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Where are HPC Systems Going?

A Scaling of uniprocessor performance has been historical driver
I 50-55% per year for a significant period
I Systems with a constant number of processors benefit
A Transistor scaling may continue to the end of the roadmap
I However, system scaling must change considerably
i The Al ast classical computero wil/l
systems
A Outline of driving factors and views

i Exploitation of concurrency - are more threads the only answer?

A We are driving to a domain where tens to hundreds of thousands of
processors are the sole answer for HPC systems

i How will power affect system and architecture design?

I How to provide the programmability, flexibility, efficiency, and
performance future systems need?
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Historical Sources of Performance

A Four factors
I Device speed (17%/year)
I Pipelining (reduced FO4)~18%/year from 1992004
I Improved CPI
I Number of processors/chig/a
A Device speed will continue for some time
A Deeper pipelining is effectively finished
i Due to both power and diminishing returns
i Ends the era of 40%/year clock improvements
A CPlis actually increasing
i Effect of deeper pipelines, slower memories
I On-chip delays
i Simpler cores due to power
A Number of processors/chip starting to grow
i APassing the bucko to the progr amme

I Have heard multiple takes on this from HPC researchers
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Opportunity to End of Si Roadmap

How much performance growth between now and 2020 per unit area of
silicon?

i 17% device scaling gives 10x performance boost

I 50xincrease in device count provides what level of performance?

i Linear growth in performance: 500x performance boost
What have we gotten historically?

i 500x performance boost over that same period

I However, a large fraction of that is increased frequency

i Withoutthat, historical boost would be 50X

I The extra 10x needs to come from concurrency
Opportunity

I Many simpler processors per unit area provide more FLOP/transistor efficiency

I May be efficiency issues (communication, load balancing)

i May be programmability issues
$64K question: how can we get that efficiency while circumventing the above
problems?
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Granularity versus Number of Processors

A Historically, designers opted for improved CPI over number of processors
A Shifting due to lack of CPI improvements (finite core issue widths)

I Whatwill be granularity of CMPs?

I Whatwill be power dissipation curves?
A Small number of heavyweight cores versus many lightweight cores?
Alnterested in HPC researcherso tl

I Key question: is the ideal architecture as many lightweight cores as possible,
with frequency/device speed scaled down to make power dissipation tractable

AAmdahl 6s | aw
i Need powerful uniprocessor for singleread performance
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Superscalar core

Two ALUs
Two LD/ST

Two FPUs

<>

A7

CPU Core

Only 12% of Non-Cache,Non-TLB Core Areais Execution Units
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Out-of-Order Overheads

A A day in the life of a RISC/CISC instruction
I ISA does not support owutf-order execution
I Fetch a small number of instructions
I Scan them for branches, predict
I Rename all of them, looking for dependences
I Load them into an associative issue window

I Unless working set fits precisely in the cache
I Take a bit hit in CPI, need that many more processors!

A Programmable, good performance, but now poor efficiency
I Can take C, magically gets 2X better every 2 years
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TRIPS Approach

A Renegotiate Compiler, ISMicroarchitecture
responsibilities
A This talk
i EDGE ISA
I TRIPSMicroarchitecture
I Prototype design
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TRIPS Approach to Execution Efficiency

A EDGE (Explicit Data Graph Execution) architectures have twc
key features
i Block-atomic execution
i Directinstruction communication

A Form large blocks of instructions with no internal control flow

transfer

I We use hyperblocks with predication
I Control flow transfers (branches) only happen on block boundaries

A Form dataflow graphs of instructions, map directly 40 2
substrate

I Instructions communicate directly from ALU to ALU

I Registers only read/written at begin/end of blocks

i Static placement optimizations
A Co-locate communicating instructions on same or nearby ALU
A Place loads close to cache banks, etc.
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Architectural Structure of a TRIPS Block

Address+targets sent to
memory, data returned
to target

Memory

PC read

Reg. bank:

UJ

32 read instructions

32 write initructions

5

Reg. bank:

32 stores

Memory

terminating
branch

PC

Block characteristics

A Fixed size:

T 128 instructions max

I L1andcore expandsempty-32
inst chunks to NOPs

A Load/store IDs:

T Maximum of 32 loads+stores
may be emitted, but blocks can
hold morethan 32

A Registers:

i 8read instsmaxtoreg. bank (4
banks = max of 32)

I 8write insts.max to reg bank (4
banks = max of 32)

A Control flow:
i Exactly one branch emitted
I Blocks may hold more
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TRIPS ISA: Dataflow in the ISA

RISCISA
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.blockbegin loopbody

N[O] read $g1 - N[2],N[3],N[6]
N[1] read $g2 - N[2]

N[2] inc - N[7], N[4]
N[3] add - NI8]
N[4] teqi 10 - N[5], N[6]

N[5] bro_f loopbody
N[6] bro_t looptail

N[7] write $g1
N[8] write $g2
.blockend
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TRIPS Execution
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(1)

C Code

-

int main(void) {

intz, i;
z=0;
for (i = 1;
| <=10;i++) {
Z+=1;
}
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TRIPS Execution (2)

Dataflow graph
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