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App/Arch Mismatch

« FPGASs are one-size-fits-all architectures

- mismatch between App and Arch
« Memory cost:

energy(| 32Kb ) = 2% Energy( EKD )

« Memory mismatch — excess energy
(Mapp < I\/Iarch) (March < Mapp)
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Mismatch Also Impacts Area

e “Architectural enhancements in Stratix V”
Lewis et al. (FPGA 2013)

- Moved from Stratix IV

9Kb + 144Kb

— To Stratix V

20KDb

— Goal: minimize area




Mismatch Also Impacts Area

e “Architectural enhancements in Stratix V”
Lewis et al. (FPGA 2013)

- Moved from Stratix IV

okb 144Kb

— To Stratix V

20KDb

— Goal: minimize area

* Question: How about energy?
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Mismatch Example

Stratix V: 20Kb memories, ~10% of columns

~Stratix V: 16Kb memories placed every 10 columns
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To Reduce Energy (Mismatch):

ow large should the on-chip memories be?
ow frequently should they be placed?

ow should they be organized internally?
ow many different levels of memory?
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Outline

1) Motivation
2) Mismatch Reduction Technigues
3) Experimental Architecture Exploration




Outline

1)
2) Mismatch Reduction Technigues

a) Multiple Memory Levels
b) Continuous Hierarchy Memory (CHM)

3)




Multiple Memory Levels

* Provides more choice to the mapping tool
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Multiple Memory Levels

* Provides more choice to the mapping tool

Arch
e Stratix V: M20K (~16K) A H B
PP 16K 16K
App Arch H i
i — 16k - Cost=-2x | 64K * 1i
16K 16K
H B

 Stratix IV: MOK & M144K (~8K & 128K) =®>Cost = ~2x +routing
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Multiple Memory Levels

* Provides more choice to the mapping tool

Arch
 Stratix V: M20K (~16K) A H B
PP 16K 16K
App Arch B B
iK —p 15 - Cost=-2x | 64K P M
16K 16K
i
o Stratix IV: MIK & M144K (~8K & 128K) = Cost = ~2x +routing
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“Kung Fu data energy, minimizing communication energy in FPGA computations”
(Kadric et al. FCCM 2014)
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Continuous Hierarchy Memory

“Kung Fu data energy, minimizing communication energy in FPGA computations”
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Continuous Hierarchy Memory

“Kung Fu data energy, minimizing communication energy in FPGA computations”
(Kadric et al. FCCM 2014)

 Break down into smaller banks

e Access memory closest to I/O

* Recursively break down bank closest to 1/O

« The hierarchy becomes more “continuous”
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Outline

1)
2)
3) Experimental Architecture Exploration
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Limit Study

 We want memories of the right size at the right place
- Assume the right size when calculating energy
- Place them everywhere (every other column)
— pretend horizontal memory crossings are free

dm=4 Spacing between memories is dm=1

Limit
study

Horizontal Memory crossings
are 0 energy 10




Single Memory Sweep
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Full Architectural Sweep
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Full Architectural Sweep
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Full Architectural Sweep
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Larger overheads

Smaller optimum region

Mem Size has more impact than dr?3
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* Next: 4 sets of architecture styles to explore:

- 1 or 2 memory size(s), with or without CHM
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e CHM:

- Extends optimum region

- Shifts towards larger memories

- Absolute value of minimum is reduced by ~2x
- Area s increased

14




Full Architectural Sweep

% Geomean Overhead % Worst-case Overhead

~Stratix V ~Siratix V
120 210 11 150 11 250 320 180 JB20 470 1 480 250 320 170 160 320 340 ﬁz’iﬂﬁ
66 98 1( 1C 310 220 140 §270 360 1( 340 300 210 130 100 140 210 330 1C
64 100 9 180 220 g 150 :260 350 9 410 170 200 130 93 140 220 390 9
65 98 8 430 320 190 240 330 8 ‘@Q 310 420 310 180 100 110 180 330 8
69 100 7 180 200 160 240 320 7 640 300 180 190 140 63 110 180 340 7
£ 68 110 6 c 200 210“230 310 6 E- 500 190 210 96 120 100 170 330 6
O o] ©
69 110 5 250 150 140 220 300 5 610 360 240 140 120 58 89 180 330 5
78 120 4 330 140 180 230 310 4 580 310 320 120 170 94 100 150 310 4
79 140 3 150 210 150 210 300 3 140 210 140 87 86 150 310 3
85 150 2 48 660 280 150 150 130 220 300 2 140 150 110 96 170 370 2
130 230 1 44 61 51 89 78 180 1 260 160 130 140 150 230 330 il 120 130 140 100 180 160 370 1
— ] © & B - «© © o 23 2 ©° \s N < © © o 3 Q © - o < @ © o 3 @ §
Mem Size (Kb) Mem Size (Kb) lint-bankl Mem Size (Kb) Mem Size (Kb) lint-bankl
[With CHM] [With CHM]
With 2 : ~Stratix IV With 2 : ~Stratix IV
[With 2 memory sizes] [With 2 memory sizes]
47 41 44 38 46 45 |42 47 41 44 44|54 49 50 49|42 41 f48| 59 66 11 380 340 320 210580 590] 230 320 220 580 59¢| 450 230 520 540|140 190 170|200 230 11
' € 39 10 350 280 350 150 460 470|370 270 150 450 46(] 270 160 420 420{120 130|150 140 10
9 330 270 280 130 380 390|210 240 130 370 39¢ 240 130 330 350| 99 100|140 140 9
8 320 310 270 140 320 330] 190 200 98 300 320 290 110 280 280| 95 130 82|130 130 8
7 450 240 210 97 250 270|260 200 120 250 26(] 320 110 220 230| 89 240 90 |240 120 7
6 510 280 210 130 190 200| 170 280 130 190 199 190 110 170 170} 79 110 75|110 110 6
5 310 220 240 110 150 150 160 280 100 160 14( 250 130 140 120 57 74 81|110 110 5
£ 4 £ 1400 220 170 74 120 190270 210 98 120 190 230 98 120 190| 75 63 63120 120 4
© 3 220 210 200 120 76|240 200 91 120 82| 180 61 140 87|71 73 62]120 120 3
2 300 200 140 94 67190 200 90 120 55| 170 69 100 71|66 86 89140 160 2
41 1 190 140 120 56 57 68|150 100 60 54 71|130 71 81 83|91 81 100|150 160 1
283X 8L S I X BIS I & BIF & BIX 8 f?%%@ﬁ?%ggﬁ%ggg@@:@ﬁ
B T L S S A o P L B o) - - - = 9 a o Nl e o A N
- o« < < o © & © - - a <+ < © © © ©

Mem Size (Kb)

Mem Size (Kb)

14




Full Architectural Sweep
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Conclusions

Energy-optimum is different from area-optimum:

- Multiple memory levels

- Continuous Hierarchy Memories (CHM)

- Placed more frequently than on commercial FPGAs
8-32Kb are good memory sizes in general

o geomean worst-case
ol S o
3 <]
Best geomean energy: 28 1 Q .
o —
Bk
- 8Kb and 128Kb CHM, dm=5 3 - % g |
= =
- 7.3% overhead §52 - e o S _ %* o
52
Best worst-case energy: o o -

- 8Kb and 256Kbh CHM, dm=4 30 40 50 60 70 50 150 250 350

% Area Overhead % Area Overhead
- 31% overhead 1-mem % 2-mem
© 1-mem[CHM] 2-mem [CHM] S ~StratixV
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Questions?




Power-Optimized Memory Mapping
(March < Mapp)

« Memories on FPGAS have a native shape, e.g. 8K=256x32
« Can be used in different modes:

- 256x32
- 512x16
- 1024x8
—- 2048x4
- 4096x2
- 8192x1
 Each mode costs the same (cost of native shape, 256x32)




Power-Optimized Memory Mapping

(March < I\/Iapp)
* eg.:
— Mypp = 2KX32
- Mych = 256x32

(8K in 2048x4 mode)
addr[10:0]

en en en en
8K/ BK 8K 8K
4b "4b '4b "4b
en en en en

4b '4b '4b "4b

Delay-optimized
“Power-efficient RAM mapping algorithms for FPGA embedded memory blocks”
(Tessier et al. IEEE Trans. On CAD 2007)




Power-Optimized Memory Mapping
(March < Mapp)

e e.g.:
— Mgpp = 2KX32
- Mg,en = 256%32
(8K in 2048x4 mode) (8K in 256x32 mode)
addr[10:0] addr[7:0]

Oen
en en en en

ENEE EEEE;;

4b '4b '4b '4b =) :
en en en en 139
8K 8K 8K 8K llll
4b '4b ‘4b '4b  JE. 3K,
Delay-optimized Power-optimized

“Power-efficient RAM mapping algorithms for FPGA embedded memory blocks”
(Tessier et al. IEEE Trans. On CAD 2007)




Power-Optimized Memory Mapping
(March < Mapp)

¢ e.g.:
— Mypp = 2Kx32
— Myyen = 256X32
(8K in 2048x4 mode) (8K in 256x32 mode)
addr[10:0 addr[7:0 2=
200 70 .. | 5-
en en/en en ITH NTH NTH bt < g
EEEE SR |l
4b '4b '4b '4b - = Yo e
=T Terl o p— |32b 1— ™
T17 | o
HEEE T Sroute
4b '4b '4b '4b m mem

Delay-optimized Power-optimized
“Power-efficient RAM mapping algorithms for FPGA embedded memory blocks”
(Tessier et al. IEEE Trans. On CAD 2007)




Power-Optimized Memory Mapping
(March < Mapp)

e e.g.:
Mapp = 2Kx32
- Mg,en = 256%32
(8K in 2048x4 mode) (8K in 256x32 mode)
addr[10:0 addr[7:0 =
[10:0] 70 . |s2-
en en en en JL [ aL fa | Z g -
EEEE SR |l
4b '4b '4b '4b = Yo e
=T Terl o p— |32b 1— ™
T[] ] g
HEEE 7T 5 route
4b '4b '4b "4Db B mem
Delay-optimized Power-optimized

“Power-efficient RAM mapping algorithms for FPGA embedded memory blocks”

(Tessier et al. IEEE Trans. On CAD 2007)
What we did: Integrated with VPR

Without P-opt: +4-19% geomean energy overhead, +40-108% worst-case overhead
P-opt source release: http://ic.ese.upenn.edu/abstracts/meme fpga2015.html



http://ic.ese.upenn.edu/abstracts/meme_fpga2015.html
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