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Extraction of FPGA Offloading Portions based on CPU Profiling
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Abstract: This paper proposes a method to extract FPGA offloading portions from an application originally designed for CPUs.
First, we execute the application on a general-purpose CPU, and records CPU profiles, such as execution times, amounts of data

accesses, etc.

method works well for HPC applications.

With reading the symbol table from the application’s executable binaries, we map those CPU profiles onto the
functions of the application, then calculate FPGA offload indexes for each function.

According to our experiments the proposed
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Bridge | 5= |L2 RQSTS.ALL_DEMAND DATA RD 24 03 [YYRO S L2FryiaT—48
;EEE |INST_RETIRED.ANY_P c0 00 1
EHEE |FP_COMP_OPS_EXE.X87 10 01 2 Fp32
EEE |FP_COMP_OPS_EXE.SSE_FP_PACKED_DOUBLE 10 10 8 Fp32
EEE |FP_COMP_OPS_EXE.SSE_FP_SCALAR_SINGLE 10 20 1 Fp32
EEE |FP_COMP_OPS_EXE.SSE_FP_PACKED SINGLE 10 40 8 Fp32
EEE |FP_COMP_OPS_EXE.SSE_FP_SCALAR_DOUBLE 10 80 2 Fp32
EEE |SIMD_FP_256.PACKED_SINGLE 11 01 8 Fp32
JEZEE |SIMD FP 256.PACKED DOUBLE 1102 8 Fp32

Haswell BR[| timebase 3c 01 1
5—#58 |L2_RQSTS.ALL_DEMAND_DATA_RD 2 e 6451k | L2%vuiaTF—4R
HEE |INST_RETIRED.ANY_P 0 00 1
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Skylake | B§f |timebase 3c 01 1
758 |L2_RQSTS.ALL_DEMAND_DATA_RD 24 ef 6481k | L2%vyiaTF—48
;EEE |INST_RETIRED.ANY_P c0 00 1
HEE |UOPS_EXECUTED_PORT.PORT_0+1+5 al 23 16 Fp32 AVX512/256/128
EEE |FP_ARITH_INST_RETIRED.SCALAR_DOUBLE c7 01 2 Fp32
EEE |FP_ARITH_INST_RETIRED.SCALAR_SINGLE c7 02 1 Fp32
EEE |FP_ARITH_INST _RETIRED.128B_PACKED _DOUBLE |[c7 04 4 Fp32 AVX128
EEE |FP_ARITH_INST_RETIRED.128B_PACKED_SINGLE c7 08 4 Fp32 AVX128
EEE |FP_ARITH_INST_RETIRED.256B_PACKED_DOUBLE |c7 10 8 Fp32 AVX256
;jEEE |FP ARITH INST RETIRED.256B PACKED SINGLE c7 20 8 Fp32 AVX256
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A7 v — R RO MBI A B 528, EERE R
IEFIZE NI A 7 o — FERMICMZ T, FPGA L%
L7,

B EBMRICONT, 70— R &% Intel
FPGA T /34 A#EHAR — RI9NCFELE L=fr. mi#Eik 65.0
f&Ct CPU H a7 )0k R4 157-[8], £/, LFLK FEM
& BLAST IZ2W Tk, £ 6O FEFEIHKIZ OV T FPGA
{E[20]. F7/1E, FPGA 7 —F kit 21T, Thth, B
{b.55.7 5 & 9.1 fi5(kF CPU B2 7 H) & /57, Zhbid, 10

F2AEAFECEDZT TV r—2a r0F 7 a— RaEHE R 5

FI)r—ay JFaI7A L EIEE AI0—RHIEFEHE

FP32ifgE(a) |L2T—4E | iQ=RT | BERE 70—k | ®&KT— | 4#70—F

(GFlops's) RE(b) T4RE (a/b) MNREH | 42 EES

(GBI/s) (Glnsts/s) | (Flops/Byte) | {E%k (GBI/s)

B EHE IR (8] 22.0(%) 0.0947 4.00 232.31 1 0.72 @)
BLAST[9] 27.65(#) 0.51 6.22 53.88 26 120 A(®O)
ILFLKFEM[3] 11.9(*) 0.78 6.67 15.32 6.72 O
GENESIS[10] 4.20(#) 0.59 - 7.12 2.19 A
WRF[11] 10.9(*) 2.41 3.94 4.52 22 4.915 x
OpenMX[12] 20.73(#) 6.35 3.82 3.27 5 11.30 A
GAMESS[13] 13.8($) 4.88 2.53 2.83 10 - A
PHASE[14] 9.28(*) 3.43 2.47 2.71 26 - A
LAMMPSI[15] 8.86(*) 3.59 3.94 2.47 4 4.86 A
OpenFOAM[16] 11.55(*) 4.84 5.57 2.38 50 6.17 x
LS-DYNA[17] 7.0(*) 4.86 2.47 1.44 15 4.99 x
GROMACSI[18] 3.93(%) 5.12 3.65 0.77 6 9.47 x
¥ ERRE - - - 4.56 20 8.00 s

fEFCPU: $) Sandy Bridge (Xeon E5-4650, 2.7GHz), *) Haswell (Xeon E5-2620v3, 2.4GHz),
#) Skylake (Xeon Gold 6150, 2.7GHz)
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— T, RFEZ, BERFERT 78T L—F AT
TNAY RLRT —F%T 7 F ¥ g KRl st L
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