
Lecture 1: the anatomy of a 

supercomputer  

Clusters, shared -memory systems, latencies and interconnects,  
CPU and memory, power and cooling, storage, etc.  

Where a calculator  on the ENIAC is 

equipped  with  18 ,000  vacuum  tubes  and  

weighs  30  tons,  computers  of the future  

may  have  only  1,000  vacuum  tubes  and  

perhaps  weigh  1Ĳ tons . 
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Shared -memory systems  
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SHMEM system features  

1. Very  fast  interconnect  (nanosecond  laten -

cies) ð every byte  of memory  is directly  ac-

cessible  to every CPU. 

2. Historically  the  first  type  of parallel  

computer  to appear . 

3. Very  expensive  ð a niche  market  of highly  

specialized  applications . 

4. Limited  size ð the  largest  realistic  system  

has  about  2,000  CPUs. 

5. Cache  coherence  issues  ð the  CPUs must  

update  each other  on the  content  of their  

caches . 

OSC Orac  system :  

256  Itanium 2 cores,  1024  GB of  RAM, 5. 5 

TB of  storage  space,  1. 6 TFlop  peak .  

Orac  is  often  used  for  Gaussian  jobs  that  

require  large - scale  diagonalization .  
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Clusters  
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Cluster features  

1. Heterogeneous  interconnect  ð slow  between  

nodes  (micro - to millisecond  latencies)  and  

fast  (nanoseconds)  between  the  processors  

on the  same node . 

2. Quite  cheap  ð the  cost  does not  significantly  

exceed the  cost  of commodity  hardware . 

3. Large-scale deployments  possible  ð up  to 

10 ,000  nodes  on the  biggest  current  

installations . 

4. Fault  tolerant  ð failure  of a single  node  does 

not  shut  down  the  cluster . 

5. Green  ð idle  nodes  may  be shut  down . 

OSC Hal/Sal  system :  

1152  Xeon cores,  3 TB of  RAM, 13 TFlop  

peak,  Infiniband  interconnect .  

Hal  and  Sal  are  mostly  used  for  molecular  

dynamics  and  plane  wave DFT jobs .  

 



Operating systems  

The Top500  list  of supercomputers  is dominated  by Linux  clusters : 



Anatomy of a cluster node  

Front Side Bus architecture used in Intel Pentium chips. 

Tyan S2696 motherboard. Point-to-point interconnect used in modern Intel and AMD chips. 



Anatomy of a cluster node  

Block schematic of a quad-socket node using Intel Nehalem-EX CPUs. 

DDR3 memory chip. 
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Physical layout of an Intel Nehalem-EX CPU. 

Rules  of thumb : access to own  memory  is fast,  access to 

another to 

another

Rules  of thumb : access to own  memory  is fast,  access to 

another  CPUõs memory  is somewhat  slower,  access to 

another  nodeõs memory  is very  slow . 



Memory bandwidth and latency  

Physical layout of IBM zEnterprise 196 hub chip. 

Latency  is the  time  it  takes  for  the  data  

requested

Bandwidth  

Latency  is the  time  it  takes  for  the  data  

requested  by the  CPU to start  arriving . 

Bandwidth  is the  rate  at  which  the  data  arrives . 

Location  Latency  Bandwidth  

CPU registers  1 clock  - 

L1 cache  1 clock  150 GB/s  

L2 cache  3 clocks  50 GB/s  

L3/L4 cache  10 clocks  50 GB/s  

Own RAM  100 clocks  10  GB/s  

NUMA RAM  150 clocks  10 GB/s  

Other  node RAM  10k clocks  1 GB/s  

Flash storage  10k clocks  1 GB/s  

Magnetic  storage  10k clocks  0.1  GB/s  

Smaller  programs  and  datasets  

are they  

fit

Random RAM 

can

Smaller  programs  and  datasets  

are processed  faster  because  they  

fit  into  a higher  level  cache . 

Random  hits  to the  main  RAM 

can  make  a program  very  slow . 

(approximate data for an Intel Nehalem system) 



CPU speed and power consumption  
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The two  often  used  performance  cha -

racteristics  of a CPU are: 

GIPS (billion  instructions  per  second)  

ð how  many  machine  code instructi -

ons  a processor  can  execute  per  sec-

ond . This  metric  is very  architecture -

specific . 

GFLOPS (billion  floating -point  opera -

tions  per  second)  ð how  many  single - 

or  double -precision  multiplications  a 

processor  can  perform  per  second . 

Scientific  calculations  are nearly  al-

ways  performed  in  double  precision . 
CPU Year  TDP  

P-MMX  233  1995  17  

P-2 450 MHz  1998  27  

P-3 1.1 GHz  2001  40  

P-4 HT 672  2004  115  

Core i7 -980X  2009  130  
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Power efficiency  (GFLOPS supplied  

per  watt  consumed)  has  become a 

major  issue  around  2004 . 

The annual  electricity  and  cooling  bill  

of the  Oxford  Supercomputing  Centre  

runs  into  six  digits . 



Network interconnects  

Name and Year  Bandwidth  

10BASE Ethernet  

(1990)  
10  Mbps  

100BASE Ethernet 

(1995)  
100 Mbps  

1000BASE Ethernet 

(1999)  
1 Gbps  

Myrinet -10G  

(2005)  
10 Gbps  

10GBASE Ethernet 

(2006)  
10 Gbit /s  

Infiniband 12X QDR 

(2009)  
96 Gbit /s  

100GBASE Ethernet 

(2010)  
100 Gbit /s  

The protocols  may  be implemented  over copper  cable  or  optical  fibre . Noise and  

impedance the  

cable

The protocols  may  be implemented  over copper  cable  or  optical  fibre . Noise and  

impedance  losses mean  that  at  larger  bitrates  make  the  maximum  length  of the  

cable  gets shorter . Latencies  are typically  in  the  100  ns  range . 

Infiniband roadmap as of 2010 



Cluster interconnect bandwidth and latency  
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Note the  micro -

second  latencies  

ð 1 microsecond  

is equivalent  to  

about  2k  clocks  

on a Nehalem  

CPU. The band -

width  is also  far  

below  the  RAM 

or  cache  band -

width . For  this  

reason,  memory  

intensive  calcu -

lations  with  a 

lot  of data  de-

pendencies  are 

often  difficult  to  

run  on cluster  

architectures . 
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