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Goal: Map an Arithmetic Function to an FPGA
Target 500MHz with a 28nm low-speed-grade (-1) device

The polynomial▐╚ В▓
╚ ╪▓●

▓
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Q0.17 Fixed Point

High-dynamic range with 

17 significant bits

is expressed in the Horner form for stability and reducing resources
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╚ stages of multiply-add in a ╚th-degree polynomial
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Every XDR ╛ȟ╔ number ●is a pair ● ▀ȟⱠ ▀ɇⱠ, where

ɀὨ: significand of ὼ, an ὒ-bit twoôs complement integer

ɆὨ ς to emulate sign-magnitude, or 

Ɇ ς Ὠ<ς if you know what youôre doing to avoid overflow, and

ɀ‐: Ὁ-bit exponent of ὼ, a twoôs complement integer. Normalization optional.

XDR is a custom floating point format.

ïFor block floating-point implementation with fixed-point hardware

ïExample: Multiple representations of 4.0625 in XDR ρρȟψ

ὼ ρσπȟυ ςφπȟφ υςπȟχ = τȢπφςυ.

XDR
Floating-Point Format for Twoôs Complement Integer Hardware
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Modeling intent: Put the XDR significand directly on the wires.

4.0625 * 0.25 + 0.046875 = ?
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A Hybrid Fixed-Floating-Point

Fused-Multiply-Add Example

+

(6,-7)=0.046875

2

X

3 Q0.17 Fixed Point: (32768,-17)=0.25

(130,-5)=4.0625

1

(196608,-22)=0.046875

<<155

(4259840, -5-17=-22)

=1.015625

4

(4456448,-22)=1.0625

6

Binary point alignment 

for addition
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For some common exponent ‐,

ïAddition: Ὠȟ‐ Ὠȟ‐ Ὠɇς Ὠɇς ȟ‐

ïMultiplication: Ὠȟ‐ ɇὨȟ‐ ὨὨɇς ȟ‐

ïFused multiply-add

ÅNo access to shift product. Must do all necessary shifting up-front.

ɆὨȟ‐ ɇὨȟ‐ Ὠȟ‐ ὨὨɇς Ὠɇς ȟ‐

Finding the right common exponent Ⱡis key to

ïsaving hardware and

ïmaximizing dynamic range.

Absolute value for an ╛-bit twoôs complement value

▀ Ὠ ȟὨ ȟỄȟὨ

abs▀

▀ȟὨ π
▀ ρȟɩ▀ π
▀ȟ ɩ▀ ρȢ

,           where  ɩ▀
ρȟὨ ς
πȟotherwise.

XDR Arithmetic Operations
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One stage of the 

Horner polynomial 

accelerator

Test of most-negative twoôs 

complement integer

Original exponent 

minus final exponent
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Fused Multiply-Add as Polynomial Systolic Cell
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...

x
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x +
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ui
wi ti
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NA=25

NB=18

NC=48

NP=48NU=43

C
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PU
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48-bit fabric adder input in 

DSP48 has headroom to 

shift polynomial coefficient

One Stage

25x18 multiplier in 7 Series. 

(27x18 in UltraScaleÊ.)
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x +

( )xx e,

( )iiu r, ( )iiw r,),( xiit er-

NA

NC

NB

NPNU

( )iiKc r,-

( )iKiKb -- e,

iiK re --

S
K

-i
, 

3

NP

( )11, -- iiw r

EK-i

1-ir

xii err +--1

SK-i

iK-e

( )1-iwl

NP

( )11 , -- iiw r

NB

Coefficient 

Shifter

Shift Amount 

Generator

Fused normalizer 

and range shifter

Leading-

One 

Detector

LK-i

absK-i

XDR absolute value
(a bit more complicated 

than sign-mag abs)

FMA Core

+1 -1

0 1

XDR Systolic Cell
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Strategy for a Scalable High-Performance Design
FPGA-Floorplan-Aware Resource Mapping for Systolic Cells
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LUT-to-DSP Ratio Matters to Resource Mapping
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DSPs assigned to FMA but not ABS results in DSP underutilization 
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Mapped Both ABS and FMA to DSP48E1 on K-7
Two DSP48s Per Cell to Match LUT-to-DSP Ratio with FPGA Region
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Two DSP48E1s instantiated for each systolic cell

ïOne column for the ABS.

ïAnother column for the FMA.

ï~300:1 LUT-to-DSP48 ratio in each stage to achieve balance for P&R

XDR ABS a tad more than sign-mag ABS

abs▀

▀ȟ Ὠ π
▀ ρȟ ɩ▀ π
▀ȟ ɩ▀ ρȢ

XDR abs as a DSP48E1 by controlling CARRYIN and ALUMODE.

ïCARRYIN = ÓÉÇÎͺÂÉÔ▀Ǫ ɩͯ▀

ïALUMODE[0] = ÓÉÇÎͅÂÉÔ▀
Page 11

Mapping Choices

2s complement negation

Saturation for most-negative 2s 

complement number (1000é0).
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