


Background

DFT/IDFT (Discrete Fourier Transform and

Invert Discrete Fourier Transform)

N-1 kn
DFT : y(k) = z xm)-e “UN
n=0

e_znj% = cos 27tE —jsin(an—n
N N
O A very important module which can reduce
peak-to-average power ratio (PAPR) for uplink
in 4G and 5G wireless systems. In traditional
communications industry, manufacturers use

hardware accelerator to implement DFT/IDFT.
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#include<math.h>»

#define

I
L

PI (3.14159265358979323846

e *pInput, double const int NofDFT)

yuble *Input = pInput;

*Output = pOutput;
sine, cosine;

uble real = @, image = 9;

Ffor(int i=@; i<NofDFT; i++)

real = 9;

image = @;

Input = pInput;

Output = poutput + 2%i;

for(int j=0; j<NofDFT; j++)

sine = sin{2 * PT * 1 * j / NofDFT);

cosine = cos(2 * PI * 1 * j / NofDFT);

real += *(Input+@) * cosine - *{Input+l) * sine;
image += *(Input+9) * sine + *(Input+l) * cosine;
Input += 2;

*(output+e) real;
*(Output+l) image;
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Feature Request from 5GlexRAN

Scale as a power of 2 Scale as irregular
Prime Fact Prime Fact Prime Fact
5 oA 12 2273 324 22734 1152 2777372
24 2373 360 21373275 1200 24737572
272 36 227313 384 24773 1296 24*34
o3 48 2473 432 24733 1440 2157312%5
60 273%5 480 2'573%5 1500 22737573
16 274 72 237313 540 2127°33%6 1536 2973
32 NG 96 27573 576 26732 1620 21273475
108 227313 600 213737562 1920 2'77°3%5
64 2"6 120 | 213°3%5 648 213°3/4 1944 2/3°35
128 N7 144 247312 720 247312%5 2160 2473375
180 21273275 768 2873 2400 215737572
256 28
192 2673 864 2757313 2700 | 24273137672
512 279
1024 270 216 213733 900 21273727672 2916 272736
2048 A11 240 247°3%5 960 2673%5 3000 23737573
288 2757372 972 2727315 3240 2'3°33%5
4096 2M2 300 | 272%3%672 | 1080 | 213°313%5
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Traditional Approach

—Manually pre-compute unique sin/cos values and put them 1n a fixed-size table.

[ ] [ ]
Pros Cons

O The table contains pre-computed floating-point - Notscalable as DFT size could be very large.

values. DFT algorithm looks up the table. L Notfeasible ifeither DFT size ora parameteris nota

constant value.

U The bestperformance. _
L Need re-calculation when a parameteris changed.
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Compiler Based Approach Length of DFT is not constant value
-

Identify
andidate
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Compiler Based Approach—/Pattern Matching

Find two-levelnested loops and mduction variable.

Find sm and cos function calls. Parameterofsin/cos is computed from m,the
induction variables and length of DFT.

Make sure remaining instructions i the loop is DFT computation.

Ifapplhcation already does manually optimization of DFT,ourpattern
matching algorithm won't find DFT pattern,avoids repeated optimization.
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Compiler Based Approach Length of DFT is not constant value
- I - - -

Identify

L
) Scalable even DFT size could be very large.

] Feasible when DFT size ora parameteris nota constant value.

IXPUG Annual Conference 2023 intel.

7



Compiler Based Approach

Length of DFT is constant value

i
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Experiment Result

Length of DFT

(N)
2

4
12
16
32
64

108

256

912
1,024
3,240
4,096
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Times of Call Sin Function

(N2)
4
16
144
256
1,024
4,096

11,664
65,536
262,144
1,048,576
10,497,600
16,777,216

Table Size

Num of non -repetitive sin

(N/2)
1

2
6
8
16
32

94
128
256
512
1,620
2,048
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Example : Sin Values for DE3
0

1 2 3 4 0 ° !

5 ‘ 0 sin(0) D) sin(0) sin(0) sin(0) sin(0) sin(0)

1 sin(0) sin (%) sin (g) sin <%T7T> sin(0) —sin (%) —sin (g) —sin (%T)
2 sin(0) sin (g) sin(0) _sin (g) sin(0) ‘ sin (g) sin(0) —sin (g)
3 sin(0) sin <%T7T ) —sin (g) sin (%) sin(0) — sin (%T) Sin (9 —sin (%)
4 sin©)  sin(@) | sin(0) | sin() | sin@) | sin@©) | sin©0) | sin(0)
5 sin(0) — sin (%) sin (g) S <5ZT7T> sin(0) sin (%) —sin (%) sin (%T)
6 sin(0) _sin (g) sin(0) sin (g) sin(0) —sin (g) sin(0) sin (g)

7 sin(0) i (%T) _¢in (g) — sin (%) sin(0) sin (%) sin (g) sin (%)
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Experiment Result
Performance on Intel(R) Xeon(R) Gold 6252N CPU in Linux
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More Application-- Mixed Radix DFTIDFT Algorithm

y(k) = y(p -k + ) = ¥k y) = X x(m) - W
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