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An FPU generator in 20137!

®43800 articles in IEEE Xplore

" When you search for floating point

" After all these papers and 44 years of ARITH,
" |t is still pretty hard to design an FPU

"One size doesn’t fit all.
" CPUs: 10s of FPUs, Double Precision, Low Latency
" GPUs:1000s of FPUs, Single Precision, High Throughput
" Mobile: 100s of FPUs, Half-Precision, Low power



Converting the problem to a solution

"Procedurally encode this huge body of existing tricks

"Incorporate this knowledge into parameterized generators

" These are organized hierarchically
" Use optimization to find best solution for your target

"Generate an FPU for every different requirement
" Precision
" Energy Efficiency
" Latency/Throughput



But how to build a generator?

"There is no magic
bullet.

"Need to optimize at all
design levels

" Used our Genesis2
generator language
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Capturing the designer knowledge:

Abstraction

ﬁ. "This is a multiplier
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Q1: Booth encoding:

Which is better for energy efficiency?

Booth 2 Booth 3
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® 13 Partial Products ial Products
Smaller Tree

= Slow 3x multiple Generation



A1: It’s about the area
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A1: It’s about the area
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Q2: Partial products reduction:

What are the most important factors?

"The combining element
" 3.2 Counter
" 4.2 Compressors
" 7.3 counter

®"Number of Levels of CS

" Wallace (shortest)

® Trees: Overturned Sta e, ZM

"Routing and wire tracks of the tree
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A2: It matters how counters are
connected!

"This is a Double Precision Wallace Booth 2 multiplier tree
"Designer insight:
" 'Sum’ output takes 1 unit delay and ‘Carry’ output takes 0.5 unit delay

" Balancing the interconnection of sum and carries
" Lets 7 levels of CSA take only 5.5 CSA delays
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3:2 Counter

4:2 Compressor

7:3 Counter [12]
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A2: Layout matters!

-&-Wallace Booth2 Uninformed P&R
—e—Wallace Booth2 Informed P&R
0S1 Booth3 Uninformed P&R
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"Enables quick exploration of many layout scenarios
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Putting it all together
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A2: Wires matter!
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For quad precision, long wires result in OS trees becoming

14

more energy efficient.




Sy s$

Partial
Product

Cascade (CMA) Fused(FMA)
v i E

Ea EB* Ee S SA¢53 Sc¢53

EB EAC
| '
B 2 2 | ;
| y : 53
| Exponent (106 bits) : +
‘ Difference MULTIPLIER :
‘ .
2 \ o x
[0} S [
5 ; — . 2
S | v \ B A B AR
g . 2:1 Mux 2:1 Mux P 159 106 106
S Leading (106 bits) (106 bits) |
E Zero - !
81 Anticipator (106 bits) ‘
< (106 bits) Aligner | 3:2 CSA
\ (159 bits) I
\ Fa ‘ o T
| v v E \j \J v v
Normalizer Iy i
SR AN ormaliz E EAC B Leading
Adder \
(106 bits) } Zero +
| .
CLOSE FAR | Anticipator
PATH PATH 1}
(]
' : 159
i &
Subtract 25% EAUX } '
. t .
SRS 53019 Accumulation Bypass } E 4* é
vy Multiply-Add Bypass % 53
Rounder
(53 bits) +1 ?
Significand Result¢ ADDER %53

15



A3: It depends..

For Latency For Throughput
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Q4: What about my special feature?

1. Can we reuse a double-precision multiplier as two
single precision?

2. How hard would it be to add this “smart” to FPGen?
" Turns out that in a generator, it is hard, but not that hard...
d

/ / ] / T 7
/Lbic__l_aicﬁ/ - C E> // 0 / a*c //
/ / /
/ 7 7 9 // // //
/Lbidﬁgaid# > d / h*d / 0 /
/ / 1 // // //
SPP[i] = A*B IPP’[i] = {b*d, a*c}
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"QOverhead can be quite small
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Conclusion

" Details matter!

® Booth mux area
" Wiring of CSAs...

"Built a generator that incorporates this knowledge

" Used it to explore optimal design
" Results are better than SoA FP |P blocks
" (multiple precision, pipelinig, ..etc.)

"You can try your ideas too.

19



Visit

http:/Ivisiweb.stanford.edu/fpgen/

TriAnNC O]


http://vlsiweb.stanford.edu/fpgen/

