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Load-store vs. Dataflow

Memory

Cache

RegistersControl

x = a + b

ld a, r1

ALU

ald b, r2 badd r1, r2

ba

x

bast r1, x Memory

+

c d y

y = (a + b) ·(c + d)

a b

+

x

a b c d

a+b c+d

y

Load-ǎǘƻǊŜ όάǾƻƴ bŜǳƳŀƴƴέύ

Energy per instruction: 70pJ

{ƻǳǊŎŜΥ aŀǊƪ IƻǊƻǿƛǘȊΣ L{{/Ωмп

Energy per operation: 1-3pJ

{ǘŀǘƛŎ 5ŀǘŀŦƭƻǿ όάƴƻƴ-Ǿƻƴ bŜǳƳŀƴƴέύ
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Specializedhardware

Memory
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c d ya b

+
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a b c d
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The paradoxof FPGA efficiency

Memory

+

c d ya b

+

x

a b c d
Memory

Cache

RegistersControl

ld a, r1

ALU

ald b, r2 badd r1, r2

ba

x

bast r1, x

~100x

~0.05x?

Comesfrom the 
granularity
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Specializedhardware

Memory

+

c d ya b

+

x

a b c d

Wemust learnhow to
program these
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Traditionally: register transfer level

Input regInput reg

Output reg

Logic 1 cycle

always @(posedge clk )

if (start) begin

out <= in + 1;

end

int c =a +b;



spcl.inf.ethz.ch

@spcl_eth

Nakayama, T. Hardware arrangement for floating-point addition and subtraction, 1993, US Patent 5,197,023.
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Single floating point operation
RegReg

Reg

LogicLogic

Transient 
register

Transient 
register

Logic

Χ
float c =a +b;

[1] David Bacon, Rodric Rabbah, and Sunil Shukla. 2013. FPGA Programming for the Masses.Queue 11, 2, Pages 40 (February 2013), 13 pages.

FPGA programmingis hard1!


