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[ Abstract] In order to improve the speed of floating—point calculations in artificial intelligence, deep learning and other fields, a
high—speed floating—point adder compatible with bfloat16 format is introduced, which can complete normal format 16, 32, 64-bit
floating— point calculations, and is compatible with bfloatl6 format. Floating — point numbers are calculated, the corresponding
floating—point addition instructions are used to write directional test stimuli for functional verification, and the design results are
comprehensively verified by the software. The design uses the mainstream dual-path TWO-PATH algorithm, which converts the
calculation into different path calculations according to the magnitude of the order code difference. First, to reduce the absolute delay
of the calculation, the calculation steps are adjusted to reduce the number of pipeline beats; then the compatibility is achieved in the
half- precision addition bfloatl6 format. Compared with the initial design frequency, the frequency is reduced by 1.36% to
2.16 GHz, the area is increased by 14.01% , and the power is increased by 53.31%.
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Fig. 1 Floating—point addition flow chart
11 3 fRiFfkE&EmERILIT &N
ARBETHRIET T TWO-PATH 553 A5 1
Sk SRR IS SR FE BT — > 3 G K
I AREAT, 7 SR BRI R R AN 2 s, UG5
15 TWO-PATH Z5H 33T, 55— 0 R RdlE RO T
St I AR 5 R BB RO L A ANTR]
AR SRS BE R HOR [R] K BE A B Ay R B o3, o 2 />4
VERGHATH RS AR D BV R BT AT B near A1 far
HR— ki AE . X F TWO-PATH B R4 V7 s ik
BT 2RI 54 near path il far path PIA%HTE,
P LA A 2 (ELAR DX 331, 5B Rs 4 25 06/ T4 T 1
B, L X NV near path #4345 5, MM 2 EH KT 1
s, LSRN far path BEARZE R,
S AR AE 2N near path F 48 504 19 5L

W AT RS A TN TR AT R A A R —
S B ] IR e e 2D 1, 33K 1R T AR AL T A Y
FBER > BRSNS S AL 1, 7R R R i
B G RAR T . AR IR R ) 22 (A
RO RN LT 72 A M BORE B, FITHRAE RO RN
AR /NI RS D DU A 3% RSB A, K% I M A0
ST B 7o RS B A RS O, B e AT R
LGNS P (BN

S = AR AR A AR R R
A PLE 10 F AL 0 AN 2 10 45 SR R A7 408 &5
A RIS AR I 7 A5 BRI AR R R R 1 B0, 0
ZE LR near path EARE5H I8 J& far path A4,
R

operation a source | operation b source |

opa_mux opb_mux El
[ Exponent a [ fraction a l [ Exponent b l[ fraction b l
— —
l, l, =4 y N

operation operation

large I" small

B2 ZERME3ERKEREE
Fig. 2 Schematic diagram of the three—stage pipeline for floating—

point addition
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Fig. 3 Half-precision addition compatible with bfloat16
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