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Gene 773! ) —{THRELER

Property BGI/L BG/P BG/Q

Node Processors per chip 2* 440 PowerPC 4* 450 PowerPC 16* A2
Properties

Processor Frequency 0.7GHz 0.85GHz 1.6 GHz

Processor Voltage 1.5V 1.2V 0.7V

Coherency Software managed SMP SMP

L2/L3 Cache size (shared) 4 MB 8 MB 32 MB

Main Store/processor 512MB/1GB 2GB/4GB 16GB

Main Store Bandwidth 5.6GB/s (16B wide) 13.6 GB/s (2*16B wide) 42.6 GB/s (2*16B wide)

Peak Performance 5.6GF/node 13.6 GF/node 204.8 GF/node
Torus Bandwidth 6*2*175MB/s=2.1GB/s 6*2*435MB/s=5.2GB/s 10*2*2GB/s=40GB/s
Network Off-box latency: hw/MPI (ps) 0.5/4 0.5/3 0.3/12.5
System Peak Performance 596TF (104k) 1PF (72k) 20PF (96k)
Properties

Total Power 2.3MW 2.3MW sSMW
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Blue Gené/Q
compute chip

Blue Gene/QF Y 77 —X T4
F

*16+1 I 7SMP (123 71X A7 ADMlE])
A7 HicN4N—=F7x27 AL v K (SMT)
“FIlEIS 1.6 GHz
" A7 DI DATE] R I ET O SIMDIF RN
/—R#H1- 0 2048 GF
"563 GB/s DH L2 A E [/ f 2 7 > 3> /3 K
" 32 MBOHFL2F v+ v 2 XE )

= 42.6 GB/s ®DDR3 X £ 1) 73 ]\“ﬂjﬁ (1.333 GHz DDR3
)

2.0 GB/sD 3\ NRD10k D7 oy ) > 7
2.0 GB/sD /3 NfD14DIIOY > 7

= /—RKH1=H16 GB D A E )

/= R h~30 Wifs s

2 GB/s /0O link (to I/O subsystem)

10*2GB/s intra-rack & inter-rack (5-D torus)

note: chip I/0O shares function with PCl_Express
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Blue Gene/QMDE{TE—F
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— MPI(MPICH2fH3)

— OpenMP

— pThread
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L1 Fvvysadovixosy

75 DERE DI

COMPLEX*16 A(N,M), B(M,N)

. DO I=1,N,4
COMPLEX*16 A(N,M), B(M,N) DO IC=1,4
) DO J=1,M,4
DO I—1_,N A(+IC,J) =B ,I+IC)
D,A(\)(|JJ_)1—’N|I3(J ) A(I+IC,J+1) = B(J+1,I+IC)
J) = B(J, N _ A(I+IC,J+2) = B(J+2,1+IC)
ENDDO BEariasn  AlCU3)=BUI3INC)
7 ENDDO _
M ENDDO EE*JJO)'I E”i
/ ENDDO vyl aIRT B
o R N A D3E XEY
; 64,34 L1 .
\ / Fryiasqy SaNALT
/ — Frvasqy
l v N
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T—RLATIRNDZEE: Structure of Arrays (SoA) vs Array of Structure (AoS)

Structure of Arrays

X(N)
Y(N)
Z(N)

T(N)
or A(N,4)

Array of Structure
A(4,N)

—HEEIIZSIMD ORI LEIZRILNTLYS

ZLDEREHOIBZRICT —FAN)—Lh %G5

2 RITERF DHMBEANDT I RABIZF vy S IOV EER
IEHT—ANH5

CHELDIEFSIMSIMDIZEL TLVDIEELH S (BERMOHEIZELSD)
BERHMIZEL->TIXSIMDIE TEZLY
(B ZIE, 3RFTAIRILIE, 4-way SIMDIZIXFEHELY)

17
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Quad FPUIZ X 4SIMD1E
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EfR 7 VR, BEERTIVEAANDESHZ DA

FRELADHETREDLSLIBE

COMPLEX*16 A(*),B(*) COMPLEX*16 A(*),B(*)
i=Nx+1 i=Nx+1
DO y=1,Ny DO y=1,Ny
i=i+1 i=i+1
DO x=1,Nx DO x=1,Nx
i=i+1 i=i+1
B(i) = (A(xup(i))+A(xdn(i))+A(yup(i))+A(ydn(i)))/4.0D0 B(i) = (A(i+1)+A(i-1)+A(i+(Nx+2))+A(i-(Nx+2)))/4.0D0
ENDDO ENDDO
i=i+1 i=i+1
ENDDO ENDDO

T—ILDHREROLNENES

REAL*8 V(*),U(*) REAL*8 V(*),U(*)

D=0.0D0 REAL*8 VT(*)

DO i=1,Nidx D=0.0D0 I LTI Z7

ENDDO VT(i)=V(dx()) ! 2BEOL—TEEFTILRENT !
ENDDO | SIMD{L A &E !
DOi=1,Nidx ~ ~~ 7777 TTTTTTTTTTToTmmomooomees

D=D+VT(i)*U(i)
ENDDO
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Wilson-DiracA XL —A—@M Quad FPU[Z XA FR#E 1t

* Quad FPUIZ KA EZ =Y
— Quad FPUIZ2 DD E R EE X RIFFIZEST
— 2DMDRIRNILEITHIEE X RIEFIZELT
* Quad FPUIZRILW=FT—4EE
— BFQCDTIE, 3D ARE/IILIEELR
<ALLND
- COMPLEX*16 W(3,4,Nx,Ny,Nz,Nt)
« ZOFEFFEEEIZSIMDIEL DS
— 4X3DOWIZEZ=ET
- COMPLEX*16 W(4,3,Nx,Ny,Nz,Nt)
- ENLZSIMDIETES
* Quad FPUR S D& #E 1L
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Cardiovascular disease (CVD)

i LT
ACTION POTENTIALS

» Leading causes of death
(WHO report Sept. 2011)

SANODE

» Research reduces deaths

ATRIA

-

AV NODE
—_—

» Cardiac models help understand
mechanisms of CVD in a way that

cannot be done neither in vivo nor

in vitro.

F. H. Netter. Thieme. 1990
;QRSI

Challenge: multi-scale cardiac simulations to model and understand
the progression of disease

12/10/18

IBM Research — Australia

[30]



i
i

IBM Research — Australia

Multi-scale cardiac models — Molecules to Cells to Organ

Whole heart model (organ level) Cardiac cell

Wedge model Sarcomere Model

<« endo-,

- epicardial

Electrophysiology model

latey "
| s Sarcoplasmic reticulum
K K |
_ - e E JSR NSR Ca?*
First voltage-sensor transition ] : :Ks K+ : 5 'rup
o~ -1-_-'.::. da, . 24 ., a _E..‘ g srrsarass [:'a ¢
TR |2 R : cael
X *al o |5 / Calesquestnn A
4 AT & e K*
w, [26 2w[26 ||25 5 K*
C A g Thiaie
C.arC, | = al
-y ‘”»ﬂw g Ne:
Zone 1 C.lg £ sodeam  dcap Na®
Open :I“ Ca
Inactivated D._%UI
Na' Ca®* [y Ca¥* Ca®* g
Channel model (molecule level) Crossbridge model (molecule level)
Silva and Rudy. 2005 Clancy and Rudy. 2005

[31] IBM Research — Australia 12/10/18
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5 years ago: Existing codes did not scale

Parallel Speedup HPCx

= = = Linéar
— Tilal
=— Elliptic
Parabalig
— "

32 64

Prare

128

5 A: OpenMP scaling

B: MPI scaling

25 -
20 4 20 -
15 4 15 1
e )
10 1 10 A
5 1 5 1
0 | | | 1 0 | | | | | 1
0 5 10 15 20 25 0 20 40 60 80 100 120 140
Number of CPUs Number of CPUs

Kharche et al. Concurrency and Computation: Practice

and Experience. 2008
Plank et al. Capability Computing. 2006

First Author Year Elements CPU used CPU available | Simulation time Run time | Run time [h]
Pavarino 2004 | 600 x 600 x 100 128 512 | 30x 0.05 ms 163.6 1.36
Colli Franzone 2007 | 200 x 200 x 50 36 92 21-24h
Murillo 2004 | 512x 512 128 128 | 200 ms 519 s 4.325
Saleheen 1998 | 156 x 256 x 32 0.004 ms 2.217 s/time step
Potse 2006 | 567 x 501 x 711 32 64 | 600 ms 39 h/51 h
Weber dos Santos 2004 | 0.64 x 0.64 x 2.56 cm 16 16 | 10000 steps 28254 235.45
Plank 2007 862515 64 128 | 500 ms 6.4h

[32] IBM Research — Australia 12/10/18
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3 — 4 years ago...

[33]

Full heart models require very long run times

World's Biggest Heart Model Simulated At Universite De Montreal

Main Category: Cardiovascular ! Cardiology
Article Date: 21 Jan 2008 - 1:.00 P3T

= email to a friend [Eﬂprinterfriendlf A view { write opinions  rate article © newsletters

Researchers from the Universite de Montréal has used a supercomputer to conduct the largest-ever
mathematical simulation of the electrical activity of a human heart - a 2 billion element model - to provide new
insight into cardiac and other illnesses. Until recently, the warld's largest simulated hearts had a few million
elements at most. The Udel simulation was up to 1,000 times mare detailed than previous models and will
enable new scientific discoveries that would never have been possible otherwise.

The computer on which the simulation was performed, § 768-processaor ISGI Altix 4700, is the largest shared-
memaory computing system in Canada. Operated by the lR& #besdis de calcul de haute performance
(RQCHP), itis used by hundreds of Canadian researchers. Mark Potse and Alain Vinet, of the Udel's
Institute of Biomedical Engineering, routinely use 60 to 100 ofthese processors to run their simulations of
the human heart. In late October, Potse and Vinet had the opportunity to use the entire 3G Altix system and

its1.2TB of shared memaory to solve the largest, most detailed heart model ever.

Two weeks to simulate full heartbeat

The researchers simulated five milliseconds of activation in a tissue block that included some properties of a
real hear, such as fibre running in different directions. The simulation solved a system of two hillion
gguations a dozen times. The testtook two hours. Afull heartbeat. Potse savs. would take two weeks to

IBM Research — Australia

12/10/18



Methods — Orthogonal Recursive Bisection
(ORB)

(Data decomposition adapted from molecular dynamics)

Reumann et al. In Proc IEEE EMBC 2008
Reumann et al. Biomed Tech 2011
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Reumann et al. Biomed Tech 2011

[33]

y load Zw,
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xmax Wmax /" Wa\l
: . S
Y W e W 5
B
Y W jeg
. . "
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A 4

[N [\

IBM Research — Australia

/

\

z load w,
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ng: wmix e wL
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e
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= w | swy,

/

12/10/18
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Reumann, Gurev, Rice. Personalized Medicine 2009

—epicardial <

electrophysiological model

Ikate) .
! s Sarcoplasmic reticulum
............ Kr, K* 1
. R . = 1. 3 il JSR ; NSR ca?
First voltage-sensor transition % "K P up
ol 2o =, 8 | e sevsh "l:,':l-Ca2
B J"a 2v”a avHa ”5 s M K - i lieak
&,—’. Iy K al esques rin
v”za v”za sza 5 i ;
39 g +NaK
"”“5 é Na*
f!:?-ni1 wﬁﬂ =) R e lNaCacaZJC‘a(L) Caz,,]c;:(n lcap Na*
Inactivated 0,=0
) Na Ca®* Iy Ca’r CaZ g+
At
ERAE _ At t t
Vm == V«m, *l I (Vm) T I(¢e) %+ Is2 — Iion
AmCm Cm

[36]

IBM Research — Australia
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* Non-linear stiff ODEs

* 3-100 state variable per cell
depending on model detail

* 370 Mio tissue cells (0.1 mm
cubic)

V. (cVe) =)8 (0(1) iy o ) 21) Piy)

+ ( aflj)g” + 0(1)1“z +40Mg ) ba-1)G)
+( () gii _ g 4 450 “) P(i+1)(3)
+ ( 0 2% + T 4 460 2’) P -1)
+ (0P git — oPIT 40 92’) (i) (j+1)
n 52) 13

.

g % 0(1) & ) bGi+1)(5+1)

(1) 2

g +o; Pi+1)(j-1)

(
(¢
ol )

(Uf ‘g% +0¢*) ¢4
+ (g% + o) (4.98)

b(i-1)(j-1)
Pullan, 2006

12/10/18
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Methods - Solution of reaction-diffusion equations

Vigmond et al. Progress in Biophysics and
Molecular Biology. 2008

* Monodomain - iso-potential extracellular space
* Bidomain - compute extracellular potential

Initialization

v

> Compute V|

]

Communication
Cycle1-V,,

]

Compute I(V)

monodomain

bidomain

Compute ¢, —
¥

Communication
Cycle N - ¢,

SSR < é SSR:»'

threshold l threshold

Compute I(¢,)

Reumann et al.
In Proc Computers in Cardiology. 2008

[37] IBM Research — Australia

N

Compute per GS iteration

-/

~

Compute per cell on each At
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Pope et al. IEEE TBME 2011

A fast cardiac model of 1 second simulation time can run in 215
seconds wall clock time (Fitzhugh-Nagumo monodomain model with
~32.5M tissue cells on a 4 rack IBM Blue Gene/P supercomputer)

10 times faster on the next generation IBM Blue Gene/Q supercomputer

AMIT1TBICVILEL AV T4 TRESNSSCI2ICTI— RN ILVEDT7AFT)ARNEET

Arthur A. Mirin et al. , Toward Real-Time Modeling of Human Heart
Ventricles at Cellular Resolution: Simulation of Drug-Induced Arrhythmias

[38] IBM Research — Australia 12/10/18
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