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Exploring
Optimal Cost-Performance Designs
for Raw Microprocessors
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Open challenge: grain & balance

v Determine the area of eadtile: grain size
¥ Determine the propartion of areaor balance
between:
— memory
— processing
— communication
—chip1/O

Motivation

v Design Raw systems with optimal
performance per unit cost.
— Analytical framework: optimizegrain &
balance
v General Methoddogy: can be applied for
other type of systems, e.g. FPGA devices




Overviaew results

v What Raw system shoud we build gven 1
billi ontransistor are&?
¥ Our intuition:
— 1000 tiles
— single-issue processors
— 3 words/cycle local com. bandwidth
— 20 Kbyte memory per tile
— 30words/cycle I/0 bandwidth per chip

Outline of presentation

v Analytical framework

v Models
— Application model
— Raw performance model
— VLS cost model

¥ Optimizaion poblem
v Example: Jaoohi relaxation
v Conclusions: chip areas, configurations




Analytical framework
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Analyticd framework

Appli iati on Rawfystem Tedcndogy

Application Performance
model model

<P,p,m,c,0,l,bg,lg>
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Problemsize—»( Optimization

Optima madhine

Cost modd

v Silicon area expressed in SRAM bits

v Empirical study superscaars, routers,...
— Processor cost model:
» areadedicated procesgng in function d p
— Switch cost modd:
» switch areain function o locd com. bandwidth
— Memory cost model:
» memory areas depending onsize&type
— Chip I/0O cost model: cost of pins
» cost of providing chip 1/0 bandwidth




Processor cost model
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Analytical framework

Application Raw system CMOS,DRAM,SRAM

v

Performance Cost
model model
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Applicaion model

v Subproblems
— loaded/stored from externa RDRAM
— al subproblems are visited in sequence
¥ Requirements: R, i in{p,m,c,o,l,bg, g}

— Eadh appli cation has gecific requirements of
processing, communication, memory etc.

v Runtime: T = max(Tp,TC,Tg)

Jaoohi Relaxation 2D

v |terative algorithm

v Ead step replaces the value & each nock of
agrid with the average of the values of its
neaest neighbas




Jacobi 2D

gfid

N size ¥ Grid partitioned in subgr
¥ Blocking algorithm

Subgrid  Hook o
— Ea ock exeaut
e onatile
N’ sze block
L - R= 4NYP for NP
iterations, T,= R,/ p.

v Ryg=2N( N2/ sgrt(N))
v Rg= Ry /N
v R, = N?28sgrt(N'/P) N/N’

Analyticd framework

Applicaion Raw system CMOSDRAM,SRAM

v
Application Perfor mance Cost
model model model
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Optimization Problem ss==—=—

|s anonlinear constrained based optimization:

¥ Given: B budget and an appli cation (Jacobi,
matrix-x,..)

~ Objective: find machine <P,p,m,c,0,l,by,l,> and
subproblem that minimizes run-time for the
application

v Constraints :

-B2K (cost) '%

— Balance statements

Balancestatements —1 -

v Just atrick!!! Give optimal resource
utili zation, reduce seach space =>
Balanced configurations.

v 3 Statements:

— 1. Fit subproblem on chip + memory for
communication overlapping

— 2. Local communication T = computation T
— 3. Global communication T = computation T




Analytical framework

Jacobi, FFT,.... Raw system CMOS.DRfM.SRAM
Application Performance Cost
model model model
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. Optimization .
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Breakdown of chip areas: processing, memory, local and global com
1 billion logic transistor area.




Raw chip for 1 hilli ontransistors
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Conclusions

v Areas
— 40% of areato processing
— 35% to communication
— 25% memory

v Design comparison: DRAM vers SRAM

— significant speedup (upto 3times)




