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Mission and Vision 

Naše mise 
Our mission is to deliver scientifically 
excellent and industry relevant research in 
the fields of high performance computing and 
embedded systems. We are providing state-
of-the-art technology and expertise in high 
performance computing and embedded 
systems and make it available for Czech and 
international research teams from academia 
and industry. 
 

Naše vize 
To became top European Centre of 
Excellence in IT with the emphasis on high 
performance computing and embedded 
systems. With our research, know-how and 
infrastructure we aspire to improve the 
quality of life, to increase the 
competitiveness of industrial sector and to 
promote the cross-fertilization of high-
performance computing, embedded systems 
and other scientific and technical disciplines. 



The IT4Innovations national supercomputing 

center 

Prague 

Brno 

Ostrava 

2013 

2014 

2015 

94 TFLOPs system – most powerful  
supercomputer in Czech Republic, 
#6 in Central Europe (June 2013), 
operational since June 2013, 
1 PFLOPs system planned for 2015 



Since 2010, IT4Innovations is representing 

Czech Republic within PRACE 

PRACE Spring school 2013 co-organizer (with Austria, Linz) 

PRACE Research 
Infrastructure 

 (Partnership for Advanced   
   Computing in Europe)
  

 

http://www.prace-ri.eu 
 
 

IT4Innovations:  
 Helps to access EU HPC 

resources for researchers in 
Czech Republic (PRACE Wsh. 
Every ½ year) 

 Contributes to EU HPC roadmap 
 Commits to reserve 10% of IT4I 

resources  
(The DECI calls) 



Anselm cluster in production since 1.6.2013 

Diesel- 
generator 
 
Four chillers 
 
Cooling 
infrastructure 
 
Service 
container 
 
MOBULL 
container 



What is inside 



What is inside 



What is inside 
Computational system 
90x bullx B510 double blades (180 nodes) 
16 cores @2.4GHz, 64GB RAM, 500 GB HDD 
 
27x bullx B515 blades 
23x Nvidia Tesla K20 
4x Intel Xeon Phi 5110P 
16 cores @2.3GHz 64GB RAM 500 GB HDD 

Storage systems 
/home 300TB Lustre, 
/scratch 135TB Lustre 
2x bullx R423-E3 MDS, Netapp E2600 MDT 
2x bullx R423-E3 OSS, Netapp E5400 OST 
HA configuration 

Network systems 
40Gb/s Infiniband QDR, non blocking  
8Gb/s FC SAN  
1Gb/s LAN for administration 
1Gb/s IPMI network 

Virtualization system 
vSphere software stack 
3x bullx R423-E3, 128GB RAM 
1x bullx R423-E3 control server 
Dedicated Netapp E2600 block 
storage  

Backup system 
Quantum Scalar i500 
5TB/h backup rate 



Obtaining access to IT4Innovations 

Submit a proposal 

• IT4Innovations Open Access call for proposals, (2x a year) 

40% capacity, 4 750 000 core hours per call 

• Directors discretinon access (any time) 

10% capacity 

 

Authorization and access 



Proposal content and evaluation 



http://docs.it4i.cz/ 



Two [Zr4(OH)14(H2O)10]
2+  

tetrameric cations, two Mg2+ 

cations and ten water molecules in 

the interlayer space of 

vermiculite. 

IT4Innovations Anselm 

45% 

17% 

16% 

8% 

4% 
3% 

3% 1% 3% 

Resource usage per domain 
Computational Chemistry

Physics

Engineering

Earth Sciences

Comp. Fluid Dynamics

Meteorology

Computational mathematics

Hydrology

Other

Anselm got #1 in Czech Republic 



Challenges: CPUs and contemporary HPC 

Core clock 
frequency 

Instruction width 

Number of cores 

2.6 GHz 

4 double precision words 
AVX (256 bit) 

8 

x 103 

CPU 



Peak CPU performance 

𝑅 = 𝐹 ∗ 𝑂 ∗ 𝑁 

𝑅: Peak performance 

𝐹: Core frequency 

𝑂: (FP) Operations per instruction 

𝑁: Number of cores 



Mandelbrot set 

𝑧𝑛+1 = 𝑧𝑛 ∗ 𝑧𝑛 + 𝑐 



Mandelbrot test 

1600 consecutive 
AVX Instructions, 
full exec pipeline 

        "label:\n\t" 
        "incq %%rcx\n\t" 
 
REPEAT10(REPEAT10( 
        "vmulpd %%ymm1, %%ymm1, %%ymm1\n\t" 
        "vmulpd %%ymm3, %%ymm3, %%ymm3\n\t" 
        "vmulpd %%ymm5, %%ymm5, %%ymm5\n\t" 
        "vmulpd %%ymm7, %%ymm7, %%ymm7\n\t" 
        "vmulpd %%ymm9, %%ymm9, %%ymm9\n\t" 
        "vmulpd %%ymm11, %%ymm11, %%ymm11\n\t" 
        "vmulpd %%ymm13, %%ymm13, %%ymm13\n\t" 
        "vmulpd %%ymm15, %%ymm15, %%ymm15\n\t" 
        "vaddpd %%ymm1, %%ymm0,  %%ymm1\n\t" 
        "vaddpd %%ymm3, %%ymm2,  %%ymm3\n\t" 
        "vaddpd %%ymm5, %%ymm4,  %%ymm5\n\t" 
        "vaddpd %%ymm7, %%ymm6,  %%ymm7\n\t" 
        "vaddpd %%ymm9, %%ymm8,  %%ymm9\n\t" 
        "vaddpd %%ymm11, %%ymm10,  %%ymm11\n\t" 
        "vaddpd %%ymm13, %%ymm12,  %%ymm13\n\t" 
        "vaddpd %%ymm15, %%ymm14,  %%ymm15\n\t" 
)) 
        "cmpq $20000000, %%rcx\n\t" 
        "jb label \n\t" 

𝑅 



Mandelbrot test 
        "label:\n\t" 
        "incq %%rcx\n\t" 
 
REPEAT10(REPEAT10( 
        "vmulpd %%ymm1, %%ymm1, %%ymm1\n\t" 
        "vmulpd %%ymm3, %%ymm3, %%ymm3\n\t" 
        "vmulpd %%ymm5, %%ymm5, %%ymm5\n\t" 
        "vmulpd %%ymm7, %%ymm7, %%ymm7\n\t" 
        "vmulpd %%ymm9, %%ymm9, %%ymm9\n\t" 
        "vmulpd %%ymm11, %%ymm11, %%ymm11\n\t" 
        "vmulpd %%ymm13, %%ymm13, %%ymm13\n\t" 
        "vmulpd %%ymm15, %%ymm15, %%ymm15\n\t" 
        "vaddpd %%ymm1, %%ymm0,  %%ymm1\n\t" 
        "vaddpd %%ymm3, %%ymm2,  %%ymm3\n\t" 
        "vaddpd %%ymm5, %%ymm4,  %%ymm5\n\t" 
        "vaddpd %%ymm7, %%ymm6,  %%ymm7\n\t" 
        "vaddpd %%ymm9, %%ymm8,  %%ymm9\n\t" 
        "vaddpd %%ymm11, %%ymm10,  %%ymm11\n\t" 
        "vaddpd %%ymm13, %%ymm12,  %%ymm13\n\t" 
        "vaddpd %%ymm15, %%ymm14,  %%ymm15\n\t" 
)) 
        "cmpq $20000000, %%rcx\n\t" 
        "jb label \n\t" 

𝑅 

 
Runs at 2x peak performance 

   



Intel Sandybridge microarchitecture 



Challenges: Tools 

Core clock 
frequency 

Instruction width 

Number of cores 

2.6 GHz 

4 double precision words 
AVX (256 bit) 

8 

x 103 

CPU 



Compiler challenges: Lorenz system 



Compiler challenges: Lorenz system 

C code Hand optimized assembly code 



Compiler challenges: Lorenz system 
icc –S –O3 lorenz.c icc –S –O3 –xavx lorenz.c 

Runtime 12 secs 

Runtime 7 secs 



Challenges: Accelerated architectures 

Core clock 
frequency 

Instruction 
width 

Number of 
cores 

2.6 
GHz 

4 double precision words 
AVX (256 bit) 

8 

CPU 

x 103 



x 103 

Core clock 
frequency 

Instruction 
width 

Number of 
cores 

2.6 
GHz 

4 double precision words 
AVX (256 bit) 

8 

CPU 

Challenges: Accelerated architectures 



x 103 

Core clock 
frequency 

Instruction 
width 

Number of 
cores 

2.6 
GHz 

4 double precision words 
AVX (256 bit) 

8 

CPU 
8 dwords 
AVX (512 bit) 

224 

M
I
C 

1GHz 

1 dword 
(64 bit) 

2496 

G
P
U 

0.71
GHz 

Challenges: Accelerated architectures 



Future trends: small cores with a lot of GPU 

acceleration 

2 dwords 

2-8 

C
P
U 

1GHz 

x 104 

1 dword 
(64 bit) 

103 

G 
P
U 

1GHz 



x 103 

Core clock 
frequency 

Instruction 
width 

Number of 
cores 

2.6 
GHz 

4 double precision words 
AVX (256 bit) 

8 

CPU 

8 dwords 
AVX (512 bit) 

224 

M
I 
C 

1GHz 

Future trends: Many integrated cores 



x 103 

8 dwords 
AVX (512 bit) 

 102 - 103 

M 
I 
C 

1GHz 

Future trends: Many integrated cores 



A glimpse of future: Intel Haswell 

Core clock 
frequency 

Instruction width 

Number of cores 

2.3 GHz 

8 double precision operations 
FMA (256 bit) 

18 

Performance: 3.5x 
SandyBridge 



Conclusions 

• IT4Innovations: resources, expertise 

and collaboration in HPC domain 

• Efficient HPC – a 4D vector space 

 

• Unique challenges in every 

dimension, tools not always adequate 

 

• Future: The space envelope is 

changing: a lot more of weak cores 

   branislav.jansik@vsb.cz 

 

 


