;

unsigned int *next_voxel idx p;

[ K hxkkhkxhhkhrkkk [

/* chord lengths */

[ ¥ e e e e sk ok e e ok ok Xk ke ok f

/* int n_firing angles; */

float *chord lengths; // len = N FIRING ANGLES

int *history_idx to_chord length_idx_map; // len = my_nhistories

void compute chord lengths();

/***************************/

/* memory management stats */

/****‘k**********************/

unsigned long n_copies;

unsigned long n_copied bytes;

Yi
#endif

#ifndef BCT PCT H
#define PCT_PCT H

#ifdef  MAIN
#define EXTERN

#else

#define EXTERN extern
#endif

#include <iostream>
#include <cmath>
#include <math.h>
#include <sstream>
#include <vector>
#include <iomanip>
#include <fstream>
#include <string>

#include <estdio>

#include <cstdlib>
#include <assert.h>

#inciude <stdio.h>
#include <stdlib.h>
#include <string.h>
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#include <unistd.h>

#include <time.h>
#include <sys/time.h>

#ifndef NO_MPI
#include <mpi.h>

#endif

#include "mlp m.h"

using namespace std;

/*****************/

/* Problem Space */
[Rrkhxkrkhkkxhkkrkxhx* [
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/*%% START DEFINING THE SENSORS ***/
// Data space definitions
// Sensor definitions - distances

const
const
const
const
const
const
const
const
const
const
const
const

float
float
float
float
float
fleoat
float
float
float
float
float
float

-3
-2
2
3

I

TRACK_Z1
TRACK %2
TRACK Z3
TRACK Z4
TRACK_Z1_
TRACK Z1 Y =
TRACK %2 X =
TRACK %2 Y =
TRACK Z3 X =
TRACK_Z3 Y =
TRACK 74_X =
TRACK_Z4_Y =

o
|

// X-axis is HORIZONAL as
// X-axis range values in
const float MIN TRACK X =
const float MAX TRACK X =

const

int

MAX_TRACK_X_I

0.0z #f
0.0; //
0.0; //
0.0; 4

= TRACK %1

TRACK Z1
TRACK Z2
TRACK_Z2
TRACK Z3
TRACK_Z3
TRACK Z4
TRACK_Z4

in CM, origin in center of volume

sensor plane closest to proton gun

2nd sensor plane from gun

3rd sensor plane from gun

4th and last sensor plane from gun

+ 0.1; // Slightly different distances for
- 0.1; // x and y sensor planes

+

+

+

you stand behind the gun facing it shooting direction

cM
~15.00;
15.00;

DX = 3000;

// Y-axis is VERTICAL as you stand behind the gun facing it shooting direction
// ¥-axis range values in CM

const
const
const

const
const

float
float
int

float
float

MIN TRACK Y =
MAX TRACK Y =
MAX TRACK Y I

RANGE_TRACK_X
RANGE TRACK Y

// sensor resolution in C
const float TRACK DX = (RANGE TRACK_X/MAX_TRACK X IDX);

const float TRACK DY

/**%* END DEFINING THE SENSORS *#%%/

I

-15.00;
15,003

DX = 3000;

= MAX TRACK_X - MIN_TRACK X;
= MAX TRACK Y - MIN TRACK_Y;

M

(RANGE_TRACK_Y/MAX TRACK Y IDX);

/**%* START DEFINING VOXEL SPACE BETWEEN SENSORS #***/
/* The data reconstruction space has two coordinate systems. */

/* The first is measured in centimeters and has the same XYZ orientation */
/* as the sensor grid at beam rotation angle of 0. The origin is the at */
/* the center of the space between the sensor planes. X is positive to */
/* the right (as seen from the central origin). Y is positive up. 2 is */
/* positive in the direction of the beam. */

/* The second coordinate system is based on a plane-major, row major ordering */

goooogao
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/* scheme with planes parallel to the beam rotation plane. The column axis */
/* is parallel to X. Row axis is parallel to %Z. Plane axis is parallel to Y. */

/* The reconstruction volume is an array a[MAX PLANE][MAX ROW][MAX COL] */

/* Minimum index values are always 0. Maximum values depend on the */
/* reconstruction bounds and the reconstruction resolution. */

// The desired bounds on the reconstruction volume may not be exactly
// what is used, due to sampling constraints.
// In code, use VOLUME {MIN,MAX} {X,¥,Z}. See below.

const float DESIRED VOLUME MIN X = -14.00;

const float DESIRED VOLUME MAX X = 14.00;

const fleoat DESIRED VOLUME MIN Z = -14.00;

const float DESIRED_VOLUME MAX Z = 14.00;
// The height

const float DESIRED VOLUME MIN Y = -7.00;

const float DESIRED VOLUME MAX Y = 10.00;

// Voxel sampling sizes in cm
const flecat D COL = 0l
const float D ROW
const float D PLANE =
const flecat D DATA[3}

oo

ks
el 3y
{D_COL, D _ROW, D _PLANE};

// NICK: these (later) need to be determined by specified distances and
// NICK: specified resolutions.

/* const int MAX ROWS = 300; // should be even */
/* const int MAX COLS = 300; */
/* const int MAX PLANES = 300; */

const int MAX COLS =

{int) ( (DESIRED VOLUME MAX X - DESIRED_VOLUME_MIN_X) / D_COL);
const int MAX ROWS =

{int) ( (DESIRED VOLUME MAX % - DESIRED VOLUME MIN Z) / D ROW);
const int MAX PLANES =

(int) ((DESIRED VOLUME MAX Y - DESIRED VOLUME MIN Y) / D_PLANE);

const int MAX DATA[3] = {MAX COLS, MAX ROWS, MAX PLANES};

const float VOLUME_MIN X = DESIRED VOLUME MIN X;

const float VOLUME MAX X = VOLUME MIN X + MAX COLS * D_COL;
const float VOLUME_MIN_Y = DESIRED VOLUME MIN ¥;

const float VOLUME MAX Y = VOLUME MIN Y + MAX_PLANES * D_PLANE;
const float VOLUME MIN 7z = DESIRED VOLUME MIN %;

const float VOLUME MAX Z = VOLUME_MIN Z + MAX_ROWS * D_ROW;

// NICK: VOXEL _CUBE DIAG VOXEL LEN and NVOXELS (later) need to be corrected
// NICK: when MAX_ {ROWS,COLS,PLANES} are conversted from nvoxels (which is
// NICK: what they are now) to cm ... VOXEL_CUBE_DIAG_VOXEL_LEN and
// NICK: must both be measured in nvoxels
const float VOXEL CUBE DIAG VOXEL LEN = sqgrt((MAX ROWS*MAX ROWS)

+ (MAX COLS*MAX COLS)

+ (MAX PLANES*MAX PLANES)};
const int NVOXELS = MAX COLS*MAX ROWS*MAX PLANES;
/#%% END DEFINING VOXEL SPACE BETWEEN SENSORS ¥®**/

// for space carving and entry-exit, cut-off between "hit" or "miss" phantom
const float ENERGY THRESHOLD = 190.0;
const float ENERGY DIFF THRESHOLD = 2.7;

const float ELECTRON_DENSITY WATER = 1.0;
const float ELECTRON_DENSITY AIR = 0.001;
const float INITIAL SOLUTION INSIDE PHANTOM
const float INITIAL_ SOLUTION_OUTSIDE_PHANTOM

]

ELECTRON_DENSITY WATER;
ELECTRON_DENSITY AIR;
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// for MLP
// constants in nature
const float RADIATION LENGTE WATER = 36.1; //cm

// not used const float RADIATION LENGTH AIR = 28818; //units?
// distance in CM between planes on one side of phantom

const float SSD_SEPARATION = (TRACK Z2-TRACK Z1);

// distance in CM between innermost planes

const float SEPARATION = (TRACK Z3-TRACK_Z2);

// no longer used const float DIMENSION = 256;

// something in CM

// no longer used const float RECON_SIZE = 21;

// no longer used const float PIXEL SIZE RECON_SIZE/DIMENSION;
// in cm

const float STEP_LENGTH -05; //originally -> 0.5 * PIXEL_SIZE;
const int NUM_STEPS = (int) (SEPARATION/STEP LENGTH);

1

const int N_FIRING_ANGLES = 180; // should be factor or multiple of 360
const float THETA IDX PER DEGREE = (((float) N_FIRING ANGLES)/360.0);
inline int degrees theta to idx(float theta)

{ return ((int) (theta*THETA IDX PER DEGREE + 0.5)); }
inline float idx_ to_degrees_theta(int idx)

{ return (((float) idx)/THETA IDX PER DEGREE); }

[FrREI xR KRR R KKK Rk R *hk*kk [/

/* For Linear Solvers */
JrEER IR I Rk k Rk hkkhhdoik )

const float DEFAULT_ RELAXATION = 0.3;

/*********************k***/

/* For Memory Management */
/************************i‘/

const int MLP_MEMBLOCK PTRS_PER_ALLOC = 4;

// const float PORTION HISTORIES FOR MLP = 0.95; // estimate portion
// of histories remaining
// _after_ throwing out
// histories we know
// don’t touch phantom

const float PORTION_HISTORIES FOR MLP = 0.60;

/* const float PORTION VOXEL CUBE DIAG FOR MLP = 0.60; */

/* const float PORTION VOXEL CUBE DIAG FOR MLP = 0.40; */

const float PORTION VOXEL_CUBE_DIAG FOR MLP = 0.30;

/* for 38M, setting PORTION VOXEL CUBE DIAG FOR MLP = 0.20, */

/* results in initial alloc .2GB when we need .3GB */

/* const float PORTION VOXEL CUBE_DIAG FOR MLP = 0.20; */

EXTERN char Nowstring[100];
EXTERN char Relaxparamstring[l100];

/* mem mgmt counters */

EXTERN unsigned long N mallocs;

EXTERN unsigned long N _reallocs;

EXTERN unsigned long N_allocated bytes;

EXTERN unsigned long Largest single mem request;
EXTERN char Largest_single mem request fname[500];
EXTERN int Largest single mem request_line no;
#ifdef DEBUG

EXTERN unsigned long N frees;

EXTERN unsigned long N_freed bytes;

EXTERN unsigned long N_allocated bytes high water mark;
EXTERN unsigned long N_outstanding allocated bytes;
struct alloc_entry

{
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void *p;
unsigned long len;
i
const int N _ALLOC_ ENTRIES = 1000;
EXTERN struct alloc_entry Allocs[N_ALLOC_ENTRIES];
EXTERN int Next_alloc_idx;

#endif

/* theoretically possible (but very unlikely) that the first alloc’d */
/* block is not big enough to hold all the voxel idxs touched by the */
/* the first history alone. *)
/* in that case we need to REALLOC the first block (not malloc another */
/* because all the voxel idx's from a single history must reside in a e
/* single allocated block (i.e., they cannot span multiple blocks). */
/* we could change that ’'no span’ design decision if we want to, but */
/* that will at least require us to change the MLP::get {first,next} */
/* interators used by the linear solvers and (worst yet) add another */
/* vector len=my nhistories of idxs that would index mem block pointers[] */
/* to record the ‘starting’ block for the iterators. */
/* we also use this value to pad the estimate for remaining block allocs. */
/* ... in short, set this value relatively low (i.e., ~10%). */

/* const float PERCENT PAD SUBSEQUENT BLOCK ALLOCS = 0.10; */
const float PERCENT PAD SUBSEQUENT BLOCK ALLOCS = 0.20;

/* computed from previous settings */
const int AVERAGE TOUCHED VOXELS PER HISTORY_ EST =
(int) (PORTION_VOXEL CUBE DIAG FOR MLP*VOXEL CUBE DIAG VOXEL LEN);

/***‘***t************‘k******/

/* Other Useful Constants */

/**************************/

const int DEFAULT_MAXHISTORIES PER_WORKER = 1000000;
const int UNSPECIFIED NINPUT HISTORIES = -1;
const int UNSPECIFIED MAX NINPUT HISTORIES PER FILE = -1;

[HrEFRE IR KKK KKK [

/* MPI Stuff */

[HEkkkkkkkkkkh [

const int ForemanRank = 0;
EXTERN int Myid, Nprocs;

/* MPI Abort codes */

const int ABORT_ INVALID CMD LINE ARGS = 1;
const int ABORT FAILED MALLOC = 23
const int ABORT FAILED FOPEN = 3;
const int ABORT TOO MANY HISTORIES = 4;
const int ABORT_ INSUFFICIENT INPUT = 5;
const int ABORT TINVALID_ IDX = 6;
const int ABORT_INVALID PTR = 7;
const int ABORT INVALID ARG = g
const int ABORT_TRACE_OUTSIDE_VOLUME = 9;
const int ABORT_ INCONSISTENT INTERNAL STATE = 10;
const int ABORT STATS ERROR = 11;
/* MPI Message tags */
const int INPUT_FLOAT TAG = 1;
const int INPUT USHORT _TAG = 2;
/*******k*************/
/* Input Data Layout */
/******************ti*l
/* Describing input ushorts */
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const int
const int
const int
const int
const int
const int
const int
const int
const int
/* Describ
const int

const int EOUT DISPL

const int
const int

[HrrK kT kkkk

/* Utility

[ Exkkkkkkk

// A 3-D a
// with ch
// and cha
inline int
{

return

} /¥ end ¢

inline voi

// Inp
// Con
// RAss
// Cor
/*
dst[0]
dst[1]
dst[2]
*/

// No.

dst[0]
dst[1]
dst[2]

// Tra
dst([0]
dst[1]
dst[2]

return

} // end ¢
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X1_DISPL = 0;

Y1 DISPL = 1;

X2 DISPL = 2;

¥2 DISPL = 3;

X3 DISPL = 4;

¥3 DISPL = 5;

X4 DISPL = 6;

Y4 DISPL = 7;
INPUT_USHORT STRIDE = 8;
ing input_floats */
EIN DISPL = 0;

1;

THETA DISPL = 2;
INPUT_FLOAT STRIDE = 3;

***********************/

Functions and Macros #*/
***********************/

rray in C/C++ defined a[NPLANES][NROWS][NCOLS] is stored in memory
anges in the NPLANES dimension having the largest stride

nges in the NCOLS dimension with the smallest stride.
convert 3D voxel to idx(int p_idx, int r idx, int c_idx)

((p_idx * MAX ROWS * MAX COLS)

+ (r_idx * MAX COLS)

+ c_idx);
onvert 3D voxel to idx() */

d convert sensor_to_voxel(float dst[3],
float src[3}],
float cos_theta,
float sin_theta)

ut is in cm.

vert to world coordinates

uming clockwise rotation about v axis as seen from positive y
rect assumption?

= src[0] * cos_theta - src[2] * sin_theta;
src[0] * sin theta + src[2] * cos_theta;
= grc[l];

Rotation is counterclockwise about y axis as seen from positive y
= src[0] * cos_theta + src[2] * sin_theta;
-src[0] * sin_theta + src[Z] * cos_theta;

Il

= src[l];
nslate to data origin and scale to data space.
= (dst[0] - VOLUME MIN X) / D_COL;

= (dst[l] - VOLUME MIN Z) / D_ROW;

= (dst[2] - VOLUME MIN ¥) / D PLANE;
:

onvert_sensor_to_ voxel()

/* input ushort accessors */

inline uns

igned short get_xl(unsigned short *v, int idx)

{ return v[(idx*INPUT USHORT STRIDE) + X1 _DISPL]; }

inline uns

igned short get yl(unsigned short *v, int idx)

{ return v[(idx*INPUT USHORT STRIDE) + Y1 DISPL]; }

inline uns

goooogao

igned short get_ x2(unsigned short *v, int idx)
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{ return v[(idx*INPUT USHORT STRIDE) + X2 DISPL]; }
inline unsigned short get_y2(unsigned short *v, int idx)

{ return v[(idx*INPUT USHORT STRIDE)} + Y2 DISPL]; }
inline unsigned short get x3(unsigned short *v, int idx)

{ return v[(idx*INPUT_USHORT STRIDE) + X3_DISPL]; }
inline unsigned short get_y3(unsigned short *v, int idx)

{ return v[(idx*INPUT_USHORT STRIDE) + ¥3_DISPL]; }
inline unsigned short get_x4(unsigned short *v, int idx)

{ return v[(idx*INPUT_ USHORT STRIDE) + X4 DISPL]; }
inline unsigned short get y4(unsigned short *v, int idx)

{ return v[(idx*INPUT USHORT STRIDE)} + Y4 DISPL]; }
/* input floats accessors */ 10
inline float get ein(float *v, int idx)

{ return v[(idx*INPUT FLOAT STRIDE) + EIN DISPL]; }
inline float get eout(float *v, int idx)

{ return v[(idx*INPUT FLOAT STRIDE) + EOUT DISPL]; }
inline float get theta(float *v, int idx)

{ return v[(idx*INPUT_FLOAT_ STRIDE) + THETA DISFL]; }

/* Bbort stuff */
#ifdef NO_MPI
#define PCT _ABORT(CODE) assert(0);

#else
#define PCT ABORT(CODE) MPI Abort(MPI_COMM WORLD, (CODE));
#endif
20
/* Bitmask stuff */
#define CLEAR(v, b) (v)[(b)/8] &= (~(0x1 << (7-((b)%8))) & (0xff})
#define SET(v, b) (v)[(b)/8] |= (0x1 << (7-((b)%8)))
#define TEST(v, b) ((v)[(b)/8] & (0xl << (7-((b)%8))))
/* Memory Management */
/* these two I want kept a #define so that _ LINE and _ FILE resolve */
/* to the place in the source code where the potential error occurred */
#ifdef NO MPI
#ifdef DEBUG
/* NO_MPI DEBUG */
/* must use assert(0) instead of MPI_Abort() */
#define PCT MALLOC(P, S, T) \
{ \ 30
if ((8) <= 0) \
{ \
fprintf(stderr, \
"ERROR: %s %d: proc %d: " N
"malloc called for %1ld bytes\n", \
__FILE__, _ LINE__, Myid, \
(long) (8)); \
assert(0); %
} \
if (1((P) = (T *) malloc((S)))) \
\
fprintf(stderr, \
"ERRCR: %s %d: proc %d: " \
"failed malloc %1d bytes\n", N
__FILE , _LINE , Myid, \ 40
(long) (8)); \
assert(0); N
} \
N _mallocs ++; \
N _allocated bytes += (S); %
if (Next alloc_idx == N_ALLOC_ENTRIES) \
{ \
fprintf (stderr, \
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"ERROR: %s %d: proc %d: " X
"Next alloc_idx %d (max %d)\n", \
__FILE__, _ LINE , Myid, X
Next alloc_idx, \
N_ALLOC_ENTRIES-1); \
assert(0); N

} \

Allocs[Next_alloc_idx].p = (P); \

Allocs[Next_alloc_idx].len = (8); b

Next alloc_idx ++; \

N_outstanding allocated bytes += (8); \

if (N_outstanding allocated bytes \ 10
> N_allocated_bytes high water mark) \

1 X
N _allocated_bytes_high_water_mark = \

N_outstanding allocated bytes; \

} X

if ((unsigned long) (8S) \
> Largest single mem request) \

{ X
Largest_single_mem request = (S); X
stropy(Largest_single_mem request fname, _ FILE_ ); \
Largest_single mem request line no = _ LINE__ ; \

} \

}

#else

/* NO_MPI !DEBUG */ 20
#define PCT MALLOC{P, S, T) X

{ \

if (1((P) = (T *) malloc((S)))) b

{ \
fprintf(stderr, \

"ERROR: %s %d: proc %d: " \
"failed malloc %1d bytes\n", \
__FILE , _ LINE _, Myid, A
(long) (S)); \
assert(0); ¥

} \

N mallocs ++; A

N allocated bytes += (8); \

if ((unsigned long) (S5) %
> Largest_single mem request) \ 30

{ \
Largest single mem request = (8); L
strcpy(Largest_single mem reqguest_fname, _ FILE  ); \
Largest_single _mem request line no = _ LINE_ ; X

} \

¥

#endif

#else

#ifdef DEBUG

/* INO_MPI DEBUG */

/* can use MPI_Abort() */

#define PCT MALLOC(P, S, T) A
{ \

if ((8) <= 0) \

b 40

fprintf(stderr, \
"ERROR: %s %d: proc %d: " A\

"malloc called for %1d bytes\n", \
__FILE_ , _ LINE__, Myid, \

(long) (S));: \
MPI_Abort (MPI_COMM WORLD, ABORT INVALID ARG); \

} \
if (1((P) = (T *) malloc((S)))) \

30
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£ \
fprintf(stderr, \
"ERROR: %s %d: proc %d: " \
"failed malloc %1d bytes\n", \
__FILE__, _ LINE__, Myid, \
(long) (8)); |
MPI Abort(MPI_COMM WORLD, ABORT INVALID IDX); \

} %

N mallocs ++; \

N_allocated_bytes += (S); X

if (Next_alloc_idx == N_ALLOC ENTRIES) \ 10

{ \
fprintf(stderr, \

"ERROR: %s 3%d: proc %d: " \
"Next alloec_idx %d (max 2d)\n", X
__FILE_ , _ LINE__, Myid, 5
Next_alloc_idx, X
N_ALLOC_ENTRIES-1); \
MPI_Abort(MPI_COMM WORLD, ABORT INVALID IDX); \

} \

Allocs[Next_alloc idx].p = [Py X

Allocs[Next alloc idx].len = (S); \

Next alloc_idx ++; N

N_outstanding_allocated_bytes += (S); \

if (N_outstanding allocated bytes b3
> N_allocated bytes high water mark) \ 20

{ %
N_allocated bytes_high_water mark = \

N_outstanding allocated bytes; %

} \

if ((unsigned long) (S) N
> Largest_single mem request) \

{ \
Largest_single mem request = (S); \
strecpy(Largest single mem request fname, ~ FILE__); \
Largest_single mem request line no = _ LINE_ ; \

} \

}

#else

/* INO_MPI !DEBUG */

#define PCT_MALLOC(P, S, T) \ 30
{ \

if (L((P) = (T *) malloc((S)))} \

{ \
fprintf(stderr, \

"ERROR: %s %d: proc %d: " \
"failed malloc %ld bytes\n", \
_FILE , _ LINB_ , Myid, N
(long) (8)); N
MPI_Abort (MPI_COMM WORLD, ABORT FAILED MALLOC); \

} Y

N mallocs ++; X

N allocated bytes += (S); \

if ((unsigned long) (S) 3
> Largest_single mem request) \

{ \ 40
Largest_single mem_request = (8); \
strepy(Largest single mem request fname, _ FILE_ ); \
Largest _single mem request line no = _ LINE_ ; \

} X

}
#endif
#endif
31
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#ifdef NO_MPI

#ifdef DEBUG

/* NO_MPI DEBUG */

/* must use assert(0) instead of MPI Abort() */

#define PCT _REALLOC(P, S, T) N
{ \
int aidx; \
if ((8) <= 0) N
\
fprintf(stderr, N
"ERROR: %s %d: proc %d: " A
"realloc called for %1d bytes\n", \
__FILE , _ LINE , Myid, \
(long) (5)); L
assert(0); \
} \
for (aidx = 0; \
aidx < Next alloc_idx \
&& Allocs[aidx].p != (P); \
aidx ++) \
= N\
if (aidx == Next alloc_idx) \
{ \
fprintf(stderr, \
"WARNING: %s %d: proc %d: " \
"free() could not £find addr %p\n", \
__FILE__, __ LINE , Myid, X
(void *) (P)); \
} &
N_outstanding allocated_bytes -= Allocs[aidx].len; \
N_freed bytes += Allocs[aidx].len; \
N_frees ++; \
if (1((P) = (T *) realloc((P),(5)))) \
{ A\
fprintf (stderr, \
"ERROR: %s %d: proc %d: " A
"failed realloc %1d bytes\n", N
__FILE__, _ LINE , Myid, A\
(long) (8)); \
assert(0); \
} A\
Allocs[aidx].p = (P); X
Allocs[aidx].len = (S); \
N _realloecs ++; A\
N_allocated_bytes += (S); X
N_outstanding allocated bytes += (8); A\
if (N_outstanding allocated_bytes \
> N_allocated_bytes_high water mark) A\
{ A\
N_allocated bytes_high water mark = A\
N_outstanding allocated bytes; X
1 A\
if ((unsigned long) (S) \
> Largest_single_mem_request) \
{ \
Largest single mem request = (S); X
strcpy (Largest single mem request fname, _ FILE ); \
Largest_single mem request line no = __ _LINE__ ; \
} \
}
#else
/* NO_MPI !DEBUG */
#define PCT REALLOC(P, S, T) \
{ \
if (I1((P) = (T *) realloc((P),(5))))

32
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{ \
fprintf(stderr, \
"ERROR: %s %d: proc %d: " \
"failed realloc %1ld bytes\n", \
__FILE _, _ LINE , Myid, %
(long) (5)); \
assert(0); A

} \

N reallocs ++; X

N_allocated bytes 4= (8); %

if ((unsigned long) (8S) X 10
> Largest_single mem request) \

{ X
Largest_single mem request = (S); }
strcpy(Largest_single_mem request_fname, _ FILE_ ); \
Largest single mem request line no = _ LINE ; %

} A\

}
#endif
#else

#1fdef DEBUG
/* INO MPI DEBUG */
/* can use MPI Bbort() */

{

#define PCT REALLOC(P, S, T) \
\

int aidx; 3 20
if ((S) <= 0) \
\
fprintf(stderr, \
"ERROR: %s %d: proc %d: " \
"realloc called for %ld bytes\n", X
_ FILE , _ LINE , Myid, \
(long) (8)); A
MPI_Abort(MPI_COMM WORLD, ABORT INVALID ARG);  \
} \
for (aidx = 0; \
aidx < Next_alloc_idx X
&& Allocs[aidx].p != (P); X
aidx ++) X
; \

if (aidx == Next alloc_idx) N 30
{ \
fprintf(stderr, \
"WARNING: %s %d: proc %d: " A
"free() could not find addr %p\n", %
__FILE__, _ LINE__, Myid, \
(void *) (P)); \
} A
N _outstanding allocated bytes -= Allocs[aidx].len; \
N_freed bytes += Allocs[aidx].len; \
N_frees ++; \
if (!((P) = (T *) realloc{(P),(S)))) A
{ \
fprintf(stderr, X
"ERROR: %s %d: proc %d: " \

"failed realloc %1d bytes\n", X 40
__FILE , _ LINE_ , Myid, A\
(long) (S)); \
MPI_Abort (MPI_COMM WORLD, ABORT FAILED MALLOC); \
} \
Allocs[aidx].p = (P); \
Allocs[aidx].len = (S); \
N_reallocs ++; \
N_allocated_bytes += (85); A
N_outstanding allocated_bytes += (S); i
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if (N_outstanding allocated bytes L
> N_allocated bytes_high_water_mark) \

{ X
N_allocated_bytes_high_water mark = \

N_outstanding_allocated bytes; b

} X

if ((unsigned long) (8) \
> Largest_single_mem_ request) \

{ &
Largest single mem request = (S); A\
strcpy(Largest _single mem request_fname, _ FILE ); \ 10
Largest single mem request line no = __LINE _; \

} \

}
#else
/* INO MPI !DEBUG */
#define PCT REALLOC(P, S, T) N
{ N
if (L((P) = (T *) realloc((P),(S)))) \
\
fprintf(stderr, \
"ERROR: %s %d: proc %d: " N
"failed realloc. %1d bytes\n", \
__FILE_ , _ LINE , Myid, \
(long) (8)); A
MPI Abort( MPI%COMMMWORLD ¥ ABORTHFAILED_“MALLOC | X 20

} A\

N_reallocs ++; A

N_allocated_bytes += (8); N

if ((unsigned long) (S) \
> Largest single mem reqguest) \

{ A
Largest_single mem request = (S); \
strepy(Largest _single mem request fname, _ FILE }; \
Largest_single mem request_line no = _ LINE ;

} A

i

#endif

#endif

#ifdef DEBUG 30
#define PCT FREE(P) \

{ i

int aidx; \

for (aidx = 0; b
aidx < Next_alloc_idx N
&& Allocs[aidx].p != (P); A

aidx ++) \

3 i

if (aidx == Next_alloc_idx) \

{ \
fprintf(stderr, \

"WARNING: %s %d: proc %d: " \

"free() could not find addr %p\n", \

__FILE , _ LINE , Myid, X
1 * -

: (void *) (P)); t 40

N_outstanding allocated bytes -= Allocs[aidx].len; \

N_freed bytes += Allocs[aidx].len; \

Allocs[aidx].p = NULL; N

N_frees ++; N

free((P)); \

}
#else

#define PCT FREE(P) free((?));

34
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#endif

[rEkKkkrkhkkkkhhkkkhxkhkkk )

/* Data Structures */
[hrkkkkkkkhhkkkhxxxkk [

// For space carving

// A high energy trace

#define HIGH_ TRACE (1<<0)

// A low energy trace

#define LOW TRACE (1<<1)

// All energy levels turned on

#define ALL_TRACE (HIGH_TRACE | LOW_TRACE)

struct entry_exit t
{
float entry x, entry y, entry z, exit x, exit y, exit z;

i o

struct stats
{
float mean;
float sse;
unsigned int n;
#ifdef DEBUG
/* for sanity checking only, not needed for stats */
float min, max;
#endif

}:

/* partitioning internal exit detector plane into regions */
const int REGION_ROWS = 30;
const int REGION COLS = 30;

const int STAT DELTA X
const int STAT DELTA Y
const int STAT_DELTA ENERGY
const int STAT LAST UNUSED .
const int STAT_NSTATS = STAT LAST UNUSED;
/* linearized layout - from fastest changing idx -> slowest changing idx */
/* x,y,energy {0,1,2} ~-> REGION_COLS -> REGION_ROWS -> N_FIRING ANGLES x/
const int N_STAT CELLS = (STAT_NSTATS

* REGION_ROWS * REGION_COLS

* N_FIRING_ANGLES);
const int STAT CELL IDX ANGLE STRIDE = (STAT NSTATS

* REGION ROWS * REGION_ COLS);

(STAT_NSTATS * REGION_COLS);
STAT NSTATS;

r
r
.
r

I
wN o

]

const int STAT CELIL_IDX_ROW_STRIDE
const int STAT CELL_IDX COL_STRIDE

const float MAX SIGMA = 3.0;

/* Voxel level debugging */
/* This is to help isolate calculations that */
/* work with a specific voxel in the data space. */

/* The particular voxel index to be examined. The constants below
refer to the plane, row, and column number respectively. */

#ifdef DEBUG_VOXEL

#define DEBUG_VOXEL_IDX (225 * (MAX ROWS*MAX COLS) + 201 * MAX COLS + 42)
#endif

#ifndef NO_MPI
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/*
/*®

MPI Profiling */
MPI functions we profile */

const int MPI_INIT IDX

const int MPI COMM SIZE IDX
const int MPI_COMM RANK_ IDX
const int MPI_ADDRESS IDX
const int MPI_TYPE_STRUCT IDX
const int MPI_TYPE COMMIT IDX
const int MPI_OP_CREATE_IDX
const int MPI_OP FREE IDX

/* put msg passing ones at end for pretty report */
const int MPI_ATLLREDUCE_IDX
const int MPI_BCAST_IDX
const int MPI SEND IDX

const int MPI_RECV_IDX

const int MPI_LASTUNUSED_IDX
const int Nfuncs

struct func_profile

{

char func namef50];
unsigned call count;
double total time secs;
int does_communicate;
unsigned long total_ bytes;

]

I
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8;
9;
10;
11
12
MPI LASTUNUSED_ IDX;

}: /* end struct func_profile */

EXTERN struct func profile func_profiles[Nfuncs];
#endif

/* Input/Output data location */

/% PADS */

/* const char InputDirBase[] = "/home/karonis/38M/Input”; */

const char InputDirBase[] = "/gpfs/pads/projects/CI-CCR000048/karonis/Input”;
/* const char InputDirBase[] = "/home/karonis/pCT/"; */

/* const char OutputDirBase[] = "/home/karonis/38M/Output"; */

const char OutputDirBase[] = "/gpfs/pads/projects/CI-CCR000048/karonis";

/* const char OutputDirBase[] = "/autonfs/home/karonis/pCT/Code/"; */

/* Mac */

/* const char InputDirBase[] = “/Volumes/Software/pCT/"; */

/* const char OQutputDirBase[] = "/Volumes/Software/pCT/Code/"; */

/* laptop */

/* const char InputDirBase[] = "/Users/karonis/pCT/"; */

/* const char OutputDirBase[] = "/Users/karonis/pCT/Code/"; */

/* hopper.cs.niu.edu */

/* const char InputDirBase[] = "/home/hopper/research/pct/data/SimProjections/Input”; *
/

/*

const char OutputDirBasef]

#endif /* PCT _PCT _H */
#define __ MATN

#include "pct.h"

JREREXT R EX RS kA XA R A AR R AN Ak [

/*

LOCAL GLOBAL VARIABLES */

/*X‘*‘k'k***‘ki"k***************/

/*

for linear solver loop */

const int Niters = 10;
static int Iterations = 0;

static char InputDir[256],

" /home/turing/karonis/pCT/Code/"; */

InputFnamePrefix[50], InputFnameSuffix[50];

static unsigned TotalHistories; // relevant for foreman only

gooobood
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const float MB = 1024.0%1024.0;

const float GB = MB*1024.0;

/* Timer Indexes and count */

const int SetupTimeldx
const int IEDTimeIdx

const int VolumeBitmaskTimeIdx
const int TouchedPhantomTimeIdx

const int BinnedCleanupIdx
const int AdjustIEDIdx
const int MLPTimelIdx

const int LinearSolverTimeIdx

const int LastUnusedIdx
const int Ntimers
suseconds_t Timers[Ntimers]

1
"Set up”,
"IED",
"Volume Bitmask",

"Connect to Phantom",

"Binned cleanup",
"Adjust IED",
"MLE",

"Linear Solver"

}i

Jhrkkrhkhrkkkxhkkkhkk /

/* LOCAL FUNCTIONS */

/*******************/

I

I

i

I

r
B
4;
5;
6;
7;
8;
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LastUnusedIdx;
{0};
unsigned long StartNhistories[Ntimers];
const char *TimerNames[Ntimers]

static void accumulate stats_val(float *m,
float *s,

#ifdef DEBUG

#endif

goooooaon

int
int
int
Fut

float *min,
float *max,

unsigned int *n,

float val);

static void compute_and_bcast_ vbm(int my nhistories,

unsigned char *history bitmask,
float *input_floats,

unsigned short *input_ushorts,

int volume bitmask_len,

char *volume bitmask);

static void compute nhistories(int *my nhistories,

*histories_per worker, // relevant foreman only
n_input histories,
max_histories_per foreman or worker,
*must_£ill foreman);

static float compute stat val(float *input_ floats,

unsigned short *input ushorts,

int h,

int stat_displ);

static int count_histories_in_ bitmask(int my_nhistories,

unsigned char *history_bitmask);
static void fill buffers_from files(float *input_floats,

unsigned short *input_ushorts,

int *deg,

FILE **fp,

int *histories_read from this file,
int max histories per input_ file,
int nhistories_buffsize,

int *my nhistories,
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int must £ill);
static void find_entry exit_ from vbm or remove (int nhistories,
unsigned char *history bitmask,
float *input_floats,
unsigned short *input ushorts,
struct entry exit t *entry exit,
int volume bitmask_len,
char *volume bitmask);
static int get stat cell idx(float *input_floats,
unsigned short *input ushorts,
ink b,
int stat displ);
static FILE *open input file(int degree);
static void parse command line args(int argc,
char *argv[],
int *n_input_histories,
int *max histories_per_ foreman_ or_worker,
int *max histories per input file,
float *linear solver relaxation);
static void read and distribute input(int max_histories_per_ foreman_or worker,
int max histories_per input file,
int *my nhistories,
int must fill foreman,
float *input_floats,
unsigned short *input ushorts);
static void remove based on binned stat(int nhistories,
unsigned char *history_bitmask,
float *input_ floats,
unsigned short *input_ushorts,
struct stats s[],
float sigma cutoff[],
int stat displ);
static void remove_histories from binned stats(int my nhistories,
unsigned char *history bitmask,
float *input floats,
unsigned short *input ushorts);
static int test_solution_ for_done(float *solution);

static inline void record start nhistories(unsigned long nhistories,
const int idx,
unsigned long my_nhistories)

StartNhistories[idx] = nhistories;
printf("%d: %18s: starting nhistories %1ld - %% my N histories %5.1f %3\n",
Myid, TimerNames[idx], StartNhistories[idx],
(my nhistories
? ((float) nhistories)*100.0/((£float) my nhistories)
: 0.0 ));
} /% end record starting nhistories() */

// assumes after.tv_sec >= before.tv_sec

Fift

// there are only two cases ...

// Case I: after.tv_usec >= before.tv_usec (noc matter how many secs passed)
// elapsed usecs = (after.tv_sec - before.tv_sec)*1,000,000

// + (after.tv_usec - before.tv_usec)

7

// Case II: after.tv_usec < before.tv_usec (in this case after.tv_sec must be
174 greater than before.tv_sec)

// elapsed usecs = (after.tv_sec - before.tv_sec)*1,000,000

// - (before.tv_usec - after.tv_usec)

/! = (after.tv_sec - before.tv sec)*1,000,000

17/ + after.tv_usec - before.tv usec

bl

// BOTH CASES ARE THE SAME

38
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static inline void record_time(struct timeval &before,
struct timeval safter,
const int idx)

Timers[idx] = (after.tv_sec - before.tv_sec)*1000000
+ after.tv_usec - before.tv_usec;
} /* end record time() */

#ifndef NO MPI
/* need to write this because MPI LAND in  */
/* MPI_Reduce is _not_ defined for MPI_CHAR */
/* must be externally visable for MPI */
void andem(void *operand vec,

void *operand_result_vec,

int *len,

MPI Datatype *dtype)

{
char *op = (char #*) operand vec;
char *op res = (char *) operand result vec;
Tat 4

for (i = 0; 1 < *len; 1 ++)
op_res[i] &= op[i];

return;
} /* end andem() */

/* operator for MPI Allreduce() */
/*

"Updating Formulae and a Pairwise Algorithm for Computer Sample Variances,'
T.F. Chan, G.H. Golub, and R.J. LeVeque,

Technical Report STAN-CS-79-773, Department of Computer Science,

Stanford University, 1979,
ftp://reports.stanford.edu/pub/cstr/reports/cs/tr/79/773/CS-TR-79-773.pd£f

Given two sample sets where the mean and SSE have been computed
for each; <M k,1 S k,1 N_1> and <M k,2 S k,2 N_2>
we can compute the combined mean and SSE as follows

N=N1+RN2

d =Mk,2 -Mk,1

combined mean = M k,1 + d*N_2/N

combined SSE = S k,1 + S k,2 + d"2*N_1*N 2/N

*/

void combine stats(void *operand vec,
void *operand result_vec,
int *len,
MPI Datatype *dtype)

struct stats *op
struct stats *op_res
int i;

unsigned int combined n;
float delta;

(struct stats *) operand vec;
(struct stats *) operand result_vec;

for (i = 0; i < *len; i ++)
{
if (op[i].n > 0 && op_res[i].n > 0)
combined n = op[i].n + op_res[i].n;
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delta = op{i].mean - op_res[i].mean;

op_res[i].mean +=
=
(delta * delta * opf[i].n * op_res(i].n / combined n));

op res[i].sse

op res[i].n
#ifdef DEBUG

if (op_res[i].min > op[i].min) op res[i].min
if (op_res[i].max < op[i].max) op_res[i].max

#endif
b;
else if (op[i].n >
:;
op_res[i].n
op_res[i].mean
op res[i].sse
#ifdef DEBUG
op_res[i].min
op_res[i].max
#endif
} /* endif */
} /* endfor */

return;

} /* end combine_stats() */
#endif

VAR SRR S 2N

/* EXTERNAL FUNCTIONS */
/**********************/

/* IED func */

0

(40)

(delta * op[i].n / combined n);

(op[i].sse +

combined nj;

&& op_res[i].n == 0)

= op[i].n;

op[i].mean;
op[i].sse;

op[i].min;
op[i].max;

It
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op[i].min;
op[i].max;

//extern void compute IED(int my nhistories, float *input floats, float *IED);

#include "ied.h"

// intersect2.cc

extern bool compute_entry exit from vbm(int h,

#ifdef DEBUG

#endif

extern void compute_initial vbm(int my_ nhistories,

float *input_ floats,

unsigned short #*input ushorts,

int volume bitmask len,

char *volume_ bitmask,

struct entry exit t *entry exit);

unsigned char *history bitmask,

float *input_ floats,

unsigned short #*input ushorts,

int volume bitmask_ len,
char #*volume bitmask);

extern void morph clean(int volume bitmask len, char *volume bitmask);

/* MLP func */

extern void compute mlp(int my nhistories,

unsigned char *history_bitmask,

float *input floats,

unsigned short *input_ushorts,
struct entry exit t *entry exit,

int volume bitmask len,
char *volume bitmask,
MLP_m *mlp);

JRrkkdkkkkrhhhhkhdk /[

/* Linear solvers */
/************‘k‘k****/

goooogao
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/* string averaging methods */

extern void carp(MLP_m *, float x[], float b[],
int count[], unsigned char history bitmask[],
int n_rows, int n cols, float relax);

extern void sap(MLP_m *, float x[], float b[],
int count[], unsigned char history bitmask[],
int n rows, int n cols, float relax);

typedef void (* linear solver_ func ) (MLP m *,
float =x[],
float b[],
int ecount|],

unsigned char history bitmask[},

int n_rows,
int n_cols,
float relax);

const int CARP_IDX = 0;
const int SAP_IDX = 1;
linear_solver func linear solvers[] = {carp, sap};

int main(int arge, char *argv[])
{
int i;
float *input floats;
unsigned short *input ushorts;
int my nhistories;
int n_input histories, max_histories_per foreman or_ worker;

int histories_per worker; // relevant for foreman only
int max histories per input file; // relevant for foreman only
unsigned long linear solver iterations = 0; // relevant for foreman only
#ifdef DEBUG
unsigned long nvoxels inside phantom = 0; // for foreman only
unsigned long nvoxels outside phantom = 0; // for foreman only
unsigned long nvoxels inside phantom mlp touched = 0; // for foreman only
unsigned long nvoxels outside phantom mlp touched = 0; // for foreman only
unsigned long nvoxels_inside phantom not_touched = 0; // for foreman only
unsigned long nvoxels_ outside_phantom_not_touched = 0; // for foreman only

#endif
unsigned long start n hist;
int must fill foreman;
/* int volume_bitmask len = MAX ROWS*MAX COLS*MAX PLANES; */
int volume bitmask len = NVOXELS;
char *volume bitmask;
unsigned char *history bitmask;
int history bitmask len;
float *IED;
struct entry exit t *entry_exit;
MLP m *mip;
float linear solver relaxation;
float *solution;
int *count;
int linear solver_ idx = CARP_IDX;

struct timeval before, after;
time t total time start, total time secs;

total_time start = time(NULL); // Mark the start time

#ifdef NO_MPI
Nprocs = 1;
Myid = 0;
#else
MPI Init(&argc, &argv);
MPI_Comm_size(MPI_COMM WORLD, &Nprocs);
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MPI_Comm rank(MPI_ COMM WORLD, &Myid);
#endif

[Fr kR kK ]

/* Set up */
JREkkkkkkkk [

record_start_nhistories(0, SetupTimelIdx, 0);:
gettimeofday (&before, NULL);
{
N_mallocs = N _reallocs = N_allocated bytes
= Largest_ single mem request = 0;
#ifdef DEBUG
N_frees = Next_alloc_idx = N_freed bytes =
N_outstanding allocated bytes = N_allocated bytes high water mark = 0;

#endif
if (Myid == ForemanRank) printf("%d: nprocs %d\n", Myid, Nprocs);
if (Myid == ForemanRank)
{

/* recording current time to embed in output fnames */
time t now = time (NULL);
struct tm *tp = localtime(&now);

sprintf(Nowstring, "%4d-%02d-%02d_%02d:%02d:%024",

1900+tp->tm_year,

l1+tp->tm_mon,

tp->tm_mday,

l1+tp->tm hour,

1+tp->tm min,

l+tp->tm _sec);

} /* endif */

#ifndef NO_MPT
MPI Bcast(&Nowstring, // buff
100, // count
MPI_CHAR, // data type
ForemanRank, // root
MPI_COMM WORLD);
#endif

parse_command_line args(argc,
argv,
&n_input histories,
&émax_histories per foreman or worker,
&max_histories_per_input_file,
&linear solver relaxation);
sprintf(Relaxparamstring, "relaxparam-%4.2f", linear solver relaxation);

compute nhistories{smy nhistories,
&histories_per worker,
n_input_ histories,
max_histories_per foreman or worker,
&must_fill foreman);

/* at this point: */
/* - for all work procs: my nhistories == histories_per worker =/
/* - for foreman: my nhistories >= histories_per worker */

mlp = new MLP m(my nhistories);
/* fprintf(stderr, "%d: after new MLP_m::MLP m(): curr_mem block idx %d n_mem blocks %d
\n", Myid, mlp->get_curr_mem_block_idx(), mlp->get_n_mem_blocks()); */

if (Myid == ForemanRank)
printf("%d: Input: %s/%s*%s\n",
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Myid, InputDir, InputFnamePrefix, InputFnameSuffix);

PCT_MALLOC(input_floats,
my_nhistories
*INPUT FLOAT STRIDE
*gizeof(float),
float)
PCT_MALLOC(input_ushorts,
my nhistories
*INPUT USHORT_STRIDE
*sizeof (unsigned short),
unsigned short)

read_and_distribute_ input(histories per worker,
max_histories_per input file,
&my nhistories,
must fill foreman,
input_floats,
input_ushorts);

if (Myid == ForemanRank)

printf("%d: my_nhistories %d\n", Myid, my_ nhistories);

history bitmask len = (my nhistories/8) + (my_nhistories % 8 2 1 : 0);
PCT_MALLOC (history bitmask, history_bitmask_len, unsigned char)

/* initially claim all histories are used in MLP */

memset (history bitmask, 0xff, history bitmask len);

}

gettimeofday(&after, NULL);
record_time(before, after, SetupTimeldx);

/* fprintf(stderr, "%d: after setup: curr_mem block idx %d n_mem blocks %d\n", Myid, ml

p->get_curr_mem block idx(), mlp->get n _mem blocks()); */

/‘k1:*******‘t****‘k*********************/

/* gentlemen, start your engines .. */

/* ... computing starts HERE *f
/****‘k*9\'**********‘k*****‘k**‘k*********/

/*********************[

/* IED - ‘b’ in Ax=b */

[FRuxkkkkhkkhkkkkkkkhkkkxk [

/* compute IED for _all_ histories =*/
record_start_nhistories(my_nhistories, IEDTimeIdx, my_ nhistories);
gettimeofday(&before, NULL);

/% if (0) */

PCT MALLOC(IED, my_ nhistories*sizeof(float), flcat)
compute IED(my_nhistories, input floats, IED);

}

gettimeofday(&after, NULL);

record_time(before, after, IEDTimelIdx};

/* fprintf(stderr, "%d: after IED: curr mem block idx %d n_mem blocks %d\n", Myid, mlp-

>get_curr_mem block idx(), mlp->get_n mem blocks()); */

/*******************/
/* volume bit mask */
[REkhrkkkkxhhhwkhhxk [
start n_hist = count_histories_in bitmask(my nhistories, history bitmask);
record start_nhistories(start_n_hist, VolumeBitmaskTimeIdx, my_nhistories);
gettimeofday(&before, NULL);
/* if (0) =/
{
PCT_MALLOC(volume_bitmask, wvolume_bitmask len, char)
compute_and bcast_vbm(my_nhistories,
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history bitmask,
input floats,
input_ushorts,
volume bitmask len,
volume_ bitmask);
}
gettimeofday(&after, NULL);
record_time(before, after, VolumeBitmaskTimeIdx);
/* fprintf(stderr, "%d: after VBM: curr mem block_idx %d n_mem blocks %d\n", Myid, mlp-
>get_curr_mem block idx(), mlp->get n_mem blocks()); */

if (0)

{
if (Myid == ForemanRank)
{

FILE *fp;
char fname[300];

sprintf(fname, "%s/volume bitmask.%¥s.len.%d",
OutputDirBase, Nowstring, volume bitmask len});
if ((fp = fopen(fname, "w")) != NULL)

for (i = 0; i < volume_bitmask len; i ++)
fprintf(fp, "%d\n", volume bitmask[i]);

felose(fp);
}

else

{
fprintf(stderr, "ERROR: foreman could not fopen >%s<\n", fname);
} /* endif */
/* printf("%d: foreman should print solution here\n", Myid); */
} /* endif */

/*****************************************************k***/

/* remove remaining bad histories before MLP calculation */
g
/***‘k*‘k***********************************************#***/

PCT_MALLOC(entry_ exit,
my nhistories*sizeof(struct entry exit t),
struct entry exit t);

/* removing histcries that don’t touch phantom */
start n_hist = count_histories_in_bitmask(my_nhistories, history bitmask);
record_start nhistories(start_n hist, TouchedPhantomTimeIdx, my_nhistories);
gettimeofday(&before, NULL);
[% LE (0) =/
{

/* populates entry exit */

find entry_exit from vbm or_remove(my_nhistories,
history_ bitmask,
input floats,
input_ushorts,
entry exit,
volume bitmask len,
volume bitmask});

}

gettimeofday(&after, NULL);

record_time(before, after, TouchedPhantomTimeIdx);

/* removing histories that are statistical outliers */

start_n_hist = count histories_in_bitmask(my_nhistories, history bitmask);
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record_start nhistories(start n hist, BinnedCleanupIdx, my_ nhistories);
gettimeofday(&before, NULL);
/* if (0) */

/* printf("%d: before remove_histories_from binned stats()\n", Myid); */
remove_histories from binned stats(my_nhistories,
history bitmask,
input_floats,
input_ushorts);
/% printf{"%d: after remove histories_ from binned stats()\n", Myid); */
}
gettimeofday(&after, NULL);
record_time(before, after, BinnedCleanupIdx);
/* fprintf(stderr, "%d: after remove remaining: curr mem block_idx %d n_mem blocks %d\n
", Myid, mlp->get_curr mem block idx(), mlp->get_n_mem blocks()); */

/*************i*i*/
/* Bdjust IED */
JrE kT kkkkkkkkkkkkx [
start n hist = count histories in bitmask(my nhistories, history bitmask);
record _start nhistories(start n hist, AdjustIEDIdx, my nhistories);
gettimeofday(&before, NULL);
/* if (0) %/
{
adjust TED(my nhistories, history bitmask, input ushorts, input_floats,
IED, entry exit);
}
gettimeofday(&after, NULL);
record time(before, after, AdjustIEDIdx);
/* fprintf(stderr, "%d: after Adjust IED: curr_mem block idx %d n_mem blocks %d\n",
Myid, mlp->get curr_mem block idx(), mlp->get n_mem blocks()); */

frREk Rk hkkkkkkxhkkhhkkkkk /[

/* MLP — ‘A’ in Ax = b */

/*******‘kt***1{**********/

start n hist = count histories_in bitmask(my nhistories, history bitmask);
record_start nhistories(start_n hist, MLPTimeIdx, my nhistories);
gettimeofday(&before, NULL);

/* if (0) */

mlp->set my nhistories_ for MLP(count histories in bitmask(my_nhistories,
history_bitmask));
compute mlp(my nhistories,
history bitmask,
input floats,
input_ushorts,
entry exit,
volume bitmask len,
volume bitmask,
mlp);
}
gettimeofday{&after, NULL);
record_time{before, after, MLPTimelIdx);
/* fprintf(stderr, "%d: after MLP: curr_mem block_idx %d n_mem blocks %d\n", Myid, mlp-
>get curr mem block_idx(), mlp->get n mem blocks{)); */

PCT_FREE(entry_exit);

PCT_FREE(input_ushorts);
PCT_FREE(input floats);

JHEE Rk Rk Rk Rk Ak R X Tk kR kkhkrhk [/
/* solve for ’'x’ in Ax = b */
JHkkkkkkhkhkhhkkkhkkhkhkhkkkkkkk /

start_n _hist = count_histories_in bitmask(my_nhistories, history bitmask);
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record_start _nhistories(start n_hist, LinearSolverTimelIdx, my_nhistories);
gettimeofday(&before, NULL);
/* if (0) =/

{

#ifndef

#endif

char done = 0;

NO_MPI

int *dummy i recv buff (int *) NULL; // needed for bug in MVAPICHZ
float *dummy f recv buff = (float *) NULL; // needed for bug in MVAPICH2

]

PCT_MALLOC(solution, NVOXELS*sizeof(float), float)
PCT_MALLOC (count, NVOXELS*sizeof (int), int)

/* seed solution with zeros */
/* bzero(solution, NVOXELS*sizeof(float)); */
/* seed solution in phantom with ones and outside phantom 0.001 */
for (i = 0; i < NVOXELS; i ++)
{

if (volume bitmask[i])

{

solution[i] = INITIAL_ SOLUTION_INSIDE PHANTOM;

#ifdef DEBUG

#endif

if (Myid == ForemanRank)
nvoxels_inside phantom ++;

#ifdef DEBUG

#endif

#ifndef

}

else

{
solution[i] = INITIAL_SOLUTION_OUTSIDE_ PHANTOM;
if (Myid == ForemanRank)

nvoxels_outside phantom ++;

} /* endif */
} /* endfor */

while (!done)

{
linear_ solver_iterations ++;
/* printf("%d: starting linear solver iteration %1ld\n", */
/* Myid, linear_ solver iterations); */
bzero{count, NVOXELS*sizeof(int));
/* solve for ‘x’ in Ax = b */
linear solvers[linear sclver_ idx](mlp, // A
solution, // x
IED, // b
count,
history bitmask,
my_nhistories,
NVOXELS,
linear_solver relaxation);
NO_MPI
MPI_ Reduce( (Myid == ForemanRank
? MPI_IN PLACE // res clobbers oprnd in root
: solutiomn), // operand for non-root
(Myid == ForemanRank
? solution // result, relevant at root only
: dummy £ recv_buff),
NVOXELS, // count
MPI_FLOAT, // data type
MPI_SUM, // operator
ForemanRank, // root

MPI_COMM WORLD) ;
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#endif

#ifdef DEBUG

#endif

gooooao

MPI_Reduce( (Myid == ForemanRank

? MPI_IN PLACE // res clobbers oprnd in root
: count), // operand for non-root

(Myid == ForemanRank
? count // result, relevant at root only
: dummy i recv buff),

NVOXELS, // count

MPI_INT, // data type

MPI_SUM, // operator

ForemanRank, // root

a7) JP 2013-527918 A 2013.7.4

MPI_COMM WORLD) ;

if (Myid == ForemanRank)

#

/* NICK: not sure about count[i] == 0 here ... not sure */
/* if that’s an error or not :—{ */

if (linear solver iterations == 1)

{
/* volume_bitmask[] and count[] should be the same */
/* for all iterations, so suffices to do this only */

/* once and for the first iteration ®e
for (i = 0; i < NVOXELS; i ++)
: if (countii] > 0)
¢ /#* this voxel touched in MLP by >0 histories */
if (volume_bitmask[i])
. nvoxels inside phantom mlp touched ++;
}
else
{
nvoxels outside phantom mlp touched ++;
} /* endif */
1
else
{

/* this wvoxel not touched in MLP by any histories */

if (volume bitmask[i])
{

}

else

{

nvoxels_inside_phantom not touched ++;

nvoxels outside phantom not touched ++;
} /% endif */
Y /* endif =/
} /* endfor =/
} /% endif */

for (i = 0; i < NVOXELS; i ++)
{
if (count[i] > 0)
solution[i] /= count{ij;

else

{
/* count[i] == 0 means that none of the histories,
/* from any proc, touched this voxel idx=i ...
/* ... however, to make the MPI Reduce sum for

/* count and solution vector work easily, each proc
/* (inside linear solver) set their local copy of
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/* solution_vector[i] = 0 for those voxels=i that  */
/* it determined was not touched by any of its x/
/* histories ... the result of all this is that x/

/* if none_ of the histories touched a voxel then =/
/* its summed value in the foreman is now 0.0 and */

/* it needs to be set back to the initialization xf
/* guess based on whether we think the voxel is in */
/* the phantom or not */

if (volume bitmask[i]}

solutionfi] = INITTAL SOLUTION_TNSIDE_PHANTOM;
}
else
{
solution[i] = INITIAL_SOLUTION_OUTS IDE PHANTOM;
} /* endif */
} /* endif */
} /* endfor */

done = test_solution for done(solution);
/* if (0Q) */
{
if (!done)
{
FILE *fp;
char fname[300];

sprintf(fname, "%s/solution_vector.%s.%s.%021d4",

QutputDirBase,
Nowstring,
Relaxparamstring,
linear_solver iterations);
if ((fp = fopen(fname, "w")) != NULL)
{
fprintf(fp, "%d %d 2d\n",
MAX COLS, MAX ROWS, MAX PLANES);
for (i = 0; i < NVOXELS; i ++)
fprintf(fp, "%$E\n", solution[i]});
fclose(fp);
}
else
{

fprintf(stderr,
"ERROR: foreman could not fopen >%s<\n", fname);
} /* endif =/
} /* endif */
} /% endif */
} /* endif */

#ifndef NO_MPI
// foreman bcast done

MPI_Bcast(&done, // buff
1, // count
MPI CHAR, // data type

ForemanRank, // root
MPI_COMM_ WORLD) ;

if (!done)

{
// foreman bcast done
MPI_ Bcast(solution, // buff
NVOXELS, // count
MPI_FLOAT, // data type
48
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#endif
y

gettimeo
record_t
/* fprintf(s
mlp->get cur

PCT_FREE
PCT_FREE
PCT_FREE
PCT_FREE

/* print
/* if (0

(49) JP 2013-527918 A 2013.7.4

ForemanRank, // root
MPI_COMM_WORLD);
} /* endif */

endwhile */

fday(&after, NULL);

ime(before, after, LinearSclverTimeIdx);
tderr,
r mem block idx(), mlp->get n _mem blocks()); */

(volume bitmask);
(count);

(history bitmask);
(IED);

ing solution */

) */

if (Myid == ForemanRank)

{

FILE *fp;
char fname[300];

sprintf(fname, "%s/solution_vector.%s.%s.final”,
OutputDirBase, Nowstring, Relaxparamstring);
if ((fp = fopen(fname, "w")) != NULL)

fprintf(fp, "%d %d %d\n",
MAX COLS, MAX ROWS, MAX PLANES);
for (1 = 0; i < NVOXELS; i ++)
fprintf(fp, "%£\n", solution[i]);

fclose(£fp);
}

else

{

fprintf(stderr, "ERROR: foreman could not fopen >%s<\n", fname);
} /* endif */
/* printf("%d: foreman should print solution here\n", Myid); */

} /* endif */

}

PCT_FREE({solution};

/* print summary stats */

total time secs = time(NULL) - total time start;

/* Time */

prantE"\xn™) ;

printf("%d;: ~-=——e- Performance Summary\n", Myid);
#ifdef OPT

printf(“%d: Build Version: Optimized\n", Myid);
#endif
#ifdef NOOPT

printf("“%d: Build Version: Not optimized\n"”, Myid);
#endif
#ifdef DEBUG

printf("%d: Build Version: Debug\n", Myid);
#endif

printf("%d: Input: %s/%s*%s\n",

Myid, InputDir, InputFnamePrefix, InputFnameSuffix);
if (Myid == ForemanRank)
{

printf("%d: Output filename timestamp: %s\n", Myid, Nowstring);

gooobood
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if (max_histories per input file
== UNSPECIFIED MAX NINPUT HISTORIES PER FILE)
printf("%d: Max Hist per File: unspecified\n", Myid});
else
printf("%d: Max Hist per File: %d\n",
Myid, max histories per input file);

printf("%d: Total N histories: %d\n", Myid, TotalHistories);
switch (linear solver idx)
{
case CARP IDX:
printf("%d: Linear Solver Method: CARP\n", Myid);
break;
case SAP IDX:
printf("%d: Linear Solver Method: SAP\n", Myid);
break;
default:
printf("%d: Linear Solver Method: unknown :~(\n", Myid);
break;

} /* end switch() */
printf{"%d: Linear Solver Relaxation: %f\n",
Myid, linear solver relaxation);
printf({"%d: Linear Solver Iterations: %1ld\n",
Myid, linear solver iterations);
} /* endif */

printf("2d: My N histories: %d\n",
Myid, my nhistories);

#ifdef HISTOGRAM
printf("%d: GENERATED HISTOGRAM DATA\n", Myid);

#endif
/* if (D) */
{
printf("%d: —-- Timers\n", Myid);
for (i = 0; i < Ntimers; i ++)
{
printf("%d: %18s: usecs: %1d (%1ld secs) nhistories %ld\n",
Myid, TimerNames[i], (long) Timers[i],
(long) Timers[i]/1000000,
StartNhistories[i]);
if (StartNhistories[i] != 0)
printf("%d: %18s usecs/history %1ld\n",
M_Y}.d, " “f
(long) Timers[i]/StartNhistories[i]);
} /* endfor =/
printf("%d: --\n", Myid);
printf("%d: Total execution time (secs): %ld\n", Myid, total time secs);
printf("%d:\n", Myid);
4

/* Memory */
% L (0) =/
{
unsigned long nbytes_allocd_for voxel idxs =
mlp~->get nbytes_allocd_for voxel idxs();
unsigned long n histories for mlp = mlp->get my nhistories_for MLP();
unsigned long n_recorded voxel idxs = mlp->get n_recorded voxel idxs();
unsigned long nbytes_for recorded voxel idxs =
sizeof(unsigned int)*n recorded voxel idxs;
int n_allocd_blocks = mlp->get n allocd blocks();
unsigned int n_bytes_block;
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printf("%d: ——————o Memory Summary\n", Myid);
printf("%d: -- mem for MLP voxel idx’s\n", Myid);
printf("%d: N bytes allocd for voxel idxs: "
“91d (%7.1f MB %4.1f GB)\n",
Myid, nbytes_allocd_ for_voxel_idxs,
((float) nbytes allocd for voxel idxs)/MB,
{(£loat) nbytes allocd for voxel idxs)/GB);
printf("%d: N bytes used for voxel idxs: "
"$1d (%7.1f MB %4.1f GB)\n",
Myid, nbytes_for_ recorded voxel idxs, 10

((float) nbytes_for recorded_voxel idxs)/MB,

((float) nbytes_for_ recorded_voxel idxs)/GB);

printf("3%d: N bytes unused for voxel idxs: "
"$ld (%7.1f MB %4.1f GB)\n",

Myid, nbytes_allocd for voxel idxs-nbytes for recorded voxel idxs,
((float) (nbytes allocd for voxel idxs-nbytes for recorded voxel idxs))/MB,
((float) (nbytes_allocd for voxel_ idxs-nbytes for recorded voxel idxs))/GB);

printf("2d: Percent alloc used for voxel idxs: %4.1f %% \n",

Myid,

(nbytes_gallocd for voxel idxs != 0

? 100.0*((float) nbytes_for_ recorded_voxel_ idxs)
/((float) nbytes_allocd for_ voxel idxs)
T 0.8));

printf("%d: -- counts for MLP voxel idx’s\n", Myid); 20
printf("%d: N recorded voxel idxs: %1d\n", Myid, n_recorded voxel_idxs);

printf ("%d: N histories for MLP: %1d\n", Myid, n_histories_for mlp);

printf("%d: Avg rec v_idxs/hist: %ld\n",

Myid,
(n_histories for mlp != 0
? n_recorded voxel idxs/n_histories_for_mlp
: OL));
#ifdef DEBUG
if (Myid == ForemanRank)
i
printf("%d: —-- Voxel space\n", Myid);

printf("%d: N voxels inside phantom: %ld (%4.1f %%)\n",
Myid, nvoxels inside phantom,
(100.0*((float) nvoxels_inside phantom)/((float) NVOXELS)));
printf(“%d: N voxels outside phantom: %1ld (%4.1f %%)\n", 30
Myid, nvoxels outside phantom,
(100.0*( (float) nvoxels outside phantom)/((float) NVOXELS)));
printf("%d: N voxels MLP-touched inside phantom: "
"%ld (%4.1f %% of inside voxels - want 100%%)\n",
Myid, nvoxels_inside_phantom mlp touched,
(100.0*((float) nvoxels inside phantom mlp touched)
/((£loat) nvoxels_inside phantom)));
printf("%d: N voxels MLP-touched outside phantom:
"%1d (should be zero)\n",
Myid, nvoxels_outside phantom mlp touched);
printf("%d: N voxels *not* MLP-touched inside phantom:
"%1d (%4.1f 2% of inside voxels - want zero)\n",
Myid, nvoxels_inside_ phantom not_touched,
(100.0*((float) nvoxels_ inside phantom not touched)
/((float) nvoxels_inside_ phantom)));
printf("%d: N voxels *not* MLP-touched outside phantom:
"%1d (%4.1f %% of outside voxels - should 100%%)\n",
Myid, nvoxels_ outside phantom_not_touched,
(100.0%((float) nvoxels outside phantom not touched)
/((float) nvoxels_outside phantom)));
} /* endif */

n

40

#endif

printf("%d: -- Block stats\n", Myid);
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printf("%d: N copies: %1d\n", Myid, mlp->get_n_copies(});
printf("%d: N bytes copied: %1d\n", Myid, mlp->get n copied bytes());
printf("%d: N allocd blocks: $d\n", Myid, n_allocd_blocks);
for (1 = 0; 1 < n_allocd blocks; i ++)
{
n_bytes block = mlp->get block nbytes(i);
printf("%d: - blk %2d N bytes: %d (%7.1f MB %4.1f GB)\n",
Myid, i, n_bytes_block,
((float) n_bytes block)/MB,
((float) n_bytes_block)/GB);
} /* endif */

delete mlp;

printf("%d: -- Basic memory stats\n", Myid):

printf("%d: N calls to malloc(): %1d\n", Myid, N mallocs);

printf("%d: N calls to realloc(): %1ld\n", Myid, N _reallocs);
#ifdef DEBUG

printf("%d: N calls to free(): %1ld\n", Myid, N_frees);
#endif

printf("%d: N allocated bytes: %1d (%7.1f MB %4.1f GB)\n",

Myid, N_allocated bytes,
((float) N_allocated bytes)/MB, ((float) N_allocated bytes)/GB);

printf("%d: Largest single mem req bytes: %1d (%7.1f MB %4.1f GB)\n",
Myid, Largest_single_mem request,
((float) Largest_single_mem_ request)/MB,
((float) Largest single mem request)/GB);

printf("%d: : file: %s line: %d\n",
Myid, Largest single mem request fname,
Largest_single mem request_line no);

#ifdef DEBUG

printf("%d: N freed bytes: %1d (%7.1f MB %4.1f GB)\n",
Myid, N_freed bytes,
((float) N_freed_bytes)/MB, ((float) N_freed bytes)/GB);

printf("%d: N not freed bytes: %1d (%7.1f MB %4.1f GB)\n",
Myid, N_allocated bytes-N_ freed bytes,
((float) (N _allocated bytes-N freed bytes))/MB,
((float) (N_allocated bytes-N_freed_bytes))/GB);

printf("%d: High water mark bytes: %1d (%7.1f MB %4.1f GB)\n",
Myid, N_allocated bytes high water mark,
((float) N_allocated_bytes_high_water_mark)/MB,
((float) N_allocated bytes high water mark)/GB);

#endif

printE{ "oy
}

#ifdef DEBUG
#ifndef NO_MPI
/* MPI Profiles */
/* 1f (0) */
£
printf("%d: -- MPI Functions\n", Myid);
for (i = 0; 1 < Nfuncs; i ++)
{

if (func_profiles[i].does_communicate)

printf("%d: 215s: Ncalls %3d secs %f bytes %1d (%6.1f GB/sec)\n",

Myid,

func_profiles[i].func_name,

func_profiles[i].call_count,

func profiles[i].total time secs,

func_profiles[i].total_bytes,

(func_profiles[i].total time secs > 0.0
? (func_profiles[i].total bytes/GB)
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/func_profiles[i].total time_ secs

t 0.0)
)i
}

else

{

printf("%d: %15s: Ncalls %3d secs %f\n",

Myid,

func_profiles[i].func_name,
func_profiles[i].call count,

func_profiles[i].total time secs);

} /* endif */
} /* endfor */

printf("\n");

}
#endif
#endif

JRERE kAR hk xRk [

/* epilogue */

YA E R 222 LX)

#ifndef NO MPI
MPI_Finalize();
#endif
exit(0);

} /* end main() */

[*®

"Note on a Method for Calculating Corrected Sums of Squares and Products,”

B.P. Welford, Technometrics, Vol 4, No. 3, Aug 1962,

The Art of Computer Programming, D.E. Knuth, vol 2,
The Art of Computer Programming, D.E. Knuth, vol 2,

Reccurrence forumla that keeps a running mean (M k)

for some stream of values X_i

For x 1

I

=x1
=0

n =
=

For x i i>1

m =R
(]

At any time k>1
running mean = M k

running _sample_ (i.e., not _population_ ) variance

L'

=M (i-1) + [(x_i - M _(1i-1))/1i]
S (i-1) + [(x_i - M (i-1)) * (x i - M 1i)]

static void accumulate stats_val(float *m,

#ifdef DEBUG

#endif

*n = *n + 1;

goooooaon

float *s,

float *min,
float *max,

unsigned int *n,
float val)

B3

419-420.

2nd Edition, p 216
3rd Edition, p 232

and running SSE (S _k)

S k/(k-1)
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if (*n == 1)
{
*m = val;
*s = 0.0;
#ifdef DEBUG
*min = *max = val;
#endif
}
else
{
float old mean = *m;
float d = val - old _mean;

*m += (d/(*n));

*s += (d¥(val - *m));
#ifdef DEBUG

if (*min > wval) *min val;

if (*max < val) *max = val;

I

#endif
} /* endif */

JP

2013-527918 A 2013.7.4

/* printf("after pushing %f RunningMean %f RunningSSE %f\n",val,*m,*s); */

return;
} /* end accumulate stats_val() */

static void compute_and bcast_vbm(int my nhistories,

unsigned char *history bitmask,

float *input floats,

unsigned short *input ushorts,
int volume_ bitmask_len,

char *volume bitmask)

{

#ifndef NO MPI
MPI_Op op;

char *dummy recv_buff = (char *) NULL; // needed for bug in MVAPICHZ

#endif

// makevbm2.cc

compute_initial vbm(my_nhistories,
history bitmask,
input_floats,
input_ushorts,
volume bitmask len,
volume bitmask);

#ifndef NO MPI

MPI Op create((MPI User function*) andem, // my user-defined func

1; // commute flag
// op handle

&op) ;

MPI Reduce{ (Myid == ForemanRank
? MPT_TIN_PLACE
: volume bitmask),
(Myid == ForemanRank
? volume bitmask
: dummy recv_buff),

volume bitmask len, // count
MPI_CHAR, // data type
op, // operator
ForemanRank, // root

MPI_COMM WORLD);
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MPI Op free(&op);
#endif

// formeman only morph_clean,
if (Myid == ForemanRank)

// morph clean2.cec
morph_clean(volume_bitmask len, volume bitmask);
} /% endif */

#ifndef NO_MPI
// foreman bcast morph_cleaned volume bitmask

MPI_Bcast(volume_bitmask, // buff
volume bitmask len, // count
MPI_CHAR, // data type
ForemanRank, // root
MPI_COMM_WORLD);
#endif
#if 0

// intersect2.cc
// NICK: push all this into mlp code so that you do NOT
Vi g have to malloc and store everything in entry exit
compute entry exit from vbm(my_nhistories,
input_floats,
input_ushorts,
entry exit);
#endif -

return;
} /* end compute_and bcast_vbm() */

static void compute nhistories(int *my nhistories,

int *histories_per worker, // relevant foreman only

int n_input_histories,
int max histories_ per foreman or worker,
int *must_f£ill foreman}

{

/* max_histories_per_ foreman_or worker is always defined */
/* ... in that context there are two cases: */
/* (1) we don't know how many input histories there are: */
/* read max_histories_per foreman or_worker into */
/* each process, must fill all workers, foreman is */
/* last to get his and so may be less than full */
/* (2) we know how many input histories there are: */
/* spread histories evenly across all Nprocs, make *f
/i sure under max_histories_per_foreman or worker, */
/% all workers get the same number of histories and */
/* foreman may get more due to rounding */
if (n_input_histories == UNSPECIFIED NINPUT HISTORIES)

{

*my_nhistories =
*histories per worker = max_histories_ per foreman_ or_ worker;

*must_fill foreman = 0;
}

else
{

/* n_input histories specified on command line */

*histories per worker = n_input_histories/Nprocs;
if (Myid == ForemanRank)
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{

/* Foreman must absorb rounding slack */

*my nhistories = n_input histories -

( (Nprocs-1)*(*histories_per worker));

}
else
{

*my nhistories = *histories_per_worker;
} /* endif */

*must_fill foreman 1

}/* endif */

if (*my _nhistories > max histories per foreman or_ worker)
{
fprintf(stderr,
"ERROR: %s %d: proc %d: "
"my nhistories %d > max histories per foreman or_ worker %d\n",
__FILE__, __ LINE__, Myid,
*my nhistories, max_histories_per foreman or_worker);
PCT ABORT (ABORT TOO_ MANY HISTORIES)
} /* endif */

return;
} /* end compute_nhistories() */
static float compute stat_val(float *input floats,
unsigned short *input_ushorts,
15 h,
int stat_displ)
float val;

switch (stat_displ)

{
case STAT DELTA X:
{
int x1 = get_xl1(input_ushorts, h);
int x2 = get x2(input_ushorts, h);
int %3 = get_x3(input_ushorts, h);
int x4 = get_ x4 (input_ushorts, h);
val = ((float) (x4 - x3) - (X2 - x1));
}
break;
case STAT DELTA ¥:
{
int yl = get_yl(input_ushorts, h);
int y2 = get_y2(input_ushorts, h);
int y3 = get y3(input ushorts, h);
int y4 = get_y4(input_ushorts, h);
val = ((float) (y4 - ¥3) - (y2 - y1));
1
break;
case STAT DELTA_ ENERGY:
{
float ein = get ein(input floats, h);
float eout = get eout(input_floats, h);
val = ein-eout;
}

56

goooooaon

10

20

30

40

50



(57) JP 2013-527918 A 2013.7.4

goooano

break;
default:

val = 0.0; // supress annoying compiler warning

fprintf(stderr,
"ERROR: %s %d: proc %d:
"remove based on binned stat():
"passed unrecognizable stat_displ %d\n",
__FILE__, _ LINE_ , Myid,
stat_displ);

PCT_ ABORT (ABORT STATS ERROR)

break;

} /* end switch() */

"

return valj;
} /* end compute stat wval() =*/

static int count histories in bitmask(int my nhistories,
unsigned char *history bitmask)

{
int n_full_bytes = my_nhistories / B;
int n _remaining bits = my nhistories % 8;
int i;

int rc = 0;

/* first counting the bits in full bytes */
for (i = 0; i < n_£full bytes; i ++)
{
switch (history bitmask[i])
{
/* nbits = 0 =/
case 0x0: rc += 0; break;

/* nbits = 1 =/
case 0x10: case 0xl: case 0x20: case 0x2: case (0x40: case 0x4:
case 0xB(0: case 0xB:

rc += 1; break;

/¥ nbits = 2 */
case 0xll: case 0x12: case 0xl4: case 0xl8: case 0x2l: case 0x22:
case 0x24: case 0x28: case 0x30: case 0x3: case 0x4l: case 0x42:
case 0x44: case 0x48: case 0x50: case 0x5: case 0x60: case 0x6:
case 0x8l: case 0xB82: case 0xB4: case 0xBB: case 0x90: case 0x9:
case 0xal: case Oxa: case 0xc0: case 0xc:

rc += 2; break;

/* nbits = 3 */

case 0x13: case 0xl5: case 0xl6: case 0x19: case Oxla: case 0Oxlc:
case 0x23: case 0x25: case 0x26: case 0x29: case 0OxZa: case 0x2c:
case 0x31: case 0x32: case 0x34: case 0x38: case (x43: case 0x45:
case 0x46: case 0x49: case 0Ox4a: case 0Oxdc: case 0x51: case 0x52:
case 0x54: case 0x58: case 0x6l: case 0x62: case 0x64: case 0x68:
case 0x70: case 0x7: case 0xB83: case 0x85: case 0xB6: case 0x89:
case 0xBa: case 0x8c: case 0x91: case 0x92: case 0x94: case 0x98:
case 0Oxal: case (xa2: case 0xad: case 0xa8: case (xb0: case 0Oxb:
case Oxcl: case 0Oxc2: case 0xcd: case 0xcB: case 0xd0: case Oxd:
case 0Oxel: case 0Oxe:

rc += 3; break;

/* nbits = 4 */

case 0xl7: case 0xlb: case 0xld: case 0xle: case 0x27: case 0x2b:
case 0x2d: case (0x2e: case 0x33: case 0x35: case 0x36: case 0x39:
case 0x3a: case 0x3c: case 0x47: case 0x4b: case 0x4d: case Oxde:
case 0x53: case 0x55: case 0x56: case 0x59: case 0Ox5a: case 0x5c:
case 0x63: case (0x65: case 0x66: case 0xX69: case 0Ox6a: case 0x6c:
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case 0x71: case 0x72: case 0x74: case 0x78: case 0x87: case 0x8b:
case 0x8d: case 0xBe: case 0x93: case 0x95: case 0x96: case 0x98%:
case 0x9a: case 0x8c: case 0xa3d: case 0xab: case 0Oxa6: case 0xa8:
case 0xaa: case (Oxac: case 0xbl: case 0xb2: case 0xb4: case 0xb8:
case 0xc3: case 0xc5: case 0xc6: case 0xc9: case 0Oxca: case 0xcc:
case 0xdl: case 0xd2: case 0Oxd4: case 0xdB: case 0xel: case 0OxelZ:
case 0Oxed: case 0xe8: case 0xf0: case 0Oxf:
rc += 4; break;

/* nbits = 5 %/

case 0x1f: case 0x2f: case 0x37: case 0x3b: case 0x3d: case 0x3e:
case 0x4f: case 0x57: case 0x5b: case 0x5d: case 0xb5e: case 0x67:
case 0xb6b: case 0x6d: case 0x6e: case 0x73: case 0x75: case 0x76:
case 0x79: case 0x7a: case 0x7c¢: case 0xBf: case 0x97: case 0x9b:
case 0x9d: case 0x9e: case 0xa7: case 0Oxab: case 0Oxad: case 0Oxae:
case 0xb3: case 0xb5: case 0xbb6: case 0xbY: case Oxba: case 0Oxbc:
case 0Oxc7: case Oxcb: case 0xcd: case Oxce: case 0xd3: case 0xd5:
case 0xdé: case 0xd9: case Oxda: case 0Oxdc: case 0xe3: case 0Oxeb:
case 0xe6: case 0xel9: case Oxea: case 0Oxec: case 0xfl: case 0xf2:
case 0xf4: case 0Oxf8:

rc += 5; break;

/* nbits = 6 */
case 0x3f: case 0x5f: case 0x6f: case 0x77: case 0x7b: case 0x7d:
case 0x7e: case 0x9f: case Oxaf: case (0xb7: case 0xbb: case 0Oxbd:
case Oxbe: case 0Oxcf: case 0xd7: case 0Oxdb: case 0xdd: case Oxde:
case 0xe7: case (Oxeb: case Oxed: case Oxee: case 0xf3: case 0xf5:
case 0xf6: case 0xf9: case Oxfa: case 0Oxfc:

rc += 6; break;

/* nbits = 7 */
case 0x7f: case 0xbf: case 0Oxdf: case Oxef: case 0xf7: case 0xfb:
case Oxfd: case 0Oxfe:

rc += 7; break;

/* nbits = 8 */
case 0xff: rc += B; break;
default: break;
} /* end switch() */
} /* endfor */

/* now counting the bits in last non-full byte */

for (i = 0; i < n_remaining bits; i ++)
if (TEST(history bitmask+n full bytes, i)}
re ++3

return rc:
} /* end count_histories in bitmask() */

static void f£ill buffers from files(float *input floats,
unsigned short *input ushorts,
int *deg,
FILE **fp,
int *histories_read from this file,
int max_histories per_ input file,
int nhistories_buffsize,
int *my nhistories,

int must fill) // must_fill == 0 iff foreman
{
float *float p;
unsigned short *ushort_p;
int done;
float_p = input_floats;
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-

ushort p = input ushorts;

done = 0;
for (*my nhistories = 0;
!done && *my_nhistories < nhistories_ buffsize;
*my nhistories = *my nhistories + 1)
{

if (max_histories_per input file
I= UNSPECIFIED MAX NINPUT HISTORIES PER FILE

&& *histories read from this_ file >= max histories_per input file)

{
/* reached limit of histories that can be read from this file */
/* ... time to start reading from the next input file L'
fclose(*fp);

*deg = *deg + 2;

*fp = open input file(*deg);

*histories_read_from this_file = 0;
} /* endif =/

if (fscanf(*fp, "%hu %hu %$hu %hu %hu %hu %hu %hu %f %f %f\n",
ushort p+X1 DISPL, ushort_p+Y1l DISPL,
ushort p+X2 DISPL, ushort p+¥2 DISPL,
ushort p+X3 DISPL, ushort_p+¥3 DISPL,
ushort p+X4 DISPL, ushort p+¥4 DISPL,
float p+EIN DISPL, float p+EOUT DISPL, float p+THETA DISPL)
== EQOF)

/* ran out of data from open file, */
/* closing and moving to next file */
fclose(*fp);

*deg = *deg + 2;
*fp = open_input file(*deq);
*histories_read from this file = 0;

if (fscanf(*fp, "%hu %hu %hu %hu %hu %hu %hu %hu %f %f %f\n",
ushort p+Xl_DISPL, ushort_p+Y¥Yl DISPL,
ushort p+X2 DISPL, ushort_p+¥2 DISPL,
ushort p+X3 DISPL, ushort p+¥3_DISPL,
ushort_ p+X4 DISPL, ushort p+Y4 DISPL,
float p+EIN DISPL, float p+EOUT DISPL, float p+THETA DISPL)

== EOF)
{
if (must_fill)
{
/* ran out of data for non-foreman workers */
fprintf(stderr,
"ERROR: %s 3%d: proc %d: "
"ran out of data data deg %d\n",
__FILE , _LINE , Myid,
*deg) ;
PCT_ABORT(ABORTﬁTOOﬁMANY_HISTORIES)
b
else
{

done = 1;
} /* endif */
} /* endif */
} /* endif */
float_p += INPUT FLOAT STRIDE;
ushort_p += INPUT USHORT STRIDE;

*histories_read_from this file = *histories read from this file + 1;
} /* endfor */
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if (done)
{

*my_nhistories = *my_nhistories - 1;

} /* endif */
return;

} /* end £ill_buffers_ from files() */

static void find entry exit from vbm or remove (int nhistories,

unsigned char *history bitmask,
float *input_ floats,

unsigned short *input_ushorts,
struct entry exit t *entry_ exit,
int volume bitmask len,

char *volume bitmask)

{

int h;
#ifdef DEBUG

int n_cleared_histories = 0;
#endif

for (h = h < nhistories ; h++)

{

if (TEST(history bitmask, h))

{

// intersect2.cc
if (! compute entry exit from vbm(h,

#ifdef DEBUG

#endif

#ifdef DEBUG

#if 0

gooooao

input_floats,
input ushorts,

volume bitmask_len,

volume bitmask,
entry_exit))

/* could NOT find entry/exit on phantom .

%/

/* declare a rogue history -- need to toss it */

CLEAR(history bitmask, h);

/* NICK: need to write code to re-claim space used */
/* NICK: in this block to record voxel ids thus */

/* NICK: far for this history.

n_cleared histories ++;

fprintf(stderr,
"ERROR: %s %d: proc %d: "
"computed vbm index %d (max %d) "
"from history %d "

"

n

"entry_x %f entry_ y %f entry_z %f
"exit x %f exit y $%f exit z %f

n \1’1" .
__FILE _, _LINE , Myid,
voxel idx, volume bitmask len,
h,

e

xl %d yl %d x2 %d y2 %d %3 %d y3 %d x4 %d y4 %d "

get xl(input ushorts, h), get yl(input ushorts, h),
get x2(input_ushorts, h), get y2(input ushorts, h),
get x3(input_ushorts, h), get y3(input ushorts, h),
get x4 (input_ushorts, h), get y4(input ushorts, h),
entry exit.entry x, entry exit.entry y, entry exit.entry z,

entry exit.exit x, entry exit.exit y,

60
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#endif

/* MPI::COMM_WORLD.Abort(ABORT_ INVALID IDX); */
#endif

} /* endif */
} /* endif */
} /* endfor */

#ifdef DEBUG
printf("%d: could not connect to phantom n_cleared histories %d\n",
Myid, n_cleared_histories);
#endif

return;
} /* end find_entry exit from vbm or remove() */
static int get_stat_cell_idx(float *input_floats,
unsigned short *input_ushorts,
int h;
int stat_displ)
/* binning based on INTERNAL ENTRY plane */
int x = get_x2(input_ushorts, h);

int y = get_y2(input_ushorts, h);

int converted x = (x * REGION_COLS)/MAX TRACK X IDX;
int converted_y = (y * REGION_ROWS)/MAX TRACK_Y_ IDX;

float theta = get_theta(input_floats, h);
int theta_idx = (int)(theta * THETA_IDX PER_DEGREE + 0.5);

#ifdef DEBUG

{
int rc = ( (STAT_CELL_IDX_ANGLE_STRIDE * theta idx)
+ (STAT CELL_IDX_ROW_STRIDE * converted y)
+ (STAT CELL_IDX COL_STRIDE * converted_x)
+ stat_displ);
if (re¢ < 0 || re >= N_STAT CELLS)
{
fprintf(stderr,
"ERROR: %s %d: proc &d: "
"computed invalid stats_idx %d "
"from history %d x %d y %d theta %f stat_displ %d "
"(must be 0 <= stats_idx < N_STAT CELLS %d)\n",
__FILE _, _LINE , Myid,
rc, h, x, y, theta, stat_displ, N_STAT CELLS);
PCT_ABORT (ABORT_STATS_ERROR)
} /* endif */
return rc;
}
#else

return ( (STAT_CELL_IDX_ ANGLE_STRIDE * theta_ idx)
+ (STAT_CELL_IDX_ROW_STRIDE * converted y)
+ (STAT CELL IDX COL STRIDE * converted x)
+ stat_displ);
#endif

} /* end get_stat_cell_idx() */

static FILE *open_input_file(int degree)
{
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FILE *fp;
char inputfilename[256];

sprintf (inputfilename, "%s/%s%03d%s",
InputDir, InputFnamePrefix, degree, InputFnameSuffix);

if (!(fp = fopen(inputfilename, "r")))
{
fprintf({stderr, "ERROR: could not open input file >%s<\n",
inputfilename);
PCT_ABORT (ABORT_FAILED FOPEN)
} /% endif %/

return fp;

} /* end open input file() */

/* extern "C" int getopt(int argc, char * const argv[], const char *optstring)

®if

extern "C" int getopt(int argc, char * const argv[], const char *optstring);

static void parse command line args{int argc,
char **argv,
int *n_input histories,

int *max histories per foreman_or_worker,

int *max_histories per input file,
float *linear_solver relaxation)

int €3
enum input_sets {threeM, thirtyeightM, twoB} input;
int error;

/* int getopt(int argc, char * const argv[], const char *optstring);
extern char *optarg;
/* extern int optind, opterr, optopt; */

error = 0;

/* default values */
*n_input_histories = UNSPECIFIED NINPUT_ HISTORIES;

0/

*max_histories_per input file = UNSPECIFIED MAX NINPUT HISTORIES PER FILE;
*max histories per foreman or worker = DEFAULT MAXHISTORIES PER_WORKER;

input = thirtyeightM;
*linear solver relaxation = DEFAULT RELAXATION;

while ((c¢ = getopt(argc, argv, "sblh:fim:r:")) I= -1}
{
switch (c)

{

case ‘s’': input = threeM;
case 'b’: input = thirtyeightM;
case 'l’: input = twoB;
case 'h': *n _dinput histories = atoi(optarg);
case f': *max_histories_per_input_file=atoi(optarg);
case 'm’: *max_histories per foreman or worker=atoi{optarg);
case 'r’: *linear solver_ relaxation=atof(optarg);
default: error = 1;
} /* end switch() */
} /* endwhile */
if (error)
{
if (Myid == ForemanRank)
{
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/* only Master prints usage message */
fprintf(stderr,
“\n\tusage: %s {-s | -b | -1} "
"{-h <N input histories>} "
"{-f <max N input histories per file>}
"{-m <max N histories per worker or foreman>}
"{~r <linear solver relaxation param>} "
"\n\n",
argv(0]);
fprintf(stderr, "where\n\n");
fprintf(stderr, "\t-s - small input, 2D, ~3M histories\n");
fprintf(stderr, "\t-b - big input, 3D, "38M histories (default)\n");
fprintf(stderr, "\t-1 - large input, 3D, "1.9B histories\n");
fprintf(stderr, "\n");

"

#ifdef NO_MPI
exit(l);
#else
MPI_Abort (MPI_COMM WORLD, ABORT INVALID CMD LINE_ARGS);
#endif
} /* endif */
} /% endif */

switch (input)

{

case threeM:
sprintf(InputDir, "%s/Input-2D-3.2M/", InputDirBase);
strcpy(InputFnamePrefix, "projections.");
strepy(InputFnameSuffix, ".dat");

break;

case thirtyeightM:
sprintf(Inputbir, "%s/Input-Full3D-38.6M/", InputDirBase);
strcpy(InputFnamePrefix, "angle ");
strecpy(InputFnameSuffix, ".txt");

break;

case twoB:
sprintf(InputDir, "%s/Input-Full3D-GeneratedAtNIU-1.9B/ConvertedFromPen

fold/",

InputDirBase);
strepy (InputFnamePrefix, “"angle "};
strepy (InputFnameSuffix, ".txt");
break;

default:
fprintf(stderr,
"ERROR: parse command line args():
"encountered invalid input = %d\n",

input);
#ifdef NO_MPI
exit(ly;
#else
MPI Abort (MPI_COMM WORLD, ABORT INVALID CMD LINE ARGS);
#endif

break;
} /* end switch */
return;
} /* end parse command line args() */

static void read and distribute input(int histories_per_worker,
int max histories_per_ input file,
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int *my_nhistories,
int must fill foreman,
float *input floats,
unsigned short *input_ushorts)
{
int deg;

int histories_read from this_ file;
#ifndef NO_MPI

int. i:

MPI_Status status;

#endif

FILE *fp;

/* NICK: fix this

/* max_histories_per foreman or worker is always defined

/* in that context there are two cases:

/*
/*
/*
/*
/*
/*
/*
/*
I*

(1) we don't know how many input histories there are:
read max histories_per foreman or_ worker into
each process, must fill all workers, foreman is
last to get his and so may be less than full

(2) we know how many input histories there are:
spread histories evenly across all Nprocs, make
sure under max histories_per foreman or_ worker,
all workers get the same number of histories and
foreman may get more due to rounding

/*‘k***************‘k***********/

/* Read and distribute input */
[RAkkkkkkkkhk ke kkkhhkhkkkhhkhhhw [

if (Myid == ForemanRank)

/* I am the foreman */
TotalHistories = 0;

/* opening first file =/

deg = 0;

fp = open_input file(deg);
histories_read from this file = 0;;

#ifndef NO MPI
/* must read and distribute input tc other workers */

for (i = 1; i < Nprocs; i ++)

£ill buffers from files(input_ floats,
input ushorts,
&deqg,
&fp,

x/
*/
*/
*/
*/
*/
*/
*/
x/
*/
*/

&histories read from this file,

max_histories per input file,

histories per worker,
my_nhistories,
1); // must_£ill

MPI_Send(input_ floats,
histories per worker*INPUT_FLOAT STRIDE,
MPI FLOAT,
i,
INPUT FLOAT TAG,
MPI_COMM WORLD);
MPI_ Send{input ushorts,

histories_per worker*INPUT_USHORT STRIDE,

MPI UNSIGNED_ SHORT,
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/* buff
/* count
/* type
/* dest
/* tag
/* comm
/* buff

- set to received for worker or last read for foreman*/

=
®/
*/
#f
*/
*/
* )/

/* count */

/* type

*/
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ALy % degt ¥
INPUT USHORT TAG, /* tag %/
MPI COMM WORLD); /* comm */
TotalHistories += histories per worker;
} /* endfor */
#endif
/* now f£ill foreman'’'s buffer, which may not be full =/
fill_buffers_ from files(input_floats,
input ushorts,
&deg,
&fp,
&histories read from this_file,
max_histories per input file,
*my_nhistories,
my_nhistories, // may reset foreman's val
must_fill foreman); // must fill
TotalHistories += (*my_nhistories);
}
#ifndef NO MPI
else
{

/* I am NOT the foreman */

/* must receive my input from the foreman */
MPI_Recv(input floats,

histories per worker*INPUT FLOAT STRIDE, /* count */
MPI_FLOAT, /* type */
ForemanRank, /* source */
INPUT FLOAT TAG, /* tag B
MPI_COMM_WORLD, /% comm  */
&status); /* status */
MPI_Recv(input_ushorts,

histories per worker*INPUT USHORT STRIDE, /* count */
MPI_UNSIGNED SHORT, /* type %/
ForemanRank, /* source ¥/
INPUT USEORT TAG, /* tag */
MPI_COMM WORLD, /% comm  */
&status); /* status */

} /* endif */

#endif
return;

} /* end read_and distribute input() */

static void remove based on_binned stat(int nhistories,
unsigned char *history bitmask,
float *input floats,
unsigned short *input ushorts,
struct stats s[].,
float sigma_cutoff[],
int stat_displ)

int h;

int stat idx;

float wval;
#ifdef DEBUG

int n_cleared histories = 0;
#endif

for (h = 0; h < nhistories; h ++)
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if (TEST(history_ bitmask, h))
/* this history has not been previously thrown out */

stat_idx = get_ stat cell idx(input_floats,
input_ushorts,
h,
stat displ);
#ifdef DEBUG
/*************t**/
/* sanity check */
Jrrdkdhdkkkdkhhkkkkdk [

/****************************************************/

/* confirming that history has not yet been cleared */

/* has been accumulated as part of the global stats */
/****************************************************/

if (s[stat_idx].n <= 0)
{
fprintf(stderr,
"ERROR: %s %d: proc %d: "
"history %d: stat_idx %d from stat_displ %d "
"found n = %d (must be > 0)\n",
__FILE , _ LINE , Myid,
h, stat_idx, stat_displ, s[stat_idx].n);
PCT_ABORT (ABORT_STATS ERROR)
} /* endif */
#endif

val = compute_stat val(input_ floats,
input_ushorts,
hl

stat displ);

#ifdef DEBUG
/***************t/
/* sanity check */
/****************/
/*****************************************************************/
/* confirming global min x <= x <= global_max x */
/* where "global" means across all procs for stats cell stat_idx */
/*****t********k******************t******************************k/

if (val < s[stat_idx].min)
{
fprintf(stderr,
"ERROR: %s %d: proc %d: "
"history %d: stat_idx %d from stat displ %d "
"computed val %f < global min %f\n",
__FILE , _ LINE , Myid,
h, stat_idx, stat displ, val, s[stat_idx].min);
PCT_ABORT (ABORT_STATS_ ERROR)
} /* endif */

if (val > s[stat_idx].max)
{
fprintf(stderr,
"ERROR: %s %d: proc %d: "
"history %d: stat_idx %d from stat displ %d "
"computed val %f > global max %f\n",
_FILE , _LINE , Myid,
h, stat_idx, stat_displ, val, s[stat_idx].max);
PCT_ABORT (ABORT_STATS_ ERROR)
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} /* endif */
#endif

if (fabs(val - s[stat_idx].mean) > sigma_cutoff[stat_idx])

{

#ifdef DEBUG

CLEAR (history bitmask, h);

n_cleared_histories ++;
#endif
} /* endfor */
} /* endif */
} /* endfor */

#ifdef DEBUG
printf("%d: stat_displ %d n_cleared histories %d\n",
Myid, stat_displ, n_cleared histories);
#endif

return;
} /* end remove_based on_binned stat() */
static void remove_histories from binned stats(int nhistories,
unsigned char *history bitmask,

float *input_floats,
unsigned short *input ushorts)

{
int h;
int stat_idx;
float val;
/* could make s[] and sigma_cutoff[] local vars instead */
/* of malloc/free them, but their combined size alone is ~11MB */
/* which on some systems blows the default stack size (e.g., 8MB) ®/

/* ... easier to malloc/free them rather than wrestle with stack sizes */
/* struct stats s[N_STAT CELLS]; */

/* float sigma_cutoff[N STAT CELLS]; */

struct stats *s;

float *sigma_cutoff;

PCT MALLOC(s, N_STAT CELLS*sizeof(struct stats), struct stats);
PCT MALLOC(sigma_cutoff, N_STAT CELLS*sizeof(float), float);

/* printf("%$d: ENTER remove histories_from binned stats()\n", Myid); */
/#* initializing stats */
for (h = 0; h < N_STAT CELLS; h ++)
s[h].n = 0;

/******‘k******k*******'k'k******************************/

/* PHASE 1 of 3 - compute local running mean and SSE */
/*******************w**w*w****************w*w*********/

for (h = 0; h < nhistories; h ++)
{
if (TEST(history_bitmask, h))
{

/*****************************Q****,

/* accumulating stats for delta x */
/**********************************/

stat_idx = get stat cell_idx(input_floats,
input_ushorts,

h,
STAT DELTA X);
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#ifdef DEBUG

#endif

#ifdef DEBUG

#endif

#ifdef D
#endif
}y [*

} /* end

#if DEBUG

[hEkhkkk

goooooaon
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val = compute_stat wval(input_ floats,
input_ushorts,
b,

STAT DELTA X);

accumulate_ stats_val(&(s[stat_idx].mean),
&(s[stat_idx].sse),

&(s[stat_idx].min),
&(s[stat_idx].max),

&(s[stat_idx].n),
val);

/**********************************/

/* accumulating stats for delta y */
/**********************************l

stat_idx = get_stat cell idx(input floats,
input_ushorts,
h r
STAT DELTA Y);

val = compute_stat_val(input_ floats,
input_ushorts,
h,
STAT DELTA Y);

accumulate stats val(&(s[stat_idx].mean),
&(s[stat_idx].sse),

&(s[stat_idx].min),
&(s[stat idx].max),

&(s[stat_idx].n),
val);

/***************************************f

/* accumulating stats for delta energy */
/***********‘1\-***************************/

stat_idx = get_stat_cell idx(input floats,
input_ushorts,
h

val = compute_stat val(input floats,
input_ushorts,
h,
STAT DELTA ENERGY);

accumulate stats_val(&(s[stat_idx].mean),
&(s[stat_idx].sse),

EBUG
&(s[stat_idx].min),
&(s[stat_idx].max),
&(s[stat_idx].n),
val);

endif */

for */

khkkhkkkxk [
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-

/* sanity check */
/****************/

{
int iyi;
for (i = 0; i < N_STAT CELLS; i += STAT NSTATS)
1
for (j = 1; j < STAT _NSTATS; j ++)
{
if (s[i].n != s[i+j].n)
fprintf(stderr,
"ERROR: %s %d: proc %d: "
"LOCAL STAT: stats_idx %d: "
“found n 0 = %d != n %d = %d "
"(must be equal)\n",
__FILE , LINE , Myid,
h, s[il.mn, j; s[itj}.n);
PCT_ ABORT (ABORT STATS_ ERROR)
} /* endif */
} /* endfor */
} /* endfor */
for (i = 0; i < N_STAT CELLS; i += STAT NSTATS)
1
for (j = 0; j < STAT NSTATS; j ++)
if (s[i+j].n > 2 && s[it+j].sse <= 0.0)
fprintf(stderr,
"WARNING: %s %d: proc %d: "
"LOCAL STAT: stats_idx %d: found n_%d = %d sse_%d = $f "
"{sse probably should be > 0)\a",
__FILE_, _LINE , Myid,
i, 3, s[i+jl.n, j, s[i+j].sse);
} /* endif */
} /* endfor */
} /* endfor */
}
#endif

/****‘l\‘********************‘k‘k*********************************t/
/* PHASE 2 of 3 - compute and distribute global mean and SSE */
/*****************************************i*******************/
#ifndef NO_MPI
{
MPI_ Datatype Stats_mpi;
#ifdef DEBUG

int block_lengths[5]; /* number of "things" in each element of */
/* our new struct. for us, 1 each */
MPI_Aint displs[5]; /* displacement of each element */
MPI Datatype types[5]; /* type of each element */
#else
int block lengths[3]; /* number of "things"” in each element of */
/* our new struct. for us, 1 each */
MPI Aint displs[3]; /* displacement of each element */
MPI_Datatype types[3]; /* type of each element */
#endif

MPI Aint start_addr;

MPI Aint addr;

MPI Op op;

block_lengths[0] = block_lengths[1l] = block_lengths[2]
#ifdef DEBUG

= block lengths[3] = block lengths[4]
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#endif
= 1;

types[0] = MPI_FLOAT;
types(1l] = MPI_FLOAT;

types[2] = MPI_UNSIGNED;
#ifdef DEBUG

types[3] = MPI_FLOAT;

types[4] = MPI_FLOAT;

#endif

MPI_Address(&(s[0].mean), &start addr);
displs[0] = 0;

MPI_Address(&(s[0].sse), &addr);
displs[l] = addr - start_addr;

MPI Address(&(s[0].n), &addr);
displs[2] = addr - start_addr;

#ifdef DEBUG
MPI_Address(&(s[C].min), &addr);
displs[3] = addr - start_addr;

MPI_Address(&(s[0].max), &addr);
displs[4] = addr - start addr;
#endif

/* build new derived datatype */
MPI Type_ struct(
#ifdef DEBUG
5, /* nelements */
#else
3, /* nelements */
#endif
block lengths,
displs,
types,
&Stats_mpi);
MPI_Type_commit(&Stats_mpi);

MPI_Op_create((MPI_User_ function*) combine_ stats, // my user-def func
1, // commute flag
&op) ; // op handle

MPI_Allreduce(MPI_IN PLACE, // clobber operand with result
S // operand that gets clobbered by result
N_STAT CELLS, // count
Stats_mpi, // data type
op, // operator
MPI_COMM WORLD);

MPI Op free(&op);
}
#endif

#if DEBUG

[rRERKF KKK KKK KKK KK [

/* sanity check */
/****************/

{

int i,9;

for (i = 0; i < N_STAT CELLS; i += STAT_NSTATS)
{
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for (j = 1; j < STAT NSTATS; j ++)
{

if (s[i].n != s[i+j].n)

fprintf(stderr,
"ERROR: %s %d: proc %d: "
"GLOBAL STAT: Statsmidx gd: "
"found n_ 0 = %d != n_%d = %d "
"(must be equal)\n",
__FILE_, _ LINE__, Myid,
h, s[i}.n, j, s[it+j].n);

PCT_ABORT (ABORT STATS ERROR)

} /* endif */
} /* endfor */
} /* endfor */

for (i = 0; i < N_STAT CELLS; i += STAT NSTATS)
{

for (j = 0; j < STAT NSTATS; j ++)

{

if (s[i+jl.n > 2 && s[it+]].sse <= 0.0)

fprintf (stderr,
"WARNING: %s %d: proc %d: "
"GLOBAL STAT: "
"stats_idx %d: found n_%d = %d sse_%d = %f "
"{sse probably should be > 0)\n",
__FILE_, _ LINE__, Myid,
i, j, s[itjl.n, J, s[it]j].sse);
} /* endif */
} /* endfor */
} /* endfor */

i
#endif

/* computing sigma cuttoff for each stat cell */
for (h = 0; h < N_STAT CELLS; h ++)
{
if (s[{h].n == 0)
sigma_cutoff[h] = 0; // arbitrary value, should never be used
else

//RKIRK:sigma_cutoff[h]=s[h].mean+(MAX SIGMA*sgrt(s[h].sse/(s[h].n}));

sigma_cutoff[h] = MAX SIGMA*sqgrt(s[h].sse/s[h].n);
} /* endfor */

/* dumping stats */

{
FILE *fp %, *fp v, *fp _e;
FILE *fp = NULL;
char fname[300];
if (Myid == ForemanRank)
{
sprintf (fname, "%s/stats.x.%s.%s",
OutputDirBase, Nowstring, Relaxparamstring);
if ((fp_x = fopen(fname, "w")) == NULL)
fprintf(stderr, "ERROR: could not open output stats file >%s<\n",
fname);
PCT ABORT (ABORT FAILED FOPEN)
} /* endif */
sprintf(fname, "%s/stats.y.%s.%s",
OutputDirBase, Nowstring, Relaxparamstring);
if ((fp_y = fopen(fname, "w")) == NULL)
71
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fprintf(stderr,

fname);

(72)
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"ERROR: could not open output stats file >%s<\n",

PCT ABORT (ABORT FAILED FOPEN)

} /* endif */

sprintf(fname, "%s/stats.e.¥s.%s",

OQutputDirBase, Nowstring, Relaxparamstring);
if ((fp_e = fopen(fname,

fprintf(stderr,

fname) ;

"w")) == NULL)

"ERROR: could not open output stats file >%s<\n",

PCT_ABORT(ABORT FAILED FOPEN)

} /* endif */

for (h = 0; h < N_STAT CELLS; h ++)

{
if ((h & 3)

if ((h % 3) ==
if ((h % 3) ==

#ifdef DEBUG

#else

#endif

fprintf(fp, "%d %f %f %f %f 3f\n",

== {) fp = fp._x%;
1) fp
2) fp =

Pl
H Hh
I"U’U
ol

s[h}.n, s[h].mean, s[h].sse, sigma cutoff[h],

s[h].min,

s[h}.max);

fprintf(fp, “%d %f %f %f\n",
s[h]l.n, s[h].mean, s[h].sse, sigma cutoff[h]);

} /* endfor */

fclose(fp x);
felose(fp_y);
fclose(fp_e);

} /* endif */

/*******************i***************'Jr**-k-k***************************/

/* PEASE 3 of 3 - throwing out rogue histories (outside MAX SIGMA) */
/********************t**********************************************/

remove_based_on_binned stat(nhistories,

history_bitmask,
input_floats,
input_ushorts,
s,

sigma cutoff,
STAT DELTA X);

remove_based on binned stat(nhistories,

history_bitmask,
input_ floats,
input_ushorts,
S,

sigma_cutoff,
STAT DELTA Y);

remove_based_on_binned_stat(nhistories,

history bitmask,
input_floats,
input_ushorts,
S,

sigma_ cutoff,

goooooaon

STAT_DELTA ENERGY);
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PCT FREE(s);
PCT_FREE(sigma_cutoff);

return;
} /* end remove histories from binned stats() */

// NICK: need to write test_solution_for_ done()
static int test solution for done(float solution]])

{

int rc;

Iterations ++;
rc = (Iterations >= Niters);

return rc;

} /* end test_sclution() */
#include "pect.h"

#ifndef NO_MPI

int MPI_Init(int *argc, char ***argv)

{

int idx = MPI_INIT IDX;

int rc;

imk As

double start_time, end time;

start_time = MPI_Wtime();

strepy(func_profiles[MPI_INIT IDX].func_ name, "MPI Init");
strcpy(func_profiles[MPI_COMM_SIZE_IDX].func name, "MPI_Comm_size"};
strcpy(func_profiles[MPI_COMM_RANK_IDX].func_name, "MPI_Comm_rank");
stropy(func_profiles[MPI_ADDRESS IDX].func name, "MPI_Address");

strepy(func_profiles[MPI_ TYPE STRUCT_IDX].func_name, "MPI_Type struct");
strepy (func_profiles[MPI_TYPE_COMMIT_IDX].func_name, "MPI_Type_ commit");

strepy(func_profiles[MPI OP_CREATE_IDX].func_name, "MPI_Op_ create"):;
stropy(func_profiles[MPI_OP FREE IDX].func name, "MPI_Op free");
strepy(func_profiles[MPI_ALLREDUCE_IDX].func_name, "MPI_Allreduce");
strcpy(func_profiles[MPI_BCAST IDX].func name, "MPI_Bcast");
strepy(func_profiles[MPI_SEND IDX].func_name, "MPI_Send"};
strcpy(func_profiles[MPI_RECV_IDX].func_name, "MPI Recv");

for (i = 0; i < Nfuncs; i ++)

{

func_profiles[i].call count =
func_profiles[i].total_time_ secs
func _profiles[i].does communicate
func_profiles[i].total_bytes

} /* endfor */

Honu
o 0o

~. = oa

/* fixing those that DO communicate */
func_profiles[MPI_ALLREDUCE IDX].does_ communicate

= func profiles[MPI_BCAST IDX].does communicate
func_profiles[MPI_SEND_IDX].does_communicate
= func_profiles[MPI_RECV_IDX].does_communicate = 1

[

-

r¢ = PMPI Init(argc, argv);
end time = MPI_Wtime();
(func_profiles[idx].call_count) ++;
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(func_profiles[idx].total time secs) += (end_time - start_time);

return rec;

} /¥ end MPI_Init() */

int MPI_Comm size(MPI_Comm comm, int *size)

{

int idx = MPI_COMM_SIZE IDX;
int reo:
double start_time, end_time;

start time = MPI Wtime();
rc = PMPI_Comm_size(comm, size);
end time = MPI_Wtime();

(func_profiles[idx].call count) ++;
(func_profiles[idx].total_time_secs) += (end_time - start_time);

return rc;

} /* end MPI_Comm _size() */

int MPI_Comm_rank(MPI_Comm comm, int *rank)

{

int idx = MPI_COMM RANK_ IDX;
int rcj;
double start_time, end_time;

start time = MPI Wtime();
rc = PMPI_Comm_rank(comm, rank);
end_time = MPI_Wtime();

(func_profiles[idx].call_count) ++;
(func profiles[idx].total time secs) += (end time - start_time);

return rc;

} /* end MPI_Comm rank() */

int MPI_Address(void *location, MPI_Aint *address)

{

int idx = MPI ADDRESS IDX;
int rc;
double start_ time, end_time;

start_time = MPI_Wtime();
rc = PMPI Address(location, address);

end time = MPI_Wtime();

(func_profiles{idx].call_count) ++;
(func_profiles[idx].total time secs) += (end_time - start_time);

return rc;

} /* end MPI_Address() */

int MPI_ Type struct(int count,

int *array of blocklengths,
MPI_Aint *array of displacements,
MPI_Datatype *array_of_types,
MPI_Datatype *newtype)

int idx = MPI_TYPE_STRUCT IDX;
int rcp
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double start_time, end_ time;

start_time = MPI_Wtime();
r¢ = PMPT Type strict(count;

array_of blocklengths,
array_of displacements,

array of types,
newtype);
end time = MPI_Wtime();

(func_profiles[idx].call_count) ++;

JP 2013-527918 A 2013.7.4

(func_profiles[idx].total_time_secs) += (end_time - start_time);

return rc;
} /* end MPI Type struct() */

int MPI_Type commit(MPI_Datatype =*datatype)
{

int idx = MPI_TYPE COMMIT IDX;

int re;

double start time, end_time;

start time = MPI Wtime();
rc = PMPI_Type commit(datatype);
end_time = MPI Wtime();

(func_profiles[idx].call count) ++;

(func_profiles[idx].total time secs) += (end time - start time);

return rc;

} /* end MPI Type commit() */

int MPI_Op_create(MPI_User function *function, int commute, MPI_Op *op)

{
int idx = MPI_OP_CREATE IDX;
int rg;
double start_time, end time;

start time = MPI_Wtime();

rc = PMPI_Op create(function, commute, op);

end_time = MPI Wtime();

(func_profiles[idx].call_count) ++;

(func profiles[idx].total time secs) += (end time - start time);

return rc;
} /* end MPI Op create() */

int MPI Op free(MPI Op *op)

{
int idx = MPI_OP_FREE_IDX;
int re;
double start time, end_time;
start_time = MPI_Wtime();
rc = PMPI _Op_free(op);
end_time = MPI_ Wtime();
(func_profiles[idx].call_count) ++;
(func_profiles[idx].total_time secs) += (end _time - start time);
return rc;
75
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} /* end MPI Op free() */

/*k***************************/

/* Message Passing functions */
/*************1\-***************/

int MPI_Allreduce(void *sendbuf,
void *recvbuf,
int count,
MPI Datatype datatype,
MPI Op op,
MPI Comm comm)

int idx = MPI_ALLREDUCE_IDX;
int re;

double start_time, end_time;
int extent;

start_time = MPI_Wtime();

JP 2013-527918 A 2013.7.4

rc = PMPI_Allreduce(sendbuf, recvbuf, count, datatype, op, comm);

end_time = MPI Wtime();

(func_profiles[idx].call_count) ++;

(func_profiles[idx].total time secs) += (end _time - start time);

MPI_Type size(datatype, &extent);

(func_profiles[idx].total_bytes) += (count * extent);

return rc;
} /* end MPI_Allreduce() */

int MPI_Bcast(void *buffer,
int count,
MPI_Datatype datatype,
int root,
MPI_Comm comm)

int idx = MPI_BCAST_ IDX;

int re:

double start time, end time;
int extent;

start_time = MPI Wtime();

rc = PMPI Bcast(buffer, count, datatype, root, comm);

end_time = MPI Wtime();

(func_profiles[idx].call_count) ++;

(func_profiles[idx].total time secs) += (end_time - start time);

MPI_Type size(datatype, &extent);

(func_profiles[idx].total bytes) += (count * extent);

return rc;
} /* end MPI_Bcast() */

int MPI_Send(void *buf,
int count,
MPI Datatype datatype,
int dest,
int tag,
MPI_Comm comm)
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int idx = MPI_SEND IDX;

int re;

double start time, end_ time;
int extent;

start_time = MPI Wtime();
rc = PMPI_Send(buf, count, datatype, dest, tag, comm);
end time = MPI_Wtime();

(func_profiles[idx].call count) ++;
(func_profiles[idx].total_time secs) += (end time - start time);

MPI Type size(datatype, &extent);
(func_profiles[idx].total bytes) += (count * extent);

return rc;
} /* end MPI_Send() */

int MPI Recv(void *buf,
int count,
MPI Datatype datatype,
int source,
int tag,
MPI_Comm comm,
MPI_Status *status)

int idx = MPI_RECV_IDX;

int xra;

double start time, end time;

int extent;

start time = MPI Wtime();

rc = PMPI_Recv(buf, count, datatype, source, tag, comm, status);
end_time = MPI_Wtime();

(func_profiles[idx].call_count) ++;
(func_profiles[idx].total_time_secs) += (end_time - start_time);

MPI_ Type size(datatype, &extent);
(func_profiles[idx].total_bytes) += (count * extent);

return rc;
} /* end MPI_Recv() */

#endif
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