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History of High Performance Computers

1P
Aggregate Systems Performance
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Power Estimates for PetaFLOP systems

2008:

» Intel processor based: 18-27 MW (Estimates based on vendor

» AMD processor based: 24-36 MW roadmaps, caps on
power/socket; including

2011 processors, disks and

> Intel processor based: 6-9 MW interconnect.)

» AMD processor based: 9-13 MW

Welcome comments on other possible solutions here.

Approximate sizes of some current obligations:
Purple -4.8 MW
BG/L -1.7MW
Q -3 MW
Red Storm - 2MW

With cooling, multiply by 1.5-2 ! H#t DOE - AS CHN
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Increasing Electricity per Chip

Gate
g Gate Insulation
v
Source '0”- Drain
...................... >
loff
‘ TrOn @ seveeveenen > Ir Off
_ feCi-v2 f+Ctrv? (loff+1g) v
Power = Op-Power (wiring) ¥ Op-Power(Tr) ¥ Std-by Power

mmp Multi-Core without Increasing Frequency



Increasing Power and Foot—Print

Cray-1 Earth Simulator

Sourced from http://www.thocp.net/hardware/cray_1.htm



g Storage (Data Explosion)
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Increasing Complexity of Programming

Open MP

Barrier

Receive

Serial Code

-

real*4 X(400)
do 10 i=1,400

X(@i)=i
10 continue

S=0

do 30i=1,400
S=S+X(i)
30 continue
write(6,*) '1+...+400=",S
stop

\end

MPI

parameter (n=400, np=4)
parameter(masterpid=0)
real*4 X(400)
integer to_p,from_p,tag,mypid,pnum
call MPI_init(4)
call MPI_comm_rank(MPI_COMM_WORLD,mypid)
call MPI_comm_size(MPI_COMM_WORLD,pnum)
if(mypid.eq.masterpid) then
do 10i=1,400
X(i)=i
10 continue
do 20 to_p=1,3
tag=0

call MPI_send(X(100*to_p+1),100,MPI_REAL,to_p,tag,MPI_COMM_WORLD)
20 continue
else
from_p=0
tag=0

call MPI_recv(X(1),100,MPI_real,from_p,tag,MPI_COMM_WORLD,idummy)
endif
S=0
do 30i=1,100
S=S+X(i)
30 continue
if(mypid.ne.masterpid) then
to_p=0
tag=1

else
do 40 from_p=1,3
tag=1

call MPI_send(S,1,MPI_REAL to_p,tag,MPI_COMM_WORLD)

call MPI_recv(SS,1,MPI_REAL,from_p,tag,MP|_COMM_WORLD,idummy)
S=S+SS
40 continue
write(6,*)'1+..+400=",S
endif

call MPI_barrier(MPI_COMM_WORLD)

call MPI_finalize
stop
end
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Power Problem

& Mostly Depends on Device Technology

& Can’t Expect to be Resolved by Revolutional Technologies
-SFQ?
-Quantum Computer ???
& Evolutional Development
-New Device Structure
-New Materials
-Power Management, etc.

@ Architectural Approach
-Application Specific Accelerator
-SIMD/Vector Accelerator -



More Parallelism

— Nine Lessons Learned in the Design of CDC6600 by N. R. Lincoln (1977) —

It's Really not as much Fun Building Supercomputer as it is Simply Inventing One.

(Proc. of the Symposium on High Speed Computer and Algorithm Organization, 1977 )

Lesson 9

The success or failure of any supercomputer development is finally going to rest on
the ability and willingness of users to adapt to the strange world of parallel
processing, and the consequent need to restructure algorithm, if not total processes.
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