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1.1 {+4E nncase

nncase 2—N9 Al IEEFIR IRV M LEmiFEs, BRuscshY target B cpu/K210/K510/K230 .

nncase 1=HAITHEE

o XIFZWMAZRHRNE, TREZHXENE

o BSHAESER, FHREHANE

o« HFEHMMMKL

o S7¥ float F] uint8/int8 B{LiEIE

o XHRIGREN, FRFAEEMEMIRES
o HBIREY, IFTIEINE

nncase ZIFAIHEMEIERENEL

o ftflite
e onnx
o caffe

1.2 nncase 22443
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Kendgryle Al SDK 1F Lite @ ° ‘b‘ @ N
2 | Parser
Il Frontend
Al Stutio
TVM Rslay IR Backend
TFLite Importer ONNX mporter Runtime
Compiar
TVM impones
Rurdme Device
Neutral IR Ingdapendent |
Transforms
Profier .
Davica
K510 IR K230 IR  Depencent 1 IR Evaluator
Trarstorms
K210 IR
GNNE IR DSP IR GNNE IR Guantizor
Fusion Biock Parttion
Tiiing Tile Schadule CCR Alocale GLB Alocate
Graph Partition
StackVM Graph K210 Graph K510 Graph K230 Graph
Schedule
Bufler Allocate
nstruction Emit
ISA Deperdent
CCodega) Transforms
K210 Model K510 Model K230 Model
StackVM K213 StackVM K510 StckvM K230
Modide Module Module Module Maodue Modude
NNCASE Runtime
AR
StackViM
Ringme K210 Runtime K510 Runtitme KZ30 Rurdine

nncase &% EFE compiler #1 runtime FEE5 .
Compiler: FAF7E PC HmiF i mRiEs, S&R4R kmodel 34, FEEIE importer, IR, Evaluator,
Quantize, Transform {fi{t, Tiling, Partition, Schedule, Codegen S8R,
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Importer: EE B RBELRANEEI S AE] nncase 1

IR: FR[EIZRIR, 999 importer & A\AY Neutral IR(IZEFoX)F Neutral IR £ lowering #a4E R HY
Target IR(IREFEX)

Evaluator: Evaluator 12(it IR B9SEREITEES ], E# T Constant Folding/PTQ Calibration &
mR

Transform: F3F IR FHEFERIBH LS

Quantize: I)||Zx/g 214, XWEEMAH tensor JIAEARIC, RIBBINRIRLEL, 18 Evaluator #
ITREREINAT, ILEE tensor IEUESEE] A\ EW/ RENER, REBRTHENEN/ RE
HERE

Tiling: ZRF NPU BIENFERBE, FSEEARITEHRHITIHRS . BN ITREFERELIES
FRETIEHE Tiling SHAXIRSERNH B ER0

Partition: }$&#% ModuleType #1714, 190 RIS N FESX N RuntimeModule, A<[EZEHY
A9 RuntimeModule X3RN AEIRY Device(cpu/K230)

Schedule: tRIEMIEEHRETRKIK R EMITEIRFFH 2 EC Buffer

Codegen: S8 NFE 5 BIVEH ModuleType XIRzAY codegen, 4f% RuntimeModule

Runtime: &2 FFBF App, 124LINE kmodel/IZEIMANEHE/KPU H47/3kEm L #HEEIRE.

FHIAIRIER FAEE Ubuntu 18.04/Ubuntu 20.04

FS NG WRAS

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
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1.3.3 [@HIRIE
K230 evb

1.4 nncase &

nncase T E%% compiler Zf584E nncase F1 K230 compiler, I9FEZL4EMEM wheel &.
P48 Ubuntu 3118, B3 k230_sdk P E1T4mIFHY k230_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

L4 nncase(fE4 %L EE) + nncase-k230(BE& L)

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
BEMRILER nncase IRASE

root@c08eb1760d50:/mnt# python

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

[GCC 9.4.0] on linux

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

>>> print(_nncase.__version__)

1.9.0-3473131

2 SRIFIEE APIs(Python)

nncase £t Python APIs, BF1E PC LimiF R RLEiETY

11/72
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2.1 ZHHEF

2.1.1 tflite EF

Operator

Is Supported

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

SESESESESESEKEKESESEREKEKEKEKERERESESEKISESIKISISESES
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RESIZE_BILINEAR
RESIZE_NEAREST_NEIGHBOR

ROUND
RSQRT
SHAPE
SIN

SLICE
SOFTMAX

SPACE_TO_BATCH_ND

Operator Is Supported
LOG
LOGISTIC
MAX_POOL_2D
MAXIMUM
MEAN
MINIMUM
MUL
NEG
NOT_EQUAL
PAD
PADV?2
MIRROR_PAD
PACK
POW
REDUCE_MAX
REDUCE_MIN
REDUCE_PROD
RELU
PRELU
RELUG
RESHAPE

SQUEEZE

13/72
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Operator

Is Supported

BATCH_TO_SPACE_ND
STRIDED_SLICE
SQRT

SQUARE

SUB

SUM

TANH

TILE

TRANSPOSE
TRANSPOSE_CONV
QUANTIZE
FAKE_QUANT
DEQUANTIZE

GATHER

GATHER_ND
ONE_HOT
SQUARED_DIFFERENCE
LOG_SOFTMAX

SPLIT

HARD_SWISH

2.1.2 onnx EF

SESEKESESEREKEKESEKEKEKESEKEKESESE SIS

Operator Is Supported
Abs
Acos
Acosh
And
ArgMax
ArgMin
Asin

14/72
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Operator Is Supported

Asinh
Add
AveragePool

BatchNormalization

Cast
Cei
Celu
Clip
Compress
Concat
Constant
ConstantOfShape
Conv
ConvTranspose
Cos
Cosh
CumSum
DepthToSpace
DequantizeLinear
Div
Dropout
Elu
Exp
Expand
Equal
Erf
Flatten
Floor
Gather
GatherElements
GatherND

15/72
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Operator Is Supported

Gemm
GlobalAveragePool
GlobalMaxPool
Greater
GreaterOrEqual
GRU

Hardmax
HardSigmoid
HardSwish
|dentity
InstanceNormalization
LayerNormalization
LpNormalization
LeakyRelu

Less
LessOrEqual

Log

LogSoftmax

LRN

LSTM

MatMul
MaxPool

Max

Min

Mul

Neg

Not

OneHot

Pad

Pow

PRelu

SESEKESESESEREKESECERERERESESERESESESEKISESESISESESISEECESES
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Operator

Is Supported

QuantizelLinear
RandomNorma
RandomNormalLike
RandomUniform
RandomUniformLike
Reducel 1
Reducel?
ReducelLogSum
ReducelLogSumExp
ReduceMax
ReduceMean
ReduceMin
ReduceProd
ReduceSum
ReduceSumSquare
Relu

Reshape

Resize
ReverseSequence
RoiAlign

Round

Rsqrt

Selu

Shape

Sign

Sin

Sinh

Sigmoid

Size

Slice

Softmax

SESEKESESESEREKESECERERERESESERESESESEKISESESISESESISEECESES

17772
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Operator Is Supported
Softplus
Softsign
SpaceToDepth
Split
Sart
Squeeze
Sub
Sum
Tanh
Tile
TopK
Transpose
Trilu
ThresholdedRelu
Upsample
Unsqueeze
Where

2.1.3 caffe EF

Operator Is Supported
Input
Concat
Convolution
Eltwise
Permute
ReLU
Reshape
Slice
Softmax
Split

18/72
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Operator Is Supported
ContinuationIndicator

Pooling
BatchNorm

Scale

Reverse

LSTM
InnerProduct

2.2 APIs

BRIRIFER APIs 37§ tflite/onnx/caffe EERAREZIEEL,

2.2.1 CompileOptions
€)%Y)

CompileOptions 2§, FBFBLE nncase JwiFiEIN

[(EX]

K230 nncase FF4&$5F

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

19/72
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.def_readwrite("input_layout", &compile_options::input_layout)

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

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

.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", &ompile_options::dump_quant_error)

.def_readwrite("dump_dir", &ompile_options::dump_dir)

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

(E]
E=1 Xy fEix
target string IEEmEER, 10'k210, k510, 'k230'
quant_type string IEEHIREMEE, Fuint8) 'int8’
w_quant_type string FEEINEEM R, f0'uint8), int8', BRIAJ9'uint8’
Use_mse_quant_w bool ?‘EEWE%\%H#%E\‘E%EE‘i/J\%i’ST:‘ i=xZ (mean-square error,
MSE)EIALENSEL
split_w_to_act bool IBERR BN ELIEFEEEEE+
preprocess bool ERFERE, EHAA False
bool ER R RGB M N BWERILL IR MEIE (RGB->BGR 8¢ & BGR-
swapR8 ->RGB), EXIAA False
mean list BBt SEUIE, BUAAIO, 0, 0]
std list ACIETNECSETSE, BRI, 1,1]
input_range list BMNSIERENEXNZREASEE, AR, 1]
output_range list BHEREUERINILZ REETCEE, FAAT
list B NEIERY shape, input_shape BY layout &S5 input

input_shape

layout fRIF—E, BIAEUEAY input_shape St&EIAY input shape
A—EATEHT letterbox $8{E(resize/pad &)
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21 5] iz
letterbox_value float FETERIRLIE letterbox RUIEFS(E
input_type string IEERMNEHERIZREY, BAIAS float32'

string ST BUERZEE, t0'float32, uint8 ((NATFHEEEWBERT),
output_type s

2N float32'
string ETERMINEERY layout, HINCHW', NHWC'. BB EIE layout 5

input_layout
P y RIS layout AN[E), nncase £¥EA transpose HH 745z

string TEERHEIERT layout, 4I'NCHW', NHWC'. EHIHEHE layout 5

output_layout
P y ERIZKE layout AN, nncase £¥E transpose H{TiE#HzR

string IEEEEMN layout, KIAAZT, H tflite HE layout 79

model_layout
y 'NCHW’ , Onnx #[ Caffe #&8Y layout 5 ‘NHWC' RBIEIERE

dump_ir bool IEEER dump IR, BAIAJS False
dump_asm bool IEEEE dump asm CERIE, BAIAS False
dump_quant_error bool IBERR dump EXRIBRMEEIRE
dump.dir bool BIEHERE dump_ir EHX[E, XEB1EE dump RIBR, BAATF
freR
[(FE]

1. input range FREESEE, BIANREASIESEELS uint8, N input range AREWEIIZFRZERY
SEE (AJLAAR 0~1) , BILAEHERE.
2. input_shape FTERER input_layout #H{TiERE, LA, 224, 224, 31541, @R input_layout 79

NCHW, M input_shape FEI85ENI[1,3,224,224]input_layout 73 NHWC, M input_shape FTAEEN
[1,224,224,3];

3. mean {1 std J9iFREGH1T normalize B95%1, FAFAYLABHIEE;
4. {$F8 letterbox IHEERT, TEEPRHIHN size £ 1.5MB N, E channel iy size £ 0.75MB [X;

flgn:

21/72
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1. WAEHERBNIQE S uint8, input_range IRTE/[0,255], NMIREBMHHEBREHITEEEW, &
uint8 RYEHEFEIL A float32, mean #1 std SEUARTLUZRAR 0~255 RUEUEFITIEE.

2. MINEHESERIZTES uint8, input_range IREAI0,1], NESEERERENTTEEAD,1RNZREL,
mean fl std BERBIANZRECCEHITIEE.

RUSLIEREIN T (B R BT mE /9 Aik):

dequantize

¥
SwapRB

v

LetterBox

v

Normalize

Input

Your ops »

v

Output

1 ) R A

Your ops

(=511
SCl{4, CompileOptions, FREX EMHAVE

22/72
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# 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 layout
compile_options.input_layout = '"NHWC'

compile_options.output_layout = 'NHWC'

compile_options.model_layout = " # Specific it when tflite model with "NCHW" layout and
Onnx(Caffe) model with "NHWC" layout

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'

€%

ImportOptions £, FHFELE nncase S AL

[(EX]

py::.class_<import_options>(m, "ImportOptions")

.def(py:init())
.def_readwrite("output_arrays", &mport_options::output_arrays);

(i)
B x5 130

output_arrays string HHEFR
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[7=f51]
LAY, ImportOptions, BcE&/EMRIE

# import_options

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

[fA]
PTQTensorOptions 2§, FHF&LE nncase PTQ 1%EIR

[(EX]
py::class_<ptq_tensor_options>(m, "PTQTensorOptions")

.def(py::init())
.def_readwrite("calibrate_method", &ptg_tensor_options::calibrate_method)

.def_readwrite("samples_count", &ptq_tensor_options::samples_count)
.def("set_tensor_data", [[(ptq_tensor_options &o, py::bytes bytes) {
uint8_t *buffer;
py::ssize_t length;
if (PyBytes_AsStringAndSize(bytes.ptr(), reinterpret_cast<char **>(&buffer), &length))
throw std::invalid_argument("Invalid bytes");
o.tensor_data.assign(buffer, buffer + length);

»;
[EiE]
E=4 i) iR

string BERE , XiFno_clip!, 12, 'kld_m0', 'kld_m1',

calibrate_method N
'kld_m2', 'cdf', EIAE no_clip'

samples_count Int AN

(7f51]
# ptg_options




iy

), Canadn

-

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

(#A]
IR & tensor HiE

[(EX]

set_tensor_data(calib_data)

(2#]

=4 £ e

calib_data byte[] EEENAIROEEE
[IREHE]

7c
[7=151]

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

(#EA]
Compiler 3§, i F4RiFREMLEIRE

[(EX]

py::class_<compiler>(m, "Compiler")
.def(py:init(&compiler::create))
.def("import_tflite", &compiler::import_tflite)
.def("import_onnx", & ompiler::import_onnx)
.def("import_caffe", & ompiler::import_caffe)
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.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); })
.def("gencode_tobytes", [I(compiler &c) {

std::stringstream ss;

c.gencode(ss);

return py::bytes(ss.str());
)
.def("create_evaluator", [|(compiler &c, uint32_t stage) {

auto &graph = c.graph(stage);

return std::make_unique<graph_evaluator>(c.target(), graph);

3}

€%

BN tflite 188U

[(EX]

import_tflite(model_content, import_options)

(58]
E=4 x5 iz
model_content bytel] EERERIAE
import_options ImportOptions 1= ria ]
[IR[EHE]
7c
(=511

model_content = read_model_file(model)
compiler.import_tflite(model_content, import_options)
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2.2.7 import_onnx

€%

S onnx 1&EY

[(EX]

Canaan

K230 nncase FF4&$5F

import_onnx(model_content, import_options)

(2#]

=4 xE ik
model_content byte[] EIERRE
import_options ImportOptions B \EIR

(iREHE]
7

(7=f51]

model_content = read_model_file(model)
compiler.import_onnx(model_content, import_options)

2.2.8 import_caffe

(2]

B\ caffe {28

[(EX]

import_caffe(caffemodel, prototxt)

€



E:h; canaan K230 nncase FF&I5R
=R ] iR
caffemodel byte[] {ZEEXAY caffemodel IS
prototxt bytel] IEEENAY prototxt A&
[RENE]
7c
[7=~f1]
# import

prototxt = read_model_file('test.prototxt’)

compiler.import_caffe(caffemodel, prototxt)

caffemodel = read_model_file('test.caffemodel’)

2.2.9 use_ptq
€%
RE PTQ ECEIEIN.
® K230 BUARERENX.

[(EX]

use_ptq(ptg_options)

(&%
am S5 A
ptq_options PTQTensorOptions PTQ &I
[RElE]

7o
(7=f1]

28/72




L

] Canadn

™

K230 nncase FF4&$5F

compiler.use_ptq(ptg_options)

2.2.10 compile
€)%Y)
GRS I IREY

[(EX]

compile()

(24]
7

(iREHE]
7

(7=f51]

compiler.compile()

2.2.11 gencode_tobytes
€)%Y)

4Bk kmodel =157t

[(EX]

gencode_tobytes()

(&4]
7

[REE]
bytes|]
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(7=f51]

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

f.write(kmodel)

TERGIEERZEIRIRELAD python fIEHIA

o [EYARERISTIHITF/path/to/k230_sdk/src/big/ai/examples/models BHR
o python 4miRRIAF/path/to/k230_sdk/src/big/ai/examples/scripts BR

mbv2_tflite.py BIAZIT

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 = [0s.path.join(calib_dir, p) for p in os.listdir(calib_dir)]

data =]

for i in range(batch):
assert i < len(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))
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data.append(img_data)
return np.array(data)

def main():

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'

# 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())
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compiler.use_ptq(ptg_options)

# import

model_content = read_model_file(args.model)
import_options = nncase.lmportOptions()
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()

PITA T apSRIE]4Ri2 mobilenetv2 Y tflite #&8Y, target 79 k230

root@c285a41a7243:/mnt/# cd src/big/ai/examples

root@c285a41a7243:/mnt/src/big/ai/examples# python ./scripts/mbv2_tflite.py --target k230 --
model models/mbv2.tflite --dataset CalibrationSet

£ onnx 182, FSE(EA ONNX Simplifier H#1T1&E{t, ZA/5H £ nncase 47i¥%.
yolov5s_onnx.py BIASN T

import os

import argparse
import numpy as np
from PIL import Image
import onnxsim
import onnx

import nncase

def parse_model_input_output(model_file):
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onnx_model = onnx.load(model_file)

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, inputs

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"

model_file = os.path.join(dump_dir, 'simplified.onnx’)
onnx.save_model(onnx_model, model_file)
return model_file

def read_model_file(model_file):
with open(model_file, 'rb") as f:
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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 = [0s.path.join(calib_dir, p) for p in os.listdir(calib_dir)]

data =]

for iin range(batch):
assert i < len(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():
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()
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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(ptqg_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)
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if __name__=="__main__"
main()

AT T s S BIA4Ri% onnx 182, target 79 k230

root@c285a41a7243:/mnt/# cd src/big/ai/examples

root@c285a41a7243: /mnt/src/big/ai/examples # python ./scripts/yolov5s_onnx.py —-target k230
--model models/yolov5s.onnx

conv2d_caffe.py BIAZ0T

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():
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'
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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, 1]
compile_options.mean = [0, 0, 0]
compile_options.std = [1, 1, 1]
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)

# ptq_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.ImportOptions()
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()




L

_Canaan K230 nncase FF&1SRg

™

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

if __name__=="__main__"
main()

HYTU TS RIEI4RIE conv2d Y caffe 188Y, target 79 k230

root@c285a41a7243:/mnt/# cd src/big/ai/examples

root@c285a41a7243:/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 1E#122 APIs(Python)

BT i8R APIs, nncase IR THEIRIERIN APIs, 7E PC L alHEIBRSRERI4 RAY kmodel, FASE
IEIE nncase HEIBRERIMEROREZIHEZEA runtime IERET—HE.

3.1 APIs

3.1.1 MemoryRange

(]

MemoryRange 2%, B FRmAFCE
[(EX]

py::.class_<memory_range>(m, "MemoryRange")

.def_readwrite("location", &memory_range::memory_location)
.def_property(
"dtype", [I(const memory_range &range) { return to_dtype(range.datatype); },
[l(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);

(]
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=4 x5 ik

ocation int RENE, 0_ 7R input, 1_%_%3? output, 2 ¥/
rdata, 3 373~ data, 4 37/~ shared_data

dtype python #iEsEEY £/ EE St

start int PSYEFElcyhil

Size int RFEAN

(7=f51]

mr = nncase.MemoryRange()

€%

RuntimeTensor 3§, BF&<IzfTHT tensor

[(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),

gsl::make_span(reinterpret_cast<gsl:byte *>(src_buffer.ptr), src_buffer.size &
src_buffer.itemsize),

[=](gsl::byte *) { arr.dec_ref(); })
.unwrap_or_throw();
arr.inc_ref();
return tensor,
)
.def("copy_to", [|(runtime_tensor &from, runtime_tensor &to) {
from.copy_to(to).unwrap_or_throw();




L
!-.-.-::5' Canaan
)
.def("to_numpy", [[(runtime_tensor &tensor) {
auto host = tensor.as_host().unwrap_or_throw();
auto src_map = std::move(hrt::map(host, 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());
)
.def_property_readonly("dtype", [[(runtime_tensor &tensor) {
return to_dtype(tensor.datatype());
)
.def_property_readonly("shape", [I(runtime_tensor &tensor) {
return to_py_shape(tensor.shape());
D;
(Bt
=4 xB fiid
dtype python ZEEEY Tensor UEUESERY
shape list tensor ALK
€)%

M numpy.ndarray #&i& RuntimeTensor X8

[(EX]

from_numpy(py::array arr)

(544]



o
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B i) iz

Arr numpy.ndarray numpy.ndarray X388
[iRElE]

RuntimeTensor

(7=f51]

tensor = nncase.RuntimeTensor.from_numpy(self.inputsli]['data’])

€%

#¥ RuntimeTensor

[(EX]

copy_to(RuntimeTensor to)

(4]
2 i) iz
to RuntimeTensor RuntimeTensor I8
[iRElE]
7
(7=f51]

sim.get_output_tensor(i).copy_to(to)
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1% RuntimeTensor ##£9 numpy.ndarray 48

[(EX]

to_numpy()

€=
7

[REHE]
numpy.ndarray X352

(7=f51]

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

[f#AR]
Simulator &, BT PC _HETE kmodel

[(EX]

py::class_<interpreter>(m, "Simulator")

.def(py::init())
.def("load_model", [I(interpreter &interp, gsl::span<const gsl::byte>
{ interp.load_model(buffer).unwrap_or_throw(); })

.def_property_readonly("inputs_size", &interpreter:inputs_size)
.def_property_readonly("outputs_size", &interpreter::outputs_size)
.def("get_input_desc", &interpreter::input_desc)
.def("get_output_desc’, &interpreter::output_desc)

interp.input_tensor(index).unwrap_or_throw(); })
interp.input_tensor(index, tensor).unwrap_or_throw(); })

interp.output_tensor(index).unwrap_or_throw(); })

.def("get_input_tensor", [I(interpreter &interp, size_t index) {

.def("get_output_tensor", [I(interpreter &interp, size_t index) {

buffer)

return

.def("set_input_tensor", [|(interpreter &interp, size_t index, runtime_tensor tensor) { return

return
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.def("set_output_tensor", [](interpreter &interp, size_t index, runtime_tensor tensor) { return
interp.output_tensor(index, tensor).unwrap_or_throw(); })

.def("run", [](interpreter &interp) { interp.run().unwrap_or_throw(); });

[Eik]

s i) iR
inputs_size int WAL
outputs_size int BHAE
(=]

sim = nncase.Simulator()

(#A]
&L kmodel

[(EX]

load_model(model_content)

(54]

B xB iR

model_content byte(] kmodel =757

(iREHE]
7

(7=f51]

sim.load_model(kmodel)
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€%
SREUEREZRS IRV EE

[(EX]

get_input_desc(index)

(&4]

B xB iR

int PN RG]

(iREHE]

MemoryRange

(7=f51]

input_desc_0 = sim.get_input_desc(0)

€%
SREUEREZRS R AR SR

[(EX]

get_output_desc(index)

(2#]
e i) iR
index int HHAIERE]
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MemoryRange

(7=f51]

K230 nncase FF4&$5F

output_desc_0 = sim.get_output_desc(0)

3.1.10 get_input_tensor
(iR ]

SREBIEEZS |AYEIAAY RuntimeTensor

[(EX]

get_input_tensor(index)

(5#1]

e ] iR

index int i tensor {923 |
[IREHE]

RuntimeTensor

(7=f51]

input_tensor_0 = sim.get_input_tensor(0)

3.1.11 set_input_tensor
€::)%9)

REIEERS AR RuntimeTensor

[(EX]

set_input_tensor(index, tensor)
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(&4]
2§ i) iR
index int I tensor BUZ3|
tensor RuntimeTensor i\ tensor
[REE]
7c
[7=~f1]

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

€35
SREBIEEZRS AV HHAY RuntimeTensor

[(EX]

get_output_tensor(index)

€539

e i) )

index int i tensor AYZR5|
[IREHE]

RuntimeTensor

(7=f51]

output_arr_0 = sim.get_output_tensor(0).to_numpy()
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(#A]
REIEERS|AVEHAY RuntimeTensor

[(EX]

set_output_tensor(index, tensor)

€559
2§ i) iR
index int i tensor AYZR5|
tensor RuntimeTensor i tensor
[REE]

7c
[7=~f1]

sim.set_output_tensor(0, tensor)

[fAR]
1Z4T kmodel H#EIR

[(EX]

run()

(2]
7c

(iREHE]
7
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(7=f51]

sim.run()

BIERM: yolovss_onnx.py BIZAE4wIEID yolovss.onnx 158!

yolov5s_onnx_simu.py {i7F/path/to/k230_sdk/src/big/ai/examples/scripts FER, WAWT

import os

import copy

import argparse

import numpy as np
import onnx

import onnxruntime as ort
import nncase

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

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

def 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)
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output_names = [|

model_outputs = ort_session.get_outputs()

for i in range(len(model_outputs)):
output_names.append(model_outputsli].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

model_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_model(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):
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cos = cosine(np.reshape(nncase_results]i], (-1)), np.reshape(cpu_results]i], (-1)))
print('output {0} cosine similarity : {1}'.format(i, cos))

if __name__=="__main__"
main()

PUTHERRIA

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 simulator ] cpu HERERLLAIT

[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 KPU iz{THY APIs(C++)

4.1 @i

KPU iz178 APIs FBF7E Al iRE 10 kmodel, IREMAEGE, #UT kpu/cpu ITE, SREUELEUES.

BRIRIZH C++ APIs, 8XASLUSFIERSEE(E nncase sdk/riscve4 BHRT.

S tree -L 3 riscv64/
riscve4/

F—gsl
| L— gsHlite.hpp
F— gsllite

| L— gsklite.hpp
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F— mpark

| — config.hpp

| F—in_place.hpp
| F—1lib.hpp

| L—variant.hpp
L— nncase

F—include

| Y—nncase
L—1ib
F— cmake
F— libnncase.functional.a

— libnncase.rt_modules.k230.a

L— libnncase.runtime.a

8 directories, 9 files

[fA]
Bl%E runtime_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;

€



i canaan

E=4 35 fig

datatype datatype_t FESREY 4 dt_float32, dt_uint8 £
shape runtime_shape_t tensor BIFZIR

data gsl:span<gsl:byte> FAPESEEE buffer

pool memory_pool_t AEBSER, ZRAES pool_shared

physical_address

uintptr_t

YiEEtit, BIAMES 0. 3F 0 RAFIEEY
it

(iREHE]

result<runtime_tensor>

(7=f51]

// create input

auto in_shape = interp.input_shape(0);

auto input_tensor = host_runtime_tensor::create(dt_float32, in_shape,

{(gsl::byte *)mat.data, mat.cols * mat.rows * mat.elemSize()},

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

€%

B tensor B9 cache,

° RFRIBANEGE,

[(EX]

Z=EFA EOR sync_write_back FHFEEEERIA ddr.
® X7 gnne/ai2d ITEEmEEIE, EIA gnne/ai2d runtime BT sync_invalidate 4ME,

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

(544]
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!-.-.-::5' Canadn
E=4 35 A
tensor runtime_tensor ERERY tensor
sync_op_t sync_invalidate( ¥ tensor HJ cache
op invalidate)a}; sync_write_back(i& tensor f
cache E\ ddr)
force bool EESRHT
[iR[EHE]
result<void>
(7=f51]
// 2. set inputs
for (size_ti=2,j=0;i< 2+ interp.inputs_size(); i++, j++)
{
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(hrt::map(tensor, hrt::map_write).unwrap());
read_binary_file(argvli], reinterpret_cast<char *>(mapped_buf.buffer().data()));
auto ret = mapped_buf.unmap();
ret = hrt::sync(tensor, hrt::sync_write_back, true);
if (‘ret.is_ok())
{
std::cerr << "hrt::sync failed" << std::end|;
std::abort();
}

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

(#iR]
hnEk kmodel &2
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[(EX]
NNCASE_NODISCARD result<void> load_model(gsl::span<const gsl::byte> buffer) noexcept;

(%]

B xE fid

buffer gsl::span <const gsl::byte> kmodel buffer
(REHE]

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 load model.");

4.2.4 interpreter::inputs_size

€%
SREVEEUA NRI L
[(EX]

size_t inputs_size() const noexcept;

(24]
7

(iREHE]

size_t

(7=f51]
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auto inputs_size = interp.inputs_size();

4.2.5 interpreter::outputs_size

€%
SREVEEYEIH A0 EL
[(EX]

size_t outputs_size() const noexcept;

(24]
7

(iREHE]

size_t

(7=f51]

auto outputs_size = interp.outputs_size();

4.2.6 interpreter:: input_shape
€)%
IREVEESEERMA AR

[(EX]

const runtime_shape_t &input_shape(size_t index) const noexcept;

(28]
e i) iR
index size_t BARZES|
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runtime_shape_t

(7=f51]

auto shape = interp.input_shape(0);

4.2.7 interpreter:: output_shape
(##iA]
SRERESEE R H AR

[(EX]

const runtime_shape_t &output_shape(size_t index) const noexcept;

(2#1]

e i) )

index size_t HIHAZES|
[IREHE]

runtime_shape_t

(7=f51]

auto shape = interp.output_shape(0);

4.2.8 interpreter:: input_tensor
€)%

IRV IR ETEERS AV tensor

[(EX]

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

(24]

B xB iR

index size_t TN ECT

tensor runtime_tensor EINXSRZAY runtime tensor

[XEE]
(1)1R
(2) 1R

[5] result<runtime_tensor>
[A] result <void>
[7=f1]

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

4.2.9 interpreter:: output_tensor
(]

REN/ IR EBIEEZRS AV tensor

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

(2#]

=4 x5 ik

index size_t sl =N EAG]

tensor runtime_tensor N HITRNAY runtime tensor
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(7=f51]

// get output

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

4.2.10 interpreter:: run
€%
HAT kpu HHE

[(EX]

result<void> run() noexcept;

(&44]
7c

(iREHE]
=]

iR[E] result <void>

(7=f1]

// run

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

4.3 Al

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

// create input 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);

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(hrt::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), cv::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; ¢ < counter; c++)

{

interp.run().expect("error occurred in running model");
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auto stop = std::chrono::steady_clock::now();
double duration = std::chrono::duration<double, std::milli>(stop - start).count();
std::cout << "interp.run() took: " << duration / counter << " ms" << std:end|;

// 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 label
auto labels = read_txt_file(label_file);

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

5 AI2D i={THJ APIs(C++)
51 f&7

AI2D i=17HT APIs FBF7E Al iIRBECE AI2D USEL, SREXSFEEECE, H1T AI2D itES.

5.2 APIs

5.2.1 ai2d_format
(#mA]
ai2d_format FIFECEM AR HRYAIEEIESC.

[(EX]
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enum class ai2d_format

{
YUV420_NV12 =0,
YUV420_NV21 =1,
YUV420_1420 = 2,
NCHW_FMT = 3,
RGB_packed = 4,
RAW16 = 5,

5.2.2 ai2d_interp_method
€)%Y)
ai2d_interp_method FAFECE RIEAIEES .

[(EX]

enum class ai2d_interp_method

{
tf_nearest = 0,
tf_bilinear = 1,
cv2_nearest = 2,
cv2_bilinear = 3,

5.2.3 ai2d_interp_mode
€)%
ai2d_interp_mode FIFBCE ANIEAMEEREL.

[(EX]

enum class ai2d_interp_mode

{
none = 0,
align_corner =1,
half_pixel = 2,
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€359
ai2d_pad_mode BT ECE ALY padding &z, BRIRXIFHEEL padding.

[(EX]

enum class ai2d_pad_mode

{
constant = 0,
copy =1,
mirror = 2,

(H5A]
ai2d_datatype_t FFIZE AI2D i+ EITFEFRIUEEELEY.

[(EX]

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;

(54]
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src_format ai2d_format BMAEUEER

dst_format ai2d_format HHEIEER

src_type datatype_t BINEUREER

dst_type datatype_t R

src_loc ai2d_data_loc BNSURBME, FOA ddr

dst_loc ai2d_data_loc BHEEAE, EOA ddr

[7=~f1]

ai2d_datatype_t ai2d_dtype { ai2d_format::RAW16, ai2d_format::NCHW_FMT, datatype_t::dt_uint16,

datatype_t::dt_uint8 };

5.2.6 ai2d_crop_param_t

(2]

ai2d_crop_param_t FiFECE crop HHXAISEL

[(EX]

{

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

struct ai2d_crop_param_t

(2]
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crop_flag bool E5FE crop Ihee

start_x int BES ARSI ERER

start_y int EEARNERGE

width int EESEM crop KE

height int BEAFER crop KE

(7=f51]

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

5.2.7 ai2d_shift_param_t

€%

ai2d_shift_param_t FBF&ELE shift IBXHISEL

[(EX]

struct ai2d_shift_param_t

{

bool shift_flag = false;
int32_t shift_val = 0;

}

(&%

=4 xg 1)U

shift_flag bool E5HE shift Theg
shift_val int BRI
(7=f51]
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ai2d_shift_param_t shift_param { true, 2 };

5.2.8 ai2d_pad_param_t

€%

ai2d_pad_param_t FBFECE pad 1HXHISEL

[(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

}

(%]

E=4 S5 A

pad_flag bool EEFHS pad T4

runtime_paddings_t BNMEER padding, shape=[4, 2], B

paddings 7~ dim0 Z| dim4 BYEIE padding BINER,
Hrh dim0/dim1 EEEE{0, 0}

pad_mode ai2d_pad_mode padding &=, R3Z#F constant padding

pad_val std:vector<int32_t> £ channel B9 padding value

(7~451]

ai2d_pad_param_t pad_param { false, {{0,0}, {0,0},{ 0,0}, {60, 60 } }, ai2d_pad_mode::constant,

{255}};

5.2.9 ai2d_resize_param_t

€%
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ai2d_resize_param_t FFTFECE resize tHXHISEL

[(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 = ai2d_interp_mode::none;

}

(&%

E=4 x5 fid

resize_flag bool 2EFFE resize THEE

interp_method

ai2d_interp_method

resize {HEGE

interp_mode

ai2d_interp_mode

resize &1

(7=f51]

ai2d_resize_param_t
ai2d_interp_mode::half_pixel };

resize_param

true,

ai2d_interp_method::tf_bilinear,

€%

ai2d_affine_param_t FBFECE affine 1HXA9S2L

[(EX]

{

struct ai2d_affine_param_t

bool affine_flag = false;

uint32_t cord_round = 0;
uint32_t bound_ind = 0;

ai2d_interp_method interp_method = ai2d_interp_method::cv2_bilinear;
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int32_t bound_val = 0;

uint32_t bound_smooth = 0;

std::vector<float> M;

}

(&8

=47 x5 iR

affine_flag bool EEFE affine THaE
interp_method ai2d_interp_method Affine RFBRVIRIETT A
cord_round uint32_t BHOOR 0 5E 1
bound_ind uint32_t BFUGEET 0 5E 1
bound_val uint32_t WFUETE
bound_smooth uint32_t BRI 0 & 1

std::vector<float>

P HAREREXTRIAY vector, {HEIEERT

M SY=[a_0, a_1; a_2, a_3]X+[b_0, b_1]$, W
SM=\{a_0,a_1,b_0,a_2,a_3b_1\}$
(7~f5l]
ai2d_affine_param_t affine_param { true, ai2d_interp_method::cv2_bilinear, 0, 0, 127, 1,
\
{0.5,0.1,0.0,0.1,0.5,0.0 } };
(#A]

ai2d_builder AIRRIERZEL.

[(EX]

ai2d_builder(runtime::runtime_tensor &input, runtime::runtime_tensor &output, ai2d_datatype_t

ai2d_dtype,
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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)

(241

B xB faik

input runtime_tensor i\ runtime tensor

output runtime_tensor i runtime tensor

ai2d_dtype ai2d_datatype_t ai2d EEsR

crop_param ai2d_crop_param_t crop 1BXRES#

shift_param ai2d_shift_param_t shift H8X&%4

pad_param ai2d_pad_param_t pad tHX&%{

resize_param ai2d_resize_param_t resize tHXESH

affine_param ai2d_affine_param_t affine tHX&#)

(iREHE ]
7

(7=f51]

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

€%
FERK AI2D ITEFRERIZEL
[(EX]
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result<void> build_schedule();

(54]
7

(iREHE ]

result<void>

(7=f51]

builder.build_schedule();

5.2.13 ai2d_builder:: invoke
(H#ER]
FeE S FaaHtianh A12D gUiTE.

[(EX]

result<void> invoke();

(%]
7

(iREHE ]

result<void>

(7=f51]

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

5.3 =l

static void test_pad_mini_test(const char *gmodel_file, const char *expect_file)
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// 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::move(hrt::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},{0,0},{0,0},{ 10,0} }, 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();

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

std::cout << "ai2d run: duration = " << duration << " ms, fps = " << 1000 / duration << std::end|;
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1. Affine #] Resize 2EINEEERM, FeEERTFFE
2. Shift THEEAYEI ISR BER Raw16
3. Pad value E2iZBBEEER, XIMNAY list TTENES channel £(18%

6.1 %% wheel BAFHRES: "xxx.whl is not a supported wheel on this platform."

Q % % nncase wheel & , H I ERROR: nncase-1.0.0.20210830-cp37-cp37m-
manylinux_2_24_x86_64.whl is not a supported wheel on this platform.

A: FZ pip>=20.3

$ sudo pip install --upgrade pip

6.2 miFtEBAYIREE"python: symbol lookup error”

Q % i & B g 8 "python: symbol lookup error: /usr/local/lib/python3.8/dist-

packages/libnncase.modules.k230.so: undefined symbol:
_ZN6nncase2ir5graph14split_subgraphESt4spanlKPNS0_4nodeELm18446744073709551615EEb”

A: &% nncase ] nncase-k230 wheel BhRAE A ITE

root@a829814d14b7:/mnt/examples# pip list
Package Version

gmssl 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
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wheel 0.34.2

6.3 _EtRIZ1T App HEIRFZRRRTHREE"std::bad_alloc"

Q: EHizfT App HEIEFRERE, il std::bad_alloc"&&

$./cpp.sh

case ./yolov3_bfloat16 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_alloc & BEEEANFOEEMSED, Al THEE.
o IEARAI kmodel ERHBISHRIR S HRE
o OE App BEFEARFIMLE

6.4 _LEiRZE1T App EEEIEFRIREE “data.size_bytes() == size = false (bool)”

Q: 11T App HEIREFERS, [ .t_runtime_tensor.cpp:310 (create)] data.size_bytes() == size = false

(bool)"BE

A IGEIRERVHIA tensor (58, ERERIA shape {181 TTEGHANFHE(fp32/uint8) 2BFIRE—
¥
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