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1.1 4 Enncase

nncase@— /9 Al JIIESFIRITHAVRE M EIRIFERS, BRISIFAY targetAcpu/K210/K510/K230%.

nncasefHAIINEE

SIFSEMASEHME, SHESHENE
BSHENE, AEEHNE
BFEHMILK

X% float FQUINt8/intSEALIER
SIFFEEN, FRZAERMEMRESE
SHEER, TIEFTEINE

nncasezIFAILR M EEIREUNE T

tflite
onnx
caffe

1.2 nncaseZ2{3

le-nncaseZgiy
nncaseX{HtkEiEcompilerfIruntime®Epo .

Compiler: BFEPC EAmFMEMEIRE, RE&ERKkmodel3IF, FEEFimporter, IR, Evaluator,
Quantize, Transform{ftft, Tiling, Partition, Schedule, CodegenZi&ik,

Importer: EHEBHEMEEZRARELS A FInncase

IR: IR, S AimporterS AfINeutral IRGRFETCK)FINeutral IREEloweringd& 24 piAITarget
IR(ZEEHEXR)

Evaluator: Evaluatorf3tIRAVEEREITEES D, E#ATF Constant Folding/PTQ Calibration‘Eign 5
Transform: AT IREAEFIERIEH LIS

Quantize: YlIZEEM, WNEEMHRItensor IMAEARIE, IRIEHNBIRIEES, T Evaluatorif#{TH#
BT, WEEtensorfUEIRSERE, A EW/ RENVER, RERUEBRAVENEV/ RENERSE
Tiling: ZIRFNPURRHNFEEEERE, FEEARITERHITIRD. Bib ItEFEAELUESEFAIE
ETiling S A IR Ba =451

Partition: ¥EliZModuleTypei# {7114y, 15 RRIE N FESIIMRuntimeModule, REIZEERY
RuntimeModuleX3 R AEAIDevice(cpu/K230)

Schedule: IR EEFRISIRIKIK R LRI BINFFH 5B Buffer

Codegen: 38N FESBIAAModuleTypeldiiidcodegen, ARERuntimeModule

Runtime: SR FRIFApp, 1RAINEkKkmModel AR EMNEIE/KPURIT/AREUA HEURESTIAE.

1.3 FRHKIE
1.3.1 IBERS

YIEHIRERSEIEUbuntu 18.04/Ubuntu 20.04

1.3.2 IR{4FIR
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Fs A RES

1 python 3.6/3.7/3.8/3.9/3.10
2 pip >=20.3
3 numpy 1.19.5
4 onnx 1.9.0
5 onnx-simplifier 0.3.6
6 Onnxoptimizer 0.2.6
7 Onnxruntime 1.8.0
1.3.3 FEHIFIR
K230 evb

1.4 nncase®3E
nncase T BfEcompilergfnBiEnncaseF1K230 compiler, I9FE L4 N wheel&.

BRFPEZBUbuntuifiE, ol {EFRK230_sdkhB174miFa9k230_docker

cd /path/to/k230_sdk
docker run -u root -it --rm -v $(pwd):/mnt -v $(pwd)/toolchain:/opt/toolchain -w
/mnt k230_docker /bin/bash

ZAEnncase(fELLZLEE) + nncase-k230(BL&ZLE)
root@c08eb1760d50: /mnt# cd src/big/ai

root@c08eb1760d50: /mnt/src/big/ai# pip install nncase
root@c08eb1760d50:/mnt/src/big/ai# pip install x86_64/%.whl

BELERINNcaseliAER

root@c08eb1760d50:/mnt# python

Python 3.8.10 (default, Mar 13 2023, 10:26:41)

[GcC 9.4.0] (#GCC9.4.0)

Type "help", "copyright", "credits" or "license" for more information.
>>> import _nncase

>>> print(_nncase.__version__)
1.9.0-3473131

2. RIFIEBIAPIs(Python)

nncasef2{ft 7 Python APIs, FBTEPC LARIFMHLE IESHEEY
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2.1 ZIFHEF
2.1.1 tfliteEF
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Operator

ABS

ADD

ARG_MAX
ARG_MIN
AVERAGE_POOL_2D
BATCH_MATMUL
CAST

CEIL
CONCATENATION
CONV_2D

COS

CUSTOM

DEPTHWISE_CONV_2D

DIV

EQUAL

EXP

EXPAND_DIMS
FLOOR

FLOOR_DIV
FLOOR_MOD
FULLY_CONNECTED
GREATER
GREATER_EQUAL
L2_NORMALIZATION
LEAKY_RELU

LESS

LESS_EQUAL

LOG

LOGISTIC

MAX_POOL_2D

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Operator

MAXIMUM

MEAN

MINIMUM

MUL

NEG

NOT_EQUAL

PAD

PADV2

MIRROR_PAD

PACK

POW

REDUCE_MAX
REDUCE_MIN
REDUCE_PROD

RELU

PRELU

RELU6

RESHAPE
RESIZE_BILINEAR
RESIZE_NEAREST_NEIGHBOR
ROUND

RSQRT

SHAPE

SIN

SLICE

SOFTMAX
SPACE_TO_BATCH_ND
SQUEEZE
BATCH_TO_SPACE_ND

STRIDED_SLICE

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Operator Is Supported

SQRT Yes
SQUARE Yes
SUB Yes
SUM Yes
TANH Yes
TILE Yes
TRANSPOSE Yes
TRANSPOSE_CONV Yes
QUANTIZE Yes
FAKE_QUANT Yes
DEQUANTIZE Yes
GATHER Yes
GATHER_ND Yes
ONE_HOT Yes
SQUARED_DIFFERENCE Yes
LOG_SOFTMAX Yes
SPLIT Yes
HARD_SWISH Yes

2.1.2 onnx85F
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Operator
Abs

Acos
Acosh
And
ArgMax
ArgMin
Asin
Asinh
Add

AveragePool

BatchNormalization

Cast

Ceil

Celu

Clip

Compress
Concat

Constant
ConstantOfShape
Conv
ConvTranspose
Cos

Cosh

CumSum
DepthToSpace
DequantizeLinear
Div

Dropout

Elu

Exp

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Operator
Expand

Equal

Erf

Flatten

Floor

Gather
GatherElements
GatherND
Gemm
GlobalAveragePool
GlobalMaxPool
Greater
GreaterOrEqual
GRU

Hardmax
HardSigmoid
HardSwish

Identity

InstanceNormalization

LayerNormalization
LpNormalization
LeakyRelu

Less

LessOrEqual

Log

LogSoftmax

LRN

LST™M

MatMul

MaxPool

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Operator

Max

Min

Mul

Neg

Not

OneHot

Pad

Pow

PRelu
QuantizeLinear
RandomNormal
RandomNormalLike

RandomUniform

RandomuUniformLike

Reducel1
Reducel2
ReducelLogSum
ReducelLogSumExp
ReduceMax
ReduceMean
ReduceMin
ReduceProd
ReduceSum
ReduceSumSquare
Relu

Reshape

Resize
ReverseSequence
RoiAlign

Round

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



Operator
Rsqrt

Selu

Shape
Sign

Sin

Sinh
Sigmoid
Size

Slice
Softmax
Softplus
Softsign
SpaceToDepth
Split

Sqrt
Squeeze
Sub

Sum

Tanh

Tile

TopK
Transpose
Trilu
ThresholdedRelu
Upsample
Unsqueeze

Where

Is Supported
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes



2.1.3 caffe5F

Operator Is Supported
Input Yes
Concat Yes
Convolution Yes
Eltwise Yes
Permute Yes
RelLU Yes
Reshape Yes
Slice Yes
Softmax Yes
Split Yes
Continuationindicator Yes
Pooling Yes
BatchNorm Yes
Scale Yes
Reverse Yes
LSTM Yes
InnerProduct Yes
2.2 APIs

B RIfmIFEEAPIs3ZHtflite/onnx/caffe & AN REF IHREL,
2.2.1 CompileOptions

(]
CompileOptions3g, FAFELENncaseRIFEIN

[(EX]

py::class_<compile_options>(m, "CompileOptions")
.def(py::init())
.def_readwrite("target", &compile_options::target)
.def_readwrite("quant_type", &compile_options::quant_type)
.def_readwrite("w_quant_type", &compile_options::w_quant_type)
.def_readwrite("use_mse_quant_w", &compile_options::use_mse_quant_w)
.def_readwrite("split_w_to_act", &compile_options::split_w_to_act)
.def_readwrite("preprocess", &compile_options::preprocess)
.def_readwrite("swapRB", &compile_options::swapRB)
.def_readwrite("mean", &compile_options::mean)
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.def_readwrite("std", &compile_options::std)
.def_readwrite("input_range", &compile_options::input_range)

.def_readwrite("output_range", &compile_options::output_range)
.def_readwrite("input_shape", &compile_options::input_shape)
.def_readwrite("Tetterbox_value", &compile_options::letterbox_value)
.def_readwrite("input_type", &compile_options::input_type)
.def_readwrite("output_type", &compile_options::output_type)
.def_readwrite("input_Tayout", &compile_options::input_Tlayout)
.def_readwrite("output_Tayout", &compile_options::output_layout)
.def_readwrite("model_Tayout", &compile_options::model_Tlayout)
.def_readwrite("is_fpga", &compile_options::is_fpga)
.def_readwrite("dump_ir", &compile_options::dump_ir)

.def_readwrite("dump_asm", &compile_options::dump_asm)

.def_readwrite("dump_quant_error", &compile_options::dump_quant_error)
.def_readwrite("dump_dir", &compile_options::dump_dir)
.def_readwrite("benchmark_only", &compile_options::benchmark_only);

=13



& E ik

target string  BEmIFHR W0'k210', 'k510', 'k230’

quant_type string  IBEEUEEMWEE, W0'uint8, 'int8'

w_quant_type string  IBENEEWREL, tl'uint8', 'int8', BAIA'UInt8’

use_mse_quant.w | bool Eiﬁ&iﬁ@ﬁﬁ%é@%%/J\ﬂsi’gﬁia“%(mea n-square error,
MSE)EE M ENSEL

split_w_to_act bool BRI N EHE G EEUET

preprocess bool BEFERRIE, EilAFalse

SWapRB bool EE:?&?QRGBﬁﬁ%}ﬁ?&ﬁ’ﬂéﬁﬂﬁﬁ’l\ﬁﬁ(RG B-->BGREE
BGR-->RGB), EAi\JgFalse

mean list ALV ENSEISE, BOA9 [0, 0, 0]

std list ABCERENESHEISE, BAS (L, 1, 1]

input_range list BAHIERE2MEXNZRERTEE, EBiAA [0, 1]

output_range list BHEREUERIN M ZREAEE, BAAT

IEEMAEUERshape, input_shapefilayoutFEESinput
input_shape list layoutfR#F—21, WAEUEMNInput_shape SHEEINinput
shape FRA—EEtSiH{TletterboxiB{E(resize/pad)

letterbox_value float IgEFIRbIE letterboxfIETE
input_type string  IEEBIAZUERIZREY, B\ float32'

e HEURNIZEEY, t0'float32!, 'uint8'((NAETFIEEENIER

tput_t tri
output_type string ), B A% float32:
, . TEERAEEERYlayout, S1'NCHW', 'NHWC'. EiA\&UfElayout
input_layout string - _ e
Si&EIARFlayoutAFE, nncasexf@Atransposeift{ 745
. IEXERI R layout, 41'NCHW', 'NHWC'. EiatHEdElayout
output_layout string _ v
5ig8iARBlayoutA @, nncaseiEAtransposeif {7
, IEEEE R layout, ERAAZ, HtflitetEElayout A'NCHW',
model_layout string " . .
OnnxfCaffet&Elayout I'NHWC AT ESTE
dump_ir bool fEEREdump IR, EXiAAFalse
dump_asm bool IBERAdump asmiCfw3 4, BERAAFalse
dump_quant_error bool EERAdumpEEIEHIEENRE
: RIEfEEdump_irERXE, XBIEEJumplBER, BUAANTEF
dump_dir bool s
FrER
[EE]

1. input range AiZmEAeE, BIUNRMmAZIESEE Auint8, Minput range AREMHEIZFRZEH
el (ALAAA0~1) |, aILIBHIERE.



2. input_shapefE &L Rinput_layouti#fT#8E, LA [1, 224, 224, 3] A4, 0Rinput_layoutsy
NCHW, Mlinput_shapeFEi8ES [1,3,224,224] ;input_layout ANHWC, Mlinput_shapeFEigE
79 [1,224,224,3].

3. meanflistd AiZ mE#H TnormalizefI241, AFALIEHREE.

4. {FEletterboxTIBERT, FTEIRFINsizeE1.5MB, Hchanneldlsize£0.75MBH.

fBlgn:

1. BIANBEESEENZEAUING, input_rangelZTEN [0,255] , NIREMHERRBHITZEELEWX, &
uint8HIEESE(L float32, meanFlstdSEUBART LURARO~2550980BH 1 TIEE.

2. NEHESEENREIuint8, input_rangeiREN [0,1] , NS ERBRENISEEN (0,11 8
Z AL, mean Fstd B EZBIHIERECEEHTIERE.

RUAMETEI N (ERERE T REATE):
PO (S

(7~f51]
SEffkCompileOptions, BEeBE R EMHIE

## compile_options

compile_options = nncase.CompileOptions()

compile_options.target = target

compile_options.input_type = 'float32' # or 'uint8' 'int8'
compile_options.output_type = 'float32' # or 'uint8' 'int8'. only work in PTQ
compile_options.output_range = [] # Only work in PTQ and output type is not
"float32"

compile_options.preprocess = True # if False, the args below will unworked
compile_options.swapRB = True

compile_options.input_shape = [1,224,224,3] # keep layout same as input Tayout
compile_options.input_layout = 'NHWC'

compile_options.output_layout = 'NHWC'

compile_options.model_layout = '' # Specific it when tflite model with "NCHwW"
Tayout and onnx(cCaffe) model with "NHWC" Tayout

compile_options.mean = [0,0,0]

compile_options.std = [1,1,1]

compile_options.input_range = [0,1]

compile_options.letterbox_value = 114. # pad what you want
compile_options.dump_ir = True

compile_options.dump_asm = True

compile_options.dump_dir = "tmp'

2.2.2 ImportOptions

€)%Y)
ImportOptionszs, FAFE&EnncaseSNIEI
[(EX]

py::class_<import_options>(m, "ImportOptions™)
.def(py::init())
.def_readwrite("output_arrays", &import_options::output_arrays);

(Ei%]
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& 5] faik

output_arrays string TR
(7=f51]

sSEEImportOptions, BLE S BHRIE

## import_options
import_options = nncase.ImportOptions()
import_options.output_arrays = 'output' # Your output node name

2.2.3 PTQTensorOptions

€0
PTQTensorOptionszs, FAFBcEnncase PTQIFEIR
[(EX]

py::class_<ptg_tensor_options>(m, "PTQTensorOptions')
.def(py::init())
.def_readwrite("calibrate_method", &ptg_tensor_options::calibrate_method)
.def_readwrite("samples_count", &ptg_tensor_options::samples_count)
.def("set_tensor_data", [](ptg_tensor_options &o, py::bytes bytes) {
uint8_t *buffer;
py::ssize_t length;
if (PyBytes_AsStringAndsSize(bytes.ptr(), reinterpret_cast<char **>
(&buffer), &length))
throw std::invalid_argument("Invalid bytes");
o.tensor_data.assign(buffer, buffer + Tength);

b;
(E]
E=4 -] fEiR

REFE , S2FFno_clip', '12', 'kld_m0Q', 'kld_m1", 'kld_m2', 'cdf’,

calibrate_method string
- ZIAE no_clip'

samples_count Int EZiNgh 5

(7=f1]

ptg_options = nncase.PTQTensoroptions()
ptg_options.samples_count = cfg.generate_calibs.batch_size

2.2.4 set_tensor_data
€%

iR Btensor¥iE
[EX]

set_tensor_data(calib_data)
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(%]

=2 E S iR
calib_data byte[] EEENAOREEE
(RENE]
7c
(7~51]

ptg_options.set_tensor_data(np.asarray([sample['data'] for sample in
self.calibs]).tobytes())

2.2.5 Compiler

(i ]
Compilerss, FIF 4RI MEIREY
[EX]

py::class_<compiler>(m, "Compiler")
.def(py::init(&compiler::create))
.def("import_tflite", &compiler::import_tflite)
.def("import_onnx", &compiler::import_onnx)
.def("import_caffe", &compiler::import_caffe)
.def("compile", &compiler::compile)
.def("use_ptq", py::overload_cast<ptg_tensor_options>(&compiler::use_ptq))
.def("gencode", [](compiler &c, std::ostream &stream) { c.gencode(stream);
B
.def("gencode_tobytes", [](compiler &c) {
std::stringstream ss;
c.gencode(ss);
return py::bytes(ss.str());
b
.def("create_evaluator", [](compiler &c, uint32_t stage) {
auto &graph = c.graph(stage);
return std::make_unique<graph_evaluator>(c.target(), graph);

s

2.2.6 import_tflite
€55

S tflitet&BY
[(EX]

import_tflite(model_content, import_options)

(&80
& i) 3%
model_content byte[] EEAMRR NS

import_options ImportOptions SNE
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(ix[ElE]
7
(7=f1]

modeTl_content = read_model_file(model)
compiler.import_tflite(model_content, import_options)

2.2.7 import_onnx

€%
S NonnxigE!
(EX]

import_onnx(model_content, import_options)

(244]

E=4
model_content

import_options

(ix[ElE]
7c
(=]

model_content =

xE faik
bytel] IENARE RS
ImportOptions SNE

read_model_file(model)

compiler.import_onnx(model_content, import_options)

2.2.8 import_caffe

(#iA)
B\ caffet&ify

[(EX]

import_caffe(caffemodel, prototxt)

(%]

E=4
caffemodel

prototxt

(ix[ElE]
7
G

E ] i
byte[] EEEV Y caffemodel IR
byte[] A prototxt AE
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## import

caffemodel = read_model_file('test.caffemodel")
prototxt = read_model_file('test.prototxt')
compiler.import_caffe(caffemodel, prototxt)

2.2.9 use_ptq
(#54]
IREPTQACEIELN.
o K230BMALIRERE.,
[EX]
use_ptq(ptg_options)

(%1

& zeay

ptg_options PTQTensorOptions

[IR[EE]
7o
[7=f]
compiler.use_ptq(ptg_options)
2.2.10 compile
(4]
IR RLEIREY
[EX]
compile()
€9
7
[REE]
7
[7=f]
compiler.compile()
2.2.11 gencode_tobytes
(#5i4]
&pkmodelF it
[EX]

gencode_tobytes()

ik

PTQECEIEIN
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(%]
7c
(ixElE]

bytes[]

(=11

kmodel = compiler.gencode_tobytes()
with open(os.path.join(infer_dir, 'test.kmodel'), 'wb') as f:

f.write(kmodel)

2.3 745

T EGIPERRIREEApy thonfmiEHI A

o [RUATRBISH{SF/path/to/k230_sdk/src/big/ai/examples/modelsBR
o pythonZRiEMIAF/path/to/k230_sdk/src/big/ai/examples/scripts B

2.3.1 fmiFtflitefisy

mbv2_tflite.pyBIAa0 T~

import os
import argparse

import numpy as np

from PIL import Image

import nncase

def read_model_file(model_file):
with open(model_file, 'rb') as f:
model_content = f.read()
return model_content

def generate_data(shape, batch, calib_dir):

img_paths = [os.path.join(calib_dir, p) for p in os.Tlistdir(calib_dir)]

data = []

for i in range(batch):

assert i <
img_data =
img_data
img_data
img_data

len(img_paths), "calibration images not enough."
Image.open(img_paths[i]).convert('RGB")
img_data.resize((shape[3], shape[2]), Image.BILINEAR)
np.asarray(img_data, dtype=np.uint8)
np.transpose(img_data, (2, 0, 1))

data.append(img_data)
return np.array(data)

def main(Q:

parser = argparse.ArgumentParser(prog="nncase")
parser.add_argument("--target", type=str, help='target to run')
parser.add_argument("--model", type=str, help="model file')

parser.add_argument("--dataset", type=str, help="'calibration_dataset')

args = parser.parse_args()

input_shape =

[1, 3, 224, 224]

dump_dir = "tmp/mbv2_tflite'


af://n1108
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# compile_options

compile_options = nncase.CompileOptions()
compile_options.target = args.target
compile_options.preprocess = True
compile_options.swapRB = False
compile_options.input_shape = input_shape
compile_options.input_type = 'uint8'
compile_options.input_range = [0, 255]
compile_options.mean = [127.5, 127.5, 127.5]
compile_options.std = [127.5, 127.5, 127.5]
compile_options.input_layout = "NCHW'
compile_options.output_layout = 'NHWC'
compile_options.dump_ir = True
compile_options.dump_asm = True
compile_options.dump_dir = dump_dir
compile_options.quant_type = 'uint8'

# compiler
compiler = nncase.Compiler(compile_options)

# ptg_options

ptg_options = nncase.PTQTensoroptions()

ptg_options.samples_count = 6

ptg_options.set_tensor_data(generate_data(input_shape,
ptg_options.samples_count, args.dataset).tobytes())

compiler.use_ptq(ptg_options)

# import

modeTl_content = read_model_file(args.model)
import_options = nncase.ImportOoptions()
compiler.import_tflite(model_content, import_options)

# compile
compiler.compile()

# kmodel

kmodel = compiler.gencode_tobytes()

with open(os.path.join(dump_dir, 'test.kmodel'), 'wb') as f:
f.write(kmodel)

if _name_ == '_main__":
main()

HUTUN TS BIET4RiEmobilenetv2fitflite &Ry, targetgk230

root@c285a4l1a7243:/mnt/# cd src/big/ai/examples
root@c285a4l1a7243:/mnt/src/big/ai/examples# python ./scripts/mbv2_tflite.py --
target k230 --model models/mbv2.tflite --dataset CalibrationSet

2.3.2 fmiFonnxi=BY
EHXdonnxi&ERY, ZIVSAFERAONNX Simplifieri#fHTE1Mt, SARB{ERNncasefFiFE.
yolov5s_onnx.py BIZAIN T

import os
import argparse


af://n1120
https://github.com/daquexian/onnx-simplifier

import numpy as np
from PIL import Image
import onnxsim

import onnx

import nncase

def parse_model_input_output(model_file):
onnx_model = onnx.load(model_fiTe)
input_all = [node.name for node in onnx_model.graph.input]
input_initializer = [node.name for node in onnx_model.graph.initializer]
input_names = list(set(input_all) - set(input_initializer))
input_tensors = [
node for node in onnx_model.graph.input if node.name in input_names]

# input
inputs = []
for _, e in enumerate(input_tensors):

onnx_type = e.type.tensor_type

input_dict = {}

input_dict['name'] = e.name

input_dict['dtype'] =
onnx.mapping.TENSOR_TYPE_TO_NP_TYPE[onnx_type.elem_type]

input_dict['shape'] = [(i.dim_value if i.dim_value != 0 else d) for i, d
in zip(

onnx_type.shape.dim, [1, 3, 224, 224])]
inputs.append(input_dict)

return onnx_model, 1inputs

def onnx_simplify(model_file, dump_dir):
onnx_model, inputs = parse_model_input_output(model_file)
onnx_model = onnx.shape_inference.infer_shapes(onnx_model)
input_shapes = {}
for input in inputs:
input_shapes[input['name']] = input['shape']

onnx_model, check = onnxsim.simplify(onnx_model, input_shapes=input_shapes)
assert check, "Simplified ONNX model could not be validated"

mode1_file = os.path.join(dump_dir, 'simplified.onnx")
onnx.save_modeT (onnx_model, model_file)
return model_fiTle

def read_model_file(model_file):
with open(model_file, 'rb') as f:
model_content = f.read()
return model_content

def generate_data_ramdom(shape, batch):
shape[0] *= batch
data = np.random.randint(0, 256, shape)
return data

def generate_data(shape, batch, calib_dir):
img_paths = [os.path.join(calib_dir, p) for p in os.listdir(calib_dir)]
data = []
for i in range(batch):
assert i < Ten(img_paths), "calibration images not enough."



img_data = Image.open(img_paths[i]).convert('RGB")
img_data = img_data.resize((shape[3], shape[2]), Image.BILINEAR)
img_data = np.asarray(img_data, dtype=np.uint8)
img_data = np.transpose(img_data, (2, 0, 1))
data.append(img_data)

return np.array(data)

def main(Q):
parser = argparse.ArgumentParser(prog="nncase")
parser.add_argument("--target", type=str, help='target to run')
parser.add_argument("--model", type=str, help="model file')
args = parser.parse_args()

input_shape = [1, 3, 320, 320]

dump_dir = "tmp/yolov5s_onnx'
if not os.path.exists(dump_dir):
os.makedirs(dump_dir)

# onnx simplify
model_file = onnx_simplify(args.model, dump_dir)

# compile_options

compile_options = nncase.CompileOptions()
compile_options.target = args.target
compile_options.preprocess = True
compile_options.swapRB = False
compile_options.input_shape = input_shape
compile_options.input_type = 'uint8'
compile_options.input_range = [0, 255]
compile_options.mean = [0, 0, 0]
compile_options.std = [255, 255, 255]
compile_options.input_layout = "NCHW'
compile_options.output_layout = 'NCHW'
compile_options.dump_ir = True
compile_options.dump_asm = True
compile_options.dump_dir = dump_dir
compile_options.quant_type = 'uint8'

# compiler
compiler = nncase.Compiler(compile_options)

# ptg_options

ptg_options = nncase.PTQTensoroptions()

ptg_options.samples_count = 10

ptg_options.set_tensor_data(generate_data_ramdom(input_shape,
ptg_options.samples_count).tobytes())

compiler.use_ptq(ptg_options)

# import

model_content = read_model_file(model_file)
import_options = nncase.ImportOptions()
compiler.import_onnx(model_content, import_options)

# compile
compiler.compile()

# kmodel



kmodel = compiler.gencode_tobytes()
with open(os.path.join(dump_dir, 'test.kmodel'), 'wb') as f:
f.write(kmodel)

if _name__ == '_main__":

main()

HATEN e RIRTfRionnxi&EY, targetgk230

root@c285a4l1a7243:/mnt/# cd src/big/ai/examples
root@c285a4l1a7243: /mnt/src/big/ai/examples # python ./scripts/yolov5s_onnx.py --
target k230 --model models/yolov5s.onnx

2.3.3 fmiFcaffetEly

conv2d_caffe.py fIAa0T

import os

import argparse
import numpy as np
import nncase

def read_model_file(model_file):
with open(model_file, 'rb') as f:
model_content = f.read()
return model_content

def generate_data(shape, batch):
shape[0] *= batch
data = np.random.randint(0, 256, shape)
return data

def main(Q):
parser = argparse.ArgumentParser(prog="nncase")
parser.add_argument("--target", type=str, help='target to run')
parser.add_argument("--caffemodel"”, type=str, help="'caffemodel file')
parser.add_argument("--prototxt", type=str, help="prototxt file')
args = parser.parse_args()

input_shape = [3, 3, 28, 28]
dump_dir = '"tmp/conv2d_caffe'

# compile_options

compile_options = nncase.CompileOptions()
compile_options.target = args.target
compile_options.preprocess = True
compile_options.swapRB = False
compile_options.input_shape = input_shape
compile_options.input_type = 'uint8'
compile_options.input_range = [0, 1]
compile_options.mean = [0, 0, O]
compile_options.std = [1, 1, 1]
compile_options.input_layout = 'NCHW'
compile_options.output_Tlayout = "NCHwW'
compile_options.dump_ir = True
compile_options.dump_asm = True
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compile_options.dump_dir = dump_dir
compile_options.quant_type = 'uint8'

# compiler
compiler = nncase.Compiler(compile_options)

# ptg_options

ptg_options = nncase.PTQTensoroptions()

ptg_options.samples_count = 10

ptg_options.set_tensor_data(generate_data(input_shape,
ptg_options.samples_count).tobytes())

compiler.use_ptq(ptg_options)

# import

import_options = nncase.ImportOoptions()
caffemodel = read_model_file(args.caffemodel)
prototxt = read_model_file(args.prototxt)
compiler.import_caffe(caffemodel, prototxt)

# compile
compiler.compile()

# kmodel

kmodel = compiler.gencode_tobytes()

with open(os.path.join(dump_dir, 'test.kmodel'), 'wb') as f:
f.write(kmodel)

if _name__ == "_main__":
main()

BTN T ep SR el fmiFEconv2diicaffet®fY, targetgk230

root@c285a4l1a7243:/mnt/# cd src/big/ai/examples
root@c285a4l1a7243:/mnt/src/big/ai/examples/# python scripts/conv2d_caffe.py --
target k230 --caffemodel models/conv2d_caffe/test.caffemodel --prototxt
models/conv2d_caffe/test.prototxt

3. #23L1z8APIs(Python)

I T FRIFHERIAPIS, nncaselR R T HEIRIETRIRYAPIs, 7EPC AT IR RIS A s gk model, FASRISIE
nncasedFBERIEN R EFIERAruntimefIERET—HE.

3.1 APIs
3.1.1 MemoryRange
€%
MemoryRangezt, BF&RR~HNFEE

[(EX]


af://n1131
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py::class_<memory_range>(m, "MemoryRange'")
.def_readwrite("Tocation", &memory_range::memory_location)
.def_property(
"dtype", [](const memory_range &range) { return
to_dtype(range.datatype); 1},
[I(memory_range &range, py::object dtype) { range.datatype =
from_dtype(py: :dtype: :from_args(dtype)); })
.def_readwrite("start", &memory_range::start)
.def_readwrite("size", &memory_range::size);

[E])
= i) Hhik
' . WFF(LE, 0FRinput, 137~output, 2Z&7Rrdata, 3% Rdata, 4%/
location int
shared_data
pythonZiE »
dtype o HuEsEny
yp s S
start int PSpET )Gkl
Size int ANEAN
[7~f51]

mr = nncase.MemoryRange()
3.1.2 RuntimeTensor
(#iA)
RuntimeTensorZg, FAFE~iz{THtensor

[(EX]

py::class_<runtime_tensor>(m, "RuntimeTensor')
.def_static("from_numpy", [](py::array arr) {
auto src_buffer = arr.request();
auto datatype = from_dtype(arr.dtype());
auto tensor = host_runtime_tensor::create(
datatype,
to_rt_shape(src_buffer.shape),
to_rt_strides(src_buffer.itemsize, src_buffer.strides),
gs1::make_span(reinterpret_cast<gsl::byte *>(src_buffer.ptr),
src_buffer.size * src_buffer.itemsize),
[=1(gsT::byte *) { arr.dec_ref(); 1)
.unwrap_or_throw();
arr.inc_ref(Q;
return tensor;
b
.def("copy_to", [](runtime_tensor &from, runtime_tensor &to) {
from.copy_to(to) .unwrap_or_throw();
b
.def("to_numpy", [](runtime_tensor &tensor) {
auto host = tensor.as_host().unwrap_or_throw();
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auto src_map = std::moveChrt::mapChost,
hrt::map_read) .unwrap_or_throw());
auto src_buffer = src_map.buffer();
return py::array(
to_dtype(tensor.datatype()),
tensor.shape(),
to_py_strides(runtime::get_bytes(tensor.datatype()),
tensor.strides()),
src_buffer.data());
b
.def_property_readonly("dtype", [](runtime_tensor &tensor) {
return to_dtype(tensor.datatype());
19,
.def_property_readonly("shape", [](runtime_tensor &tensor) {
return to_py_shape(tensor.shape());

b;
(E]
& 3B i
diype python#EzEAl Tensorf¥EsE
shape list tensorf9FZIR

3.1.3 from_numpy

€52
Mnumpy.ndarrayfgigRuntimeTensoriJg:
[(EX]

from_numpy(py::array arr)

(54]

=4 Bl A

Arr numpy.ndarray numpy.ndarrayXJg:
(iREHE]

RuntimeTensor

(=11

tensor = nncase.RuntimeTensor.from_numpy(self.inputs[i]['data'])
3.1.4 copy_to

(]
¥ MRuntimeTensor

[(EX]

copy_to(RuntimeTensor to)

(%]


af://n1182
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B xE faik

to RuntimeTensor RuntimeTensoridg:

(REE]
7o
(7511
sim.get_output_tensor(i).copy_to(to)
3.1.5 to_numpy
€52
BRuntimeTensorigi/gnumpy.ndarrayX3dgR
[(EX]
to_numpy O
(&#]
7o
(iRENE]
numpy.ndarrayXdg:
(7A1]

arr = sim.get_output_tensor(i).to_numpy()

3.1.6 Simulator

[#iA)
Simulatorzg, FAFEPC HH#EEKkmodel
[EX]

py::class_<interpreter>(m, "Simulator")
.def(py::init())
.def("load_model", [J(interpreter &interp, gsl::span<const gsl::byte>
buffer) { interp.load_model(buffer).unwrap_or_throw(); })
.def_property_readonly("inputs_size", &interpreter::inputs_size)
.def_property_readonTly("outputs_size", &interpreter::outputs_size)
.def("get_input_desc", &interpreter::input_desc)
.def("get_output_desc", &interpreter::output_desc)
.def("get_input_tensor", [](interpreter &interp, size_t index) { return
interp.input_tensor(index) .unwrap_or_throw(); })
.def("set_input_tensor", [](interpreter &interp, size_t index,
runtime_tensor tensor) { return interp.input_tensor(index,
tensor) .unwrap_or_throw(); })
.def("get_output_tensor", [J(interpreter &interp, size_t index) { return
interp.output_tensor(index).unwrap_or_throw(); })
.def("set_output_tensor", [](interpreter &interp, size_t index,
runtime_tensor tensor) { return interp.output_tensor(index,
tensor) .unwrap_or_throw(); 3})
.def("run", [](interpreter &interp) { interp.run().unwrap_or_throw(); });


af://n1220
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(]

e
inputs_size
outputs_size

(7=f1]

sim = nncase.Simulator()
3.1.7 load_model

€%

fnEkmodel

[(EX]

Toad_model (model_content)

(%]

&

model_content

(ix[ElE]

7
(7=f1]

sim.load_mode1 (kmodeT)

3.1.8 get_input_desc
(#54]

REUEERS MR ER
[EX]
get_input_desc(index)

(%]

B

index

(iREHE]
MemoryRange

(7=f1]

input_desc_0 = sim.get_input_desc(0)

g
TN '
I NER

faik

kmodel "

Vi

4t
of

faik
ETPN:NEAE]
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3.1.9 get_output_desc
(#54]

REVEERS HMtHA A ER
[EX]
get_output_desc(index)

(%]

B

index

(ixElE]
MemoryRange
(=]

output_desc_0 = sim.get_output_desc(0)

3.1.10 get_input_tensor

€%
SREEEZS IV AAIRUNntimeTensor
[EX]
get_input_tensor(index)
€59
=1 E3id

index int

(ix[ElE]

RuntimeTensor

(7=f1]

fai
HHAYERS]

ik
HAtensorfiZ5|

input_tensor_0 = sim.get_input_tensor(0)

3.1.11 set_input_tensor
(A ]

IREIEERS 9B AAIRUNtimeTensor
[(EX]
set_input_tensor(index, tensor)

(%]
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B xE ik

index int HiAtensorfJz5|
tensor RuntimeTensor HAtensor
[IRENE]
7c
(7~f51]

sim.set_input_tensor(0, nncase.RuntimeTensor.from_numpy(self.inputs[0]['data']))

3.1.12 get_output_tensor
(A ]

REUEERS IIUHEIHAIRUNtimeTensor
[EX]

get_output_tensor(index)

€|

2 E i) @R

index int taHtensorfyZ=a|
[RENE]

RuntimeTensor
[7~f51]

output_arr_0 = sim.get_output_tensor(0).to_numpy()
3.1.13 set_output_tensor

(4]
IREEERS RYEHAIRUNtimeTensor

[(EX]

set_output_tensor(index, tensor)

(&2#1]
=2 E ] iR
index int Httensorf9Z=5|
tensor RuntimeTensor it tensor
[iR[EE]
7c

(7=f1]
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sim.set_output_tensor(0, tensor)

3.1.14 run

(#iA)
1=f7kmodel#EIE

[(EX]

run()

(%]

7

(ixElE]

7c

(7=f1]

sim.runQ)

3.2 7451

BIESRM: yolovss_onnx.pyfIA B4 1FTyolovss.onnxiEEY

yolov5s_onnx_simu.pyfiiF/path/to/k230_sdk/src/big/ai/examples/scriptsFEF, HWEIT

import os

import copy

import argparse

import numpy as np

import onnx

import onnxruntime as ort
import nncase

def

def

def

read_model_file(model_file):

with open(model_file, 'rb') as f:
model_content = f.read()

return model_content

cosine(gt, pred):
return (gt @ pred) / (np.linalg.norm(gt, 2) * np.Tlinalg.norm(pred, 2))

main():

parser = argparse.ArgumentParser(prog="nncase")
parser.add_argument("--model", type=str, help="original model file')
parser.add_argument("--model_input", type=str, help="input bin file for

original model"')

parser.add_argument("--kmodel", type=str, help="kmodel file")
parser.add_argument("--kmodel_input", type=str, help="input bin file for

kmodel")

args = parser.parse_args()

# cpu inference

ort_session = ort.InferenceSession(args.model)
output_names = []

model_outputs = ort_session.get_outputs()


af://n1393
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for i in range(len(model_outputs)):
output_names.append(model_outputs[i].name)

model_input = ort_session.get_inputs()[0]

model_input_name = model_input.name

model_input_type = np.float32

model_input_shape = model_input.shape

modeT_input_data = np.fromfile(args.model_input,
model_input_type) .reshape(model_input_shape)

cpu_results []

cpu_results = ort_session.run(output_names, { model_input_name :
model_input_data })

# create simulator
sim = nncase.Simulator()

# read kmodel
kmodel = read_model_file(args.kmodel)

# load kmodel
sim.load_modeT (kmodel)

# read input.bin

input_tensor=sim.get_input_tensor(0).to_numpy()

input = np.fromfile(args.kmodel_input,
input_tensor.dtype) .reshape(input_tensor.shape)

# set input for simulator
sim.set_input_tensor(0, nncase.RuntimeTensor.from_numpy(input))

# simulator inference

nncase_results = []

sim.run()

for i in range(sim.outputs_size):
nncase_result = sim.get_output_tensor(i).to_numpy()
nncase_results.append(copy.deepcopy(nncase_result))

# compare
for i in range(sim.outputs_size):
cos = cosine(np.reshape(nncase_results[i], (-1)),
np.reshape(cpu_results[i]l, (-1)))
print('output {0} cosine similarity : {1}'.format(i, cos))

if _name__ == "_main__":
main()
PUTHEIRRIA

root@5f718e19f8a7:/mnt/# cd src/big/ai/examples
root@5f718e19f8a7:/mnt/src/big/ai/examples# python scripts/yolov5s_onnx_simu.py
--model models/yolov5s.onnx --model_input object_detect/data/input_fp32.bin --
kmodel tmp/yolov5s_onnx/test.kmodel --kmodel_input
object_detect/data/input_uint8.bin

nncase simulatorflcpufEIBLERITELIN T



[error] Mmu Item = 0 can only be config by once!
output 0 cosine similarity : 0.9998742341995239
output 1 cosine similarity : 0.999858021736145

output 2 cosine similarity : 0.9998511672019958

4. KPUIETTHSAPIS(C++)
4.1 57

KPUIZ{THTAPISEHF AR EINEkmodel, ZEBMAZIE, HiTkpu/cpuitd, IREURHEUERSE.
BaiRIRHC++ APIs, HEXAISL S EFIERSEEEnncase sdk/riscve4ABRT.

$ tree -L 3 riscvo4/
riscve4/
F— gs1
| L— gsl-lite.hpp
F— gs1-Tite
| L— gs1-Tite.hpp
F— mpark
| — config.hpp
| — din_place.hpp
| F— Tib.hpp
| L— variant.hpp
L— nncase
F— dnclude
| L— nncase
L— Tib
— cmake
— Tibnncase.functional.a
}— Tibnncase.rt_modules.k230.a
L— Tibnncase.runtime.a

8 directories, 9 files

4.2 APIs

4.2.1 hrt::create
(3]
Bl#Eruntime_tensor
[(EX]
(1) NNCASE_API result<runtime_tensor> create(datatype_t datatype,

runtime_shape_t shape, memory_pool_t pool = pool_cpu_only, uintptr_t
physical_address = 0) noexcept;

(2) NNCASE_API result<runtime_tensor> create(datatype_t datatype,

runtime_shape_t shape, gsl::span<gsl::byte> data, bool copy, memory_pool_t pool
= pool_shared, uintptr_t physical_address = 0) noexcept;

(%]


af://n1412
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=1 35

datatype datatype_t

shape runtime_shape_t
data gsl::span<gsl::byte>
pool memory_pool_t

physical_address uintptr_t

(ix[ElE]

result<runtime_tensor>

(7=f1]

// create 1input
auto in_shape = interp.input_shape(0);
auto input_tensor = host_runtime_tensor:

{(gsT::byte *)mat.data, mat.cols * mat.rows

mat.elemSize()},

fEig

HUELAY, g0dt_float32, dt_uint8%
tensorf9fZIK

FAFSEdEbuffer

WTFEhREY, EANEIpool_shared

YIERIEAE, BOAMED90. IF0FRTRAF ISR

:create(dt_float32, in_shape,

*

true, hrt::pool_shared).expect('"cannot create input

tensor");

4.2.2 hrt::sync
(i)

BEEtensorficache,

o WRAFNMALE, FEEA EOMNsync_write_back{REUESRIAGr.
o Xfgnne/ai2ditEEHHEYE, Bilgnne/ai2d runtimeEff 7 sync_invalidatefbE,

[(EX]

NNCASE_API result<void> sync(runtime_tensor &tensor, sync_op_t op, bool force =

false) noexcept

(%]
& Xy ik

tensor runtime_tensor E{Eptensor

sync_invalidate($tensorfJcache invalidate)ak

Op sync_op_t
force bool EaEHIT
[ix[EHE]

result<void>

(7=f1]

// 2. set 1inputs

sync_write_back(i&tensorfcacheE A\ ddr)

for (size_t i =2, j =0; i <2 + interp.inputs_size(); i++, j++)
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auto desc = interp.input_desc(j);
auto shape = interp.input_shape(j);
auto tensor = host_runtime_tensor::create(desc.datatype, shape,
hrt::pool_shared).expect("cannot create input tensor");
auto mapped_buf = std::move(Chrt::map(tensor, hrt::map_write).unwrap());
read_binary_file(argv[i], reinterpret_cast<char *>
(mapped_buf.buffer() .data()));
auto ret = mapped_buf.unmap(Q);
ret = hrt::sync(tensor, hrt::sync_write_back, true);
if (lret.is_ok())
{
std::cerr << "hrt::sync failed" << std::endl;
std::abort();

}

interp.input_tensor(j, tensor).expect("cannot set input tensor");

4.2.3 interpreter::load_model
(4]

IREkkmodeltsEay
[EX]

NNCASE_NODISCARD result<void> load_model(gsT::span<const gsl::byte> buffer)

noexcept;

(%]

& Xy ik

buffer gsl::span <const gsl::byte> kmodel buffer

(ix[ElE]

result<void>

(7=f1]

interpreter interp;

auto model = read_binary_file<unsigned char>(kmodel);
interp.load_model({(const gsl::byte *)model.data(),
model.size()}).expect("cannot Toad model.™);

4.2.4 interpreter:inputs_size
(##5A]

SREVEELG NI NN

[EX]

size_t inputs_size() const noexcept;
(&3]

7
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(ixElE]

size_t

(7=f1]

auto inputs_size = interp.inputs_size();

4.2.5 interpreter::outputs_size

(4]
SREUR AL AN T
[(EX]

size_t outputs_size() const noexcept;
(&#]

7

(RENE]

size_t

(73]

auto outputs_size = interp.outputs_size();

4.2.6 interpreter:: input_shape

€559
SREVEESSERARIIZR
[(EX]

const runtime_shape_t &input_shape(size_t index) const noexcept;

(%]

=i i) ik
index size_t HINRYZS|
[ix[EHE]

runtime_shape_t
(7~f51]

auto shape = interp.input_shape(0);

4.2.7 interpreter:: output_shape

€55
SREURBUEEMHAIAZR
[(EX]

const runtime_shape_t &output_shape(size_t index) const noexcept;
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(%]

2 E i) iR
index size t HHAYZRS|
[RENE]

runtime_shape_t
(7~f51]

auto shape = interp.output_shape(0);

4.2.8 interpreter:: input_tensor

(]
SREVIREISEZRS RIBA tensor
[(EX]

(1) result<runtime_tensor> input_tensor(size_t index) noexcept;
(2) result<void> input_tensor(size_t index, runtime_tensor tensor) noexcept;

(&%)

E=4 ] iR

index size_t PN SEAE]

tensor runtime_tensor EIAIINAYruntime tensor
[iR[EHE]

(1) result<runtime_tensor>
(2) result<void>
©ocpp

[R5
" cpp

// set input
interp.input_tensor(0, input_tensor).expect('"cannot set input tensor");

4.2.9 interpreter:: output_tensor

(iR ]
RENZBIEERS AV Htensor
[EX]

(1) result<runtime_tensor> output_tensor(size_t index) noexcept;
(2) result<void> output_tensor(size_t index, runtime_tensor tensor) noexcept;

(%]
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B xE ik

index size t HIHAYZRS|
tensor runtime_tensor XM AYruntime tensor
[iR[EHE]

(1) result<runtime_tensor>
(2) result<void>

(=11

// get output
auto output_tensor = interp.output_tensor(0).expect("cannot get output tensor");

4.2.10 interpreter:: run
[f#EiR]

HiTkpuit &

[EX]

result<void> run() noexcept;
[£4]

7

(REE]

iR[Eresult <void>

(7=f1]

// run

interp.run() .expect("error occurred in running model");

4.3 75

// load kmodel
interpreter interp;
auto kmodel = read_binary_file<unsigned char>(kmodel_file);
interp.load_model({ (const gsl::byte *)kmodel.data(), kmodel.size()
}) .expect("cannot load model.");

// create 1input tensor

auto input_desc = interp.input_desc(0);

auto input_shape = interp.input_shape(0);

auto input_tensor = host_runtime_tensor::create(input_desc.datatype,
input_shape, hrt::pool_shared).expect('"cannot create input tensor");

interp.input_tensor(0, input_tensor).expect('"cannot set input tensor");

// create output tensor
auto output_desc = interp.output_desc(0);
auto output_shape = interp.output_shape(0);
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auto output_tensor = host_runtime_tensor::create(output_desc.datatype,
output_shape, hrt::pool_shared).expect("cannot create output tensor");
interp.output_tensor(0, output_tensor).expect('"cannot set output tensor");

// set input data

auto input_mapped_buf = std::move(Chrt::map(input_tensor,
hrt::map_write).unwrap());
#if USE_OPENCV

cv::Mat img = cv::imread(image_file);

cv::resize(img, img, cv::Size(INTPUT_WIDTH, INTPUT_HEIGHT),
CcV::INTER_NEAREST);

auto input_vec = hwc2chw(img);

memcpy(reinterpret_cast<char *>(input_mapped_buf.buffer().data()),
input_vec.data(), input_vec.size());
#else

read_binary_file(image_file, reinterpret_cast<char *>
(input_mapped_buf.buffer().data()));
#endif

auto ret = input_mapped_buf.unmap();

hrt::sync(input_tensor, hrt::sync_write_back, true).expect("sync write_back
failed");

// run

size_t counter = 1;

auto start = std::chrono::steady_clock::now();

for (size_t ¢ = 0; c < counter; c++)

{

interp.run().expect("error occurred in running model");

}

auto stop = std::chrono::steady_clock::now();

double duration = std::chrono::duration<double, std::milli>(stop -
start).count();

std::cout << "interp.run() took:
std::end1;

n n "

<< duration / counter << ms" <<

// get output data

auto output_mapped_buf = std::move(hrt::map(output_tensor,
hrt::map_read) .unwrap());

float *output_data = reinterpret_cast<float *>
(output_mapped_buf.buffer().data());

auto out_shape = interp.output_shape(0);

auto size = compute_size(out_shape);

// postprogress softmax by cpu

std: :vector<float> softmax_vec(size, 0);
auto buf = softmax_vec.data();
softmax(output_data, buf, size);

auto it = std::max_element(buf, buf + size);
size_t idx = it - buf;

// load Tabel

auto Tabels = read_txt_file(label_file);

std::cout << "image classify result: " << labels[idx] << "(" << *it << ")"
<< std::endl;

5. AI2D i=Z{THJAPIs(C++)


af://n1621

5.1 @

AI2DIE{TRTAPISETF AR RECEAIZDISE, £MEXSTFEE, HITAIZDITES.

5.1.1 SZHF RIS

5

5

5.2.1 ai2d_format

(

BNE
YUV420_NV12
YUV420_NV21
YUV420_1420
YUV400
NCHW(RGB_planar)
RGB_packed

RAW16

1.2 INRgkiA

Ihae

RS

Crop/Resize/Padding

.2 APIs

]

faibtEst &t
RGB_planar/YUV420_NV12
RGB_planar/YUV420_NV21
RGB_planar/Yuv420_1420

YUV400

NCHW(RGB_planar)

RGB_planar/RGB_packed

RAW16/8 REE, HiTshiftifE
iR =it
THEEIAFRTYUV420,  YUV400,

RGB (planar/packed) SIFHREERAWI6IET, SZHFmH
BXYUV400, RGB. FEE

TIEHEINYUV420, YUV400. RGB TI5FEERAWI6HE =z
I\ ResizeZ#FHEINCHWATHEF IS, STiFHHE= padding
YUV420, YUV400., RGB =

SHFIASTIRaw 16 SZHFHIHTETURawS
RS SEA

ai2d_formatFI T EcEM A BLHATAIEEUEST.

¢

EX]

enum class ai2d_format

{
YUV420_NVv12
YUV420_NV21
YUV420_T420 =
NCHW_FMT = 3,

RGB_packed = 4

RAW16 = 5,

01

2,
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5.2.2 ai2d_interp_method

(i)

ai2d_interp_method B FECEAIEAMHEES .

[(EX]

enum class ai2d_interp_method
{
tf_nearest = 0,
tf_bilinear = 1,
cv2_nearest = 2,
cv2_bilinear = 3,

5.2.3 ai2d_interp_mode
(#4]

ai2d_interp_mode FIFELE AT EANEEZ.
[EX]

enum class ai2d_interp_mode

{
none = 0,
align_corner

=1,
half_pixel = 2,

5.2.4 ai2d_pad_mode

€55

ai2d_pad_modeFIFEeEmiE Ipaddingi&=t,

[(EX]

enum class ai2d_pad_mode

{
constant = O,
copy = 1,
mirror = 2,

}

5.2.5 ai2d_datatype_t

€559

BHRIRSZRFE#padding.

ai2d_datatype_t FATFIREBAI2DITEISIE R RIAIESEL.

[(EX]
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struct ai2d_datatype_t

{
ai2d_format src_format;
ai2d_format dst_format;
datatype_t src_type;
datatype_t dst_type;
ai2d_data_loc src_loc = ai2d_data_loc::ddr;
ai2d_data_loc dst_loc = ai2d_data_loc::ddr;
3
(%]
=R -5} g
src_format ai2d_format BINZHERST
dst_format ai2d_format HHEIEE
src_type datatype_t INEEREY
dst_type datatype_t HHEUERE
src_loc ai2d_data_loc MANEIRMAE, BAddr
dst_loc ai2d_data_loc HHEIRME, BAddr
(=51

ai2d_datatype_t ai2d_dtype { ai2d_format::RAW1l6, ai2d_format::NCHW_FMT,
datatype_t::dt_uintl6, datatype_t::dt_uint8 };

5.2.6 ai2d_crop_param_t
€%
ai2d_crop_param_tFFEEEcroptEXiISE.
[EX]

struct ai2d_crop_param_t

{
bool crop_flag = false;
int32_t start_x = 0;
int32_t start_y = 0;
int32_t width = 0;
int32_t height = 0;

}
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& E faik

crop_flag bool EARFFREcropliss
start_x int EE ARG ESR
start_y int EEARRRBGSR
width int BEABENcropiKE
height int EEARcropiKE
[7=f]

ai2d_crop_param_t crop_param { true, 40, 30, 400, 600 };

5.2.7 ai2d_shift_param_t

(#iA]
ai2d_shift_param_tFFE&EshiftiBXA9S44.
(EX]

struct ai2d_shift_param_t

{
bool shift_flag = false;
int32_t shift_val = 0;
}
[(&#]
£t B iR
shift_flag bool BEFIZshiftthge
shift_val int GBI
[7=f51]

ai2d_shift_param_t shift_param { true, 2 };
5.2.8 ai2d_pad_param_t

(#A]
ai2d_pad_param_t B FEcEpadtEXAISEL.

[EX]

struct ai2d_pad_param_t
{
bool pad_flag = false;
runtime_paddings_t paddings;
ai2d_pad_mode pad_mode = ai2d_pad_mode: :constant;
std::vector<int32_t> pad_val; // by channel
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(%]

B

pad_flag

paddings

pad_mode

pad_val

(7=f1]

runtime_paddings_t

ai2d_pad_mode

std::vector<int32_t>

ik
RETFEpadingg

AR padding, shape= [4, 21, $EIFERdIMOZ|
dim4fYgifEpaddingfd 1N, Eedim0/dim1 Bt &
{0, 0}

paddingt®dt;,, R3Z#Fconstant padding

&/ channelfYpadding value

ai2d_pad_param_t pad_param { false, { { 0, 03}, {0, 03}, {0, 013}, {60, 601}
}, ai2d_pad_mode::constant, { 255 } };

5.2.9 ai2d_resize_param_t

€55

ai2d_resize_param_t FAFECEresizetExHISEL

[(EX]

struct ai2d_resize_param_t

{

bool resize_flag = false;
ai2d_interp_method interp_method = ai2d_interp_method::tf_bilinear;

ai2d_interp_mode interp_mode

(%]

E=t
resize_flag
interp_method

interp_mode

(7=f1]

ai2d_interp_mode: :none;

*B A

bool AT Eresizeljgg
ai2d_interp_method resizefBHESTE
ai2d_interp_mode resizet&=t,

ai2d_resize_param_t resize_param { true, ai2d_interp_method::tf_bilinear,
ai2d_interp_mode::half_pixel };

5.2.10 ai2d_affine_param_t

(]

ai2d_affine_param_t FAFECEaffinefBXAISEL.

[(EX]
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struct ai2d_affine_param_t

{
bool affine_flag = false;
ai2d_interp_method interp_method = ai2d_interp_method::cv2_bilinear;
uint32_t cord_round = 0;
uint32_t bound_ind = 0;
int32_t bound_val = 0;
uint32_t bound_smooth = 0;
std::vector<float> M;
}
(&%)
E=4 i) g
affine_flag bool BATEaffinelige

interp_method ai2d_interp_method  AffineSRFERYERIESS L

cord_round uint32_t EELAFR0EE
bound_ind uint32_t BFUGERIER 0T E 1
bound_val uint32_t WFIERE
bound_smooth uint32_t PREEOEE

(BRI R AYvector, {H5IERIE/9$Y=[a_0,
M std::vector<float> a1;a.2 a3]\cdotX+[b 0, b 11% W $ M=
{a_0,a_1,b0a2a3bi1}$
[7=f51]

ai2d_affine_param_t affine_param { true, ai2d_interp_method::cv2_bilinear, 0, O,
127, 1, { 0.5, 0.1, 0.0, 0.1, 0.5, 0.0 } };

5.2.11 ai2d_builder:: ai2d_builder

[#iA)
ai2d_builderfrai& Rz,
[EX]

ai2d_builder(runtime::runtime_tensor &input, runtime::runtime_tensor &output,
ai2d_datatype_t ai2d_dtype,ai2d_crop_param_t crop_param, ai2d_shift_param_t
shift_param, ai2d_pad_param_t pad_param,ai2d_resize_param_t resize_param,
ai2d_affine_param_t affine_param)


af://n1887

B 5] ik

input runtime_tensor i \runtime tensor
output runtime_tensor it runtime tensor
ai2d_dtype ai2d_datatype_t ai2d#EEEY
crop_param ai2d_crop_param_t croptEx£#4
shift_param ai2d_shift_param_t shiftilHx&%4
pad_param ai2d_pad_param_t padtBXSE]
resize_param ai2d_resize_param_t resizefBx£3§
affine_param ai2d_affine_param_t affinetBx&%{

(REE ]

7o

(7:51]

ai2d_builder builder { in_tensor, out_tensor, ai2d_dtype, crop_param,
shift_param, pad_param, resize_param, affine_param };

5.2.12 ai2d _builder:: build schedule
(##54]
ERRARDITEREAISHL

[EX]

result<void> build_schedule();

€59
7

[IREE]

result<void>

(7=f1]

builder.build_schedule();

5.2.13 ai2d_builder:: invoke

€754
BB S FesH BshAI2DRYITE.
[EX]

result<void> invoke();
(&%)
7c
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(ixEHE ]

result<void>

(7=f1]

builder.invoke() .expect("error occurred in ai2d running");
5.3 75l

static void test_pad_mini_test(const char *gmodel_file, const char *expect_file)
{

// input tensor

runtime_shape_t in_shape { 1, 100, 150, 3 };

auto in_tensor = host_runtime_tensor::create(datatype_t::dt_uint8, in_shape,
hrt::pool_shared).expect('cannot create input tensor");

auto mapped_in_buf = std::moveChrt::map(in_tensor,
hrt::map_write).unwrap());

read_binary_file(gmodel_file, reinterpret_cast<char *>
(mapped_in_buf.buffer() .data()));

mapped_in_buf.unmap() .expect("unmap input tensor failed");

hrt::sync(in_tensor, hrt::sync_write_back, true).expect("write back input
failed");

// output tensor

runtime_shape_t out_shape { 1, 100, 160, 3 };

auto out_tensor = host_runtime_tensor::create(datatype_t::dt_uint8,
out_shape, hrt::pool_shared).expect("cannot create output tensor");

// config ai2d

ai2d_datatype_t ai2d_dtype { ai2d_format::RGB_packed,
ai2d_format: :RGB_packed, datatype_t::dt_uint8, datatype_t::dt_uint8 };

ai2d_crop_param_t crop_param { false, 0, 0, 0, 0 };

ai2d_shift_param_t shift_param { false, 0 };

ai2d_pad_param_t pad_param { true, { { 0, 0}, {0, 03}, {O, 0}, {10, 03}
}, ai2d_pad_mode::constant, { 255, 10, 5 } };

ai2d_resize_param_t resize_param { false, ai2d_interp_method::tf_bilinear,
ai2d_interp_mode::half_pixel };

ai2d_affine_param_t affine_param { false };

// run

ai2d_builder builder { in_tensor, out_tensor, ai2d_dtype, crop_param,
shift_param, pad_param, resize_param, affine_param };

auto start = std::chrono::steady_clock::now();

builder.build_schedule() .expect("error occurred in ai2d build_schedule");

builder.invoke() .expect("error occurred in ai2d invoke");

auto stop = std::chrono::steady_clock::now();

doubTle duration = std::chrono::duration<double, std::milli>(stop -
start).count();
std::cout << "ai2d run: duration = " << duration << " ms, fps = " << 1000 /
duration << std::endl;

3
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5.4 IE EIA

1. AffineflResizeINEERBR/RAY, ABERFIHIS

2. ShiftTHEEAYM NIETL R BERERaw 16

3. Pad value 2ZBIERER, MNMAlistTTENHES channel#iiE%

4. LETHRAT, HRBJBEADN—NIEERT, HSHORERE, flagBAfalseBln, HiFBRA
&,

5. YEE TSN NEERT, HUTIREECrop->Shift->Resize/Affine->Pad, BLE S AT T EEITH,

6. FAQ

A1 TRwheel @R3RES: xxx.wh1 is not a supported
whee1 on this platform.

Q: Z%enncase wheel, tHELERROR: nncase-1.0.0.20210830-cp37-cp37m-
manylinux_2_24 x86_64.whl is not a supported wheel on this platform.

A: F pip>=20.3

sudo pip install --upgrade pip

6.2 fmiFtRBIAYHRsE python: symbol Tookup error

Q: fRIFEDYREE python: symbol Tookup error: /usr/local/l1ib/python3.8/dist-
packages/Tibnncase.modules.k230.so: undefined symbol:
\_zZN6nncase2ir5graphl4split_subgraphESt4spanIKPNSO_4nodeELm18446744073709551615EEb

A: BF&Enncasefnncase-k230 wheel @A 275 ITED

root@a829814d14b7:/mnt/examples# pip Tist

Package version

gmss’ 3.2.1

nncase 1.8.0.20220929
nncase-k230 1.9.0.20230403
numpy 1.24.2

Pillow 9.4.0

pip 23.0

pycryptodome 3.17
setuptools 45.2.0
wheel 0.34.2

6.3 HREITAppHEIRIZFATIRLS std: :bad_alloc

Q: LB TApp IR, i std: :bad_alloc B&E

$ ./cpp.sh

case ./yolov3_bfloatl6 build at Sep 16 2021 18:12:03

terminate called after throwing an instance of 'std::bad_alloc'
what(): std::bad_alloc

A: std::bad_allocRHEBEREAREFLELMSER, AN THE.
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o IEE4MAYKkModel ERBITIERRAITRARNT
* MEAPPREFEATIME

6.4 FRiE1TAppiIEtEFEAYRiE data. size_bytes() == size
= false (bool)

Q: 1IZ1TAppHEEEFER:, #ilH [. . t_runtime_tensor.cpp:310 (create)] data.size_bytes() ==
size = false (bool) B&

A IEEIRERBIAtensor(58, EREZRAshapetlE N TR A BIFHE(fp32/uint8) 2GR —E
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