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•
– FLOP: (number of) Floating point Operations

ex) for(i=0; i<100; i++)  a[i] = b[i] * c + d[i];
⇒ 200FLOP

– FLOPS: Floating point Operations Per Second
1
ex) 2μ ⇒ 100 MFLOPS

•
– B/s (Byte/sec):

1
ex) Infiniband 4xQDR 4 GB/s
bps (bit per second) 

1Byte=8bit 
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•

– ⇒
– ⇒
– ⇒

• parallel processing v.s. concurrent processing
–
⇒concurrent processing( )

–
⇒parallel processing( )

•
– CPU, memory, disk, network

– CPU
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•

• O(N)
–

1 N 3
O(N3)

–
N O(N3)

–
N O(N2)

•
⇒

•
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TOP500 List (Jun. 2019)

Sum of #1 #500

#500 Computer

http://www.top500.org
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#1 Computer



TOP500 list on Jun. 2019
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# Machine Architecture Country
Rmax

(TFLOPS) Rpeak (TFLOPS) MFLOPS/W

1 Summit, ORNL Cluster (IBM, GPU 
V100) USA 148,600.0 200,794.9 14718

2 Sierra, LLNL Cluster (IBM, GPU 
V100) USA 94,640.0 125,712.0 12724

3 TaihuLight, 
NSCW

MPP (Sunway, 
SW26010) China 93,014.6 125,435.9 6051

4
Tianhe-2A 
(MilkyWay-2A), 
NSCG

Cluster (NUDT, CPU + 
Matrix2000) China 61,444.5 100,678.7 3325

5 Frontera, TACC Cluster (DELL, CPU) USA 23,516.4 38.746 ???

6 Piz Daint, CSCS MPP (Cray, XC50: GPU 
P100)

Switzerlan
d 21,230.0 27,154.3 8905

7 Trinity, NNSA/
LABNL/SNL MPP (Cray, XC40: MIC) USA 20,158.7 41,461.2 2660

8 ABCI, AIST Cluster (Fujitsu, GPU 
V100) Japan 19,880.0 32,576.6 12054

9
SuperMUC-NG, 
Leibniz-
Rechenzentrum

Cluster (Lenovo, Xeon) Germany 19,476.6 26,873.9 ???

10 Lassen, LLNL Cluster (IBM, GPU 
V100) USA 18,200.0 23,047.2 ???
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•
–

domain decomposition

–
parameter search

⇒

•
– EP (embarrassingly parallel parameter 

search
– data parallel domain decomposition
– pipeline
– master/worker
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EP

•
–

– 1/4 π

– (x,y)
⇒

– C

)10,10),( ££££ yxyxN
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• domain decomposition
–

– EP
interaction

–
for(t=0; t < T; t++){

for(i=1; i < N-1; i++)
a[i] = b[i-1] + 2*b[i] + b[i+1];

for(i=0; i < N; i++)
b[i] = a[i];

}
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domain decomposition

for(t=0; t < T; t++){
for(i=1; i < N-1; i++)

a[i] = b[i-1] + 2*b[i] + b[i+1]; // 
for(i=0; i < N; i++)

b[i] = a[i];                                 // 
}

....    b[5]    b[6]    b[7]    b[8]    b[9]    ....

....    a[5]    a[6]    a[7]    a[8]    a[9]    ....
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•

•
for(i=0; i < N; i++){

a[i]=b[i] * c[i] + s * d[i];
}

b[i]

c[i]

[i]
s( )

a[i]
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master/worker
• master worker master

>>worker
• master worker
• worker master

master::                                             worker::
// give a job to each worker               while(1){
while(1){                                                // receive a job from master

// receive worker’s result                   // process the job
// give a job to the worker                  // send the result to master

}                                                          }
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master/worker

•
• EP

master
worker#1

worker#2

worker#3

worker#N
job pool (EP)

job
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•
•

domain decomposition
• (communication)

–

– :synchronization
load imbalance

•



17

•
–

⇒message passing (send, receive, ...)
–

⇒shared memory access (write read, ...)
•

– message passing 

⇒

– shared memory access

–
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•
–

–

•
–

–
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• (

•

•
•

⇒ scalability
•
• degree of parallelism

–

–
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•
– 1 T1
– p T(p)
– s(p)=T1/T(p)
s(p) p s(p) 1

– s(p)=p p p

p

s(p)

s(p)=p
⇒ linear speed-up

p saturation
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•
– s(p) p
– s(p)=p

– e(p)=s(p)/p
e(p) p 1 1

e(p)

e(p)=1
⇒ linear speed-up

p saturation

p

1



•
– 100% (ideal 

speed-up)
– (linear speed-up)
–

– (super linear)

22

Ideal speed-up vs Super-linear

p

s(p)

• super linear 
• ideal linear
• p 
•

•

• p



23

•
–

•
– T1 Tp

Ts

– Tp p p
T(p)

– p

–

p Ts
0

T (p)
p→∞

= Ts

e(p)
p→∞

= s(p) / p = (T1 / (Ts +Tp / p)) / p = (Ts +Tp ) / (Ts * p+Tp ) = 0

T1 = Tp +Ts

T (p) = Ts +Tp / p
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Scalable
• Ts scalability

•
⇒Ts Tp
⇒scalable(

• scalable
Ts (p)

• scale

⇒ granularity



Scalability: Strong vs Weak

•

–
⇒
⇒
⇒ Strong Scaling

–
⇒
⇒
⇒ Weak Scaling

• strong scaling weak scaling 
– strong scaling = (time-to-solution)
– weak scaling   = (scalable)

25
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granularity
•

–
–

•

⇒
•

– ⇒ (coarse grain)
– ⇒ (fine grain)

•

⇒ strong scaling 
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domain decomposition

• 2
• 2 2

....    b[5]    b[6]    b[7]    b[8]    b[9]    ....

• 1
• 2 2

....    a[5]    a[6]    a[7]    a[8]    a[9]    ....

....    b[5]    b[6]    b[7]    b[8]    b[9]    ....

....    a[5]    a[6]    a[7]    a[8]    a[9]    ....
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•
(weak scaling)

•

⇒
•

•

•

•

⇒
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•

•

•
– domain
– parameter search parameter
–
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• domain decomposition

•

•

⇒
⇒
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cut-off MD
• MD (Molecular Dynamics)

– n P

–

cut-off
• interaction

cut-off

– domain decomposition
cell

⇒cell cut-off
cell
cell mapping method

cut-off
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cut-off MD
•

cell

• cell

•
cell

•
– 1) /cell

cell
– 2) cell cell

block cyclic
– 3) cell

cell

cell
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cut-off MD
• 1)
cell

cell
• 2)
cyclic cell

• 3)
cell

⇒
•

•
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•
•
•
•
• scalability
•


