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Developing Performance Evaluation
Environment for Large Scale Supercomputers
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This paper proposes a novel approach to predict the performance of large
scale supercomputers, and shows the details of several software tools developed
in this project. It is not easy to accurately predict the performance of large-
scale systems such as peta-scale supercomputers. This is because we need to
exploit existing computer systems, the performance of which is two or three
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orders of magnitude lower than the target system. To bridge the performance
gap, a technique to highly abstract the application program codes is introduced.
This approach makes it possible to achieve high-speed, accurate performance
predictions. In addition, three software tools are developed to evaluate the per-

formance of processors, interconnects, and also whole systems. The experiments
demonstrate that the error was only from 10% to 20% when the performance
of a tera-scale supercomputer is predicted by a giga-scale PC cluster. Another
case study is to predict the performance of an un-existing peta-scale super-
computer by using an existing tera-scale machine. The results show that the
performance can be predicted by spending only from four to six hours.
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Fig.1 Performance evaluation flow.
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double a[1000];
for (i=0; 1i<1000; i++)

ali]l] = func(i);

MPI Recv(...);

LMPI Send(...);

/* AAD b

double a[1000];

for (i=0; 1i<1000; i++)
ali] = func(i);

*/

BSIM Add time (203e-9);

LMPI Recv(...);

nnn=Nfp*Nep

call MPI_BCAST (PSI2,nnn,MPI_DOUBLE COMPLEX, Irank,

& NCOM2 (1), ierr)

ldo 42 nb=1,Nblk 1
I nbss=(nb-1) *Ni+myir+1l
| if(nbss .le. (Ne-1)/Nep+l .and. nbss .ge. nbs+l) then!
I call zgemm('C','N',Nep,Nep,Nfp, z1,PSI2(1,1),Nfp,

! & PSI(1,1,nb),Nfp,z0,CC(1,1,nb),Nep)

1
! endit _ !
142 continue BHHAROBW :
e zgemmBI%K -

nnn=Nep*Nep* (Nblk-nbsn+1)

call MPI_ALLREDUCE (CC(1,1,nbsn),CCW(1,1,nbsn),nnn,
& MPI_DOUBLE COMPLEX,
& MPI_SUM,NCOM(1),ierr)

nnn=Nfp*Nep*Nfscale*Nescale EMBEEFFLLBERK

call LMPI_BCAST (ZPSI2,nnn,MPI_DOUBLE_COMPLEX, Irank,
& NCOM2 (1) ,ierr)

Femmm e o 2gemmBI¥E
frx= (Nep*Nescale-1) /32+1 BlB& (AART IR
jnx=( (Nep*Nescale-1) /256+1) *8

px=(Nfp*Nfscale-1) /32+1
jtime_val=7.9d-8+mx* (0.512d-6*jx+1.141d-6*nx
1& +0.666d-6*jx*nx) |

:tlmeival:tlmeival/Z.0d+0*Nblk KFFIREER
lcall BSIM Add time (time_val) _7§§"*’fﬁ"w>ﬁ+ﬁ

zgemmER S FBSIM_Add_time TE #2

call LMPI_ALLREDUCE (ZCC,ZCCW,nnn,
SABEERLBIEEH

& MPI_DOUBLE_COMPLEX,
& MPI_SUM,NCOM(1) ,ierr) LMPIIZZEE

(A)PHASE DA SHILa—K () ER7 ILboa—K ()

02 000000000

Fock (1:nao*nao)=0.d0

do ijcs=l+myrank, ncs_pair, nprocs
ijpsl=nspps (ijcs-1) +1
ijps2=nspps (ijcs)

do kles=1, ijcs EEAEFOSL
klpsl=nspps (klcs-1)+1 ENEELE S
klps2=nspps (klcs)

FSim=d0 - -~ -~~~ -7 T- 77777

I do ijps=ijpsl, ijps2
I do klps=klpsl, klps2

Fock (l:nao*nao)=0.d0
do ijcs=l+myrank, ncs_pair, nprocs
ijpsl=nspps (ijcs-1) +1
ijps2=nspps (1jcs) WA HASE
do kles=1, ijcs BIBX (QAVRT IR
klpsl=nspps (klcs-1)+1
klps2=nspps (klcs) HETS
__________________ ANiBi&TE :

nps4 = (ijps2-ijpsl+l)* (klps2-klpsl+1) !

Fig.2 Skeleton Code generation.
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: enddo
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sint=sint+calc_prim ERI(ijps, klps) | | call BSIM Add_time( estimate etime(nps4) ) :
1 | Ny
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| enddo ) A EE S EBSIM_Add_time THE# AAEME
addtoFockmatrix ( ijcs, kles, sint, Fock ) HETHEH
e —mp— - ————————————~— g
enddo enddo A
enddo enddo

call MPI_Allreduce (Fock, Temp, nao*nao, call IMPI_Allreduce (Fock, Temp, nao*nao,
MPI_DOUOBLE, MPI_SUM, comm, ierr ) MPI_DOUOB: PI_SUM, comm, ierr )
copy Temp to Fock copy Temp to Fock
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Fig.3 Examples of Skeleton Code (PHASE and ERI).
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Fig.4 Execution behavior of ERI (Original code vs. Skeleton Code).
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Fig.5 Structure of SIMD extended processor.
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Fig. 6 Structure of SIMD execution pipeline.
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Fig.7 Example of execution with SIMD-PE pair.
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Fig.8 Inputs and outputs of PSIM.
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Table 2 Performance and energy consumption of SIMD extended scalar processor.
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Fig.9 Inputs and outputs of NSIM.
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int foo(){ int MGEN_Main() {
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MPI_Comm_size(MPI_COMM_WORLD, &nprocs);
MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
if ( (myrank%2) ==0) {
MPI_Send(sendbuf, count, MPI_INT, myrank+1,
tag, MPI_COMM_WORLD);
Yelse { e = Yelse {
MPI_Recv(recvbuf, count, MPI_INT, myrank-1, %15 mig MGEN_Recv(/*recvbuf,*/count, MGEN_INT, myrank-1,
tag, MPI_COMM_WORLD, &status); ‘ tag, MGEN_COMM_WORLD/*,&status*/);
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Fig. 10 Example of MGEN program.
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Fig. 11 Visualizing inside of interconnect.
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Fig. 12 Parallel execution of NSIM with 8 cores.
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Fig.13 Organization and simulation flow of NSIM.
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03 30000000000000 NSIMOOODODODooooooo
Table 3 NSIM execution time for 3D-torus simulations.
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Fig. 14 Accuracy of NSIM simulation.
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Table 4 Target and host machines for tera-scale performance prediction.
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Fig. 15 Allreduce latencies on PQ580.
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Table 5 Performance prediction results for PQ580 (PHASE).
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(BFER) | 38 | =3 | B2 | PR | =@ | K=
[sec] [sec] [sec] [sec]
4,096 1,024 235 28.8 —19% 11.6 12.3 —5%
8,192 1,024 84.0 97.8 —14% 39.8 39.2 2%
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Table 6 Performance prediction results for PQ580 (HPL).

FEY,4X | FOeR% | TAvY ERTHMCRE +ER) A OHDETHEH
Y4X | p@ | =@ | B2 | FA | ®a | Es2
[sec] [sec] [sec] [sec]
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320,000 1,024 120 4,484 | 4,348 3% 3,630 3,624 <1%
160,000 256 120 2,168 | 2,043 6% 1,814 1,780 2%
160,000 512 120 1,156 1,119 3% 915 905 1%
320,000 1,024 180 4,543 | 4,562 <1% 3,684 3,764 —1%
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Table 7 Performance prediction results for PQ580 (FMO-ERI).
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60005B8%%
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Table 8 Target and host machines for peta-scale performance prediction.
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Table 9 Performance prediction results for peta-scale target machine.
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