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b .
P L1° X3 X2y X1, Y15, Vo

b .
P 1,2¢ X3y X2y X1y V2o V1

b .
P’ 3: X3, X5 X1, Y3, V2

b .
P’ 42 X3 X2 X1, V3
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Partial Product Generation

Vi
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X X
LN BAsAL?
> PROP
4-1LUT
>05 1
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4-LUT ||
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P 0,0° X1, X0y 09 Yo 0
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P 0,1° X15 X0y 0, Yo Vo

’ °
: Py xp, X0 0,95 y; |
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’ °
1 Pys3:x1,%0 0,93y |

) .
P 0,4° X1y X0y 0) Y3

3 .
P 1,0° X3 X2y X15 Vo 0

b .
P L1° X3 X2y X1, Y15, Vo

b .
P 1,2¢ X3y X2y X1y V2o V1

b .
P’ 3: X3, X5 X1, Y3, V2

b .
P’ 42 X3 X2 X1, V3
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Partial Product Generation

Vi
0 A5 A6 CASC
X X
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A5 A6 CASC
Y3

’ o
P 0,0° X1, X0y 09 Yo 0
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P 0,1° X15 X0y 0, Yo Vo

’ °
: Py xp, X0 0,95 y; |
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’ °
1 Pys3:x1,%0 0,93y |

) .
P 0,4° X1y X0y 0) Y3

3 .
P 1,0° X3 X2y X15 Vo 0

b .
P L1° X3 X2y X1, Y15, Vo

b .
P 1,2¢ X3y X2y X1y V2o V1

b .
P’ 3: X3, X5 X1, Y3, V2

b .
P’ 42 X3 X2 X1, V3
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Partial Product Generation
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P 1,0° X3 X2y X15 Vo 0

b .
P L1° X3 X2y X1, Y15, Vo

b .
P 1,2¢ X3y X2y X1y V2o V1

b .
P’ 3: X3, X5 X1, Y3, V2

b .
P’ 42 X3 X2 X1, V3
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Partial Product Generation

P’0,0: X1y Xy 09 Yo 0 P,1,0: X3y X2y X715 Voo 0
Vi P’y x5, x0, 0, y1, yo P’ 12 x3 X2 X1, Y1y Vo
0 A5 A6 CASC
Xy X U Vo | | | e e m mm m— - - - -
B asal? I I ,
I I | I | P 0’2: X1 Xo» 0’ Y2 Vi | P 1,2: X3 X2 X1y V2o V1
> PROP ) .
| P’0 3¢ X1, X0y 09 Y3 )2 I P’1,3° X3y X2y X1y V30 V2
4 LUT s DN DN S BEE B EBESE EEE =S
>05 1 P’ .
1 Py, P’y 4 X1, X9, 0, 3 P’ 42 X3, X3 X1, 3
41uT B
06
4-LUT ||
A6 1 LUT generates 2 partial product bits
4-LUT _I_- —— 05 2 P ’0’ 3

2
[n—] LUTs: for all partial product bits of a n-bit multiplication
A5 ,3)63 CASC 4
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Mapping Multiplication onto Versal CLBs

- Partial Product Addition/Compression
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Partial Product Compression

Partial Product Bit Array

Adder Tree
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Partial Product Compression

Partial Product Bit Array Partial Product Bit Heap

] © ¢ o o 0o 0 o o o 1 °
] © @« e o o @ o o o ° ] © o o °
] © e e 0o 0 0 0 0 o e ‘ ] © e o 0 0 o @ o
] © ¢ ¢ o o o o o o ® ] © © o © @ o o @ o o o °
1 ® ] © o ¢ o © ¢ ¢ o 0 0 0 0 o o o
© 6 06 06 06 06 0 0 0 0 0 0 0 0 0 0 © 6 06 0 0 0 0 0 0 0 0 0 0 0 0 0
Adder Tree Compressor Tree
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Partial Product Compression
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Partial Product Compression
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

15

14 13 12 11 10

9
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition ° L T LT
*°° FA;A’ |FA|—|FA}J
I
e 0o 0 o 5 s, s
. .
- I .
. . - N . . .
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Partial Product Compression 22,3 4] counter

Compression process: GPC Compression + Terminal Addition ° R ey B A N
*°° FA E | FA H FA}J
e O o ’_L
e o 0 0o o s
o .
5o

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression 22,3 4] counter

] ] (] o 0 . b2 az bl a[ bl al bO aO co
Compression process: GPC Compression + Terminal Addition | L
e 6 o -
’—LFA FA | FA H FA }J
o o6 o
e o 0 0o o s

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

Different GPCs

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

Different GPCs

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

Different GPCs

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

———-~

~
Compression process: GPC Compression +f "l;erminal Additi(gu

-— = -

Terminal adder

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

Compression process: GPC Compression + Terminal Addition

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Partial Product Compression

_——_~

Compression process( GPC Compress101v+ Terminal Addition

~———‘

Need efficient GPCs
Need to arrange different GPCs properly

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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Versal GPCs and Compressor Trees [0]

Counter #LUTs E S LO.AH.! Row/Column?

(3:2] 1 10 BN v Both
(6: 3 3 1.0 20 X Neither
(10: 4,2) 1. 438 86} x Neither
(2,5:1,2,1) 2 L5 175 X Colummi

(1,5: 3] ). 1.5 2.0 v Row

(2,2,3: 4] 2 15 175 X Row

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row/column counters

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024. KULEUVEN




Versal GPCs and Compressor Trees [0]

Counter #LUTs E S LO.AH.! Row/Column?

(3:2] 1 10 BN v Both
(6 : 3] 3 1.0 20 X Neither
(10: 4,2) 1. 438 86} x Neither
(2,5:1,2,1) 2 L5 175 X Colummi
(1,5: 3] ). 1.5 2.0 v Row
(2,2,3: 4] 2 15 175 X Row

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row/column counters

————— LUT Cascade Path
a; by ¢y a; ays by co dy &
b | | | | |
* FA FA
[ ] I_I
. FA FA
e o L ezor L emr
e o o | | |
L] S S

(1, 5: 3] counter

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.
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Versal GPCs and Compressor Trees [0]

Counter #LUTs E S LO.AH.! Row/Column?

(3:2] 1 H1 . L v Both
(6 : 3] 3 10 20 X Neither
(10: 4,2) 3 493 16F x Neither
(2,5:1,2,1) 2 L5 175 X Column
(1,5: 3] 2 1.5 2.0 v Row
(2,2,3: 4] 2 15 175 X Row

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row/column counters

e LUT Cascade Path

ag by ¢ a; as by co dy &
b | | | |1
¢ FA FA
[ J |_I
. FA FA
e o L ezor L emr
e o o | | |
s2 S; So

(1, 5: 3] counter

s L UT Cascade Path
fo &o ho 7] as b‘ Co do €y
| | | | 1 | |
FA FA
- - FA FA
- - &IUT I‘-.LU'I
r_ s .
e o - s11 59 510
T by ahewy,
. o .
. :: . o FA FA
- - L]
e o e o FA FA
e o o e o o &LUT &LUT
e o e o ]
B . Sy 512 520

(3,9:2, 3, 1) counter
composed of two (2, 5: 1, 2, 1) counter

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.
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Versal GPCs and Compressor Trees [0]

Y 1 : > # input bits
Counter #LUTs E S LO.AH. Row/Column : ‘ Strength ( S)
(3:2] 1 1.0 15 i Both # output bits
(6 : 3] 3 1.0 20 X Neither
(10: 4,2) 3 438 16 x Neither :
(2,5:1,2,1) 2 L5 175 x Column # reduced bits Effici E
(1,5: 3] 2 15 20 v Row S 1LUT ‘ iciency ( E)
(2,2,3: 4] 2 15 175 X Row S
'if the GPC is compatible with carry-lookahead structure ) L Gt et
2if the GPC is used to construct row/column counters Jo 8o hoto — a0 by co do &
FA FA
i . FA FA
e LUT Cascade Path . . &LUT i &LUT
. a; by ¢io a; | ay by "IO dy ‘IO | ‘:7: : 511 59 510
. — = S—— : hohogr— gheal,
° I U = S FA FA
. FA FA . : : : FA FA
[ L ] ;I &LUT % &LUT e o e o o &LUT ELUT
- | | | - o o J
Sz S S o . S S12 S20
(1, 5 : 3] counter (3,9:2, 3, 1) counter

composed of two (2, 5: 1, 2, 1) counter

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.

KU LEUVEN




Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter #LUTs E S LO.AH.! Row?

(5,17: 4,5,1) 8 L5 22 X X
(4,13 :3,4,1) 6 L5 2125 X X
(3,9:2,3,1) 4 L5 20 X v
(9:4,1)3 3 133 18 X v
(6: 3] 3 1.0 20 X v
(2,2,3: 4) 2 L5 175 X v
(3:2] 1 .0 15 v v
(1,5 : 3] 2 L5 20 v v

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row counters
*new GPC proposed by this work

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter ~ #LUTs E S  LOAH.! Row? * New (9:4,1) counter
(5,17:4,5,1) 8 15 22 x x
(4,13:3,4,1) 6 L5 2125 x x
(3,9:2,3,1) 4 15 20 x v
(9:4,1) 3 133 18 x v
(6:3] 3 10 20 x v
(2,2,3:4] 2 15 175 x v
(3:2] 1 1.0 15 v v
(1,5:3] 2 15 20 v v

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row counters
*new GPC proposed by this work

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter ~ #LUTs E S  LOAH.! Row2 * New (9:4,1) counter
5,17:4,5,1 8 1.5 22 X X .
§4, 13: 3,4,1% 6 .5 2125 X % « Unrolled efficient column counters from [6]
(3,9:2,3,1) 4 1.5 20 X v
(9:4,1)3 3 133 18 X v
(6 : 3] 3 1.0 20 X v
(2,2,3:4] 2 1.5 175 X v
(3:2] 1 1.0 15 v v
(1,5:3] 2 1.5 20 v v

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row counters
*new GPC proposed by this work

K. Hof¥feld, H. J. D . Nurmi, M. B . B. . Hi [of
[6] of¥feld, H. J. Damsgaard, J. Nurmi, lott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter  #LUTs E S  LOAH.! Row? * New (9:4,1) counter
5,17:4,5,1 8 1.5 22 X X .
§4, 13 : 3,4,1% 6 1.5 2125 X " » Unrolled efficient column counters from [6]
(3,9:2,3,1) 4 1.5 20 X v
(9:4,1)3 3 133 18 X v . - _
6:3] 3 0 20 . Y Extend the eligible row counter candidates
(2,2,3:4] 2 1.5 175 X v
(3:2] I 1.0 15 v v * New way to build row counters using LOOKAHEADS8
(1,5:3] 2 1.5 20 v v

'if the GPC is compatible with carry-lookahead structure
2if the GPC is used to construct row counters
*new GPC proposed by this work

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.



Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter #LUTs E S  LOAH.! Row2 * New (9:4,1) counter
5,17:4,5,1 8 1.5 22 .
§4, 13 : 3,4,1% 6 1.5 2125 § ﬁ » Unrolled efficient column counters from [6]
(3,9:2,3,1) 4 1.5 20 X v
(9:4,1)3 3 133 18 X v . - :
6:3] 3 0 20 . Y Extend the eligible row counter candidates
(2,2,3: 4] 2 .5 175 X v
(3:2] I 1.0 15 v v * New way to build row counters using LOOKAHEADS8
(1,5:3 2 1.5 20 v v
'if the GPC is compatible with carry-lookahead structure « New implementation of quaternary terminal adder from [6]

2if the GPC is used to construct row counters
*new GPC proposed by this work

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.



Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter #LUTs E S  LOAH.! Row2 * New (9:4,1) counter
5,17:4,5,1 8 1.5 22 .
E4, 13 : 3,4,13 6 1.5 2125 i i » Unrolled efficient column counters from [6]
(3,9:2,3,1) 4 1.5 20 X v
(9:4,1)3 3 133 18 X v . .- :
6:3] 3 0 20 . Y Extend the eligible row counter candidates
(2,2,3: 4] 2 .5 175 X v
(3:2] I 1.0 15 v v * New way to build row counters using LOOKAHEADS8
(1,5:3 2 1.5 20 v v
'if the GPC is compatible with carry-lookahead structure « New implementation of quaternary terminal adder from [6]

2if the GPC is used to construct row counters

3new GPC proposed by this work L .
prop Y * New heuristics for compressor tree synthesis

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.



Our Versal GPCs and Compressor Trees

Basic GPCs in our work:

Counter  #LUTs E S  LOAH! Row? * New (9:4,1) counter
5,17:4,5,1 8 L5 22 -
E4, 13 : 3,4,13 6 1.5 2125 z ,f » Unrolled efficient column counters from [6]
(3,9:2,3,1) 4 L5 20 x v
(9:4,1)% 3 133 18 X v . . _
6:3] 3 0 20 . Y Extend the eligible row counter candidates
(2,2,3: 4] 2 L5 175 x v
(3:2] 1 1.0 L5 v v « New way to build row counters using LOOKAHEADS8
(1,5: 3] 2 L5 20 v v
"if the GPC is compatible with carry-lookahead structure « New implementation of quaternary terminal adder from [6]

2if the GPC is used to construct row counters

3new GPC proposed by this work L .
prop Y * New heuristics for compressor tree synthesis

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.



GPCs on Versal CLBs

. frgohew M Thebe,

- =] 7

: %m %m -m_ﬂn

. ,L sho e ' Proposed (9 : 4,1) 1.33

Pyehel column counter (9:4.1) [6] 4 1 18
o E’J = (10 : 4,2) [6] 3 1.33 1.67
* | —

K. Hol¥feld, H. J. D . Nurmi, M. Blott . B. . Hi ici
[6] ol¥feld, H. J. Damsgaard, J. Nurmi, ott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.



Row Counter Design
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Row Counter Design

Goal:

« confine the signal propagation of row counters
within the LOOKAHEADS blocks

* No use of general-purpose routing
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Row Counter Design

Goal:

« confine the signal propagation of row counters
within the LOOKAHEADS blocks

* No use of general-purpose routing

Design under LOOKAHEADS constraints:
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COUTH
PROPH
PROP 2% LOOK(BH) E’I ’_:‘c
06 PROP YMUXH
HLUT sl | (ABCDEFGH) 125

T

Row Counter Design el sizeess

PROP
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06
FLUT s51 | aBcpER LR

05_1 : |

« confine the signal propagation of row counters case
within the LOOKAHEADS blocks o

ELUT ©¢
O5_1p——=

* No use of general-purpose routing casc

PROP p——

DT e | e, o ] MU0 \
Design under LOOKAHEADS constraints: T L
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« LOOKX Attributes casc]
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COUTH
PROPH
PROP 2% LOOK(BH) E’I ’_:‘c
06 PROP YMUXH
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Row Counter Design el sizeess
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06
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CASC

G I . L » COUTF
PROPF
oal. . CYF PROP HoorEn] CYMUXF
06
FLUT s51 | aBcpER LR

05_1 : |

« confine the signal propagation of row counters case
within the LOOKAHEADS blocks o

ELUT ©¢
O5_1p——=

* No use of general-purpose routing casc

PROP p——

DT e | e, o ] MU0 \
Design under LOOKAHEADS constraints: T L

PROP

06
CLUT
05_1 | S[2]

« LOOKX Attributes casc]
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Row Counter Design

Goal:

confine the signal propagation of row counters
within the LOOKAHEADS blocks

No use of general-purpose routing

Design under LOOKAHEADS constraints:

LOOKX Attributes

Use the dual-rail property of the (3,9 : 2,3,1) counter to mitigate the
row counter length limit brought by LOOKAHEADS

Cin_AS —

“rop | ZROPH CoUTH
o6 |- &H PROP LR CYMUXH
T o |weevsron B e
S 22322222
R e Nol-- g >
PROP | PROPG %"'
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06
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1 » COUTF
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Row Counter Design

Goal:

confine the signal propagation of row counters
within the LOOKAHEADS blocks

No use of general-purpose routing

Design under LOOKAHEADS constraints:

LOOKX Attributes

Use the dual-rail property of the (3,9 : 2,3,1) counter to mitigate the
row counter length limit brought by LOOKAHEADS
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New heuristic for compressor tree synthesis

A counter will be selected and placed when it is both applicable and necessary

> Applicable: there are enough input bits to fully populate the counter
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New heuristic for compressor tree synthesis

A counter will be selected and placed when it is both applicable and necessary

> Applicable: there are enough input bits to fully populate the counter

> Necessary:. it is the best counter on the list giving the local shape of the bit heap

Counter Necessity Conditions

(5,17:4,5,1) Always Necessary

(4,13:3,4,1) H.> 16
(3,9:2,3,1) H.>12
£l (9:4,1) H.>12,5H. > 17TH.44
€| (6:3] He=9 Hcyy <3,Hey2 <3
(2’293:4] SSHCS6’4SH6+IS5’4SHC+2S5
(3:2) 5<H.<6
VLS =3 Always Necessary
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New heuristic for compressor tree synthesis

A counter will be selected and placed when it is both applicable and necessary

> Applicable: there are enough input bits to fully populate the counter

> Necessary:. it is the best counter on the list giving the local shape of the bit heap

Counter Necessity Conditions
(5,17:4,5,1) Always Necessary
(4,13:3,4,1) H.> 16
(3,9:2,3,1) H,>12

£l (9:4,1) H.>12,5H. > 17TH.44

€| (6:3] H.=9 H.33 <3 Hoy2<3
(2’293:4] SSHCS6’4SH6+IS5’4SHC+2S5
(3:9] 5<H.<6

VLS =3 Always Necessary

> Row counter first. a counter will start/continue a row counter if possible
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Open-Source™ RTL-code Generator
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Open-Source™ RTL-code Generator

RTL-Code Generator in Python

Compressor Tree Synthesis

RTL-Code Generation

26 *https://github.com/KULeuven-COSIC/crypt-arith KU LEUVEN



Open-Source™ RTL-code Generator

User Input .
RTL-Code Generator in Python
multiplication size Compressor Tree Synthesis
bit heap shape
P Shap T RTL-Code Generation

pipeline stages /

26 *https://github.com/KULeuven-COSIC/crypt-arith KU LEUVEN



Open-Source™ RTL-code Generator

Generator Output
User Input
RTL-Code Generator in Python System Verilog file
multiplication size Compressor Tree Synthesis (design & testbench)
bit heap shape  ™— RTL-Code Generation constraint file
pipeline stages / visualization iy

\/—

26 *https://github.com/KULeuven-COSIC/crypt-arith KU LEUVEN



Open-Source™ RTL-code Generator

The generator is very easy to use!

27 *https://github.com/KULeuven-COSIC/crypt-arith KU LEUVEN



Open-Source™ RTL-code Generator

(
>
>
>
>

>

The generator is very easy to use!

The LUT Usage without terminal addition is 23
Maximum Number of Pipeline Stages of the Compressor Tree: 2
Generated compressor tree is pipelined into 2 stages

Output written to: versal_arith_generated/Bmult16x10/

*https://github.com/KULeuven-COSIC/crypt-arith

base) zetaomiao@Zetaos-MacBook-Air versal_arith % python cli.py -operator

-width_a
-width_b
—-pipeline_stages
-test_size
-visualization

bmult \
16 \

10 \

2 \
2000 \
True
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Open-Source™ RTL-code Generator

(
>
>
>
>

>

The generator is very easy to use!

The LUT Usage without terminal addition is 23
Maximum Number of Pipeline Stages of the Compressor Tree: 2
Generated compressor tree is pipelined into 2 stages

Output written to: versal_arith_generated/Bmult16x10/

*https://github.com/KULeuven-COSIC/crypt-arith

base) zetaomiao@Zetaos-MacBook-Air versal_arith % python cli.py -operator

-width_a
-width_b
—-pipeline_stages
-test_size
-visualization

bmult \
16 \

10 \

2 \
2000 \
True
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Open-Source™ RTL-code Generator

The generator is very easy to use!

(base) zetaomiao@Zetaos-MacBook-Air versal_arith % python cli.py -operator bmult \
> -width_a 16 \

> -width_b 10 \

> —-pipeline_stages 2 \

> -test_size 2000 \
> -visualization True

The LUT Usage without terminal addition is 23
Maximum Number of Pipeline Stages of the Compressor Tree: 2
Generated compressor tree is pipelined into 2 stages

Output written to: versal_arith_generated/Bmult16x10/

zetaomiao@Zetaos—-MacBook—-Air versal_arith % python cli.py -operator cmp \
-txt_file_name bitheap. txt\
-pipeline_stages 2 \
-test_size 2000 \

—-visualization True

The LUT Usage without terminal addition is 108
Maximum Number of Pipeline Stages of the Compressor Tree: 4
Generated compressor tree is pipelined into 2 stages

Qutput written to: versal arith generated/bitheap cmp/

27 *https://github.com/KULeuven-COSIC/crypt-arith
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Mapping Multiplication onto Versal CLBs

- Evaluation Results
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Evaluation Results — Compressor Trees
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[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for
latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.
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Evaluation Results — Compressor Trees

» Highest Area Efficiency

new GPCs & new heuristics
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[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for
latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.
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Evaluation Results — Compressor Trees

» Highest Area Efficiency

new GPCs & new heuristics

> Better Timing than Efficiency-First Heuristic in [6]

row counter confines signal propagation in local LOOKAHEADS blocks
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[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Evaluation Results — Compressor Trees

» Highest Area Efficiency

new GPCs & new heuristics

> Better Timing than Efficiency-First Heuristic in [6]

row counter confines signal propagation in local LOOKAHEADS blocks
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Evaluation Results - Multipliers

BNl Proposed [EEH LogiCORE (Speed Opt.)
(a) Area comparison (b) Delay comparison
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Evaluation Results - Multipliers

» LUT usage reduction up to 40%
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Evaluation Results - Multipliers

» LUT usage reduction up to 40%

» Comparable critical path delay

BNl Proposed [EEH LogiCORE (Speed Opt.)
(a) Area comparison (b) Delay comparison
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» Area-Efficient LUT-Based Multipliers on Versal FPGAs
Efficient partial product generation using the new Versal LUT feature

Efficient Versal compressor tree synthesis for partial product compression
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Efficient partial product generation using the new Versal LUT feature

Efficient Versal compressor tree synthesis for partial product compression

» Open-Source RTL-code generator for both compressors and multipliers
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Conclusion

» Area-Efficient LUT-Based Multipliers on Versal FPGAs
Efficient partial product generation using the new Versal LUT feature

Efficient Versal compressor tree synthesis for partial product compression

» Open-Source RTL-code generator for both compressors and multipliers

» More Versal (cryptographic) designs to come

constant multipliers, NTTs, ...
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Efficient LUT-Based Designs on UltraScale
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Row Counter Design
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Last GPC in row

Row Counter Design
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(3,9 : 2,3,1) counter in row counter design
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(3,9 :2,3,1) counter
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(3,9 : 2,3,1) counter in row counter design
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Quaternary Terminal Addition
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Quaternary Adder proposed by [6]

K. Hof¥feld, H. J. D . Nurmi, M. B . B. . Hi [of
[6] of¥feld, H. J. Damsgaard, J. Nurmi, lott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Quaternary Terminal Addition
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Quaternary Adder proposed by [6]
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[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Quaternary Terminal Addition

hahea bdake dake s
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Quaternary Adder proposed by [6]

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for
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Quaternary Terminal Addition
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Quaternary Adder proposed by [6]

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for KU LEUVEN
latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.




Quaternary Terminal Addition
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Quaternary Terminal Addition
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New Implementation of Quaternary Adder
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Evaluation Results — Compressor Trees

(128)

(256)

(512)

(128,128)

(256,256)

(512,512)

Mull6

Geomean

I DI B

Proposed Heuristic

Right-Aligned,
Efficiency First
[HoBfeld et al.]

Global,
Efficiency First
[HoBfeld et al.]

Right-Aligned,
Strength First
[HoBfeld et al.]

Global,
Strength First
[HoBfeld et al.]

T I I 1 I I I I
0 200 400 600 800 0 1000 2000 3000 4000

LUTs including Terminal Adder Latency [ns] Area-Delay Product

[6] K. Hol¥feld, H. J. Damsgaard, J. Nurmi, M. Blott, and T. B. Preul3er. High efficiency compressor trees for

latest amd fpgas. ACM Transactions on Reconfigurable Technology and Systems, 17(2):1-32, 2024.

KU LEUVEN




What about larger multipliers?

64-bit multiplier:

____ multiplier | _LUT CP (ns)

proposed 2499 4.6
LogiCore IP 4261 4.6
* Inferred (up to fax) 6303 3.8

* Inferred (100MHz) 5362 /
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How does the generator pipeline the design?
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Comparison to Gate Absorption in [0]

a. b a. b  c
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