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Performance Estimates
= Timing (ns)

= Summary

Clock Target Estimated Uncertainty
apck 1000 841 125

= Latency (clock cycles)
= Summary
Latency Interval
min  max  min  max Type
10979 10979 10980 10980 none
= Detail

# Instance

® Loop

Utilization Estimates

= Summary
Name BRAM_18K DSP48E  FF Lt
Expression - - 0 2
FIFO - - - -
Instance 0 20 5389 5729
Memory B - -
Multiplexer E e ) 1269
Register : = 250 -
Total 0 20 7739 7000
Available 280 220 106400 53200
Utilization (%) 0 ] 7 13

i trol Step. <) a1 @ =} ca s =3 (=] cs cio

40 x(phi_mux)

41| omp_4(1cmp)

2| ki

43 owpa(s)

44 wmpi(s)

45 a_load(zead)
b_load (read)

47w e(zm)

48 | emp 15 0 1(%)

49 | b 1cad 1(read)

50 tmp1ii(n)

51 a_load i(read)

52

53

54

55 | cmp_17_1(emul)

56 | omp 17 1 1(fmul)

57 mmpai2(n

58 a_load 2(reaq)

59 tmp_17_0_2(fmul)

60 tmp 15 0 3(%)

61 b_load 3(read)

62 | cmp 171 2(fmal)

63 | omp 17 2(fmu1)

64 | cmp 172 1(fmal)

65 | tmp 11 3(s)

66 a_load 3(read)

67 | mp_17_0_3(ema1)

68 tmp 15 0_3(+)

69 b icad i (zead)

70 | cmp 173 3(emul)

71| omp_17_2 2 (fmal)

72 cmp_17_2_3(fmal)

73 | omp_7(fedd)

74 smp_17_0_8 (fmal)

75 tmp_15_05(+)

76 b_load s (read)

77 | cmp_17_3_a(emal)

78 tmp_17_2_s(fmul)

79 wmp 273 (zmul)

80 | tmp 20 0_1(fada)

81 | omp_17_0 5 (fmul)

82 tmp 15 0 6(+)

83 b_load é(read)

84

<mp_20_1 (fadd)
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Can FPGA design be efficiently pe
by software developers?
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Register - - 2350 - 7

Total 0 20 7739 7000 80 cmp 200 1(fade)

3 Available 280 220 106400 53200 ® | umiso e
. 8 b toad 6(read)
Utilization (%) 0 ] 7 13 =

84 cmp_20_1(fadd)




Naive
M| N | K|[Cycle| DSP FF LUT
4 | 4| 4| 882 5 533 884
4 | 4| 8] 1626 5 537 889
4| 8|411714 5 542 895
4| 8| 83162 5 547 900
814411754 5 545 895
814813234 5 550 900
8| 8| 4]3418 5 550 906
8| 8| 8]6306 5 554 911

for (int i = 0; i '= m; ++1i)
for (int j = 0; j '= n; ++j)
for (int p = 0; p '= k; ++p)
c[1][]J] += a[i][pl*b[p][]]



Naive
M| N | K|Cycle| DSP FF LUT
444|882 5 533 | 884
4|4(8|1626| 5 537 | 889
4|8|4|1724| 5 542 | 895
418|8|[3162] 5 547 | 900
8|4|4f1754| 5 545 | 895
8|4|8([3234| 5 550 | 900
8|8|4[3418| 5 550 | 906
8|8|8(6306) 5 554 | 911

0.162 FLOPS / cycle

for (int i = 0; i '= m; ++1i)
for (int j = 0; j '= n; ++j)
for (int p = 0; p '= k; ++p)
c[1][]J] += a[i][pl*b[p][]]
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for (int i = 0; i '= m; ++1i)
for (int j = 0; j '= n; ++j)
for (int p = 0; p '= k; ++p)
c[1][]J] += a[i][pl*b[p][]]
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Naive HPC
M| N | K|[Cycle| DSP FF LUT [Cycle| DSP FF LUT
4 | 4| 4| 882 5 533 884 33 44 5407 8964
4 | 4| 8] 1626 5 537 889 53 44 5411 8970
4| 8|411714 5 542 895 34 85 10908 | 17578
4| 8| 83162 5 547 900 54 85 10912 | 17585
814411754 5 545 895 34 85 10748 | 17581
814813234 5 550 900 54 85 10752 | 17589
8| 8| 4]3418 5 550 906 34 167 21142 | 34547
8| 8| 8]6306 5 554 911 167 21146 | 34555

18.96 FLOPS / cycle

#pragma HLS ARRAY PARTITION
variable=C block factor=4 dim=1
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Naive HPC HLS
Cycle| DSP FF LUT
882 5 533 884
1626 5 537 889
1714 5 542 895
3162 5 547 900
1754 5 545 895
3234 5 550 900
3418 5 550 906
6306 5 554 911

#pragma HLS ARRAY PARTITION
variable=C block factor=4 dim=1

#pragma HLS PIPELINE II=5

#pragma HLS UNROLL
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Execution Cycles given Different Number of PEs
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4500
4000 A --(4,4,256) -m-(4,8,128) (8,8,64)
3500
3000
2500
2000
1388 — oo o
500 Th—g-—w—w—= ==
O -
N Vv ™ © S ,\9 ,\’/\, ,\'b‘ ,\{o .{&6
&
S
Power Efficiency given Different Number of PEs
Normalized Cycle*Power Number
2.5
=-(4,4,256) --(4,8,128) (8,8,64)
2
1.5
1 |
0.5 -
0
N ™ © S} ,\/0 ,\'/'\, ,\/b‘ ,\/‘o &\@\

S 16




4™ |oop around micro-kernel

kc‘{ B

C] += AP
e—
ke

3 loop around micro-kernel

¢, |lme mi[a
+=

Pack A, — A,

.+ 2" loop around micro-kernel

Ng

C

la.,' LR—1 ép
meq
+=
\—'—J
K,

Ng
——
med
+= ke

1%t loop around micro-kernel |

micro-kernel

3 main memory

8 12 cache +
[ L1 cache
B registers

B 13 cache [ ([T I’“1
Y
1

17




- CamcgieMellon
Data Movement

Registers

BRAM

18



Data Movement
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Percentage of peak as matrix size Based on 4 FMA units
increases
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Percentage of peak as matrix size Based on 4 FMA units
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Percentage of peak as matrix size Based on 4 FMA units
increases
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Summary

* Analytical models for BLIS are good starting
points for FPGAs

 Data movement requirements change how
kernels are written

* Next, parallel BLIS implementations
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Questions?
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