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3 IGIE #IE1ESSThREERER

IGIE (Iluvatar GPU Inference Engine) @ — Mt XIS SIE-RALZNE ERE. BiBA. £RENHEME
HIRNESR, ATAHIERREHZTE. BEHE. MERNTEAR, HaiiRHM IGIE iadsZ v0.9.1,

3.1 IGIE IEIRESRIRIR

IGIE T ERHELUTIREREIR

« RBIS N I PyTorch. TensorFlow. ONNX. PaddlePaddle. MXNet HFHEZIEELF \EF] IGIE A,
- RBVEMk: LFEFFP16 A INT8 21, 25 KL # Percentile EWRERE L, UXIFEFERIMATEE

{EHEZR (f5190 PyTorch. ONNXRuntime 1), RERERENFREF L ONNX REXHHEIF,

- BEpEMA: REHITEDNL, SFEEMNEFRE, IREFER, FEfE, AEEM, layout 1%

#, B5)padding ¥, RAFKRNMEEEMR IR Module,

< iE BIFRERRIZATIITRISIZEXXHE (engine file) , IERIEREME, 5|2 XH (engine file)

EEEIEREERN, £33 IGIE LAY RIERE R Z#HI X

- &7 APEE IGIE B2 Runtime, MEHETSIEXH,
« AutoTune: IGIE &3 AutoTune BT BT F3X ixInfer. ixDNN. ixBLAS. IGIE EFE4£RZIMHEE

FHIRMEI, HNATRE,

. ZEHEEEE SiF CPU. REUESSINEE (Native). IXRT ZHEHALE, M IXRT A TensorRT API,

IGIE #8107 IXRT [URAIZHE, SNERBTRILUERE IXRT f5ln, RAEEM IXRT #IE5|BRIFMITITREL,

* Fallback #fl: = IXRT BIHEERIFRENE B Fallback EI[RHEHY IGIE Backend 117,

3.2 f5FH IGIE SPEIEBIPIE

HESENIGFRRETS, £/ IGIE H#EERNS RN

vk wnN =

L4 IGIE IF1E

BIREII N IGIE

FENEEHRITEN, IGIE W ENERIEE Bah#THIRFMK
B EEEFESIE 5 Z XM (engine file), BATFEE

MNEE IS, HITHIE

3.3 IGIE IhgesFiE

3.3.1 ERER T

T EEEEREREREES AN IGIE, RimERNEFZFERNT:

COREX01-MR401-UG03-00 8 V4.0.1-MR
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N\ fGvatar corex IGIE #IEAEZR Rt
HESR XFHRTHE
ONNX 191
PyTorch 230
TensorFlow 174
Caffe #0 Caffe2 53
Paddle 163
TFlite 102
MXNet 255
Keras 70
DarkNet 28

FAEFZHERIFEE" WR: IGIE EREFZFIIR"

3.3.2 [BEXF

IGIE SZHF LA T EIESEEY

- FP32
- FP16
- INT8

3.3.3 BalE LT

IGIE B {UIRIREESS Bt S NRBATTRAL, MUFREBEFEENEFREG. TREFHERF. BEIfE.
RFEARA. layout e, BE) padding &, RXFMATEREE TEMFISHEEMEEMLR IR Module, BT
RAHEE,

BERNAESEIGIE BohBERANE",

3.3.4 INT8 1 FP16 2L HiF

B#i IGIE % FP16 21¢F1 INTS 21k:

« FP16 SR FP32 HERL EXt FP32 ¥R E#H1TEMT, THRIREREHIE, ALLLENRNEE,
- INTS EUEED AME: %S E4 (Post-Training Quantization, & PTQ) £ {034k
(Quantization-Aware Training, f&#F QAT),

- JI4REEK PTQ, BHEFEEPHINERTRBENERILTEL (HF15ZH INTS/INT4),, HiEd
DERVESIEX IR (activation) FHITRMEZ .

COREX01-MR401-UG03-00 9 V4.0.1-MR
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- BUURAIIZ QAT, BisEMAF RBIIGHIES, TllFIREFINEUNREXEF, EIE
WERRIREITERNBIENNRERITHENL (Q/DeQ), SINEBNIRERK, MMEIIFIIZFRESE
BWENMNENENET], REREZNENEERE.

IGIE RETII4REEN PTQ, #RM7T FP16 F INT8 KAREN, M FEMRMIIZ QAT a] LUBI {EfAHth
E{HEZE (PyTorch. ONNXRuntime quantization) #17T QAT i/, BE|AE IGIE,

3.3.5 Runtime %#F

IGIE R 7T — 1 IFERERY runtime BTREEIZE, BRis# C++ # Python M API OB FREEE,

3.3.6 IERZXRIEZ stream H LT

Bm T RIS CIEER Stream $%, IGIE AIAAEMERIGE RGN stream, ULZFERGEEREHEK
#IE,

3.3.7 Pipeline X#%

IGIE AJLUER pipeline FE9#EIRLAM, #RAZ! pipeline HiB1T,
Pipeline & IGIE GPU RTEIFA LIV 1F:

AR pipeline AR, —MRSFELHIRRATEERE GPU R7FH, BMEEENEGSE—BERFE
GPU R, FFEENZMITE pipeline WE N EREH, RIODENMIEEZBTHIE, DBRAFENH
KEVFFHo

« IGIE PR A#EERISINLEI T4 RS, ERE9IE IGIE Tensor #ITIREMIE, THEEHIERE, %
I EETT IGIE AT LU EAESREIREHTTER AL,

3.3.8 IGIE Framework Integrations

¥ IGIE fERIEZRNEL, SBHEFolLUER IGIE #1170, Fa0:

+ TensorFlow-igie
* Torch-igie

* onnxruntime-igie
* paddle-igie

3.3.9 IXRT [5i%#0 Fallback H$I2HF

« BT IXRT 33 TensorRT API, IGIE #&I07T IXRT FiEpI=F, TTLUERE IXRT BiRiFMisiTEE,
« IGIE Fallback ##: HEEA ONNX {ZEHITHIERY, PAIAEA IXRT Backend #1TH#HIE, 1R IXRT A%
HiZER, NIB5h Fallback BIEAER IGIE Backend $117, izt B 5ERM

COREX01-MR401-UG03-00 10 V4.0.1-MR
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3.3.10 igie-exec H<${TITH

igie-exec & IGIE It —EE F a7 HANERIRRIENIIETR, BB —IETT FP32/FP16/INT8

TREHEIRA £ BN RS ZEXX o

igie-exec BYBAER 75 4B S 2 igie-exec MARESEMIIE T A(EAIEH".

3.3.11 IGIE ModelZoo ZiFHIERIFIR

IGIE ModelZoo BRI FFRIREIFIR LW T !

Task ModelZoo Nums
Classification Classification-ModelZoo 89
ObjectDetection ObjectDetection-ModelZoo 20
SemanticSegmentation SemanticSegmentation-ModelZoo 3
Trace Trace-ModelZoo 3
NLP NLP-ModelZoo 6
Audio Audio-ModelZoo 2
TotalNum / 123
Note

IGIE ModelZoo X#FHIEE I RIGIF LT H,

COREX01-MR401-UG03-00
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4 IGIE {RiE EF

EETIEMER igie-exec fi1T T EPURIGIEMAE FEEA Python IZAIHEimEIE WA EIRIERBIES R
F9uR _F3F IGIE,

4.1 {EH igie-exec fF 1T TR IREIEIEIERE

igie-exec TRRRM TETHLSITRAANAI, ER—1THTAIUERLER FP32/FP16/INTS (EFAFEH RS
AP RENROESIREHITEN) 51X, FsHTHEEN, aTUAREBIA P IRIRIGIFEE AT RE,

Note
5|24 (engine file) @IS @S EEMERN. £ IGIE LRI TTZRE R IS
B whl B8 %E5 IGIE f5, BIR[EEREBE R THIT igie-exec 55,

THEEEA igie-exec #1T ResNet18 #2EIH) INT8 HIEHI/RGI, #HEEM TorchVision HEIT#i, INT8 21t
B R EEH I TRUE |

$ igle-exec --model_path resnet18 --input input:32,3,224,224 --precision int8

# WIBLER (MR50 1.0GHz BIKE)

[2023-03-22 12:52:39,986 igie-exec line:64] INFO: Evaluate inference igie time cost...
[2023-03-22 12:52:48,832 igie-exec line:67] INFO: Mean inference time (std dev): 2.438 ms (0.011
< ms)

[2023-03-22 12:52:48,833 igie-exec line:69] INFO: Mean fps: 13126.796

X F igie-exec WEMNBNE L RG], 155E igie-exec IREPLUREFEMIIE T A FEAIERE"

4.2 £ Python B7simEimiEIE

IGIE {2f#t 7 IFE B 2 B A IFH Python/C++ BIIEAAI, B LEE SAER > N8 BiY (FIE) > HKiF >
SHEIEXH > HIBRRERIRDE,

TELL ResNet50 B HI, RBRTE Python B IGIE 4% FP32/FP16/INTS 5| X4 H# (THIEMR
1,

4.2.1 1. HEFNEBFNLE A

IGIE 2 S N\ PyTorch/ONNX/TensorFlow/PaddlePaddle F&FF1EZSAIIR RS, Ith4&h L PyTorch %4, M
TorchVision TEFRIIZRHI ResNet50 #&EEL:

COREX01-MR401-UG03-00 12 V4.0.1-MR
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import numpy as np
from PIL import Image

import torch

import torchvision

from torchvision import transforms

from tvm.contrib.download import download_testdata

import ssl
ssl. _create_default_https_context = ssl._create_unverified_context

model_name = "resnet50"

model = getattr(torchvision.models, model_name)(pretrained=True).eval()
input_data = torch.randn([1, 3, 224, 224])

scripted_model = torch.jit.trace(model, input_data).eval()

img_url = "https://github.com/dmlc/mxnet. js/blob/main/data/cat.png?raw=true"
img_path = download_testdata(img_url, "cat.png", module="data")
img = Image.open(img_path)

img_preprocess = transforms.Compose([
transforms.Resize(256),
transforms.CenterCrop(224),
transforms.ToTensor(),
transforms.Normalize(mean=[0.485, 0.456, 0.406],
std=[0.229, 0.224, 0.225])])
img_preprocess(img)

img

img = np.expand_dims(img, 0)

print("image shape: ", img.shape)

MAE AT

COREX01-MR401-UG03-00 13 V4.0.1-MR
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Figure 1: #IE MK E F

4.2.2 2. FP32/FP16 #IF

IGIE Xt FP32/FP16 RUtHRIFFE B E, BT precision SHHELEI LAB SIS BAHEIRISE, H HEHR Tk
XN BYE SRR,

FHF EARTERTEHB ResNet50 8B, IGIE RFWNTHZBEMALISER FP32/FP16 895 | B X HE M SHIE,

import tvm
from tvm import relay
from tvm.contrib import graph_executor

#18EB cpU &E
target = tvm.target.iluvatar(model="MR", options="-libs=cudnn,cublas,ixinfer")
dev = tvm.device(target.kind.name, 0)

# SNRE

input_name = "input0"

shape_list = [(input_name, img.shape)]

mod, params = relay.frontend.from_pytorch(scripted_model, shape_list)

# YiE
precision = "fp16" # I&E precision = "fp32" FA=fER FpP32 #IE
engine = relay.build(mod, target=target, params=params, precision=precision)

# FHEIEXH

COREX01-MR401-UG03-00 14 V4.0.1-MR
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engine.export_library("resnet50.s0")
# engine = tvm.runtime.load _module("resnet50.so0") # WRIBEZES N Z BTG |2

# IR
m = graph_executor.GraphModule(engine["default"](dev)) # NNZESFIZEXHE] GPU Device

igie_input = tvm.nd.array(img.astype("float32"))
m.set_input(input_name, igie_1input)

m.run()

igile_output = m.get_output(0)
print(igie_output.numpy().shape)

IOIE IGIE HEIBLER, #0 PyTorch #EIBLERFITLLIR:

# £ pyTorch #HIBZE R

with torch.no_grad():
torch_img = torch.from_numpy(img)
torch_output = model(torch_img)

# Get top-1 result
topl_igile = np.argmax(igie_output.numpy()[0])
topl_torch = np.argmax(torch_output.numpy())

print("IGIE top-1 id: {}.".format(topl_igie))
print("Torch top-1 id: {}.".format(topl_torch))

LR, IGIE # Torch iH45R—3 (label: 282="tiger cat’):
IGIE top-1 id: 282.
Torch top-1 id: 282.

4.2.3 3. INTS #Ig

INTS #IEXFIF FP32 1 FP16 IR, TEXWEEIHIT INTS 21k, IGIE NETE=WEO, ANBIZIFERSE
=HEWIESR, XTFTEMNEZFMEER, BSE" HIE 2. X ERHITEN

FEURAIR, FAER IGIE REEEOXNSNERHT INTS £16, BARBMNT:

import tvm
from tvm import relay
from tvm.contrib import graph_executor

# IRE GPU IRE
target = tvm.target.iluvatar(model="MR", options="-libs=cudnn,cublas,ixinfer")
dev = tvm.device(target.kind.name, 0)

COREX01-MR401-UG03-00 15 V4.0.1-MR
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# SNRE
input_name = "input0"

shape_list = [(input_name, img.shape)]

mod, params = relay.frontend.from_pytorch(scripted_model, shape_list)

# IRBERELIESE

def calibrate_dataset(batched_image, input_name):
calibration_data_list = []
data = tvm.nd.array(batched_1image)
# ATHEETR, XEEEFEA—KERAMRRERIESE, #HITRY
for 1 in range(16):

calibration_data_list.append({input_name: data})

return calibration_data_list

# 6 16IF NEENEROSHIRE
with relay.quantize.qconfig(calibrate_mode="percentile", weight_scale="max"):
mod = relay.quantize.quantize(mod, params, dataset=calibrate_dataset(img, input_name))

# YmiE
precision = "int8" # IRE int8, WIFNISHITIHX Inre NERNEMRL
engine = relay.build(mod, target=target, params=params, precision=precision)

# SHEIEXH
engine.export_library("resnet50.s0")
# engine = tvm.runtime.load_module("resnet50.s0") # HWAIEHIESNBERMIGIEXH

# IR
m = graph_executor.GraphModule(engine["default"](dev)) # MNZE5|IZESXEEI GPU Device

igile_1input = tvm.nd.array(img.astype("float32"))
m.set_input(input_name, igie_input)

m.run()

igile_output = m.get_output(0)
print(igie_output.numpy().shape)
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N lluvatar CoreX IGIE #IENEZR (B AIER
5 R&ELF: IGIE HIRIEREREIE
THRRE T —RIIGSEXNNER SR EB AP RRFAE [GIE, FREFSIEIHIRIE,

5.1 #HiZ 0: WfAIFF,

TAN RS

=%

FIaZ AT, BATRERTHRT IGIE HIBSEREF IRBNEARIZ:

Figure 2: IGIE #IZREURE

N EEFAR, EBEILUUTRIZ:

B IIREIHEIEERE

. 4

model Import

P ER iR iz

BREN BilFEFRREZIERE NG HIZ 1. AN —MERE]
IGIE, IGIE

ERlEl FHERHITEN (FIiE, 2IH AR 2 R EHITEWR
INTS #HIEEMA) .

BBk FHERHITEDEIR (IGIE & A2 3: B IIERHSEE
RIFN=BEh5ER) o 5|4

SHIIEXH B ENERES Y 5B A 3: I B ERH S
BTFEE. 51ZXH (engine file) 5|
TBiEETERMERN, ST IGIE
AR AT ERE By #6314

HWIBEE SNGIBXXHFHITHIEIE, AT 4: INEINNES | B XX H#1THEIE

(Python)
A% 5: NfAIANES | ZEX 1T HERE
(C++)

5.1.1 EOLZFER
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Bt EZ Python %0 C++ &0
RES AN 25 F&RH
REE 2FF A&
BB % sl
SH5I1EXX S S5 sl
HIRERE FF XFF

5.2 #HIE 1: MNASAN—MERE IGIE

IGIE (Iluvatar GPU Inference Engine) @t XA E SR RIRLZNSHEREF IIHIES |, @I RE#H
T—RYEML, BEFHE. EX. ERSMNRETE. AutoTune FMWFEL, EoIfEA IGIE #ITREFR
SRR, EREECINER LEATLATNRER. S&REMEE,

B, RIIFERGEFNREFIRES AT IGIE 1, £ IGIE MREMHNEL Ko

5.2.1 FNRIEZRIREIS A IGIE B9 IFER

BaiEmAEFEINESZMIRE! (TensorFlow. PyTorch, ONNX) #Ba]LAEES N IGIE, THEENIMEHEE] ONNX
1=,

BN RIREREANSAZONT:

FFESR XEFEFHE EAS A API

ONNX 191 relay.frontend.from_onnx()
PyTorch 230 relay.frontend.from_pytorch()
Tensorflow 174 relay.frontend.from_tensorflow()
Caffe/Caffe2 53 relay.frontend.from_caffe()
Paddle 163 relay.frontend.from_paddle()
TFlite 102 relay.frontend.from_tflite()
MXNet 255 relay.frontend.from_mxnet()
Keras 70 relay.frontend.from_keras()
DarkNet 28 relay.frontend.from_darknet()

IGIE FHANEFFHRIBFEER" MR IGIE EREFHFHIIR"
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5.2.2 ARMEZENEER SN IGIE IZOFRNEA

TEH M AEMERIRE, MTRNFAFNERE IGIE

5.2.2.1 $ )\ ONNX &8 F| IGIE

S\ ONNX 122UEY, FEEREA onnx.load INE ONNX #E8Y, FASfEMA relay.frontend. from_onnx FEEF N
# IGIE,

import tvm
from tvm import relay

import onnx

# WANREER
model_path="./resnet50.onnx"
input_name="1input0"
input_shape=[32, 224, 224, 3]

onnx_model = onnx.load(model_path)

shape_dict = {input_name: input_shape}

mod, params = relay.frontend.from_onnx(onnx_model, shape_dict)
print(" BEEBIRE graph op: ", mod)

SRR

+ model_path: HEIHIERTZ,

* input_name: REFAT 2B,

* input_shape: EERIEINBY shape.

* shape_dict: input_name # input_shape HXHY listo

5.2.2.2 § A\ PyTorch 1&E8¢Zl IGIE

5\ PyTorch t284EY, FEREA torch.jit.load MNE pt #25Y, A5 relay.frontend.from_pytorch 1%
BIS N IGIE,

LLE N resnets0.pt #5795

from tvm import relay
import torch

scripted_model = torch.jit.load("./ResNet50.pt").eval()

shape_list = [("input®", ([32, 224, 224, 3], "float32"))]

mod, params = relay.frontend.from_pytorch(scripted_model, shape_list)
print(mod)

SRR
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*+ scripted_model: S ARY PT #REY,
* shape_list: REGABEE B A shape HAKHY listo

5.2.2.3 § A\ Tensorflow &8 Zl IGIE

S\ TensorFlow #&2EY, FEER graph_def iN# pb 128!, SA/SfEM relay. frontend. from_tensorflow 1§
REIS N\ IGIE,

# SN Tensorflow &2
import tensorflow as tf
import tvm.relay.testing.tf as tf_testing

# (M graph_def MNE;, pb 1EEY

with tf.io.gfile.GFile(model_path, "rb") as tf_graph:
graph_def = tf.compat.v1.GraphDef()
graph_def.ParseFromString(tf_graph.read())
graph_def = tf_testing.ProcessGraphDefParam(graph_def)

# SN TF graph E| IGIE

shape_dict = {input_name: input_shape}

mod, params = relay.frontend.from_tensorflow(graph_def, shape=shape_dict)
print(mod)

SHORER:

¢ model_path: #RAAVERIZ,

* input_name: 1REVRIANT REIRFR,

* input_shape: #=EYIHANAY shapeo

* shape_dict: input_name #1 input_shape {AAZAY listo

5.2.3 Z#—SNEO

ATEARBEHMSNEDR, BINBESTHEEEMSNEZED, ENXEEE—1 inport_model_to_igie K%K
BPal § N\ ONNX, PyTorch, TensorFlow, PaddlePaddle, IXRT F#& & 5l IGIE 1, A tt, &a]LUERRRIE
ZEERIS N IGIE #OFANE BANEH from_onnx SNEIET S AR ONNX #E, ]l HiZER
import_model_to_igie ENFEEIBAVIRE!,

BB ER import_model_to_igie IS NIEE,

import_model_to_igie fEA %

# BIESANKE
from tvm.relay.import_model import import_model_to_igie

#y IWEIREER
batch_size = 32
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model_path_or_name = "./resnet50.onnx"

input_dict = {"input": ([batch_size, 3, 224, 224], "float32")}

output_dict = {"output": "float32"}

precision = "fpi6"

mod, params = import_model_to_igie(model_path_or_name, inputs_info=input_dict,
< outputs_info=output_dict, precision=precision, backend="default")

import_model_to_igie F$Xi A
FERIZIZEOTULERES N ONNX, TensorFlow, PyTorch, TorchVision, PaddlePaddle & %] IGIE A,

def import_model_to_igie(model_path_or_name, inputs_info, outputs_info=None, precision=None,
< backend="default", dynamic_info=None)

S¥EA
* model_path_or_name: RIEECHVERIXRIGE BRRFHN RABRY BEZHEFTHH, FHARMGIW
T
- REIHERER:
* ONNX¥REY: 540 /path/to/resnet50.onnx

* PyTorch #&%4: 5490 /path/to/resnet50.pt
* TensorFlow &2 : f5l90 /path/to/resnet50.pb

- BENXHBER: U BR/REZFHAZRIEE model_path_or_name &%k, #I30:
* PaddlePaddle #& %! X f4: resnet50/ model, resnet50 B & T & E € & resnet50/
model.pdiparams. model.pdiparams.info F model.pdmodel 3 {5,

- BEIZHR: MBENSEHNEREZTR, 40 resnet50. vgg16, ZiEOSBEEIM TorchVision 3%
FFINE; torch pre-train &8,

* inputs_info: REHHNIE Bo
HAEELL inputs_info={'name': (shape, dtype)} HIFZZNIRE inputs_info, fl40:
inputs_1info = {
"input@': ([32, 3, 224, 224], "float32"),
"{nputl': ([32, 256], "int32")
}
* outputs_info: {XTEfHHA IXRT Backend BIEERE, KERENHHES, FKIAEN None,
HAZE LA outputs_info={'name': dtype} BYFZZNi&E outputs_info, ffl¥0:

outputs_1info={"output®': "float32", 'outputl': "int32"}

* precision: {X7EfEF IXRT Backend NBEEIZE, RERNEIEEE, BIAEN None,
f5I80: precision="fp16",

« dynamic_info: {XTEfHH IXRT Backend BIEEIRE, REEBNBANNEITE shape, BKIAEH None,
540
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dynamic_info={
'min_shape': {'input@': ([1, 3, 224, 224], "float32"), 'inputl': ([1, 256],
< "int32")}
'opt_shape': {'input@': ([32, 3, 224, 224], "float32"), 'inputl': ([32,
o 256], "int32")}
'max_shape': {'input0@': ([128, 3, 224, 224], "float32"), 'inputl': ([128,
< 256], "int32")}

}

* backend: EIFIETEIREIMIEF, EAIAER default,
- backend="default”, FREAIAfER IXRT Backend, IXRT iz1T75k¥ /5, Fallback 2 IGIE Backend #
- :)Ta\ockend:”ixrt", FRER IXRT Backend HITIEEL,
- backend="igie”, FR~EF IGIE Backend HITIREL,
iR [EHE
IR[E] mod # params BAMMER, AR T—FHITMUMEIES I ZEXH-

* mod: HRBEVEEMIIR,
* params: IREBHIIR,

5.3 iz 2: MEAMNMREHAITE

ZEIRNINAT" 32 1: NS NERE IGIE”, MERNNTBUNFEWRE,

5.3.1 1. At AEMEWN?

EURHES I EEANMERINEFR, BURENEAENNE (weight) M#IE (activation) #HITIEELAA
B2, IRAERNNSEEEMEEN, MNMAZTENSREEETE. FRERNE. REHTERE, &
MR A SR B 1o

—ARIERIFRIIR RS NFIXEERE FP32 B, RIRBBAEIERILSS (INT8) f5, REBHLITIFR:

« BL GPU W7E5FE (FP32 4Byte -> INTS8 1Byte, RTZLAERD 3/4),

- BERZEEMNEFHZE memory bound, E£E INTS, REAIBEIRFHAES X

« REE SRR ATRSIBRLREE T RAEIMNES, INT8 B2 FP32 B/1H 16 &, /A INT8 #IE5E
7 F A GPU EHER.

5.3.2 2. {#M IGIE }1&E%#1T FP16 =1k

FP16 2R EIEX FP32 HUREIEHITEH YT, TERIFMWEN, BITISTE precision=fp16 BE A LI HIEFIEE
RN FP16 M58 X,
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import tvm
from tvm import relay
import onnx

# MANREER
model_path="./resnet50.onnx"
input_name="1input0"
input_shape=[32, 224, 224, 3]

# 1) SNREE| 1GIE

onnx_model = onnx.load(model_path)

shape_list = {input_name: input_shape}

mod, params = relay.frontend.from_onnx(onnx_model, shape_list)

# 2) REWREER Fri6 #IE

precision = "fpi6"

# 3) BifLbiRE, wmiFEEN5IEXH
print("Strat build engine...")
engine = relay.build(mod, target=target, params=params, precision=precision)

5.3.3 3. }iEAE#HTT INTS =1L

INT8 2D AIINE (weight) 2XFEIE (activation) 21k,

« ANRENNEEN, FJUEERNNEHRITENL, RAHELRK.
- TREAYVRIN (feature map) BRARHY, RILFEEARELIES: A SORESIEERARKREE
MEBIRERYIE, SIHEIEITER, HEAEBIENENRLL.
ATEWHEAFER, IGIE ZHRFMHEWKH:
« XFifEA IGIE BEERNENENER, MSANEHNREHRTEN, WT vV EERERFHRR, BE—K
HIERY. BRANENEMESRE X Per Channel £k,
« XFEESABEMIFR ONNX R, Bl: BIREEMFZEESANE IGIE, AR A LIERERTME

{LHEZS, B#E ONNXRuntime Quantization. PyTorch Quantization. TFLite FFFREWIESR, RERER
ENEEESHA ONNX LB,

TERZ IGIE XHHmME LS TUREE:
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IGIE H#IBNEZRFAEm

FP32 Model

ORT/PT
Quantization

SEERFREREWIRE, BENIETIGIE
ORT/PT{{Z: ONNXRuntime/PyTorch

IGIE
Quantization

e e ——— — —————

Figure 3: IGIE ZTIFMEH A

1) 1EH IGIE BBEREMZWIEZHTT INTS 21k

import tvm
from tvm import relay
import onnx

# 1) SNEEE| 161
onnx_model = onnx.load(model_path)
shape_dict = {input_name: input_shape}

mod, params = relay.frontend.from_onnx(onnx_model, shape_dict)

# 2) FHEBRHIT INT8 2k

# EH 16 KEF, {ER Resnet50 INTS ELIREEIEE,

def calibrate_dataset(batched_image, input_name):

calibration_data_list = []
data = tvm.nd.array(batched_image)
for 1 in range(16):

calibration_data_list.append({input_name: data})

return calibration_data_list

# EHER

with relay.quantize.qconfig(calibrate_mode="percentile", weight_scale="max"):

—INT8 model

mod = relay.quantize.quantize(mod, params, dataset=calibrate_dataset(batched_image,

< 1input_name))
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BI X relay.quantize.qconfig IH1TECE, RILAEH| IGIE W17, Eban:

* calibrate_mode: FEIFRIAEE L "percentile” & kl_divergence”s

* weight_scale: EEFENEMEH S max HE power2,

* skip_conv_layers=[]: EFEMHLE conv layer Bkid, F#iT INT8 £k,

* skip_dense_layer=False. @& BLIFFER dense 1k,

* skip_group_conv_layers=False: B&BKIFIEH group conv2d £1t,
 import_scale_file=scale_file_path: FHHMEFE L RIFIIEEX 4,

2) ERAREFIERBFNAREMERBEEENIFE, BSNIGIE, (IBEREMLITAGIZ: ONNXRuntime
8 quantization, PyTorch B9 quantization tools),

HFFEHA ONNXRuntime #{TE1, IGIE #3 T ONNXRuntime BIE LI, FJE%E ONNXRuntime EE
77 Wi,

5.3.4 4. S BLE

IGIE ffft T MEEN A RAHAR REERE:

« —E IGIE XIFHIESABE2MLIFH ONNX #BE, BEREXTFZEBSNE IGIE, AP e LUEERE
BEFEIESR, B3 ONNXRuntime Quantization. PyTorch Quantization. TFLite FFREIESS,
RERBEMEEEIHI ONNX HEXETE,

« 5—12fEA IGIE BEBARABENEWIES, WENGH FP32 FERHITEN, WTF CV XERFRITFMRE,
BE—EMNRIRY, F%#F Per Channel 21, EHHITHIKIER A,

FF—LEMIRE, NLP RE, MEEEXRER, SEMREFPNISBEFHITEANENENTH, BEES
EH1T QAT (BRI . IGIE ZIFE=FFREENIESR, RESHEREEBLL ONNX EXSH, &
IS NS IGIE, B XMARNZHFEMANE. ELEINENIEH.

Eban: {£F ONNXRuntime B] LAEHIMFLE op node fE 1L, MFLE op node FAMfiEN. HAIMEE INT8 216
SENEERKT, #E ONNXRunTime #HITEHMHE,

Mgt

1A=«

- FP16 21t, BiNfFER IGIE 214, 387 precision=fp16 BIAL,
« INT8 Zft,, ONNX 1ZEEIEFEER ONNXRuntime £1£, I PyTorch/TensorFlow/PaddlePaddle ZHELE
AUIEEY, HEFH IGIE RBEE1.

5.3.5 MfiF: EURIBENE
ENEBIEMREIINE (weight) FIEWE (activation) FHITEELIFRIE, LRZLERPINSIERENEEW,
MNMARTEMEBERIZFMETE. BREEHINE. BEITENE, RENEERAS MM BT,

SURIEBERETREEIE, PRiZ%EE/ (Post-Training Quantization) FE N4 (Quantization-
Aware Training) .
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W\ s
WA Iluvatar CoreX

IGIE H#IBNEZRFAEm

£ M EEK PTQ SRR QAT
B WIZEE% (Post-Training SREEINNLR

NFHCESIE (activation) HIE
&

HFINE (weight) FIEL

Quantizati on, f&#F PTQ), =15
Rl ERE P MNERF R
(HATZHF floa t32) ELEMRLL
FEEEEN (HAiszHFint8), FHiEid
DEREHIBEETHIETENE
& (activ ation) HITIREZ K.

FERE. WNTHEBIENEL,
RETEHEIIZRA FERALK
EODHIER, RIETEEREN
Wdig: RSP HEEIEERN
RIEIPIRPREAHIBIESHIB
, HEREBIENE N R,

HTFEIIGEEE, NEZE
TERY, EIERT LRI E SRR
DHEIERTEENENEL
2o

(Quantization-Aware Training,
EFR QAT), EisfEENAF =i
SEUESE, TlGIIEPEINE
igtE, BIEIZaEtES
SEUBRFNEFITHENL (Q/
DeQ), SINENIREHK, M
mllIFIREPRERE N EUK
NEVIENEES], IRERENEN
BB,
ERBEPIMANERR, BEHE
*E (WER) HEIEMHNENR
WIBRE, BETHNATE (30
HNHE), mIgdiEd, Ik
HEXBNSHNEREREENS
¥, FEELNEECHNLETH
BEREI—MRITHIREE, tb75E
I, BEMBERKD, &
BFMH)FEEMEERLXAN

BRo

—RFRBEEREFMANELSR.

5033

FEENZRSD, MAIMERERHEECREFHIERE. BT2IFEIRE, NEZEER, FLATUR
ENEMIENSHELERTEEINENELREF. M THEENEN, REEHEIERA MEmNSE
BoHiER, EIFERENTIR: EA - EERERAREEIEFHEES RN, #TIHHEEK
EHELEFHE R,

BHEEIESE

FEENDRT, MamERERNIUES. ZREENSHTRREMEIEHIESENDH, RERESM
RiZEBRRGE, HEERANRENFEENMERIES. IRMIEEFZRELENIMIEENEARIETR,
NIRERESITERINENETF, F2REELERNRE, EUHRAKR, EXERER.

5.4 iz 3: MM BEHREREHFHSIEHF

ZEIERNNBT" B 1 AMEASNERED] IGIE” 1" 32 2: MEHITEEEN",
MENBUEIEER IGIE BohiiERH S H 51K,
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IGIE {88 BRI ERANE, EB BN SNRREHATHL. TEAEENEFRE, TREFHR, B8
&, NEFER, layout %, B5p padding F, FFFEFEREE CIR-REMFRE, HEEMRSIEXX M,
BT RAERE,

MmX—ILER 2 A IGIE Boh5eriY, BRP REIEA relay.build S ANMIRERIZR S I ESXHENT],

5.4.1 1. BEMAIREHRIFMSIEXX G

# MAEEER
model_path="./resnet50.onnx"
input_name="1input0"
input_shape=[32, 224, 224, 3]

# 1) SNERE| 16IE

onnx_model = onnx.load(model_path)

shape_dict = {input_name: input_shape}

mod, params = relay.frontend.from_onnx(onnx_model, shape_dict)

# 2) REBITIRENLZEER
target = tvm.target.iluvatar(model="MR", options="-libs=cudnn,cublas,ixinfer")
device = tvm.device(target.kind.name, 0)

# 3) BohfLICIREY, wmIFER 51X H
precision = "fpl6"
engine = relay.build(mod, params=params, target=target, precision=precision, verbose=False)

# 4) EFRIEEM graph function
print(engine.function_metadata["_ _tvm_main__"])

8D tvm. target. iluvatar K& IGIE BT REE C BHIREEE 2o#H device = tvm.device(target.kind.name,
0) Bl device, ¥ EE T IGIE iIZ1TEEJLM GPU I&F L, XEBIRENIEE 0, BTIREULSHEERS
relay.build BR%L, FBRMAMNEIFIREASIZEXH,

relay.build ERELiER
IR ER 51,

def relay.build(mod, parmas=None, target=None, precision="", device=None, verbose=False)

SR
* mod: import_model_to_igie #ZFMIR[EIAVIEE! module XK,
* params. import_model_to_igie IZEIREIFIRE SEITR,
* target: IGIE BITHIREE S BIMZRES.

—AREEIGE N target = tvm.target.iluvatar(model="MR", options="-1libs=cudnn,cublas,ixinfer"),
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* precision: BEIEITIFE, B[I&E fp16 M int8,
* device: IGIEZ1THY GPU IgEER, FLUEREIBITES/LIMEE L.
—HREIEIRE N device = tvm.device(target.kind.name, 0)o
* verbose: HitH4wi¥ log 52, WIRIEE AN True, MRERIZFIIZ log XHEHFE module BR. BIAA
Falseo
iB[EE
RERAIRFFNSIEXGRR, BFTF—IHE
engine: fRES|IEXHIIR,

5.4.2 2. SH SN EXH

# FH5IEXH

engine.export_library("./resnet50 _engine.so")

# SNSIEXH

engine = tvm.runtime.load_module("./resnet50_engine.so")

5.5 FIE 4: INAMNES|IEXHFHITHIE (Python)

Ezal" 832 3: WMABMRUEREAFHIIEXH" F, METNAEHRUERASHSIEX S WER]
AL EEERSIEX AT RREHEE,

import tvm
import numpy as np
from tvm.contrib import graph_executor

input_name="1input0"
input_shape=[32, 224, 224, 3]

# GBNR target M crPU I&E
target = tvm.target.iluvatar(model="MR", options="-Tlibs=cudnn,cublas,ixinfer")
dev = tvm.device(target.kind.name, 0)

# NNE5I1ZEXH

engine_file = "./resnet50_engine.so"

engine = tvm.runtime.load_module(engine_file)

m = graph_executor.GraphModule(engine[ "default"](dev)) # MNZE5|ZESXEEI GPU Device

# IKEREEA
image = np.random.uniform(size=input_shape).astype("float32")
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image = tvm.nd.array(image, dev)
m.set_input(input_name, image)

# HIRRE
m.run()

# WHEIELER
igie_output = m.get_output(0)
print(igie_output.numpy())

5.6 #i2 5: UAIANELS|EX(HFHITHIR (C++)

Bz B LT EI2, A Python A& SEEMREUEIERZ N

CREFEA

. REEK

. BaEfLk

. FHEIEXH
5. {HIEEE

B/ IGIE BY C++ O EA T AT H#HERRE, A

« SfER Python MIREGHTTEN. SN BRIEMKFERME, RELEMRATBBENSIEXH (%1 TEH
4%),
« BER C++ BMOBERMBEMTFNSIEXHHITREKE (B555),

EIFRFE—NSIEXHEREMER C++ HOREMERE, —2HEFLRETE Python MIAEHRE, —2fEk
REEF LRI E,

C++ BOMBARBIINT:

A WN =-

5.6.1 £ 1. SIANBENLNHE

#include <dlpack/dlpack.h>

#include <tvm/runtime/module.h>
#include <tvm/runtime/packed_func.h>
#include <tvm/runtime/registry.h>
#include <cstdio>

5.6.2 FI§ 2: 6l Target #l Device

B3 — lluvatar Target, FAFHIFHEEER,

COREX01-MR401-UG03-00 29 V4.0.1-MR



S Corex IGIE I IBAESFAIEE

auto target = Target("iluvatar")

Blj£ Device, ATFIERE op H tensor BIIEITIR -

DLDevice dev{kDLILUVATAR, 0};

Target EW—NERTRFRELE Target, XBEMA"iluvatar” KRR EIEE Iluvatar gpu [5i%, FA"llvm” KRR
BIZ LLVM CPU 5,

DLDevice WM NBE, B—IMBSHEIREIRER, KDLILUVATAR X3 Iluvatar GPU &%, B 2 NS HZEIR
% ID, X2 GPU 1% 0,

TEZ DLDevice BIEMIEN

/*!
* \brief A Device for Tensor and operator.
*/
typedef struct {
/*! \brief The device type used in the device. */
DLDeviceType device_type;
/*! \brief The device index */
int device_id;
} DLDevice;

5.6.3 £ 3: 6l Tensor

Tensor @—" N 4RV, TEATHERIREAVANHERE.

1. {8 tvm::runtime: :NDArray: :Empty(ShapeTuple shape, DLDataType dtype, Device dev) BIiE—F
Tensor,

flgn: IE— shape=[4], dtype &} float32, 7£ Iluvatar GPU L& Tensor,

// 188 Tensor NTHIIEE
DLDevice dev{kDLILUVATAR, 0};

// IXE Tensor BYZEHE!
DLDataType dtype{kDLFloat, 32, 1};
tvm::runtime: :NDArray input = tvm::runtime::NDArray::Empty({4}, dtype, dev);

// copy data from cpu to gpu
float data[4] = {1.0, 2.0, 3.0, 4.0};
input.CopyFromBytes(data, 4 * sizeof(float));

2. fEF tvm::runtime: :NDArray: :FromDLPack €% Tensor, IGIE Z#FLIZ#E IR A LI Tensor:
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# ZIEOZIFUSEINNSNFE IGIE Tensor, void *data BJLAE CUDA Memory ¥UEFSE

tvm::runtime: :NDArray CreateNDArray(void *data,

ShapeTuple &shape,
const DLDataType &dtype,
const DLDevice &dev) {

// GlI#E DLTensor

DLTensor tensor;

tensor.data = data;

tensor.device = dev;

tensor.ndim = static_cast<int>(shape.size());

tensor.shape = const_cast<int64_t *>(shape.data());

tensor.dtype = dtype;

tensor.strides = nullptr;

tensor.byte offset = 0;

// 8% DLManagerTensor (DLPack £5¥3{A)
DLManagedTensor managed_tensor;
managed_tensor.dl_tensor = tensor;
managed_tensor.deleter = nullptr;

tvm::runtime: :NDArray x_array = tvm::runtime::NDArray::FromDLPack(&managed_tensor);
return x_array;

// GPU RTEMY data

float *d_data;

cudaMalloc((void**)&d_data, size * sizeof(float));

cudaMemcpy(d_data, h_data, size * sizeof(float), cudaMemcpyHostToDevice);

// VBA CreateNDArray R%EN, ZHENHHXEIE IGIE Tensor,

ShapeTuple in_shape{1, 224, 224, 3};

tvm::runtime: :NDArray in_tensor;

in_tensor = CreateNDArray(mag_tensor, d_data, in_shape, DLDataType{kDLFloat, 32, 1}, dev);

5.6.4 & 4: MESIZESH

{6 tvm: :runtime::Module: :LoadFromFile(file_name, format) NN&ES|EE {4,

// TNES|EEXXEE) 16IE #

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("resnet50.s0");

// B runtime context

tvm: :runtime: :Module gmod = mod_factory.GetFunction("default")(dev);
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5.6.5 UE 5. FREVIEBYHEIR R EX

{# M gmod.GetFunction(function_name) FRENIEIRERIET,

// BRI N2

tvm: :runtime: :PackedFunc set_input = gmod.GetFunction("set_ input");
// FRERAEEY 46 B 25

tvm: :runtime: :PackedFunc get_output = gmod.GetFunction('"get output");

—

// {REBITREL
tvm: :runtime: :PackedFunc run = gmod.GetFunction("run");

5.6.6 T 6: IFEIEEEN

set_input("input_0", in_tensor);

5.6.7 18 7. ¢liEitedaE

tvm::runtime::Timer timer = tvm::runtime::Timer::GetTimer(dev);

5.6.8 & 8: iZ{TIER!

timer->Start();
run();
timer->Stop();

5.6.9 TR 9. FRARB it HSTiT#E8d

float latency = timer->SyncAndGetElapsedNanos() / 1le6; // ns->ms
float FPS = 1000 / time;

// BI# output Tensor

ShapeTuple out_shape{1, 1000};

out_tensor = tvm::runtime::NDArray::Empty(out_shape, DLDataType{kDLFloat, 32, 1}, dev);
get_output(0, out_tensor);
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5.6.10 IGIE C++ Inference SeE{ig Tl

Note
IGIE C++ REIRKBARESAGEDR, WEEE, FRENRNEIRMREURGILED,
TEETEM C++ HERE:

#include <dlpack/dlpack.h>
#include <tvm/runtime/module.h>
#include <tvm/runtime/packed_func.h>
#include <tvm/runtime/registry.h>
#include <tvm/runtime/profiling.h>
#include <cstdio>

#include <stdlib.h>

#include <iostream>

#include <iomanip>

#include <string>

#include <fstream>

#include <errno.h>

#include <exception>

// EENE R #IEE data
bool GetImageData(std::string file_path, float *data, uint32_t size) {
try {
std::ifstream file;
file.exceptions(file.failbit | file.badbit);
file.open(file_path);
if (file.is_open()) {
float tmp;
uint32_t count = 0;
while (file >> tmp) {
*data++ = tmp;
count++;
if (count >= size) {
break;

}
file.close();
return true;
}
} catch (std::ifstream::failure &e) {
std::cout << "open file failed: " << e.what() << std::endl;
return false;

}

return false;
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// RIFHELER
bool SaveOutput(const std::string &file_path, float *data, uint32_t size) {
try {
std::ofstream out_file;
out_file.exceptions(out_file.failbit | out_file.badbit);
out_file.open(file_path);
if (out_file.is_open()) {
float tmp;
for (uint32_t 1 = 0; 1 < size; ++1) {
tmp = *data++;
out_file << tmp;
out_file << '"\n';
}
out_file.close();
return true;

}
} catch (std::ifstream::failure &e) {
std::cout << "open file failed: " << e.what() << std::endl;
return false;
}
return false;
}

// ERSIEXHEERE
vold DeployResnet50(std::string in_file, std::string out_file, std::string dev_type = "gpu") {
LOG(INFO) << "Running C++ resnet50 graph executor...";

// EBUNE  E53E

float *data = new float[1 * 3 * 224 * 224];

if (!GetImageData(in_file, data, 1*3*224*224)) {
std::cout << "Get data failed!" << std::endl;
return;

// RE device
DLDevice dev{kDLILUVATAR, 0};
tvm: :runtime: :Module mod_factory;

// TNEE|EXH
if (dev_type == "cpu") {
dev.device_type = kDLCPU;
mod_factory = tvm::runtime::Module::LoadFromFile("model/resnet50 b1 1lvm.so");
} else if (dev_type == "gpu") {
dev.device_type = kDLILUVATAR;
mod_factory = tvm::runtime::Module::LoadFromFile("model/resnet50 b1 iluvatar.so");
lelse {
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std::cout << "ERROR: unrecognized device type!" << std::endl;
return;

// FREAREHEIR R %

tvm: :runtime: :Module gmod = mod_factory.GetFunction("default")(dev);
tvm::runtime: :PackedFunc set_input = gmod.GetFunction("set_input");
tvm::runtime: :PackedFunc get_output = gmod.GetFunction("get_output");
tvm: :runtime: :PackedFunc run = gmod.GetFunction("run");

// BIE=H Tensor

tvm::runtime: :NDArray input = tvm::runtime::NDArray::Empty({1, 3, 224, 224},
< DLDataType{kDLFloat, 32, 1}, dev);

tvm::runtime: :NDArray output_gpu = tvm::runtime::NDArray::Empty({1, 1000},
< DLDataType{kDLFloat, 32, 1}, dev);

// Bl Timer

tvm::runtime: :Timer timer = tvm::runtime::Timer::GetTimer(dev);

// Warm Up
std::cout << "Start Warmup ..." << std::endl;
for(size_t 1 = 0; 1 < 3; i1++)
{
run();
}

// ¥&D1 Host data % GPU input tensor H (HToD)
input.CopyFromBytes(data, 1 * 3 * 224 * 224 * sizeof(float));

// GEREEA
set_input("data", input);

// HEIBIREY
timer->Start();
run();
timer->Stop();

// TTEER

float latency = timer->SyncAndGetElapsedNanos() / 1e6; // ns->ms
float FPS = 1000 / time;

std::cout << "Consume time: << latency << " ms" << std::endl;
std::cout << "FPS: " << FPS << std::endl;

// IRERZ dai
get_output(@, output_gpu);
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in

$
$

5.7 3% 6: WMAMEH igie-exec LS IEH IR

// ¥&01 GPU Tensor ¥X#EZE! Host output H (DtoH)
float output[1000];
output_gpu.CopyToBytes((void*)output, 1000 * sizeof(float));

for (int32_t 1 = 0; 1 < 10; ++1) {
std::cout << ((float*)output)[i] << "\t';
}

std::cout << std::endl;

// save inference output to postprecess
SaveOutput(out_file, output, 1000);

if (data != nullptr) {
LOG(INFO) << "free data when device type is cuda!!!";
delete[] data;

}
LOG(INFO) << "End running resnet50 graph executor...";

t main(int argc, char *argv[]) {
if (argc != 4) {
std::cout << "ERROR: two arguments for main, but get

return 1;
}
std::string in_file(argv[1]);
std::string out_file(argv[2]);
std::string dev_type(argv[3]);

std::cout << "in_file: " << in_file << ", out_file: "
DeployResnet50(in_file, out_file, dev_type);

return 0;

17!

cd igie/tests/test_1iluvatar/test_cpp/

bash run.sh

<< out_file << std::endl;

igie-exec 2 IGIE IRt —ERE T Hi{TARANER RRIMEMIIETE, HAERFPER—1
FP16/INT8 {2 BRI 4 BAEN Y5 | B X4, FHiF1TIHREIRIE,

T

<< argc - 1 << std::endl;

A

7]

]

A
<

{7 FP32/
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ZiHi igie-exec WE T imagenet fl coco2017 IR, A EIERXMIMHINESIEENEERHITIRIERFEN
iR, METCERNERRENESIEEHITHEENR. LT R igie-exec EDERTA, BAIHEAIEESZE igie-exec
BB PR IR E A IO T B FEREE

5.7.1 ;=:f5l 1: i&1T PyTorch ResNet50 {&E!

$ igile-exec --model_path data/models/resnet/resnet50-fp32.pt --input input:32,3,224,224 --
< precision int8 --use_imagenet True

# PITER

{'acc@1': 0.7604633482714469,
"acc@5': 0.9275568181818182,
'acc_result': 0.7604633482714469,
'fps_result': 7623.5377158913625}

5.7.2 =5l 2: i51T YOLOV5 ONNX &5

$ igile-exec --model_path data/models/yolov5/yolov5m.onnx --input images:32,3,640,640 --precision
< 1nt8 --use_coco02017 True --automatic_yolo_quantization True

# PITER
{'acc_result': 0.6236765361287956, 'fps_result': 1094.5590025580452}

# YOLOvSm + GPU NMS RMIE

$ igile-exec --model_path data/models/yolov5/yolov5m.onnx --input images:32,3,640,640 --precision
< 1nt8 --use_coco2017 True --automatic_yolo_quantization True --custom_option with_nms:True

< 1lou_thres:0.65 conf_thres:0.001 topk:100

5.7.3 {5l 3: iB1T ONNX BERT-Base Squad &8¢

BERT-Base Squad @— %4 NLP 8!, TERTREME FP16 RI5IZEX M, HEMRMENEHEHITIEENIR
SpUg

BIEBIR B T2 MIRENBUESE, TREERIET https://huggingface.co/csarron/bert-base-uncased-squad-
A

# IBITIRE
$ igile-exec --model_path data/models/bert/bert-base-uncased-squad-vi.onnx --input input_1ids:8,
< 256 attention_mask:8,256 token_type_1ds:8,256 --precision fp16

# ITE
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[2023-05-18 03:36:24,299 igie-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:36:24,638 igie-exec line:70] INFO: Mean inference time (std dev): 9.773 ms (0.016
< MmS)

[2023-05-18 03:36:24,638 igie-exec line:72] INFO: Mean fps: 818.612

5.8 #1E 7. IGIE STEWIRIREAK T

5.8.1 1. IGIE Fallback #1358

B/l IGIE B8N T [FimEE8I 85D Fallback A, ZHEAFMIMT:

« U] IXRT #3 TensorRT API, IGIE WI8IN7T IxRT FinM%iE, SAEENTLUIETE IXRT B, FKE
FB IXRT #3125 | B4R TIEE,
o MER ONNX ERUH{THIER, ZRIAEA IXRT Backend, SR IXRT A 1FiZiEHY, MEGH Fallback
IGIE Backend #117, Z3i8¥ Bohb5emk, TELEIRE,
Note

ZiFl IXRT Backend Rz#F ONNX IRE WS NEIE, HEith iR IGIE Fallback HlHI R 25 ONNX B Bz
Fallback, EfthZERIKLAIIER! (40 TensorFlow, PyTorch, PaddlePaddle) 2 E#{#F IGIE Backend H1T-

IGIE 210 Fallback ¥&I/EHREMERFIGNT:

# MK ResNet50 FP16 IR, ERIAGER IXRT Backend i&1T
$ python3 inference.py --model_path=resnet50.onnx --input input:32,3,224,224 --precision fpl6 --
< use_imagenet True

# iR ResNet50 INTS IR, PRINEF IXRT Backend i&{1T, SNRMME IxRT RIFZMERILN, BT
o Fallback % IGIE Backend 4T
$ python3 inference.py --model_path=resnet50.onnx --input input:32,3,224,224 --precision int8 --

< use_1imagenet True

Note
SE2 .4 TEWIEAIE R FREN LR NIH 8IS,

5.8.2 2. YA THEIE

IGIE #IERAED N FNERE] 161E -> MUMEFRESZEXM > HEBEEREESE, TERII—H#TER

T4

5.8.2.1 2.1 SAERE IGIE

40 IGIE TR/ZAREMAREF IIELRER! (40 TensorFlow. PyTorch. ONNX #2E) WEES N, " #HiZ 1:
IAISA—MERE IGIE" 1, FAMMTAT B MERBRENIANG .
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ATEREMSNER, RINESTHABERMSNED, BNEFEHR— inport_model_to_igie HKEEIAI S
A ONNX. PyTorch. TensorFlow. PaddlePaddle. IxRT Fi#A! | IGIE,

import_model_to_igie BIfER %

# B import BREX
from tvm.relay.import_model import import_model_to_igie

iy IRBRIER
batch_size = 32

model_path_or_name = "./resnet50.onnx"
input_dict = {"input": ([32, 3, 224, 224], "float32")}
precision = "fpl6"

# fEM IGIE Backend HIE
mod, params = import_model_to_igie(model_path_or_name, inputs_info=input_dict,
< outputs_info=None, precision=precision, backend="igie")

# R IxRT Backend HEIE

output_dict = {"output": "float32"}

mod, params = import_model_to_igie(model_path_or_name, inputs_info=input_dict,
< outputs_info=output_dict, precision=precision, backend="ixrt")

import_model_to_igie BYF$XikH
fERZIEO, ATEES AN ONNX. TensorFlow. PyTorch. TorchVision. PaddlePaddle #ZF] IGIE H,

def import_model_to_1igie(model_path_or_name, inputs_info, outputs_info=None, precision=None,
< backend="default", dynamic_1info=None)

SHA

* model_path_or_name: RIZEECHERILENGE KARRN R BRI BEBRMEFZR R, F4HRG190
B
- RBINHRRR:
* ONNX #&E: {90 /path/to/resnet50.onnx

* PyTorch #&&!: {540 /path/to/resnet50.pt
* TensorFlow 18 : 40 /path/to/resnet50.pb

- BEYHER: U BR/REZFNFRIEE model_path_or_name &%k, #la0:
* PaddlePaddle #& & X f4: resnet50/ model, resnet50 B & T & & €1 & resnet50/
model.pdiparams. model.pdiparams.info # model.pdmodel X{5,

- BEIZHR: MBENSEHNERZTR, 40 resnet50. vgg16, ZiEOSBEEIM TorchVision 3%
FFINE; torch pre-train &8,

* inputs_info: REHHNGEBo

HAZELA inputs_info={"'name': (shape, dtype)} BIFZRIRE inputs_info, fl40:
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inputs_1info = {
"{nput@': ([32, 3, 224, 224], "float32"),
"inputl': ([32, 256], "int32")
}
* outputs_info: {XYEfEF IXRT Backend REBRIGE, &ERENRHHES, FIAEH None,
HAZE LA outputs_info={'name': dtype} BIFZZi&E outputs_info, ffl40:

outputs_info={'output®': "float32", 'outputl': "int32"}

* precision: {X7E{EF IXRT Backend NHFEIRE, KEREAVHIERE, FIAEN None,
f5l30: precision="fp16",

* dynamic_info: {XTE{ER IXRT Backend BYREIRE, KERENBANNEIE shape, BRIAES None,
fign:

dynamic_1info={
'min_shape': {'input0': ([1, 3, 224, 224], "float32"), 'inputl': ([1, 256],
< "int32")}
'opt_shape': {'input@': ([32, 3, 224, 224], "float32"), 'inputl': ([32,
o 256], "int32")}
'max_shape': {'input®': ([128, 3, 224, 224], "float32"), 'inputl': ([128,
& 256], "int32")}

}

* backend: EIFfEEREUEIZRUG, BAIAEA default,
- backend="default”, RREXIAfER IXRT Backend, IXRT iEZfTRM/G, Fallback % IGIE Backend #4
- L—;ockend="ixrt", R fEM IXRT Backend HUITIEBHEIE, .
- backend="igie", FnEAREH IGIE Backend HITIREIHEIE,
iR[EE
1R[E] mod # params BAMMER, AR T—FHITMUMIEIES I ZEXH.

« mod: HREVEMIIIR,
* params: REVBHIR,

5.8.2.2 2.2 {RILFmiFIER 5| ZEXH
WS NWBRESRE, RS 25, MSNEERHTREMSR, EMEIEHE,

# 1) FNRE
from tvm.relay.import_model import import_model_to_igie

model_path_or_name = "./resnet50.onnx"
input_dict = {"input": ([32, 3, 224, 224], "float32")}
precision = "fpl16"
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mod, params = import_model_to_igie(model_path_or_name, inputs_info=input_dict,
< outputs_info=None, precision=precision)

# 2) IRBBITIREMIZEER
target = tvm.target.iluvatar(model="MR", options="-libs=cudnn,cublas,ixinfer")
device = tvm.device(target.kind.name, 0)

# 3) WIFS|IEXH

engine = relay.build(mod, params=params, target=target, precision=precision, device=device)

B&, HA@E tvm.target.iluvatar B B IGIE BT XK E S B IRIEEE B # A device =
tvm.device(target.kind.name, 0) €l device, #EE T IGIE BITEE /L GPU K& L, XBIKE RN
%% 0o

Note

BIEE Target B options SEIKE !

LEA IGIE Backend B, BILUEIT options="-1ibs=cudnn,cublas,ixinfer" SEFIEIRERPLEE FELI
(XF IGIE EFRABEFERIFMIREA, 1BEHR" MIF: IGIE BREEFHIFHIR").

M 2R IXRT Backend BY, 1% options B¥ASE,

ETE, BULESBERA relay.build R, FIAMEUMEIFERTISIZEXH
relay.build E¥ki5FA

IEMMAREL N5 |

def relay.build(mod, parmas=None, target=None, precision="", device=None)

SR
* mod: import_model_to_igie #Z[MR[EIAVIRE! module K,
*+ params:. import_model to_igie ¥E[MR[EIMIEEISE R,
* target: IGIE BITHIREHE O BREEER.
—AREEIGE N target = tvm.target.iluvatar(model="MR", options="-1libs=cudnn,cublas,ixinfer"),
* precision: REEITHEE, ANLZE fp16 M int8,
* device: IGIEJETTHY GPU IREER, AJLUEEETESR/LMEE Lo
—AREEIEE N device = tvm.device(target.kind.name, 0)o
R[ENE
REIREIRZFIS I EXHRR, BFT—THIE,
engine: RAS|IENXHIR,
ZIHEAHSNGEXH
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# SHIIEXH
engine.export_library("./resnet50.engine")
# SNGIEXH

engine = tvm.runtime.load_module("./resnet50.engine")

5.8.2.3 2.3 #IBIER

ERIFTESIEXHE, FIUERZSIEXXHEERE, HIEIRDN REREBAN > B1TIRE > REUEE A
HEPE, ERSENT:

engine = relay.build(mod, params=params, target=target, precision=precision, device=device)
# MNESIEXHE Gru 18
module = graph_executor.GraphModule(engine["default"](device))

for 1 in range(3):
module.run()

print("\nFHAHIEIREL, .. ")

for 1 in range(10):
# R BRI
np_data = np.random.randint(low=0, high=255, size=[batch_size, 224, 224, 3]).astype("float32")
module.set_input("input", np_data)

# WEIRfERY

module.run()

# W HEIRLER, Dl numpy FRARFIUREIER MR output
output = module.get_output(0)

device.sync()

print(" FIHHIEIELER . ", output)

B4, 181D module = graph_executor.GraphModule(engine["default"](device)) 351X EMER GPU &
&%, HEE GraphModule BFHITIEEL,

ETIREEMFHA set_input. run() F get_output FEAREITIREL,

1. set_input() Ei%k

ERIEAThEE

RERRE N,

LR EZ MR, AILIZR set_input(key, value), tHATLUEA dict IR — R MR NFIBIN.

def set_input(key=None, value=None, **{nput_dict)

SR
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* key: tREVEAAY name FRFE,
« value: AN name FAX Y data numpy iR,
* input_dict: —XRMENFIBRIN, HXH key # value ARHIFH, FlU0:

input_dict = {'input®': np_datal, 'inputl': np_data2}
module.set_input(input_dict)

R[EIE

FTiR[EE,

2. run() K%K
EREThaE

IBITIREL BRI,

def run()

SRR

TEH

B[EE

FTRENE,

3. get_output() EK#
ERIEAThEE

REVIR B R IR RS LB 45 R

def get_output(index==-1)

SR
index: REWRBIF L MEiH. BIAN-1, REFFEHLAY list
R[E{E

REMRBRYEHAER, L numpy #ERRIZZUR(E,

5.8.2.4 2.4 STEHIRACIT TG

Note
IGIE C++ KBS RBIRER LG ER. WESTE, BERENNAIEMREUREILIE,
SRAREESZREII0T (IGIE € IXRT Backend M ResNet50 1&#Y):
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import numpy as np

import os

import sys

from pprint import pprint
from tqdm import tqdm

import tvm

from tvm import relay

from tvm.contrib import graph_executor

from tvm.relay.import_model import import_model_to_igie

# set util_dir python path
util_dir = os.path.dirname(__file__)
sys.path.insert(1, util_dir + "..")

import util
from util import Timer

def main():
args = util.get_args()
target, device = util.get_target(args.target)

print("Run Model args: ")
pprint(vars(args), indent=2)

batch_size = args.batch_size
precision = args.precision

input_dict = args.input_dict
model_path_or_name = args.model_path

if not os.path.isfile(args.engine_path):
if precision == "int8" and args.model_framework == "onnx":
model_path_or_name = util.onnx_quantize_model_from_args(args)

mod, params = import_model_to_igie(model_path_or_name, input_dict, outputs_1info=None,
< precision=precision)

1ib = relay.build(mod, target=target, params=params, precision=precision, device=device,
< verbose=True)

lib.export_library(args.engine_path)

1ib = tvm.runtime.load_module(args.engine_path)
module = graph_executor.GraphModule(lib["default"](device))

print("\nWarm-up...")
for _ in range(args.warmup):

COREX01-MR401-UG03-00 44 V4.0.1-MR



S Corex IGIE I IBAESFAIEE

module.run()

print("\Strat inference...")
batch_size = args.batch_size
dataloader = util.get_dataloader_from_args(args)

total_num = 0
timer = Timer(device)

if args.use_imagenet:
topl_acc = 0
top5_acc = 0

for image, label in tqdm(dataloader):
image = np.array(image)

module.set_input(args.input_name_list[0], image)

timer.start()
module.run()
timer.stop()

pred = module.get_output(0)

if not hasattr(module, "runtime"):
pred = pred.numpy()

## batch accuracy

batch_topl_acc, batch_top5_acc = util.get_topk_accuracy(pred, label)
topl_acc += batch_topl_acc

top5_acc += batch_top5_acc

total_num += batch_size

## batch performance
batch_infernec_time = timer.last_duration # ms
batch_infernec_fps = (1000 * batch_size / batch_infernec_time)

logging.info(f"#* Inference Latency: {batch_infernec_time:.3f} ms, Inference FPS:
< {batch_infernec_fps:.3f}")
logging.info(f"* Acc @1 {topl_acc/total_num:.5f} Acc @5 {top5_acc/total_num:.5f}")

if _name__ == " main__":
main()
HATHES:
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#! /bin/bash
current_dir="pwd"

if [[ ! -d ../data ]]; then
cd ..
bash prepare_data.sh
cd ${current_dir}

fi

# Wik Resnet50 FPi6 IR, BRIAEFR IXRT Backend iBEfT
$ python3 inference.py --model_path=../data/models/resnet50/resnet50.onnx --input input:32,3,
« 224,224 --precision fp16 --use_imagenet True

# i Resnetso INT8 IR, BRIAMEFE IXRT Backend i&fT, SARICME| IxRT HIFZIBEIKRY, B
< Fallback E| IGIE Backend 1T

$ python3 inference.py --model_path=../data/models/resnet50/resnet50.onnx --input input:32,3,
o 224,224 --precision int8 --use_imagenet True
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6 igie-exec {RENREINZFMILIET AEMRIEM

igie-exec B2 IGIE RIEN—EETHTHANREREPENEIETR, HEMRF—R#IB1T FP32/FP16/
INT8 HE BSR4 AR B9 5 1 ZE X s

6.1 igie-exec IhEEAA

1 iER

SIERSZ 4% ONNX. PyTorch. TensorFlow ZHELZERIS N
% batch FEHGEAE batch HEIEN

ZREE %35 FP32. FP16 . INTS {&EHIENK
ZNEWIERESF BaisziFmfh INTS 245 : IGIE BEERIINTS 8

SIEXHFHMFAN
CV RIERIS 5

21; A ONNXRuntime #17 INT8 21t (NXiF
ONNX #&#Y)

TSI EXHEHNGN, HENXEE
IFAZE CV HKH4EE FP32/ FP16/INTS IR 1540

8%, ZRHIREBYUER IGIE INTS 2 EIaES e, X
238 ONNXRuntime £1¢,

NLP {#=8 5 45 %45 FP32. FP16 BY NLP #RZ, BHRIEAIERS INTS
NLP &8, IETEIZNNSE ZIREIEHD

B#i igie-exec 3 FHEIE shape WIRBEIFEEIHFTH
EIEBMNHITIR

&P shape i

6.2 igie-exec BIfEMRISE
6.2.1 FIaZ i HEIFIR

BERERBETR AL E igie-exec:

# FH.run REB Docker RELECLEXRMNERNH%

# (X.run ZEREAEAFTE) B .whl BLE IGIE 1EE, igie-exec EHE.whl BRNETRE

# MIARTBEMINEZE igie-exec, HEEBFRTHIT

$ igle-exec -h # igie-exec RIBEWMNIE IGIE MELEBRT, FILUBENE pip3 show igie BE

# MIEHIR B TIEMIRENEIEEE data. tar.gz FHARE, NS imagenet/coco2017 tREEIEELIR ResNet,
o YoLO FHEIIER
$ tar zxf data.tar.gz
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6.2.2 MR E HEIR S BE
MR EHEIRMRE, TERE, FREEEETEBRR TEIT TSR, TEESERMHIERG:

— —

6.2.2.1 =ffl 1: iBIT PyTorch ResNet50

$ igile-exec --model_path data/models/resnet/resnet50-fp32.pt --input input:32,3,224,224 --
< precision int8 --use_imagenet True

# PITER:

HATER:

{'acc@l': 0.7604633482714469,
"acc@5': 0.9275568181818182,
'acc_result': 0.7604633482714469,
'fps_result': 7623.5377158913625}

6.2.2.2 i1ffl 2: 3BT PyTorch TorchVision

3FF PyTorch ##!, igie-exec B E T torchVision.model X FH IR E, I EFH --model_path
efficientnet_bo IEERE LR, BIB] FEMREHITHIE, TorchVision ZFFFRIIRRIREFIRATSE torchVi-
sion Models,

* 35T TorchVision ResNet18 1&#Y

$ igie-exec --model_path resnet18 --input input:32,3,224,224 --precision fp16 --

< use_1imagenet True

# MITER:

{'acc@l': 0.6070342509603073,
"acc@5': 0.8355873879641486,
'acc_result': 0.6070342509603073,
"fps_result': 19526.346486512382}

+ i&1T TorchVision EfficientNet &% :

$ igie-exec --model_path efficientnet_b® --input input:32,3,224,224 --precision fp16 --

< use_1imagenet True

# PITHER:

PITER:

{'acc@1': 0.7768285851472471,
"acc@5': 0.9357394366197183,
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'acc_result': 0.7768285851472471,
"fps_result': 2800.5860386306513}

6.2.2.3 5l 3: i=1T TensorFlow VGG16

$ igile-exec --model_path data/models/vgg/vggl6.pb --input input:32,224,224,3 --precision int8 --
< use_1imagenet True --input_layout NHWC

# PITER:

{'acc@1': 0.7006442061459667,
"acc@5': 0.8942661651728553,
'acc_result': 0.7006442061459667,
"fps_result': 4093.361278897936}

6.2.2.4 1:{jl 4: iB1T YOLOvV3 ONNX

$ igile-exec --model_path data/models/yolov3/yolov3_nhwc.onnx --input "input/input_data:0":"32,
< 416,416,3" --precision int8 --use_coco2017 True --automatic_yolo_quantization True --
< input_layout NHWC

# HITER:
{'acc_result': 0.5967312564573963, 'fps result': 1479.6737448863978}

6.2.2.5 {5l 5: iZTT YOLOV5 ONNX

$ igie-exec --model_path data/models/yolov5/yolov5m.onnx --input images:32,3,640,640 --precision
< 1nt8 --use_coco2017 True --automatic_yolo_quantization True --custom_option
< required_pass:MutatePadMod --verbose True

# HITER:
{'acc_result': 0.6236765361287956, 'fps _result': 1094.5590025580452}

YOLOvV5m + GPU NMS &b I2:

$ igile-exec --model_path data/models/yolov5/yolov5m.onnx --input images:32,3,640,640 --precision
< fp1l6 --use_coco2017 True --automatic_yolo_quantization True --custom_option with_nms:True
< 1lou_thres:0.65 conf_thres:0.001 topk:100
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6.2.2.6 {7l 6: iB1T YOLOVZ ONNX

$ igie-exec --model_path data/models/yolov7/yolov7_dynamic.onnx --input images:32,3,640,640 --
< precision int8 --use_coco2017 True --automatic_yolo_quantization True

# HITER:
{'acc_result': 0.6851086809169135, 'fps_result': 643.7612413146849}

6.2.2.7 =fjl 7: i51T ONNX BERT-Base Squad

BERT-Base Squad @— &N NLP {22, FEETEME FP16 B3I, FHERMNEIEHTTERNIR
FSpUg

TBRIEASRIRETF https://huggingface.co/csarron/bert-base-uncased-squad-vio

# IT{TIRE
$ igile-exec --model_path data/models/bert/bert-base-uncased-squad-vi.onnx --input input_1ids:8,
< 256 attention_mask:8,256 token_type_1ds:8,256 --precision fp16

# PITER

[2023-05-18 03:36:24,299 igie-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:36:24,638 igie-exec line:70] INFO: Mean inference time (std dev): 9.773 ms (0.016
< ms)

[2023-05-18 03:36:24,638 igile-exec line:72] INFO: Mean fps: 818.612

6.2.2.8 7:ffll 8: iZT ONNX BERT-Large Squad

BERT-Large Squad @— 1M ZHA NLP 22, THRTAEMH FP16 B5IEEX M, HERMANEBIEHITIEEN
HAVE IR,

TRRBISCETF https://huggingface.co/neuralmagic/bert-large-uncased-finetuned-squadvis

# IBITIRE
$ igie-exec --model_path data/models/bert/bert-large-uncased-finetuned-squadvi.onnx --input
< input_1ds:8,384 attention_mask:8,384 token_type_1ds:8,384 --precision fp16

# MITER:

[2023-05-18 03:38:44,399 igie-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:38:45,098 igie-exec line:70] INFO: Mean inference time (std dev): 44.010 ms
< (0.021 ms)

[2023-05-18 03:38:45,099 igie-exec line:72] INFO: Mean fps: 181.778
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6.2.2.9 {5l 9: iE1T ONNX Electra

Electra @— 1N ZHIA NLP {28!, TERTEMRE FP16 5124, HERMIEIRETHREMNXETE,
TREBISCRET https://huggingface.co/bhadresh-savani/electra-base-emotion,

# IBITIRE
$ igie-exec --model_path data/models/electra/electra-base-emotion.onnx --input input_ids:32,64
< attention_mask:32,64 token_type_1ids:32,64 --precision fpil6

# WITER:

[2023-05-18 03:39:49,471 igie-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:39:49,743 igie-exec line:70] INFO: Mean inference time (std dev): 2.751 ms (0.003
< MmS)

[2023-05-18 03:39:49,743 igie-exec line:72] INFO: Mean fps: 11630.930

6.2.2.10 x5l 10: iZ1T ONNX ViT

ViT — Transformer 21989 CV 1EE!, TFEHRTREMH FP16 BI5IZEXM, HERRHEIEHITIERENXAY
PUE

BIREIURET https://huggingface.co/google/vit-base-patch16-224,

# IG1TIRE
$ igile-exec --model_path data/models/vit/vit.onnx --input pixel_values:32,3,224,224 --precision
< fp16

# WITER:

[2023-05-18 03:41:11,573 igile-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:41:12,519 igie-exec line:70] INFO: Mean inference time (std dev): 56.862 ms
< (0.037 ms)

[2023-05-18 03:41:12,519 igie-exec line:72] INFO: Mean fps: 562.767

6.2.2.11 {5l 11: iBIT ONNX Swin Transformer

Swin Transformer @—* Transformer 224989 CV 152, TEETERHE FP16 B5IZXH, HERREHEE
BTIERENIE AN 2,

TBIEBSRIRETF https://huggingface.co/microsoft/swin-small-patch4-window7-224,

# ITITIRE

$ igile-exec --model_path data/models/swin_transformer/swin_transformer.onnx --input
< pixel_values:32,3,224,224 --precision fp16

# BITER:
[2023-05-18 03:46:26,360 igie-exec line:67] INFO: Evaluate inference igie time cost...
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[2023-05-18 03:46:27,028 igile-exec line:70] INFO: Mean inference time (std dev): 32.053 ms
< (0.031 ms)
[2023-05-18 03:46:27,028 igie-exec line:72] INFO: Mean fps: 998.360

6.2.2.12 7§l 12: i&Z{T ONNX Conformer

Conformer @— Audio RMEFIRFIEE, TEETEMRE FP16 IS, HERRYIEEEHITIEREN
WA Iz

$ igile-exec --model_path data/models/conformer/encoder_bs24_seq384_static_opt_matmul.onnx --
< 1input speech:24,384,80 speech_lengths:24 --precision fp16

# PITS

[2023-05-18 03:48:20,999 igie-exec line:67] INFO: Evaluate inference igie time cost...
[2023-05-18 03:48:21,720 igie-exec line:70] INFO: Mean inference time (std dev): 39.498 ms
< (0.026 ms)

[2023-05-18 03:48:21,720 igie-exec line:72] INFO: Mean fps: 607.627

Tip
WMRIBERE— topk EF offload EIHERIN, MHEERIRFAE 1200FPS L.

6.2.2.13 77l 13: FREEXHIEEH#TT INTS Efb

igie-exec TP IRMHBAE X pkl HBIEA T INTS E4RE, BEXBIEBEREREN .pklo HTF .pkl 1%
AV, igie-exec AEZIET pickle IREX, HAERUT:

« BEIN, LbUl resnet@imagnet, MIRFKAVES 100 NMUE, BEIBR—ILUREBANE A key, REH
YEE RN value M7, ARRKEREN pkl ABIX o

a = np.random.randn(100, 3, 224, 224).astype(np.float32)
data = {'input': a}

with open('calibration.pkl', 'wb') as pkl_file:
pickle.dump(data, pkl_file)

< ZHIN, RIFERTREA, LLIHIE 100 NMAE, RRERAERAN, RENRZAIBESIESE

d

np.random.randn(100, 3, 224, 224).astype(np.float32)
np.random.randn(100, 3, 100).astype(np.float32)

data = {'input_1': a, 'input_2': b}

with open('calibration.pkl', 'wb') as pkl_file:
pickle.dump(data, pkl_file)
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TE=Z PyTorch ResNet50 {8 . pkl E1LHIFIF:
# FREX. pk1 MR ELIESE

# FRBETEXEIEHRTT INne EMHERSIEXXMH

# JTFBR onnx SMEIRREY, XETILIERE batchsize 73 1, FRMRENREIRIERR

# BREEMEM batch BISIZEXHEY, AIUEEMBZENRER, UTNENENRARE

igile-exec --model_path data/models/resnet/resnet50-fp32.pt --input input:1,3,224,224 --precision
< 1nt8 --calibration_file_path calibration.npy

# EFREBMENRNER, £EMK batch IS, HETENHIESE LN
igie-exec --model_path data/models/resnet/resnet50-fp32.pt --input input:32,3,224,224 --
< precision int8 --use_imagenet True

# PITER:

{'acc@1': 0.744538252240717,
'acc@5': 0.9224951984635084,
'acc_result': 0.744538252240717,
'fps_result': 5753.188203730447}

6.3 igie-exec MIX TREMESEHE X

EALET Jigie-exec -h S LRI EHSHIER, RESHNAEBWT:
HIRSHK

* --model-path: WEIFIERIE, BH]igie-exec Z#FF A TensorFlow/PyTorch/ONNX/PaddlePaddle PafH
TEZRRIIEEY LKz M TorchVision B FEHIRE!,

--model_path resnet50.pb: A TensorFlow &%, Ll *.pb NG5,

--model_path resnet50.pt: T PyTorch #2&, Ll *.pt NERB-

--model_path resnet50.onnx: SN ONNXI&RE!, L * onnx NEZERA,

--model_path resnet50/inference: § X\ PaddlePaddle #&8Y, ;33 PaddlePaddle LIBFMARA
H, 40 resnet50, A& RN inference.pdiparams, inference.pdiparams.info # inference.pdmodel
B 1%

- --model_path resnet18: § A TorchVision FlJIZRERY, igie-exec NE T TorchVision BYIEH!, 7]
1BIIERE TorchVision PRVERE F B TR HEM S| 2,

« —-input: RERBANEE, ZIFZHAN, 838 name. shape # dtype =F5 8, X/ name:shape/
dtype. EH, name # shape A#E, dtype FEEEIAA float32, EIH dtype B8 float32/int32/
int64. H0:

- BB\ --input inputl:32,3,224,224, ILEYEAIA dtype 79 float32,

- BAINIETE dtype: --input input1:32,3,224,224/int32

- . --input inputl:32,3,224,224 input2:32,1600

- ZINIETE dtype: --input input1:32,3,224,224/float32 input2:32,100/int64
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* --precision: REPHIEIFE, RIFZEEEFEN NS RIS UARE R LED,

- A --precision fp16 BB ERFAERDHIITEILRN FP16,
- {£F --precision int8 SHRRIBRENREERUN B IRERESIBERFITHNNENER
B&o
* REUNELR:
- YIRS ONNX 1R, EEEIFRA ONNXRuntime 21k,
- YN 2 TensorFlow/PyTorch/PaddlePaddle &%, XM IGIE #1721k,
* ROERRE:

- WRIBERERIEE (BEF4E --calibration_file_path BiREA), SNEFEHANER ima-
genet/coco2017 #1E (BE G4 - -use_imagenet F --use_coco2017 B9 AR), EXRARA
BENRESIRSEHITEWL.

- NRREIRELESE, BIRERAN input 15 2 £ EEEHRIT2 MR,

AESH

« --target: EEMIBRBIRISEE, RIAMEN --target iluvatar_with_all libs, BIEILA Rz % Rzi5EBAAN
T

- --target 1lvm: CPU #I8,

- --target iluvatar: GPU I8,

- --target iluvatar_with_cudnn_cublas: GPU #3I2, HEH cuBLAS/cudnn INiEZE,

--target iluvatar_with_all_libs: GPU #I2, B/EH cuBLAS/cudnn/ixIinfer IiXRZE, ixInfer &

XHECNREFRENSHEETE, ERXREEMRSHIERE,

* --engine_path: M| BXHFHNRERRIT, BRI .so &R, FRIAEN None, LENREE
LR LIERRR. AT
--engine_path resent50.so

* --warmup: MEEEMIRAETRY warmup R¥K, BRAIAMER --warmup 3, —RRAFERIHKIEE.

+ --verbose: BEREFEHIFHAEIAEERLEITNA mod 58, BRIAA --verbose False, {#H --verbose
True AR 4RIFHAIEIAY mod REEHFIB R module BRH, & debug.

 --num_workers: NNEFIEEERANZXIZE, FIAEN - -num_workers 16, 7£ CPU #ZEER/VEVIE IR FEIN

IGSER - -num_workers 13X --num_workers 4o

* --batch_size: —~ batch 9K/, BRIAEN None, EHEIM --input FENHI shape 15 E B ohfR
o BN F—L4FTHRMNZHMANRIET, 90 --input input_1ids:1000,22 pixel_values:32,3,224,224
attention_mask:1000,22, SEFR— batch BUEIENIZ /I 32, IEAYAIIE % - -batch_size 32 BEHIT
EREE

* --use_imagenet: fEFTRER imagenet MY val BIBEHITENWRIELUNRIEEIRIE, BT --use_imagenet
True B, EATF ResNet/VGG/ShuffleNet/MobileNet FLEHIER, HMABNBIAS NCHW, 1EETR
SAMIBFEER PyTorch #0317,

* --use_coco2017: fEFTRER coco2018 B val BIREHITEWRIEUMIEEIIE, BT --use_coco2017
True B, EAT YOLO RFFHER, MABINBAIAA NCHW, ERTAIEIZER PyTorch f&z0#1T,

* --input_layout: fEf£F imagenet/coco2017 FIBERTHIMNEIER TN, FRIAES --input_layoyut
NCHW, BJZXZJ9 --input_layout NHWCo LEAY imagnet RUSIATAMIES KA TensorFlow o
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* --calibration_file_path: AP EXMEMRIELIESE, FTEL numpy BIEIRH, BEATSERE
13: EREEXEIBEHRTT INT8 1k,

* --automatic_yolo_quantization: @& BEIBLT YOLO &% ONNX HREE detect BT AN EL, B
HHBIZIEMA] AIELES YOLO RIIERHNEWFEE, BRAIAMEN - -automatic_yolo_quantization Falses

* --quantization_config_path: fE4HECE ONNXRuntime/IGIE 2B json X4, BETTSE R
13: £ B E X EIEE#H1T INT8 E1k,

* --acc_target: f# imagenet/coco2017 #IBEHITHRETNEIRE, HH imagenet FF acce1,
coco2017 fEFE mape. 5 {EA B 4%

* --fps_target: f#F imagenet/coco2017 #IBKH#HITHREIFNHBINME, fps BNITELRA (batch_size
/ batch_infer_time) B9 F39{E,

 --perf_only: BEEAMIMEBIBRMIERENL, BRINEN --perf_only False, BRETEREMA imagenet/
€0c02017 HIERT, ZEMEIASIE B THT -

+ --just_export: REINEMSIZEXMH, BRIAEN --just_export Falseo

* --custom_option:¥HBIEDL, EAZEML - - input, XIFEEFREIRD, L/ - -custom_option keyl:valuel
key2:value2 key3:value3, BEIFMIIAERSEUT:

- with_nms: YOLO RFIEBEZEE nms WANAFIE RIS IZA, B@id with_nms:True BIAIERE,
iou_thres: nms R iou F{E, AJEIT iou_thres:0.65 B IEE,

conf_thres: nms Al conf B{E, AI@iT conf_thres:0.001 A IEE.

topk: nms EMBIERAR box &, @ topk:100 FIARIERE.
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7 M TensorRT i

23l IGIE

IGIE 5 TensorRT i —R—FHIHEIRAIE, HIBARIMER SANRE > &1 () > BxBERK (FHiF)
> SHASNGIEXH > REFRFA > HIERBEESE, NER APIBES, IGIE RERZEOEMES.

TELEL ResNet50 #2541, tbiX TensorRT #1 IGIE #IET T2

7.1 {EHH TensorRT #IE ResNet50 EH!

TensorRT HIFREBAIZD 7 SNERE > BlE (B) > BEEMK (ERiF) > FHESAGIEXH > 8B

REGN > HWIRERE SR,

# 1) SN onvx EEIR TRT

network = trt.builder.create_network(batch_size)

parser = trt.OnnxParser(network)

with open(model_file, "rb") as model:

parser.parse(model.read())

# 2) BEIZE{k, LL Fr16 A

config = trt.builder.create_builder_config()
config.set_flag(trt.BuilderFlag.FP16)

# 3) BRIUIIREY, RIFRENSIEXH

config.max_workspace_size

1 << 30 # 1GB

engine = builder.build_engine(network, config)

# 4) RHIFNGIEXH

plan = trt.builder.build_serialized network(network, config) # S 45|

with open("ResNet50.engine", "wb") as f:

f.write(plan)

engine = trt.runtime.deserialize_cuda_engine(plan) # SAF|ZEX{HF

context = engine.create_execution_context() # &= module context, NNE5|ZESHE] GPU device

# 5) EERBBAN
inputs = []

outputs = []

bindings = []

stream = cuda.Stream()
for binding in engine:
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size = trt.volume(engine.get_binding_shape(binding)) * engine.max_batch_size

dtype = trt.nptype(engine.get_binding_dtype(binding))

# Allocate host and device buffers

host_mem = cuda.pagelocked_empty(size, dtype)
device_mem = cuda.mem_alloc(host_mem.nbytes)
# Append the device buffer to device bindings.
bindings.append(int(device_mem))

# Append to the appropriate list.

if engine.binding_1is_input(binding):

inputs.append(HostDeviceMem(host_mem, device_mem))

else:

outputs.append(HostDeviceMem(host_mem, device_mem))

cuda.memcpy_htod_async(inputs.device, inputs.host, stream)

# 6) HUITHEIE

context.execute_async_v2(bindings=bindings, stream_handle=stream.handle)

# 7) FREX TRT I

cuda.memcpy_dtoh_async(outputs.host, outputs.device, stream)

stream.synchronize()
print(outputs.host)

7.2 {5 IGIE I ResNet50 (55

fEF IGIE IR EURARBRELLRTE: SANEE > 8 > BB (FF) > SHHSASIEXH > RE

IREUN > HEIRIEEL,

# 1) SN onnx HEEE| 1GIE
input_name = "input0"
shape_list = [(input_name, input_shape)]

mod, params = relay.frontend.from_pytorch(scripted_model, shape_list)

# 2) REWREMER Fri6 #IE

precision = "fpi6"

# 3) EERCIREY, JRIFRELTT engine
print("Strat build engine...")

engine = relay.build(mod, target=target, params=params, precision=precision)
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# 4) SHEISNGIEXH
engine.export_library("resnet50.s0") # SHEIEXH
engine = tvm.runtime.load_module("resnet50.s0") # SNG|ZEHF

m = graph_executor.GraphModule(engine["default"](dev)) # I&E model context, NNE5EIZEXHE] cru
o device

# 5) IREREBA

image = np.random.uniform(size=1input_shape).astype("float32")
image = tvm.nd.array(image, device)

m.set_input(input_name, image)

# 6) HIEIRE

m.run()

# 7) WHEIERLE
igie_output = m.get_output(0)
print(igie_output)

7.3 24

IGIE 5 TensorRT #IEX LS4 :

IGIE 5 TensorRT i — & —1FRHEIRTIE, HIEABRMERSNER > 2 > BxiEMRK (RiF) > FHEK
SNGIEX > RERV@A > HERUEESE, MERAPIAEE, IGIE NFRZEOEMESE.

LA, EHNEREN, FEANGEACEEERIFING I BXXHHITIEHIE, BITEN 4, 5, 6, 7HE, F13F
EHLTEFE TensorRT BN @,
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IGIE5 Tensor RTAE HEFE X L

TensorRTHE A HEHE

# 1) FAONNXHERE|TRT

network = trt.builder.create_network (batch_size)

parser = trt.OnnxParser (network)

with open(model_ file, "rb") as model:
parser.parse (model.read())

# 2) BEE{L, UFPl6XHl
config = trt.builder.create_builder_config()
config.set_flag(trt.BuilderFlag.FP16)

# 3) BEMRILRE, %4FHE Nengine
config.max_workspace size = 1 << 30 # 1GB
engine = builder.build engine (network, config)

# 4) Sl or BA engineX#

plan = trt.builder.build_serialized network(network, config)

with open("ResNet50.engine", "wb") as
f.write(plan)

engine = trt.runtime.deserialize_cuda_engine (plan)

context = engine.create_execution_context ()

# 5) WEMBHA
inputs = []

outputs = []

bindings = []

stream = cuda.Stream()
for binding in engine:

size = trt.volume (engine.get binding_shape (binding)) * e

ngine.max_batch_size

dtype = trt.nptype (engine.get binding_ dtype (binding))

# Allocate host and device buffers

host_mem = cuda.pagelocked empty(size, dtype)
device_mem = cuda.mem_alloc(host_mem.nbytes)

# Append the device buffer to device bindings.
bindings.append (int (device_mem))

# Append to the appropriate list.

if engine.binding is_input (binding) :

inputs.append (HostDeviceMem (host_mem, device_mem))

else:

outputs.append (HostDeviceMem (host _mem, device_mem))

inputs, outputs, bindings, stream = allocate buffers (engine)
cuda.memcpy_htod_async(inputs.device, inputs.host, stream)

# 6) PATHEER

context.execute_async_v2 (bindings=bindings, stream handle=s

tream.handle)

| # 7) IRERTRTHER

cuda.memcpy_dtoh_async (outputs.host, outputs.device, stream)

stream.synchronize ()
print (outputs.host)

IGIEAE B HEFE

| # 1) FAONNXIEIIICIE
| input_name = "input0"
| shape_list = [(input_name, input_shape)]

Imod, params = relay.Erontend.from pytorch(model, shape_list)

2) #RE{k, LFP16X9H)

i
1

1

| from tvm.relay.transform import ToMixedPrecision
I mg i

1

od = ToMixedPrecision(mixed precision_type

ngine = relay.build(mod, target=target, params=params)

I

I

4 3) BHRILEE, %I Sengine
1 el

I

# 4) S or FAengineXtf
engine.export_library("resnet50.so")
engine = tvm.runtime.load module("resnet50.so")

# 5) WEREHA

image = np.random.uniform(size=input_shape)
image = tvm.nd.array(image, device)
m.set_input (input_name, image)

1
Vb6 BTHEE
1
1

1# 7)) L
| igie_output = m.get_output(0)
| prinE (igie_output)

floatl6") (mod)

m = graph_executor.GraphModule (engine ["default"] (dev))

1
1

1

i SN Lt

1

1

1

i i it

I

I

I e Y .

i Ys Pengine
I

I

1
1
1
1
! S\ & 5 tHengine
1
1
1

1
! T
1

Figure 4: IGIE 5 TensorRT #IEXTEL
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8 IGIE BB kT8

IGIE EIfL(LIRIREEDS BN SANERHATTRNE, TRAEEHEFRE, TREFHER, BEEiIfE, REE
A3, layout ¥%i#t, B&f padding ¥, REKBRANFTERBE CEEMHFE, HREEMR IR Module, BT R&HE
#,

8.1 EFma
BIMESEHIESIZEMEEEMNFE, EESHNETRER—NEFE, BRATL:

« JEZL kernel launch B9 %,
- BRIKZHIRENE FHZE memory bound, MEBEFEETHERS kernel ERE[E] global memory
BBYE), XEREAE/NEFIER FXLABE,

TEYI% IGIE B INEANEFMS:
Conv2d+BatchNorm+Bias EFFlS:

Fusion operation

Conv2d+BatchNorm+Add+Relu EFFi4:

Figure 5: E¥fi&
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p32

quantize e

2 o Output
fpa‘z_.- B nntsz_b e I:‘?;

Fusion operation

i . N Qutput
ms—b Conv2dBiasRelu int8

Figure 6: EF¥55
Conv2d+Sigmoid+multiply 7RIS :
fp32

quantize

int8

_ . R - | . . - Output
fpaz—i— quantize int8 int32-» dequantize fpaz‘Mntaz‘mntaz—l— quantize

Fusion operation

nl& Conv2dAddSilu intﬂ

Figure 7: E¥f&

1 Conv2d+Add+Relu EFFiS
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F— quantize —int8

Fusion operation
— QDEConv2d int8

Output
INT8

Figure 8: E¥fi&

21k Concat EFRS

Fusion operation
QDConv2d gglilts
nls"@
@ QDConde intg

: | . Output
quantize —int8 INT2

Figure 9: E¥R4&
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8.2 Layout ¥l Bzh padding

IGIE FI LA fERIR Tensor HITREFHRREMR, UMKBIEREME, A MEFEURR, WA LURERKE TME

£ TCU BYRE 45 M #1T B Bh padding.
flan:

1) #R& Layout BoiERRAR FEMERESX (NCHW <> NHWC),
2) E#f Packing data, HEXIZINIEFERNEI. (NCHW->NCHWC64)
3) BENMEEA conv2d channel BENEFRMIES XE GPU itBEBI K/

8.3 RNEEH

IGIE @ MR R I EFHAERTER, LUBLAREFHE.
FIENTE, Me—ENBEFRESHITER (relu+relu+add),

dense dense
Y Y
sigmoid relu

Y | Y
dense :> dense

v v

sigmoid relu

v v

add add

Figure 10: NiZEH

8.4 BEMBMBEEITHE

WNFREPHEEHE weights iz5, IGIE SEFIFMNEHE, BaREERATET.
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MNFEMRXNEE, IFTIHERE,
TE, NEFREZEIRE, 2MEREETIHER.

Constant Parameter Path Pre-Computation
(w is marked as a constant parameter)

T | i

sgqrt > div ’:> mul

Figure 11: E£2itH
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9 IGIE C++ API i5BH

FENA IGIE REEREIEX C++ API, HE:

* Target #HXZEMERER

* Device EMIRENZEFE SAERE L
« ATEEIER Stream REBHEXRKEK
* ¥93& Tensor HHXZEF R EK

o INEHREL S| ZEAE X AR 2L

« IRBNRIHE XKL
 IRENEITHEXEK

 IRBFERY ST

- IR SE R

9.1 5INBEIVKX

#include <dlpack/dlpack.h>

#include <tvm/runtime/device_api.h>
#include <tvm/runtime/module.h>
#include <tvm/runtime/packed_func.h>
#include <tvm/runtime/registry.h>
#include <tvm/runtime/ndarray.h>
#include <tvm/runtime/profiling.h>

9.2 Target fg%%

9.2.1 Target()

IheERTR
SRR, RIBEN string BFFEIEE Targeto
R REY

tvm::Target::Target( String &target_str)

SRR

target_str: f£\ target name E#¥&, BT Target,

b
IR[OIBE2R Target,
EATHI
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auto target = Target("iluvatar")

9.2.2 Target::Current()

IhREELR
RIFHFEI LT Targets,

tvm::Target tvm::Target::Current(bool allow_not_defined=true)

SRR

* allow_not_defined: ¥NRIZBEILEN true, 7IFIR[E] undefined Target. TN, 2 context stack A
empty BY, 2FBEITHEEIR.

R [EE
R[EIHF £ T Target,

9.3 Device tg%3

%% Device fAXRIEMERE, TBREIE:

+ Device RIS
« DeviceAPI FREUSRER, iZIEM I cudaDeviceGetAttribute BIEI%E, AILUFREUATISRER:

- kWarpSize: Warp size B9 £,

- kComputeVersion: CUDA & HRr7x,

- kDeviceName: i&&& R,

- kMaxClockRate: BRABIFIAZR,

- kMultiProcessorCount: CU M,

- kMaxThreadsPerBlock: GPGPU i&& ™+ & Block o] HRIERALIZE

- kMaxSharedMemoryPerBlock: GPGPU i&&H &1 Block B YR A shape memory K/
- kMaxRegistersPerBlock: &4 Block R AT Z23HIEE,

- kMaxThreadDimensions: Block BEIZBMIRA X. Y. Z 4R,

9.3.1 DLDevice &1k

ThEERDR
Bl DLDevice, ATFIETE op H tensor BIEITIRE,

COREX01-MR401-UG03-00 66 V4.0.1-MR



KE B

IGIE H#IBNEZRFAEm

typedef struct {
DLDeviceType device_type;
int device_id;

} DLDevice;

DLDevice dev{kDLILUVATAR, 0};

SRR

* DLDeviceType: IEREIRERE, RHESIMERIKEMZ /. KDLILUVATAR; CPU I&EMIZE . kDLCPU,

* device_id: I8EFJ1LMEE, Hlul—&EH2E LB 8 & GPU, device_id AILUIIEEN 0~7 o

REE
iR[E] DLDevice 5314,

9.3.2 DeviceAPI 3

Ihaetstid

DeviceAPI = —1NJREX device {5 B Xt device HITIRIEREMIZE, BT (FEH DeviceAPI 2RI EY 57 &R £ 3t

Device #H1TiR1E. EFEEMERA device ## DeviceAPI XK,

DeviceAPI* DeviceAPI::Get( DLDevice& dev)
SEHEA
DLDevice& dev: @33 DLDevice BlIEH device L5191,
R[EE
i&[E] DeviceAPI 3K,
e

DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* api = DeviceAPI::Get(dev);

9.3.3 DeviceAPI::GetAttr()

ThaEe#tA

FREY Device ig&EME R, ZEOEX cudaDeviceGetAttribute BIE3E, B LUEE DeviceAttrKind 3XEXLL

TRERER:

« kWarpSize: Warp size F9#=2,
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« kComputeVersion: CUDA i+&HRZs,

+ kDeviceName: i&&&#F,

+ kMaxClockRate: ARSI,

+ kMultiProcessorCount: CU MK,

« kMaxThreadsPerBlock: GPGPU i&&/HE1 Block Al FHHIER KEZFEE,

+ kMaxSharedMemoryPerBlock: GPGPU i&&H & Block BIAHIERA shape memory K/

+ kMaxRegistersPerBlock: & Block AR AZE 7V =,
+ kMaxThreadDimensions: Block BEIRBERIRA X. Y. Z HE,

ERERIRE

virtual void GetAttr(Device dev, DeviceAttrKind kind, TVMRetValue* rv)

SRR

* Device& dev: i@ DLDevice lIZERY device £5#1&,
* DeviceAttrKind kind: F8TEIREXHVI&EFE M Kind, DeviceAttrKind SE{AE NI :

enum DeviceAttrKind : int {
kExist = 0,
kMaxThreadsPerBlock = 1,
kWarpSize = 2,
kMaxSharedMemoryPerBlock = 3,
kComputeVersion = 4,
kDeviceName = 5,
kMaxClockRate = 6,
kMultiProcessorCount = 7,
kMaxThreadDimensions = 8,
kMaxRegistersPerBlock = 9,
kGenArch = 10,
kApiversion = 11,
kDriverVersion = 12

};
+ TVMRetValue* rv: GetAttr AR EERFRIE rv Fo
REE
TR [E1E,
ERTH

DLDevice dev{kDLILUVATAR, 0};

DeviceAPI* api = DeviceAPI::Get(dev);

kind = tvm::runtime::DeviceAttrKind: :kWarpSize;
tvm::runtime: :TVMRetValue ret;
api->GetAttr(dev, kind, &ret);

int warp_size = ret;
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9.4 Device ATF. FHEXIZE(EMIZE

9.4.1 SetDevice()

ThaEEHTA

G ERAAIETTIRE Device id, JKEAN cudaSetDevice K%,

virtual void DeviceAPI::SetDevice(Device dev)

SRR

Device& dev: 3&iZ DLDevice B3 device £5H91K,
BR[EHE

FTREE,

9.4.2 CreateStream()

Thee#nR
BIE—NFTEYEAT stream,

virtual TVMStreamHandle DeviceAPI::CreateStream(Device dev)

SRR

Device& dev: 3@id DLDevice B3R device ££M{A,
iR [EHE

IRE]— TVMStreamHandle 3%,

fERRG

DLDevice dev{kDLILUVATAR, 0};

DeviceAPI* api = DeviceAPI::Get(dev);
TVMStreamHandle stream = api->CreateStream(dev);

9.4.3 SetStream()

IheEihiR
G ERBHIBEFETE stream.
R EREY
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virtual void tvm::runtime::DeviceAPI::SetStream(Device dev, TVMStreamHandle stream)

SRR

* Device& dev: i&@iT DLDevice Bl device (A,
* TUMStreamHandle stream: j@id CreateStream() €lJ#£HY Stream IR,

BENE

TR [ElE,

fERRHGI

DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* api = DeviceAPI::Get(dev);

TVMStreamHandle stream = api->CreateStream(dev);
api->SetStream(dev, stream);

9.4.4 StreamSync()

IheEhiR
[ 1ETE streams

virtual void tvm::runtime::DeviceAPI::StreamSync(Device dev, TVMStreamHandle stream)

SRR

* Device& dev: i@id DLDevice B3R device (K,
« TUMStreamHandle stream: 313 CreateStream() IZHY Stream TR,

R[EE

FTiREE,

£

DLDevice dev{kDLILUVATAR, 0};

DeviceAPI* api = DeviceAPI::Get(dev);
TVMStreamHandle stream = api->CreateStream(dev);

api->StreamSync(dev, stream);
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9.4.5 DeviceSync()

Thee#R
@ A1 Device,
R R R B

virtual void tvm::runtime::DeviceAPI::DeviceSync(Device dev)

SRR
* Device& dev: i@id DLDevice BlIE2HI device Z5H31A.,
B [EHE
FREIE,
fERRG

DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* api = DeviceAPI::Get(dev);

api->DeviceSync(dev);

9.4.6 FreeStream()

IheesR
I stream R,

virtual void tvm::runtime::DeviceAPI::FreeStream(Device dev, TVMStreamHandle stream)

SEHA

* Device& dev: i&@iT DLDevice Bl device (A,
* TUMStreamHandle stream: j@id CreateStream() €lJ#£HY Stream IR,

BENE

FTiR[ElE,

fERTH

DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* api = DeviceAPI::Get(dev);

TVMStreamHandle stream = api->CreateStream(dev);

api->FreeStream(dev, stream);

COREX01-MR401-UG03-00 71 V4.0.1-MR



IGIE H#IBNEZRFAEm

9.4.7 AllocDataSpace()

ThEeHtA
FRIE—RIGERF.
ERERIRE

virtual void* tvm::runtime::DeviceAPI::AllocDataSpace(Device dev, size_t nbytes, size_t
< alignment, DLDataType type_hint)

SE5A

* Device& dev: i@id DLDevice 389 device LK,

* size_t nbytes: BIEATEM byte K/

+ size_t alignment: NTEXTF A/

* DLDataType type_hint: FRIFEE elements BIZERY, 3FF Float 358! Element J9: DLDataType{kDLFloat,
32, 1};

DLDataType EXIAT:

typedef struct {
e
* \brief Type code of base types.
* We keep it uint8_t instead of DLDataTypeCode for minimal memory
* footprint, but the value should be one of DLDataTypeCode enum values.
* */
uint8_t code;
Vel
* \brief Number of bits, common choices are 8, 16, 32.
*/
uint8_t bits;
/*! \brief Number of lanes in the type, used for vector types. */
uintl6_t lanes;
} DLDataType;

pEACILE
void* ptr: IREIEFBENNETEIEH,
ARG

DLDevice dev{kDLILUVATAR, 0};

DeviceAPI* api = DeviceAPI::Get(dev);

DLDataType dtype = DLDataType{kDLFloat, 32, 1};
voild* ptr;

ptr = api->AllocDataSpace(dev, 1024, 64, dtype);
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9.4.8 CopyDataFromTo()

TheektA

ENRE, M—PIRERTE place BI5—MKERTF place, FII#E N cpu AFHIEE GPU R7E, (BTLUZE

cpu->gpu, HATLLZ gpu->gpu. gpu->cpu BIRTEERIEIE M),

virtual void tvm::runtime: :DeviceAPI::CopyDataFromTo(DLTensor* from, DLTensor* to,
< TVMStreamHandle stream)

SEHA

* DLTensor* from: 3&@i¥ DLDevice B3R device 51K,
* DLTensor* to: ERiEITERY byte K/,
* TVMStreamHandle stream: }§TERTHRIERVR, BILLEEIATE nullptr,

DLTensor XM TF:

typedef struct {

e
* \brief The opaque data pointer points to the allocated data. This will be
* CUDA device pointer or cl_mem handle in OpenCL. This pointer is always
* aligned to 256 bytes as in CUDA.
*/

void* data;

/*! \brief The device of the tensor */

DLDevice device;

/*! \brief Number of dimensions */

int ndim;

/*! \brief The data type of the pointer*/

DLDataType dtype;

/*! \brief The shape of the tensor */

int64_t* shape;

7
* \brief strides of the tensor (in number of elements, not bytes)
* can be NULL, indicating tensor is compact and row-majored.
*/

int64_t* strides;

/*! \brief The offset in bytes to the beginning pointer to data */

uint64_t byte_offset;

} DLTensor;

R[E{E
FiR[ElE,
fERxH
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DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* api = DeviceAPI::Get(dev);

DLTensor from;

from.data = const_cast<void*>(data);
from.device = DLDevice{kDLILUVATAR, 0};
from.dtype = DLDataType{kDLFloat, 32, 1};
ShapeTuple shape{1l, 224, 224, 3};

from.ndim = static_cast<int>(shape.size());

from.shape = const_cast<int64_t *>(shape.data());

from.strides = nullptr;
from.byte_offset = 0;

DLTensor to;

api->CopyDataFromTo(&from, &to, nullptr);

9.4.9 FreeDataSpace()

ThEeHtA
BRR—RgERTFo

virtual void tvm::runtime::DeviceAPI::FreeDataSpace(Device dev, void* ptr)

SHA

* Device& dev: J&id DLDevice tI3BY device £,

+ void* ptr: i&&i855t.
R[EE
TR EE,
fERRH
DLDevice dev{kDLILUVATAR, 0};
DeviceAPI* apl = DeviceAPI::Get(dev);

void* ptr;
api->FreeDataSpace(dev, ptr);

9.5 Tensor fHXIEFEREL

Tensor BAREF S E BIVHIELEN, BERTA— N 4HIERAE,
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9.5.1 DLTensor &%

ThaetiA :
DLTensor /2 IGIE &% Tensor BYERILEMIE, 7£ NDArray P {ER, ZEMEKEE T Tensor BIEKIEISE. 18
FHRB, HE. shape 5E. WTF stride FIATE offset F Memory BEMIES.

e E N
DLTensor EXINTF:

typedef struct {

7l
* |brief The opaque data pointer points to the allocated data. This will be
* CUDA device pointer or cl_mem handle in OpenCL. This pointer is always
* agligned to 256 bytes as in CUDA.
*/

void* data;

/*! \brief The device of the tensor */

DLDevice device;

/*! \brief Number of dimensions */

int ndim;

/*! \|brief The data type of the pointer*/

DLDataType dtype;

/*! \brief The shape of the tensor */

int64_t* shape;

VAl
* \brief strides of the tensor (in number of elements, not bytes)
* can be NULL, indicating tensor is compact and row-majored.
*/

int64_t* strides;

/*! |\brief The offset in bytes to the beginning pointer to data */

uint64_t byte_offset;

} DLTensor;

SRR

* void* data: #{EEEt, BILLRE CPU Memory 5%, taILIZE CUDA Memory 5%t
* DLDevice device: 187 tensor FRTEI& &,

+ int ndim: Tensor 4,

* DLDataType dtype: Tensor FYEUESSEY,

* int64_t* shape: Tensor B9 shape 158,

* int64_t* strides: Tensor B stride, stride BYBEIZ element BYEK, T3E nbyte,
 uint64_t byte_offset: HHHTF data BT IR ENRIEZ =,

fERRH
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DLTensor from;

from.data = const_cast<void*>(data);

from.device = DLDevice{kDLILUVATAR, 0};
from.dtype = DLDataType{kDLFloat, 32, 1};
ShapeTuple shape{1, 224, 224, 3};

from.ndim = static_cast<int>(shape.size());
from.shape = const_cast<int64_t *>(shape.data());
from.strides = nullptr;

from.byte_offset = 0;

9.5.2 NDArray £

NDArray Z#&T N 898 ARNZE, TER TR MmANEH,

9.5.3 NDArray::Empty()

IhEMTR
83— = NDArray.
B ER R EY

NDArray tvm::runtime::NDArray::Empty(ShapeTuple shape, DLDataType dtype, Device dev,
< Optional<String> mem_scope = NullOpt)

SRR

* ShapeTuple shape: #T array B9 shape K/]\.

* DLDataType dtype: #T array BUEIESEL,

* Device& dev: i&id DLDevice €lI#£R device FHA,
* mem_scope: NTFEH,

B [El{E

iR [E] NDArray 3R,

fERRHGI

DLDevice dev{kDLILUVATAR, 0};

tvm::runtime: :NDArray x;
X = tvm::runtime::NDArray::Empty({2, 2}, DLDataType{kDLFloat, 32, 1}, dev);

9.5.4 NDArray::Shape()

TheHtA
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FREY NDArray B9 Shape 1§ 2.

ShapeTuple tvm::runtime::NDArray::Shape()

SRR

TS

iR [EIE

iR[E] ShapeTuple &,
fERRG

tvm::runtime: :NDArray input;
tvm::runtime: :ShapeTuple input_shape = input.Shape();

// ¥JEN shape 1582
std::cout << "Input Shape: [";
for ('Lnt 'L=O_: i< "anut_shape.s-'l_ze(); "L++){

std::cout << input_shape.data()[1] << ",";

}

std::cout << "]|" << std::endl;

9.5.5 NDArray::DataType()

IhEewnA
JREX NDArray B9 Type 15 8.

DataType tvm::runtime::NDArray::DataType()

SRR

T

iR [EIHE

iR[6] DataType 4%,
fERTHI:

tvm::runtime: :NDArray input;
tvm::runtime: :DataType input_type = input.DataType();

// FTEN Dtype 58
std::string dtype = tvm::runtime::DLDataType2String(input_type);

std::cout << "Input Type: << dtype << std::endl;
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9.5.6 NDArray::CopyFromTo()

Thee#R
¥ 01— DLTensor #¥#EZI5— DLTensor, 530, #£01 CPU LAY DLTensor #¥(#E%I GPU DLTensor,
EREREY

vold tvm::runtime: :NDArray::CopyFromTo( DLTensor* from, DLTensor* to,
< TVMStreamHandle stream = nullptr)

SHA

* DLTensor* from: J& DLTensoro
* DLTensor* to: B#x DLTensor,
* TVMStreamHandle stream: 1THEUIZ{ERY stream, EAIAZ nullptr stream,

R[E{E
FiR[ElE,
fERTH

DLTensor from;

from.data = const_cast<void*>(data);

from.device = DLDevice{kDLCPU, 0};

from.dtype = DLDataType{kDLFloat, 32, 1};
ShapeTuple shape{1, 224, 224, 3};

from.ndim = static_cast<int>(shape.size());
from.shape = const_cast<int64_t *>(shape.data());
from.strides = nullptr;

from.byte_offset = 0;

DLTensor to;
to.device = DLDevice{kDLILUVATAR, 0};

tvm: :runtime: :NDArray: :CopyFromTo(from, to)

9.5.7 NDArray::CopyToBytes()

IhgEMTR
EIEIEARTEIS— NDArray, ffltl, #01 CPU LAY data #3EZI GPU DLTensor,

vold tvm::runtime::NDArray::CopyToBytes(void* data, size_t nbytes)

SRR
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* void* data: #iEiEFt.
* size_t nbytes: ¥ TIEIEA/ bytes,

R[E{E
FiR[ElE,
fER=H

// a0 BUEE— shape=[4], dtype BN float32, £ Iluvatar GPU L£BY Tensor

// 8B Tensor NTHIEE

DLDevice dev{kDLILUVATAR, 0};

// B Tensor HYZRE!

DLDataType dtype{kDLFloat, 32, 1};

tvm::runtime: :NDArray input = tvm::runtime::NDArray::Empty({4}, dtype, dev);
// ¥ cpu 4R data | GPU Tensor /R

float data[4] = {1.0, 2.0, 3.0, 4.0};

input.CopyFromBytes(data, 4 * sizeof(float));

9.5.8 NDArray::FromDLPack()

IheERTiR
M— dipack tensor €l NDArray.

NDArray tvm::runtime::NDArray::FromDLPack(DLManagedTensor* tensor)

S

DLManagedTensor* tensor: dlpack tensor,
iR[EIE

1R[8] NDArray,

fEREA:

DLPack @—F@ A Tensor R4, EAFARNEZRZEM Tensor HITHHE R, DLPack #HX4E0]
L& E DLPack 44,

Ett, tvm: :runtime: :NDArray: : FromDLPack 3ZEFT LU x3F DLPack BIEMIAEZE Tensor 353279 IGIE NDArray
HITIHIE, ZEMEZEEE: Torch. TensorFlow. Paddle. ONNXRuntime,

ZdFE90TF: torch tensor-> dipack tensor -> igie tensor(NDArray)
fEF3 tvm: :runtime: :NDArray: :FromDLPack €& Tensor, ZiFZ1EDA LB Tensor:
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/) ZIEOSZFUSEINNARIE IGIE Tensor, void *data BILLE CUDA Memory FIEFEST

tvm::runtime: :NDArray CreateNDArray(void *data,
ShapeTuple &shape,
DLDataType &dtype,
DLDevice &dev) {
// Bl DLTensor
DLTensor tensor;
tensor.data = data;
tensor.device = dev;
tensor.ndim = static_cast<int>(shape.size());
tensor.shape = const_cast<int64_t *>(shape.data());
tensor.dtype = dtype;
tensor.strides = nullptr;
tensor.byte_offset = 0;

// BI# DLManagerTensor (DLPack Z5F8{K)
DLManagedTensor managed_tensor;
managed_tensor.dl_tensor = tensor;
managed_tensor.deleter = nullptr;

tvm::runtime: :NDArray x_array = tvm::runtime::NDArray::FromDLPack(&managed_tensor);

return x_array;

// GPU RTEM data

float *d_data;

cudaMalloc((void**)&d_data, size * sizeof(float));

cudaMemcpy(d_data, h_data, size * sizeof(float), cudaMemcpyHostToDevice);

// VAR CreateNpArray BK¥L, SHENHFEIE IGIE Tensor,
ShapeTuple in_shape{1, 224, 224, 3};
tvm::runtime: :NDArray in_tensor;

in_tensor = CreateNDArray(mag_tensor, d_data, in_shape, DLDataType{kDLFloat, 32, 1}, dev);

9.6 NNEHREL 5| TR KR

9.6.1 Module 3£

IGIE ARTRISITIHERIAYSS,

9.6.1.1 Module::LoadFromFile()

Thaektk
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MBIEXHHE Module R, FAFHIE,

Module tvm::runtime::Module::LoadFromFile( std::string& file_name,
< std::string& format = "")

SRR

* const std::string& file_name: 5|ZEXHIRZ,
* const std::string& format = "": 5|EXHEE, IR,

B [EI{E
IR[E Module X,
fEMI5BA:

// TO&EEIZEXHE 161E &

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");

9.6.1.2 Module::GetFunction("default”)()

IhgEtTR
B2 GraphExecutor %, fNE Module I Device GPU,
B ER T

PackedFunc tvm::runtime::Module::GetFunction("default")(DLDevice device)

S¥iRA

DLDevice device: IEB MR,

B [E{E

GraphExecutor 3%,

fEFIRER:

Al /3 GraphExecutor BJ R 3£ @ ModuleNode (class GraphExecutor : public ModuleNode()) , & It,
mod_factory.GetFunction("default”)(dev) iR [EI#Y GraphExecutor 3R A LLZ Module 28,

DLDevice dev{kDLILUVATAR, 0};

// TNESIZEXXHEI 16IE

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");

// V¥ GraphExecutor IR, N&E Module F Device GPU.

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);
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9.7 ER N E B AKX

9.7.1 GraphExecutor::GetFunction()

IhREHDA
W F—h GetFunction #%0, JREX GraphExecutor BIFfE R ER . tbi:
+ get_input(): FKEURE M ANEE,
+ set_input(): IREREE RN,
*+ set_input_zero_copy(): AEE NN ISEEE N
* get_output(): FREVER GG H,
* get_num_outputs(): FREVEZAYHH MR
* get_num_inputs(): FREVEZE AN,
* get_input_names(): FREVEE!AVHIAN name,
* get_output_names(): FREURE AL name,

PackedFunc GraphExecutor::GetFunction( std::string& name)

SRR

const std::string& name: EK#EFRTH,
BR[EHE

IREIRHNR, FJUAEEER.

fEMAA:

DLDevice dev{kDLILUVATAR, 0};
// MEBIEXHE) 161£

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// Bl# GraphExecutor YR, MNE Module E Device GPU,
tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

//REUE R N 2R

tvm: :runtime: :PackedFunc get_num_1inputs = graph_executor.GetFunction("get num_inputs");

//ERBUR B K

tvm: :runtime: :PackedFunc get_num_outputs

graph_executor.GetFunction("get_num_outputs");

// IREUREI 2 ER4IN names

tvm::runtime: :PackedFunc get_input_names

graph_executor.GetFunction('"get_input_names");

// FREMEE 2 ERtaH hames

tvm: :runtime: :PackedFunc get_output_names = graph_executor.GetFunction("get output_names");
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// REURERNER

tvm: :runtime: :PackedFunc set_input

graph_executor.GetFunction("get_input");

// BRI N 2L
tvm::runtime: :PackedFunc set_input

graph_executor.GetFunction("set input");

// IR EIR BN REL
tvm: :runtime: :PackedFunc set_input_zero_copy =
< graph_executor.GetFunction("set_input_zero_copy");

// FREVIRBY 450 iR X
tvm::runtime: :PackedFunc get_output = graph_executor.GetFunction("get output");

9.7.2 get_num_inputs()

Thaektk
FREVE B A N80

GraphExecutor: :GetFunction("get_num_1inputs")()

SRR

I

E[EE

IR [EIE R 5E N B9 EK
fEREA:

DLDevice dev{kDLILUVATAR, 0};

// TNES|EXHE 161E

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// B3 GraphExecutor W&, M&E Module E Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

//FREVE B NN
tvm: :runtime: :PackedFunc get_num_1inputs = graph_executor.GetFunction("get num_inputs");
int input_num = get_num_inputs();

std::cout << "get_num_inputs: << input_num << std::endl;

9.7.3 get_num_outputs()

TheHtA
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FREVE RS B9 N R
B ¥R B

int GraphExecutor::GetFunction("get_num_outputs")()

SR

I

A

iR [E1E B i H B9 N 3K
fEFEA:

DLDevice dev{kDLILUVATAR, 0};

// TNEEIZEXHE 16IE

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// BUiE GraphExecutor R, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

//FREAR B g HH 4K
tvm: :runtime: :PackedFunc get_num_outputs = graph_executor.GetFunction("get_num_outputs");
int output_num = graph_executor.NumOutputs();

std::cout << "get_num_outputs: << output_num << std::endl;

9.7.4 get_input_names()

IheEHhiR
REVREFRERIA Nameo
Bk =k

std::vector<std::string> GraphExecutor::GetFunction('"get_input_names")()

SR

I

E[EE

IR IR 58\ B $4E
fEFEA:

DLDevice dev{kDLILUVATAR, 0};

// TNEEIEXHE] 161E

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
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// BlI#E GraphExecutor YR, MNE Module E Device GPU,
tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// IREMRZLLEBHN names

tvm: :runtime: :PackedFunc get_input_names = graph_executor.GetFunction('"get_ input_names");
void* input_names = get_input_names();

std::vector<std::string>* vector_names = static_cast<std::vector<std::string>*>(input_names);
for ( auto& str : *vector_names) {

std::cout << "Input Name: << str << std::endl;

9.7.5 get_output_names()

Ihaektk
REVRBIFR AL Name,

std::vector<std::string> GraphExecutor::GetFunction("get_output_names")()

SR

I

E[EE

IR [ R i 2 ¥R
fEFEA:

DLDevice dev{kDLILUVATAR, 0};

// MEEIEXHEE| 16IE

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// Qi GraphExecutor R, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// IREVRBY IR names
tvm: :runtime: :PackedFunc get_output_names = graph_executor.GetFunction("get output_names");
vold* output_names = get_output_names();
vector_names = static_cast<std::vector<std::string>*>(output_names);
for ( auto& str : *vector_names) {
std::cout << str << std::endl;
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9.7.6 get_input_index()

ThEeHtA
IRIER AR MRIREXAA BT indexo

int GraphExecutor::GetFunction("get_input_index")( std::string& name)

S5

const std::string& name: ARG Z,
B[EE

HINBY index.

fEFIER:

DLDevice dev{kDLILUVATAR, 0};

// TNES|IEXHE 161E

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");

// BlI#E GraphExecutor Y&, MNE Module E Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

tvm: :runtime: :PackedFunc get_output_names = graph_executor.GetFunction("get_input_index");

int index = get_output_names("input_0");

9.7.7 get_output_index()

IhgEMTR

RiEHEE 2 FRREa LA indexo

int GraphExecutor::GetFunction("get_output_index")( std::string& name)
S¥EA

const std::string& name: EAEEHHZ,

B[El{E

HHAE indexo

fEIRAA:

COREX01-MR401-UG03-00 86 V4.0.1-MR



IGIE H#IBNEZRFAEm

DLDevice dev{kDLILUVATAR, 0};

// TNEBIZEXHE 16IE

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");

// Qi GraphExecutor R, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

tvm: :runtime: :PackedFunc get_output_names = graph_executor.GetFunction("get output_index");

int index = get_output_index("softmax_0");

9.7.8 get_input()

ThaettA
REBBEN, FREVND Shape. Dtype # data 158,

NDArray GraphExecutor::GetFunction("get_input")(int index)

SRR

int index: EB/LMHING
iR [EHE

iR[E] NDArray,
fEFER:

DLDevice dev{kDLILUVATAR, 0};

// TEEIZEXHE] 16IE

tvm::runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// BUiZ GraphExecutor IR, NO&EL Module % Device GPUs

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// REURELRANGER

tvm: :runtime: :PackedFunc get_input = gmod.GetFunction("get_ input");

tvm::runtime: :NDArray input_ = get_input(0);

tvm::runtime: :ShapeTuple input_shape = input_.Shape();

tvm::runtime: :DataType input_type = input_.DataType();

// FTEN shape 122

std::cout << "Input Shape: [";

for (int 1=0; 1 < input_shape.size(); i++){
std::cout << input_shape.data()[1] << ",";

}

std::cout << "]" << std::endl;

// FTEN Dtype 58
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std::string dtype = tvm::runtime::DLDataType2String(input_type);

std::cout << "Input Type: << dtype << std::endl;

9.7.9 set_input()

Thaektk
RERE N,
KRR

vold GraphExecutor::GetFunction("set_input")(int index, DLTensor* data_in)

SRR

* int index: FBJLPHINo
* DLTensor* data_in: 3 AR DLTensor,

R[E{E
FTiR[EE,
{EM5BA:

DLDevice dev{kDLILUVATAR, 0};

// MEEIEXHER| 16IE

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// B GraphExecutor FR, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// REMRELRAER

tvm: :runtime: :PackedFunc set_input = graph_executor.GetFunction("get input");

// S EREL RN 2L
tvm::runtime: :PackedFunc set_input

graph_executor.GetFunction("set_input");

DLTensor* input;

// BIIETE input name IZEHN
set_input("data", input);

// HE BIIEE index KB
set_input(0, input);

9.7.10 set_input_zero_copy()

Thee#hR
SN ARIGERREN, NRIE GPU BITEE, NMARIE data_ref 89 data $8¥H1EM GPU N1E,
ZIEORFRZERHT DLTensor Y data 355t
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void GraphExecutor::GetFunction("set input_zero_copy")(int index, DLTensor* data_ref)

SRR

+ int index: FJLNMEIN
* DLTensor* data_ref: 3B DLTensor, WNRETE GPU BITIEEY, NIWARIE data_ref 989 data $85t
MM GPU Ao

R[E{E
Fik[ElE,
fEFIEA:

DLDevice dev{kDLILUVATAR, 0};

// TEEIEXHER| 16IE H

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// B2 GraphExecutor IR, NI Module % Device GPUs

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// BRI R 2L

tvm: :runtime: :PackedFunc set_input_zero_copy =

< graph_executor.GetFunction("set_input_zero_copy");

DLTensor* data_ref;
int index = set_input_zero_copy(data_ref);

9.7.11 get_output()

Ihaesti®
IREVEE RV

NDArray GraphExecutor::GetFunction('"get_output")(int index)

SRR

int index: /1 MR,
iR [EHE

iR[5] NDArray,
fEFIEA:
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DLDevice dev{kDLILUVATAR, 0};

// TNEBIZEXHE 16IE

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// Qi GraphExecutor R, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);

// FREVIEEY a1 BR &

tvm: :runtime: :PackedFunc get_output = graph_executor.GetFunction("get output");

tvm::runtime: :NDArray output = get_output(0);

tvm: :runtime: :ShapeTuple output_shape = output.Shape();
tvm::runtime: :DataType output_type = output.DataType();

// ¥TEN shape 58
std::cout << "Output Shape: [";
for (int 1=0; i< output_shape.size(); i++){

std::cout << output_shape.data()[1] << ",";
}

std::cout << "|" << std::endl;

// ¥TED Dtype 52
std::string dtype = tvm::runtime::DLDataType2String(output_type);

std::cout << "Output Type: << dtype << std::endl;

9.8 1RELEITIHXEKIER
9.8.1 run()

Thaektk
RELET TR
BRI R

GraphExecutor: :GetFunction("run")()

SR
Tco
A
FTiR[E],
fEFEA:

COREX01-MR401-UG03-00 90

V4.0.1-MR



K Es

luvatar CoreX IGIE H#IBNEZRFAEm

DLDevice dev{kDLILUVATAR, 0};

// TNEBIZEXHE 16IE

tvm: :runtime: :Module mod_factory = tvm::runtime::Module::LoadFromFile("./resnet50.s0");
// Qi GraphExecutor R, NNE Module F Device GPU,

tvm::runtime: :Module graph_executor = mod_factory.GetFunction("default")(dev);
tvm::runtime: :PackedFunc run = graph_executor.GetFunction("run");

run();

9.9 TERESTIHHER KR

9.9.1 GetTimer()

ThEeHEi®
B Timer W&, BTt

tvm::runtime::Timer timer = tvm::runtime::Timer::GetTimer(dev);

S5

Device& dev: 3&i¥ DLDevice B3R device £H{A,

R[E{E

Timer %R,

fEFHLEA:

B ENFREZLEM Device BIE Timer MR, ITHIFFE GPU/CPU #EBI41T,
// CPU ¥EBYSETT

DLDevice dev{kDLCPU, 0};
tvm::runtime: :Timer timer = tvm::runtime::Timer::GetTimer(dev);

// GPU FEBISEiT
DLDevice dev{kDLILUVATAR, 0};
tvm::runtime::Timer timer = tvm::runtime::Timer::GetTimer(dev);

9.9.2 Start()

Ihaektk
FRFER ST,

COREX01-MR401-UG03-00 91

V4.0.1-MR



W EsEis
WA Iluvatar CoreX

IGIE H#IBNEZRFAEm

TR [ElE,
fEFBLEA:

timer->Start();

9.9.3 Stop()

Thisekgik

X HAFERSI
SR

Tco

A
FTiR[EE,
fEFIEA:

timer->Stop();

9.9.4 SyncAndGetElapsedNanos()

ThieMtR

T8 Start # Stop ZiE]AYFERT,

SRR

oo

EEE

ROFERSEIT, KB inte4_t, BAIA ns,
fEFIHEA:

int64_t time = timer->SyncAndGetElapsedNanos();
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9.10 HIFTTEESERIGI

Note
IGIE C++ REIRKBARESAHEFR, WEFTE, FRENREITEMREURGIHLEE,
TERTEM C++ 113

#include <dlpack/dlpack.h>
#include <tvm/runtime/module.h>
#include <tvm/runtime/packed_func.h>
#include <tvm/runtime/registry.h>
#include <tvm/runtime/ndarray.h>
#include <tvm/runtime/profiling.h>
#include <cstdio>

#include <stdlib.h>

#include <iostream>

#include <iomanip>

#include <string>

#include <fstream>

#include <errno.h>

#include <exception>

// EEERHIER data
bool GetImageData(std::string file_path, float *data, uint32_t size) {
try {
std::ifstream file;
file.exceptions(file.failbit | file.badbit);
file.open(file_path);
if (file.is_open()) {
float tmp;
uint32_t count = 0;
while (file >> tmp) {
*data++ = tmp;
count++;
if (count >= size) {
break;
}
}
file.close();
return true;
}
} catch (std::ifstream::failure &e) {
std::cout << "open file failed: " << e.what() << std::endl;
return false;

}

return false;
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// REFHETRES

bool SaveOutput(const std::string &file_path, float *data, uint32_t size) {

try {
std::ofstream out_file;

out_file.exceptions(out_file.failbit | out_file.badbit);

out_file.open(file_path);
if (out_file.is_open()) {
float tmp;

for (uint32_t 1 = 0; 1 < size; ++i1) {

tmp = *data++;
out_file << tmp;
out_file << '"\n';
}
out_file.close();
return true;

}
} catch (std::ifstream::failure &e) {

std::cout << "open file failed: " << e.what() << std::endl;

return false;

}

return false;

}

// RS EXHEEERE

vold DeployResnet50(std::string in_file, std::string out_file, std::string dev_type
LOG(INFO) << "Running C++ resnet50 graph executor...";

//BREGIIR E s EE

float *data = new float[1 * 3 * 224 * 224];

if (!GetImageData(in_file, data, 1*3*224*224)) {
std::cout << "Get data failed!" << std::endl;

return;

// 1&E device
DLDevice dev{kDLILUVATAR, 0};
tvm: :runtime: :Module mod_factory;

// TRESIZEX
if (dev_type == "cpu") {

dev.device_type = kDLCPU;

mod_factory = tvm::runtime::Module::LoadFromFile("model/resnet50 b1 1lvm.so");

} else if (dev_type == "gpu") {
dev.device_type = kDLILUVATAR;

"gpu") {
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mod_factory = tvm::runtime::Module::LoadFromFile("model/resnet50 b1 iluvatar.so");
}else {

std::cout << "ERROR: unrecognized device type!" << std::endl;

return;

// create the graph executor module
tvm: :runtime: :Module gmod = mod_factory.GetFunction("default")(dev);

//RBEUVE LA N8
tvm: :runtime: :PackedFunc get_num_inputs = gmod.GetFunction("get num_inputs");
int input_num = get_num_inputs();

std::cout << "get_num_inputs: " << input_num << std::endl;
//FREAR B g %

tvm: :runtime: :PackedFunc get_num_outputs = gmod.GetFunction("get_num_outputs");
int output_num = get_num_outputs();

std::cout << "get_num_outputs: << output_num << std::endl;

// IREVRBY IR names
tvm: :runtime: :PackedFunc get_input_names = gmod.GetFunction("get_input_names");
vold* input_names = get_input_names();

std::vector<std::string>* vector_names = static_cast<std::vector<std::string>*>(input_names);
for (const auto& str : *vector_names) {
std::cout << str << std::endl;

// IREVRBY 2 EREEH names
tvm: :runtime: :PackedFunc get_output_names = gmod.GetFunction("get_output_names");
vold* output_names = get_output_names();

vector_names = static_cast<std::vector<std::string>*>(output_names);
for (const auto& str : *vector_names) {
std::cout << str << std::endl;

tvm: :runtime: :PackedFunc get_input = gmod.GetFunction("get_input");
tvm::runtime: :NDArray input_ = get_input(0);

tvm::runtime: :ShapeTuple input_shape = input_.Shape();
tvm::runtime: :DataType input_type = input_.DataType();

std::cout << "Input Shape: [";

for (int 1=0; i< input_shape.size(); i1++){

std::cout << input_shape.data()[i] << ",";

}

std::cout << "]|" << std::endl;
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std::string dtype = tvm::runtime::DLDataType2String(input_type);

std::cout << "Input Type: << dtype << std::endl;

// IREARBUMEIR R EK

tvm: :runtime: :PackedFunc set_input = gmod.GetFunction("set_input");
tvm: :runtime: :PackedFunc get_output = gmod.GetFunction('"get output");
tvm: :runtime: :PackedFunc run = gmod.GetFunction("run");

// BIE=B Tensor
tvm::runtime: :NDArray input = tvm::runtime::NDArray::Empty({1, 3, 224, 224},
< DLDataType{kDLFloat, 32, 1}, dev);

// BiE Timer

tvm::runtime::Timer timer = tvm::runtime::Timer::GetTimer(dev);

// Warm Up
std::cout << "Start Warmup ..." << std::endl;
for(size_t 1 = 0; 1 < 3; 1++)
{
run();
}

// ¥ Host data B GPU input tensor 1 (HToD)
input.CopyFromBytes(data, 1 * 3 * 224 * 224 * sizeof(float));

// BRI
set_input('"data", input);

// HEIEIRE
timer->Start();
run();
timer->Stop();

// ITEFER

float latency = timer->SyncAndGetElapsedNanos() / 1le6; // ns->nms
float FPS = 1000 / time;

std::cout << "Consume time: << latency << " ms" << std::endl;
std::cout << "FPS: " << FPS << std::endl;

// get the output
tvm::runtime: :NDArray output_gpu;
output_gpu = get_output(0);

tvm::runtime: :ShapeTuple output_shape = output_gpu.Shape();
tvm::runtime: :DataType output_type = output_gpu.DataType();
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std::cout << "Output Shape: g
for (int 1=0; i< output_shape.size(); i++){

std::cout << output_shape.data()[1] << ",";

}

std::cout << "]" << std::endl;

// ¥TEN Dtype S8
dtype = tvm::runtime::DLDataType2String(output_type);

std::cout << "Output Type: << dtype << std::endl;

// ¥ED1 GPU Tensor ¥{#EZE| Host output H (DtoH)

float output[1000];

output_gpu.CopyToBytes((void*)output, 1000 * sizeof(float));

for (int32_t 1 = 0; 1 < 10; ++1) {
std::cout << ((float*)output)[i] << "\t';
}

std::cout << std::endl;

// save inference output to postprecess
SaveOutput(out_file, output, 1000);

if (data != nullptr) {
LOG(INFO) << "free data when device type is cuda!!!";
delete[] data;

}

LOG(INFO) << "End running resnet50 graph executor...";

}

int main(int argc, char *argv[]) {

if (argc != 4) {
std::cout << "ERROR: two arguments for main, but get " << argc - 1 << std::endl;
return 1;

}

std::string in_file(argv[1]);

std::string out_file(argv[2]);

std::string dev_type(argv[3]);

std::cout << "in file: << in_file << ", out_file: << out_file << std::endl;
DeployResnet50(in_file, out_file, dev_type);

return 0;
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$ cd igie/tests/test_iluvatar/test_cpp/
$ bash run.sh
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10 & Win)EH

)@ 1: IGIE B9 Relay OP @ft4?

Relay &2 IGIE Graph #1 OP W& &, FREEFHIE XEBTE Relay Package TH. ALt IGIE WEFHEE
W2 WHFRA Relay OP,

&1E(E R IGIE BY, AJLUEE Relay OP #35&MI48, fflan:

data = relay.var("data", shape=input_shape, dtype=dtype)
conv = relay.nn.conv2d(data, weight)

add = relay.add(conv, bias)

relu = relay.nn.relu(add)

ISR LAER relay.build #1THEE! Graph fi¥:

engine = relay.build(mod, params=params, target=target)

AR 2 HEEEMRERY, AT A Layout (HRERYF?

Hel RS S S B FENFL, 3T NHWC Layout BEFEEEEMMREM VB2 RIFN, IFF NCHW
Layout BIEF BRI AZIFRD,
FHit, BINESNEESFREMFEH NHWC Layout H{TIEAHETER,

WNRIEBIERE AV HCHW Layout, RIATESANREGMERA TEABE Layout #1THIE, FRBNR
HE Layout BFA=BNZTHY:

from tvm.relay.transform.iluvatar.optimize_graph import convert_graph_layout_simplify
# NCHW -> NHWC

convert_layout="NHWC"

mod = convert_graph_layout_simplify(mod, convert_layout=convert_layout)

R 3 ETTIREEY, W MAERER, WeasZi NRERY, 2E4A0E?
Bal ixInfer BFEBES Shape TR BT, BRI conved RISk MERZSE, UE
KRR T, BREEEZ Shape BRATHNA IR, MATIRIMH -SRI LW NALHITRIE,
B EA LU IZ Shape BB [EIREFA IGIE RIBRIASSIN,
B/ 4: igie-exec TEEWRER
in) R
IGIE X4 FA[F) Batch RY INT8 12, BEE Batch MFEEMEN? ENRESER—REIA?
iR R
B&fl igie-exec 12 T M2 5 RMEEFE: IGIE £2/6F ONNXRuntime £1t,
 3F IGIE 21k (~igie-quantize £§):

- s ERAKREDRE, 25 FP16 #M INT8 £t
- RR: TEERIE—TEUTR, RERI TR
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+ ¥F ONNXRuntime £t (-onnx-quantize £%):

- i FF ONNX IRELZHFRY, AJURESHEREBLED RREMWN, WETREW, ITHIR
EE4
- FRe: H3ZHEF ONNX 1=E

fif F —igie-quantize 2## 17 INTS 24, S ENBENEH EhR) REETHERN
quantize_scale BRH, TR#HITHEM Batch B, SEMMBEHMER, TEBEXEM. H Batch &K
B, *SMELENMREFIENF L OOM, HFFER batch=1 317 INT8 £, AEBHITHM Batch
#IE, ERNRREH Batch FEHANENREIZE R,

£} --onnx-quantize S #{# 17 INT8 2L BT, igie-exec WHF X 1 batch HITEWN, BRHFIT
32/64/128 batch #IENEIFRBEZEEW, igie-exec AEFHE T ONNX 1EEHY Batch BofERTH, A
£ 1 batch BEEWAREAVERY EE2X Batch,

8@ 5: 7 ARM i&#& L% % onnxoptimizer #1 onnxsim R
I3
£ ARM 1&& £ %% igie-exec B9 requirement.txt 535
]

MR ZBRIFRE onnxoptimizer, AJEEREN CMake AT ESHIRIZEM, FEFHLK CMake, —R
HIREROT:

CMake Error at CMakelLists.txt:1 (cmake_minimum_required):
CMake 3.22 or higher is required. You are running version 3.16.9

HBE TP BRRRE .
1. #4& CMake FRZs:
# MIERNFE THE)MIREN cmake.git X1

$ ./build_cmake.sh
$ ./install_cmake.sh

2. A5, BE CMake hitzs:

$ cmake --version
cmake version 3.25.2-corex.3.1.0.20230322.534

3. ¥ &% onnxoptimizer,

BIRR 6: NfAIfERE IGIE DEBUG 1#&#3?

& A L@ 2 4% 1% 3% 11 ILUVATAR_LOG_DEBUG X i & 2 T $TED DEBUG 2 B, TE igie/cmake/
config.cmake XHEHUIEIZIETISE A ON, EF4RIF IGIE [FEIR]EZ| DEBUG 5 8.

& 7. MEHRE IGIE ZH/FEXE?
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IGIE AJLATELLT 4 MEIVTIIE, D3ESFARNEFE:

« livm: RERFRE OP £ IGIE CPU LI, MAERE, —RATIREEXLL

« iluvatar: #EEMFRA OP 287 IGIE GPU 21, MAEMEXNRE, BAMS

+ iluvatar_with_cudnn_cublas: M ixDNN. ixBLAS FEH I MR KRS, BAMEURATF
iXxDNN. ixBLAS BYSRIIER

« iluvatar_with_all_libs: M ixInfer. ixDNN. ixBLAS FEFR S aERITFHISSIN, REOSIRENGR (M
BB, WBAMEURT ixInfer. ixDNN. ixBLAS BISEIIER

livm RHAEMR CPU IHE, ELMERERPRIOAE, HR=MER:

« BRMFFBE: iluvatar > iluvatar_with_cudnn_cublas > iluvatar_with_all_libs
« M8E: iluvatar_with_all_libs > iluvatar > iluvatar_with_cudnn_cublas

ERIFERM S IEXXHRY, EEILUBTIZE target 2ERITH] IGIE TIEEAMIER T !
# Llvm

target = tvm.target.Target("llvm")

# iluvatar
target = tvm.target.iluvatar()

# iluvatar_with_cudnn_cublas
target = tvm.target.iluvatar(options="-1ibs=cudnn,cublas")

# iluvatar_with_all_libs
target = tvm.target.iluvatar(options="-1ibs=cudnn,cublas,ixinfer")

REERPIBETESTHERFBERZD, Ee]EFERE iluvatar TIFRIRIIEREAZ 1B R,

iB)E 8: IGIE #IEFERF Hang, M{AIfRR?

IGIE INT8 #IZRIBE R HINAZF Hang ¥, XARGERERNIAR T ixinfer BFERBE T RTEXHH
SKIL, AJLUEEE target S ARBNAD, BT ixInfer B FEMSIEXXH4RiH—P AR :

target = tvm.target.iluvatar(options="-1libs=cudnn,cublas")

#IAA ixInfer B)@fE, 7% IGIE RENERILUHITUI F=IR:

« SRR ixInfer BIASLIN: ixInfer 12T RMAHELIESE, TIEA ixInfer INT8 BFEY, IGIE FRIAIE
EEE 0 BIEWM, 3% python/tvm/contrib/ixinfer.py BlZ T qdconv_forward F qdeconv_forward
BREHEY algo IREN 1, AIRERTIEE] ixInfer B —MEELI,. Fib, IREZEXIGE, FEE
MR ERS XX,

« SR EHT Pad: HIEEIARY OP BN, Hith Channel 73 64 RUEELEY, ixInfer TEAEEMI%AE
FEFESBERIFIRI. ErRILAIEAMA IGIE PadNet O E-MREHRIT 64 F4RY Pad, ORI
HEER, EMESIEXREIMESEIA:

engine = relay.build(mod, target=target, params=params, required_pass=['MutatePadMod'])

ZINEEth B & 1E igie-exec 1, ISR FEMIMAIN --custom_option required_pass:MutatePadMod
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AR B, TELL YOLOVS A A fl:

$ igie-exec --model_path yolov5m.onnx --input images:32,3,640,640 --precision int8 --
< use_coco2017 True --automatic_yolo_gquantization True --custom_option
< required_pass:MutatePadMod

B 9: IGIE #EIBHIS IR, AN HRIERE (IARR?

THEIRRHENEERE S FITE,
FP16 IR
FP16 BN SRR S, BIMBEMAETEMLL/) . MNREMBERD, JUBRUTTES
MrENLIE)
1. ERBERREEZ, BMIMERTLE, BRIEBHETIR;
2. ZLRBEFESR, @8 target {OXEIE, HIARENEFETEEIR.
INTS 12
INTS #HIEE A EEHRER S A S BB IR ATEE:

1. AEEEHREERTGE. EREBITETIR, THEMGE, MRERRFTNIETEIR, SUSHRRK
IR ERK,
2. IGIE BEi##Z#ER ONNXRuntime £, 2WXERETILIEHR ONNXRuntime #{THEERIE,

MBEWEMNRERSERERSL, XMNMEEM 10 FEHITE, BINEVENEEEETLIR, S IGIE
ERESEIR, —RUAILBIZRSHBEEEZFRANEMNBM, S22, IGIE 7 iluvatar target &5
RENBERI, oAz &0L target,

RINEBZ@EE LIRS E, EAF TIBBINE ixInfer B3EFE L, BBARMETIIASE|H 8 FIZEIMFH
ARSI ARR:

1. P ixInfer BOBESASSIN
2. A8 IGIE padnet O

IBRE 10: WNEIfRR INT8 BN A S HRAFEERK?

XTF IGIE INT8 BUHINE, FAIUSE" RELEF: IGIE HIEERFERHE" > " #iz 2: NEINREHTT
21", Bal IGIE EHEFER ONNXRuntime #1TE1, HRMEUTEEETUTHIEHLITH:

+ op_types_to_quantize: IEEE=1VAI OP 28, 40 ['Conv'] XE1k Conv OP

* nodes_to_exclude: FEEEEPLIE XA Node List, IEB ST, List P Node =PI E1L, I
%0 ['Conv_0', 'Conv_1']

* per_channel: B&FE per-channel (%1, #BLk per-tensor, per-channel —f%EEIRIGELFHY
BE

TEYIH—ER RS EEUEERRNERMERTG A
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1 1EEIR7ZTE GroupConv, %8 per_channel=True, f#F
DepthWiseConv E2HRIEE  per-channel £t
S

2 YOLO RIIMREFHIEEHENKE, RKELIEESFHIMEX Node FINE)
HRIBERK nodes_to_exclude F

3 TERMLEEAIRSHERBERR RiKERT, ATUREWK Conv

34b, igie-exec 121 T --automatic_yolo_quantization 2%, BFEzIBLI YOLO FRIERIERSY OP,

)& 11: IGIE BEZIFIFE HIRE?

B i IGIE ModelZoo B4 X% #F 120+ MEE!, Vv REBIFEARRF: torchvision. MMClassification.
MMDetection UK Z#IRE, HEEFEY T4,

EIEEE 2P, IGIE BRI T REEAY, BMEREHIFEHIRE, MHE IGIE WrBES. W—FEFE
B2, YEAHEAE Dynamic Input/Output B, IGIE BIZFER B4R E,

Sob, BRI LUER igie-exec TERRRIIIFEI L IFIER, #IEESE igie-exec {RE PUREFEMIE
IETRERER"

AR 12: FNfEfER ONNX infer shape IREE?

BREBETAASBIZIRE: igie-exec WE BohECUREY Batch BITHEE, 1BEFIEZHF ONNX #EE A RY
FiE OP, Ak, 1E2/EaREELTEIAA ONNX shape inference 1 ZABAIBES IR [ShapeInferenceError]
Inferred shape and existing shape differ in dimension 0: (64) vs (2)o

HF ONNX shape inference X B {1 B 8] & Tensor Shape M lT, FAEBREHEBENVNERITE
%, ¥ H IGIE B 8177 Shape # #1125, BEIREZEOARBAHAFAL MEEHIE, sJLUETRE

rewrite_batch_size EKIEH M onnx.shape_inference.infer_shapes &M,
54, igie-exec EHaf Batch {BEXHIEER FEAEIRE, MR ONNX #ZEIRETF PyTorch 1E%2, &A=
IHFE7E Batch Z¥& Batch £EI&E /Y dynamic_axeso

im& 13: IGIE BEE 1R Dynamic Shape Z#¥?

7£ Transformer 18! F, #1538 %I Dynamic Shape #9157, Bl IGIE 127 —EEE R Dynamic
Shape Z#F. BARMUEZ: & Dynamic Shape BSEEID M, HESDSIEXMH, WHRNHIT Pad AT
FeXt Ay | XX 4, EM—ERENZRF,

@ 14: 1E ARM &8 E4RIFEE I Compilation Error, $0{aIf#R?

% GCC [R#l, BHITE ARM i&& L4RIFMS BT 2GB MUIEEEY, =HIL Compilation Error. f&RTLUE
& LUR 7 SRR Z R

1. ¥ engine # params 3 HSH:
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# Export model
graph, lib, params = relay.build(mod, target, params=params, precision="fp32")

lib.export_library("deploy lib.so")

with open("deploy _graph.json", "w") as fo:
fo.write(graph)

with open("deploy_param.params", "wb") as fo:
fo.write(relay.save_param_dict(params))

. INESFHK engine #1 params:

# Load model

1ib = tvm.runtime.load_module("deploy lib.so")

graph = open("deploy_graph.json", "rb").read()

params = bytearray(open("deploy_param.params", "rb").read())

dev = tvm.device("iluvatar", 0)

module = graph_executor.create(graph, 1ib, dev)
module.load_params(params)

module.run()

3. A C++ EOMFBF LM engine # params:
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// Load lib
tvm::runtime: :Module lib = tvm::runtime::Module::LoadFromFile(module_file);

// Parser graph json

std::ifstream json_in(json_file.c_str());
if(json_in.fail())

{

throw std::runtime_error("could not open json file");

}

std::string json_data((std::istreambuf_1iterator<char>(json_1in)),
std::istreambuf_iterator<char>());
json_in.close();

// Parser params

std::ifstream params_in(params_file.c_str(), std::ios::binary);
if(params_1in.fail())

{

throw std::runtime_error("could not open params file");

}

std::string params_data((std::istreambuf_iterator<char>(params_in)),
std::istreambuf_iterator<char>());
params_1in.close();

TVMByteArray params_arr;
params_arr.data = params_data.c_str();
params_arr.size = params_data.length();

// Create Module
DLDevice dev{kDLILUVATAR, 0};
auto runtime_create = *tvm::runtime::Registry::Get("tvm.graph_executor.create");
tvm::runtime: :Module gmod = runtime_create(json_data, lib,
< static_cast<int>(dev.device_type), dev.device_1id);

// Load params

tvm: :runtime: :PackedFunc load_params = gmod.GetFunction("load params");
load_params(params_arr);

11 MIR: IGIE EEREFHZIFHIER
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11.1 IGIE EFXiF

BF - p=d

abs Get absolute value of the input element-wise.
acos Take acos of input x.

acosh Take acos of input x.

adaptive_avg_pool1d
adaptive_avg_pool2d
adaptive_avg_pool3d
adaptive_max_pool1d
adaptive_max_pool2d
adaptive_max_pool3d
add

adv_index

affine_grid

all

all_class_non_max_suppression

any

arange

argmax

argmin

argsort

argwhere

asin

1D adaptive average pooling operator.
2D adaptive average pooling operator.
3D adaptive avg pooling operator.

1D adaptive max pooling operator.

2D adaptive max pooling operator.

3D adaptive max pooling operator.
Generic add operator.

Numpy style advanced indexing.

affine_grid operator that generates 2D sampling
grid.
Computes the logical AND of boolean array

elements over given axes.

Non-maximum suppression operator for object
detection, corresponding to ONNX
NonMaxSuppression and TensorFlow
combined_non_max_suppression.

Computes the logical OR of boolean array elements
over given axes.

Return evenly spaced values within a given interval.

Returns the indices of the maximum values along an
axis.

Returns the indices of the minimum values along an
axis.

Performs sorting along the given axis and returns
an array of indices having same shape as an input
array that index data in sorted order.

Find the indices of elements of a tensor that are
non-zero.

Compute elementwise asin of data.
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asinh Take asinh of input x.
atan Take atan of input x.
atanh Take atanh of input x.
avg_poolid 1D average pooling operator.
avg_pool2d 2D average pooling operator.

avg_pool2d_grad
avg_pool3d
batch_flatten

batch_matmul

batch_norm

batch_to_space_nd

bias_add

bind

bitpack
bitserial_conv2d
bitserial_dense
bitwise_and
bitwise_not
bitwise_or
bitwise_xor

broadcast_to

broadcast_to_like

cast
cast_like
ceil

clip

collapse_sum_like

Gradient of 2D average pooling operator.
3D average pooling operator.
BatchFlatten.

Compute batch matrix multiplication
of tensor_a and tensor_b.

Batch normalization layer .

Reshape the batch dimension into spatial
dimensions.

add_bias operator.

Bind an free variables in expr or function arguments.
Tensor packing for bitserial operations.

2D convolution using bitserial computation.

Bitserial Dense operator.

bitwise AND with numpy-style broadcasting.
Compute element-wise bitwise not of data.

bitwise OR with numpy-style broadcasting.

bitwise XOR with numpy-style broadcasting.

Return a scalar value array with the same type,
broadcasted to the provided shape.

Return a scalar value array with the same shape and
type as the input array.

Cast input tensor to data type.

Cast input tensor to data type of another tensor.
Compute element-wise ceil of data.

Clip the elements in a between a_min and a_max.

Return a scalar value array with the same shape and
type as the input array.
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87

&iE

collapse_sum_to
comm_reducer
concatenate

const

convild
conv1d_transpose
conv2d
conv2d_backward_weight
conv2d_transpose
conv3d
conv3d_transpose
copy
copy_shape_func
correlation

cos

cosh

contrib_conv2d _gemm_weight_transform

contrib_conv2d_gemm
_without_weight_transform

contrib_conv2d_nchwc

contrib_conv2d_winograd
_nnpack_weight_transform

contrib_conv2d_w
inograd_weight_transform

contrib_conv2d_winograd
without_weight_transform

contrib_conv3d
winograd_weight_transform

contrib_conv3d_winograd
_without_weight_transform

contrib_dense_pack

Return a summation of data to the specified shape.
Create a commutative reducer for reduction.
Concatenate the input tensors along the given axis.

Create a new constant with specified name and
dtype

1D convolution.

One dimensional transposed convolution operator.
2D convolution.

The gradient of conv2d with respect to weight.
Two dimensional transposed convolution operator.
3D convolution.

3D transpose convolution.

Copy a tensor.

Shape function for copy op.

Applies correlation to inputs.

Take cos of input x.

Take cosh of input x.

Weight Transformation part for 2D convolution with
gemm algorithm.

2D convolution with gemm algorithm.

Variant of 2D convolution.

Weight Transformation part for 2D convolution with
winograd algorithm.

Weight Transformation part for 2D convolution with
winograd algorithm.

2D convolution with winograd algorithm.
Weight Transformation part for 3D convolution with
winograd algorithm.

3D convolution with winograd algorithm.

Dense operator.
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contrib_depthwise_conv2d_nchwc

crop_and_resize

cross_entropy

cross_entropy _with_logits

cumprod
cumsum
decl_tensor_intrin
deformable_conv2d
dense
depth_to_space
dilate

dilation2d

div

divide

dropout
dropout_raw

einsum

equal
erf
exp

expand_dims

extern
extern_primfunc
fast_softmax

fifo_buffer

fixed_point_multiply

Variant of 2D depthwise convolution.

Crop input images and resize them.
CrossEntropy without logits.

CrossEntropy with logits.

Numpy style cumprod op.

Numpy style cumsum op.

Declare a tensor intrinsic function.

Deformable 2d convolution.

Dense operator.

Convert channels into spatial blocks.

Dilate data with given dilation value .
Morphological Dilation 2D.

Compute a/ b as in C/C++ semantics.

Division with numpy-style broadcasting.

Applies the dropout operation to the input array.
Applies the dropout operation to the input array.

Evaluates the Einstein summation convention on
data

Broadcasted elementwise test for (Ihs == rhs).
Take gauss error function of the input x.
Take exponential of input x.

Insert num_newaxis axes at the position given
by axis.

Compute several tensors via an extern function.
Compute tensors via a schedulable TIR PrimFunc
Computes softmax.

FIFO buffer to enable computation reuse in CNNs
with sliding indow input

Fixed point multiplication between data and a fixed
point constant expressed as multiplier * 2°(-shift),
where multiplier is a Q-number with 31 fractional
bits
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floor Take floor of float input x.

floor_divide Floor division with numpy-style broadcasting.

floor_mod Floor mod with numpy-style broadcasting.

fmod Return the remainder of x divided by y with the
same sign as x.

full Fill array with scalar value.

full_like Return a scalar value array with the same shape and
type as the input array.

gather Gather values along given axis from given indices.

gather_nd Gather elements or slices from data and store them

get_pad_tupleld

get_pad_tuple2d

get_pad_tuple3d

get_valid_counts

global_avg_pool1d
global_avg_pool2d
global_avg_pool3d
global_max_pool1d
global_max_pool2d
global_max_pool3d
gradient

greater
greater_equal
grid_sample

group_norm

to a tensor whose shape is defined by indices.

Common code to get the 1 dimensional pad option
:param padding: Padding size :type padding:
Union[int, Tuplelint, ...]]

Common code to get the pad option :param
padding: Padding size :type padding: Unionlint,
Tuple[int, ...]]

Common code to get the pad option :param
padding: Padding size :type padding: Unionlint,
Tuple[int, ...]]

Get valid count of bounding boxes given a score
threshold.

1D global average pooling operator.

2D global average pooling operator.

3D global average pooling operator.

1D global maximum pooling operator.

2D global maximum pooling operator.

3D global maximum pooling operator.

Perform reverse-mode automatic differentiation.
Broadcasted elementwise test for (Ihs > rhs).
Broadcasted elementwise test for (Ilhs >= rhs).
Applies grid sampling to input feature map.

Group normalization normalizes over group of
channels for each training examples.
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if then_else Conditional selection expression.
indexdiv Compute floor(a / b) where a and b are non-negative.
indexmod Compute the remainder of indexdiv.

instance_norm

invert_permutation
isfinite

isinf

isnan

I12_normalize
layer_norm
layout_transform

leaky_relu

left_shift
less
less_equal
load_param_dict
log
log_softmax
log10

log2
logical_and
logical_not
logical_or
logical_xor

logsumexp

Irn

matmul

Instance Normalization Applies instance
normalization to the n-dimensional input array.

Computes the inverse permutation of data.
Check if input value is finite.

Check if input value is infinite.

Check if input value is Nan.

Perform L2 normalization on the input data
Layer normalization .

Transform the layout of a tensor.

This operator takes data as input and does Leaky
version of a Rectified Linear Unit.

Left shift with numpy-style broadcasting.
Broadcasted elementwise test for (lhs < rhs).
Broadcasted elementwise test for (lhs <= rhs).
Load parameter dictionary to binary bytes.
Take log of input x.

Computes log softmax.

Take log10 of input x.

Take log2 of input x.

logical AND with numpy-style broadcasting.
Compute element-wise logical not of data.
logical OR with numpy-style broadcasting.
logical XOR with numpy-style broadcasting.

Compute the log of the sum of exponentials of input
elements over given axes.

This operator takes data as input and does local
response normalization.

Matmul operator.
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max Create a max expression over axis.
max_pool1d 1D maximum pooling operator.
max_pool2d 2D maximum pooling operator.

max _pool2d_grad
max_pool3d
max_value
maximum

mean

mean_std

mean_variance

meshgrid
min
min_value
mirror_pad
mod

multibox_prior

multibox_t ransform_loc

multiply
nearbyint
negative

nll_loss

non_max _suppression

not_equal

one_hot

ones

Gradient of 2D maximum pooling operator.
3D maximum pooling operator.

maximum value of dtype

Maximum with numpy-style broadcasting.

Computes the mean of array elements over given
axes.

Computes the mean and standard deviation of data
over given axes.

Computes the mean and variance of data over given
axes.

Create coordinate matrices from coordinate vectors.
Create a min expression over axis.

minimum value of dtype

MirrorPadding

Mod with numpy-style broadcasting.

Generate prior(anchor) boxes from data, sizes and
ratios.

Location transformation for multibox detection
Generic multiply operator.

Round elements of the array to the nearest integer.
Compute element-wise negative of data.

Negative log likelihood loss.

Non-maximum suppression operator for object
detection.

Broadcasted elementwise test for (lhs != rhs).

Returns a one-hot tensor where the locations
represented by indices take value on_value, and
other locations take value off_value.

Fill array with ones.
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ones_like Returns an array of ones, with same type and shape
as the input.

pad Padding

placeholder Construct an empty tensor object.

popcount Count the number of set bits in input x.

power X powery

prelu This operator takes data as input and does Leaky
version of a Rectified Linear Unit.

prod Computes the products of array elements over given
axes.

proposal Proposal operator.

reduce_axis Create a new IterVar for reduction.

reinterpret
relu

repeat
reshape

reshape_like

resizeld
resize2d
resize3d

reverse

rev erse_resha pe

reverse_sequence

right_shift
roi_align
roi_pool
round
rsqrt

scan

Reinterpret input tensor to data type.
Rectified linear unit.

Repeats elements of an array.
Reshape the input array.

Reshapes the input tensor by the size of another
tensor.

Image resize1d operator.
Image resize2d operator.
Image resize3d operator.

Reverses the order of elements along given axis
while preserving array shape.

Reshapes the input array where the special values
are inferred from right to left.

Reverse the tensor for variable length slices.

Right shift with numpy-style broadcasting.

ROI align operator.

ROI pool operator.

Round elements of the array to the nearest integer.
Take reciprocal of square root of input x.

Construct new tensors by scanning over axis.
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scatter

scatter_add

scatter_nd

searchsorted

segment_sum

sequence_mask

shape_of
ShapeVar

sigmoid
sign

sin

sinh

size_var

slice_like
sliding_window
softmax

sort

space_to_batch_nd

space_to_depth

sparse_add

sparse_dense

Update data at positions defined by indices with
values in updates.

Update data by adding values in updates at
positions defined by indices.

Scatter values from an array and update.

Find indices where elements should be inserted to
maintain order.

Computes the sum along segment_ids along axis 0.

Sets all elements outside the expected length of the
sequence to a constant value.

Get shape of a tensor.

A helper which constructs a type var of which the
shape kind.

Quick function to get sigmoid

Compute element-wise absolute of data.
Take sin of input x.

Take sinh of input x.

Create a new variable represents a tensor shape
size, which is non-negative.

Slice the first input with respect to the second input.
Slide a window over the data tensor.
Computes softmax.

Performs sorting along the given axis and returns
data in sorted order.

Divide spatial dimensions of the data into a grid of
blocks and interleave them into batch dim.

Convert spatial blocks into channels.

Computes the matrix addition

of dense_mat and sparse_mat, where dense_mat s a
dense matrix and sparse_mat is a sparse
namedtuple with fields data, indices, and indptr.

Computes the matrix multiplication

of dense_mat and sparse_mat, where dense_mat s a
dense matrix and sparse_mat is a sparse
namedtuple with fields data, indices, and indptr.
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sparse_fill_empty_rows

sparse_reshape

sparse_to_dense

sparse_transpose

split
sqrt
squeeze
stack

std

stft

strided_set
strided_slice
subtract
sum
tag_scope
take

tan

tanh

tile

topk

trace
transpose

trilu

trunc

trunc_divide

Fill rows in a sparse matrix that do not contain any
values.

Reshape a sparse tensor.

Converts a sparse representation into a dense
tensor.

Computes the fast matrix transpose of x, where x is
a sparse tensor in CSR format .

Split input tensor along axis by sections or indices.
Take square root of input x.

Squeeze axes in the array.

Join a sequence of arrays along a new axis.

Computes the standard deviation of data over given
axes.

The STFT computes the Fourier transform of short
overlapping windows of the input.

Strided set of an array.

Strided slice of an array.

Generic subtract operator.

Create a sum expression over axis.

The operator tag scope.

Take elements from an array along an axis.
Take tan of input x.

Take hyperbolic tanh of input x.

Repeats the whole array multiple times.

Get the top k elements in an input tensor along the
given axis.

Trace tensor data at the runtime.
Permutes the dimensions of an array.

Given a 2-D matrix or batches of 2-D matrices,
returns the upper or lower triangular part of the
tensor.

Get truncated value of the input.

Trunc division with numpy-style broadcasting.
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trunc_mod Trunc mod with numpy-style broadcasting.
truncdiv Compute the truncdiv of two expressions.
truncmod Compute the truncmod of two expressions.
unique Find the unique elements of a 1-D tensor.

unravel_index Convert a flat index or array of flat indices into a

tuple of coordinate arrays.
upsampling Upsampling.
upsampling3d 3D Upsampling.
var Create a new tvm.relay.Var.

where Selecting elements from either x or y depending on
the value of the condition.

yolo_reorg Yolo reorg operation used in darknet models.

zeros Fill array with zeros.

zeros_like Returns an array of zeros, with same type and shape
as the input.

11.2 ERERBFTF

IGIE TR EMERERFES .
IGIE 2 FMESIR AL B4E

EZIE R fEAZAO WiEA

ONNX relay.frontend.from_onnx() S\ ONNX %2, 3% IGIE
relay Op

PyTorch relay.frontend.from_pytorch() S PyTorch &2

TensorFlow relay.frontend.from_tensorflow() S\ TensorFlow &Y

PaddlePaddle
TFlite

MXNet

Caffe

Keras

Darknet

relay.frontend.from_paddie()
relay.frontend.from_tflite()
relay.frontend.from_mxnet()
relay.frontend.from_caffe()
relay.frontend.from_keras()

relay.frontend.from_darknet()

S\ Paddle 1R3!
S\ TFlite &3¢
S N\ MXNet &2
2N\ Caffe tRE!
S\ Keras 1#&5!

S\ Darknet 15!
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7 relay opo

11.2.1 ONNX {ERH T IF

Identity

Affine

BitShift
ThresholdedRelu
ScaledTanh
ParametricSoftplus
Constant
ConstantOfShape
GivenTensorFill
FC

Scale

GRUUNit

ATen

ImageScaler
MeanVarianceNormalization
Crop

Embedding
Upsample
SpatialBN
defs/generator
Constant Implemented
RandomUniform
RandomNormal
RandomUniformLike
RandomNormalLike
defs/logical
defs/math

Add

Sub

Mul

Div

Neg

Abs

Reciprocal

Floor

Ceil

Round

IsInf

COREX01-MR401-UG03-00 117

V4.0.1-MR



KB
lluvatar CoreX

IGIE H#IBNEZRFAEm

IsNaN

Sqrt

Relu

Celu
LeakyRelu
Selu

Elu

Exp
Greater
GreaterOrEqual
Less
LessOrEqual
Log

Acos

Acosh

Asin

Asinh

Atan

Atanh

Cos

Cosh

Sin

Sinh

Tan

Tanh

Pow

PRelu
Sigmoid
HardSigmoid
Max

Min

Sum

Mean

Clip
Softplus
Softmax
LogSoftmax
OneHot
Hardmax
Shrink
Softsign
Gemm
MatMul
MatMulIntegeri16
Mod

Xor
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defs/nn
AveragePool
LpPool
GlobalLpPool
MaxPool
MaxUnpool

Conv
ConvTranspose
GlobalAveragePool
GlobalMaxPool
BatchNormalization
InstanceNormalization
LpNormalization
Dropout

Flatten

LRN

Recurrent Layers
LSTM

GRU

defs/vision
MaxRoiPool
RoilAlign
NonMaxSuppression
defs/reduction
ReduceMax
ReduceMin
ReduceSum
ReduceMean
ReduceProd
ReducelLogSumExp
ReducelogSum
ReduceSumSquare
Reducel 1
Reducel?2
defs/sorting
ArgMax

ArgMin

TopK

defs/tensor

Cast

Reshape

Expand

Concat

Split

Slice

Transpose
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DepthToSpace
SpaceToDepth

Gather

GatherElements
GatherND

Compress

Size

Scatter
ScatterElements
ScatterND

EyeLike

Squeeze

Unsqueeze

Pad

Shape

Sign

Equal

Not

And

Tile

Erf

Where

or

Resize

NonZero

Range

CumSum

Unique

Einsum
defs/control_flow
Loop

If

Torch ATen Dispatcher.
RandomNormal
RandomNormalLike
RandomUniform
RandomUniformLike
NegativeloglLikelihoodLoss
SoftmaxCrossEntropylLoss
Adagrad

Adam

Momentum
NegativelLogLikelihoodLoss
SoftmaxCrossEntropylLoss
Adagrad

Adam
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Momentum
Quantization
Quantizelinear
DequantizelLinear
DynamicQuantizelinear
ReverseSequence
QLinearConv
QLinearConcat
QLinearAdd
QLinearMatMul
QLinearMul
QLinearSigmoid
ConvInteger
QLinearAveragePool
QLinearGlobalAveragePool
QLinearLeakyRelu
MatMulInteger
SequenceEmpty
SequenceConstruct
Sequencelnsert
SequencelLength
ConcatFromSequence

HABFUTEF:

* QLinearSoftmax
* QLinearGEMM

11.2.2 Pytorch iIERHFHiF

aten::pixel_shuffle
aten: :device
prim::device
aten::sub
aten::sub_
aten: :max
aten::min
aten::mul
aten::mul_
aten: :pow
aten::arange
aten: :meshgrid
aten::div
aten::div_
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aten::floor_divide
aten::floor_divide_
aten::true_divide
aten::addcdiv
aten::addcmul
aten::ones
aten::ones_like
aten::zeros
aten::zeros_like
aten::full
aten::full_like
aten::linspace
aten::reciprocal
aten::repeat
aten::repeat_interleave
aten::to
aten::squeeze
aten::unsqueeze
aten::unsqueeze_
aten::cat
aten::slice
aten::narrow
aten::split
aten::split_with_sizes
aten::select

aten: :take

aten: :where

aten::topk
aten::relu
aten::relu_

aten::prelu
aten::leaky_relu
aten::leaky_relu_

aten::elu
aten::elu_
aten::celu
aten::gelu
aten::selu
aten::silu
aten::silu_

aten::log_sigmoid

aten::adaptive_avg_poolid
aten::adaptive_avg_pool2d
aten::adaptive_avg_pool3d
aten::adaptive_max_poolid
aten::adaptive_max_pool2d
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aten::adaptive_max_pool3d
aten: :max_pool2d
aten: :max_pool2d_with_1indices
aten: :max_poolid
aten: :max_pool3d
aten::hardtanh
aten::hardtanh_
aten::_convolution
aten: :softmax
aten::threshold
aten::threshold_
aten::contiguous
aten::batch_norm
aten::instance_norm
aten::layer_norm
aten::group_norm
aten::transpose
aten::transpose_
aten::t
aten::flatten
aten::addmm
aten::size
aten::view
aten::reshape
aten::clone
aten::log_softmax
aten::sigmoid
aten::sigmoid_
aten::softplus
aten::avg_poolid
aten::avg_pool2d
aten::avg_pool3d
aten::linear

aten: :dropout

aten: :dropout_
aten::feature_dropout
aten::alpha_dropout
aten::mean

aten: :chunk
aten::unsafe_chunk
aten::matmul

aten: :bmm

aten: :expand
aten::Int

prim: :NumToTensor
prim::ImplicitTensorToNum
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aten::ScalarImplicit
aten::constant_pad_nd
aten::reflection_padid
aten::reflection_pad2d
aten::replication_padid
aten::replication_pad2d
aten::replication_pad3d
aten::permute

aten::sum

aten::prod

aten::argmin
aten::argmax

aten::norm
aten::frobenius_norm

aten::std
aten::var
aten::abs
aten::neg
aten::cos
aten::cosh
aten::sin
aten::sinh
aten::tan
aten::tanh
aten::tanh_
aten::acos
aten::asin
aten::atan
aten::log
aten::log2
aten::log10
aten::loglp
aten::exp
aten::erf

aten::trunc
aten::sign
aten::sqrt
aten::rsqrt
aten::ceil
aten::floor
aten::floor_
aten::round
aten::isfinite
aten::isinf
aten::isnan
aten::clamp
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aten::clamp_
aten: :detach
aten: :upsample_bilinear2d
aten: :upsample_bicubic2d
aten::upsample_nearest2d
aten::upsample_trilinear3d
aten::upsample_nearest3d
aten::expand_as
aten::1t
aten::gt
aten::le
aten::ge
aten::ne
aten::eq
aten::logical_not
aten::logical_xor
aten::bitwise_not
aten::bitwise_xor
aten::Bool
aten::Float
aten::rsub
aten: :embedding
aten::one_hot
aten::mm
aten::add
aten::add_
aten::stack
aten::getitem
aten::len
aten::type_as
aten::gather
aten::index_select
aten::index
torchvision::nms
aten: :logsumexp
torchvision::roi_align
torchvision: :deform_conv2d
aten::unbind
aten::and
aten::logical_and
aten::_shape_as_tensor
aten::nonzero
aten::nonzero_numpy
aten::scatter
aten::index_put
aten::index_put_
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aten::scalar_tensor
aten::__interpolate
aten::IntImplicit
aten::tensor
aten: :numel
aten::empty
aten::bincount
aten::scatter_add
aten::not
aten::hardswish_
aten: :hardswish
aten::hardsigmoid_
aten: :hardsigmoid
aten: :cumsum
aten::masked_fill
aten::masked _fill_
aten::masked_select
aten::argsort
aten::sort
aten::_unique2
aten::nll_loss
aten::nll_loss2d
aten::nll_loss_nd
aten::flip
aten::gru
aten::1lstm
aten::all
aten::any
aten::searchsorted
aten::bucketize
aten::roll
aten::einsum
prim::Constant
prim::GetAttr
prim::ListConstruct
prim::ListUnpack
prim::TupleConstruct
prim::TupleUnpack
prim::RaiseException
prim::If
prim::Loop
aten::quantize_per_tensor
quantized::conv2d_relu
aten::dequantize
quantized: :conv2d
quantized::add_relu
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quantized::add
quantized::mul_relu
quantized::mul
quantized::1linear
quantized::1linear_relu
quantized::cat
quantized::add_scalar
quantized::mul_scalar
quantized::relu6
quantized::1linear_dynamic
quantized: :hardswish
quantized::conv_transpose2d

11.2.3 TensorFlow IR H FHiF

aten::pixel_shuffle
Abs

Acos

Acosh

Add

AddN

Addv2

ATl

Any

ArgMax

ArgMin

Asin

Asinh

Assert

Atan

Atanh

Atan2

AvgPool
AvgPool3D
BatchMatMul
BatchMatMulv2
BatchNormWithGlobalNormalization
BatchToSpaceND
BiasAdd
BroadcastTo
BroadcastArgs
Cast

Ceil
CheckNumerics
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ClipByValue
Concat

ConcatV2

Conv2D
Conv2DBackpropInput
Conv3D
Conv3DBackpropInputV2
Cos

Cosh
CropAndResize
DecodeJpeg
DepthToSpace
DepthwiseConv2dNative
Dilation2D

Elu

Equal

Erf
EuclideanNorm
Exp

ExpandDims

Expm1

Fill

Floor

FloorDiv
FloorMod
FusedBatchNorm
FusedBatchNormv2
FusedBatchNormv3
Gather

GatherNd
Gatherv2

Greater
GreaterEqual
Identity
IdentityN
InvertPermutation
IsFinite

IsInf

IsNan

LeakyRelu
LeftShift

Less

LessEqual

Log

Loglp

LogicalAnd
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LogicalNot
Logicalor
LogSoftmax

LRN

LSTMBlockCell
MatMul

Max

Maximum

MaxPool

MaxPool3D

Mean

Min

Minimum

MirrorPad

Mod

Mul

Neg
NonMaxSuppressionV2
NonMaxSuppressionV3
NonMaxSuppressionV4
NonMaxSuppressionV5
CombinedNonMaxSuppression
NoOp

NotEqual

OneHot

Pack

Pad

Padv2

Pow

Prod

Range

Rank

RealDiv

Relu

Relu6

Reshape
ResizeBicubic
ResizeBilinear
ResizeNearestNeighbor
ReverseV2
RightShift

Rint

Round

Rsqrt

Select

SelectV2
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Selu

Shape

Sigmoid

Sign

Sin

Sinh

Size

Slice

Softmax

Softplus

Softsign
SpaceToBatchND
SpaceToDepth
SparseToDense
SparseTensorDenseMatMul
SparseFil1lEmptyRows
SparseReshape
SegmentSum
SparseSegmentSum
SparseSegmentSumWithNumSegments
SparseSegmentSqrtN
SparseSegmentSqrtNWithNumSegments
SparseSegmentMean
SparseSegmentMeanWithNumSegments
SparseTensorDenseAdd
Split

Splitv

Sqrt

Square
SquaredDifference
Squeeze

StopGradient
StridedSlice

Sub

Sum

Tan

Tanh
TensorArrayConcatV3
TensorArrayGatherV3
TensorArrayReadV3
TensorArrayScatterV3
TensorArraySizeV3
TensorArraySplitV3
TensorArrayV3
TensorArrayWriteV3
Tile
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TopKV2

Transpose
TruncateMod
Unique
UniqueWithCounts
Unpack
UnravelIndex
Where

ZeroslLike
TensorListFromTensor
TensorListGetItem
TensorListReserve
TensorListSetItem
TensorListStack

11.2.4 Paddle &8 HFZiF

abs

acos

addmm

arg_max

arg_min

argsort

asin

assign
assign_value
atan

batch_norm
bicubic_interp_v2
bilinear_interp_v2
bmm

brelu

cast

ceil

concat

conv2d
conv2d_transpose
cos

cosh

cumsum
depthwise_conv2d
dot

dropout
elementwise_add
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elementwise_div
elementwise_floordiv
elementwise_max
elementwise_min
elementwise_mod
elementwise_mul
elementwise_pow
elementwise_prod
elementwise_sub
equal

erf

exp

expand_v2
expand_as_v2
feed
fill_any_like
fill_constant

fill_constant_batch_size_like

flatten_contiguous_range
floor
floor_mod
gather
gather_nd
gelu
greater_equal
greater_than
group_norm
hard_shrink
hard_sigmoid
hard_swish
isfinite_v2
isinf_v2
isnan_v2
layer_norm
leaky_relu
less_equal
less_than

log

log2

log10
logical_and
logical_not
logical_or
logical_xor
lookup_table_v2
matmul
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matmul_v2
mul
nearest_interp_v2
not_equal
padid

pad2d

pad3d
pool2d

pow

relu

relu6
reshape?2
round
reciprocal
reduce_all
reduce_any
reduce_max
reduce_min
reduce_prod
reduce_sum
reduce_mean
rnn

rsqrt

scale
scatter
scatter_nd_add
selu

shape
sigmoid
sign

sin

sinh

size

slice
softmax
softplus
softsign
sqrt

square
squeeze?
swish

tan

tanh
transpose2
unsqueeze?
softplus=convert_softplus,
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softsign=convert_softsign,
sqrt=convert_unary_op,
square=convert_square,
squeeze2=convert_squeeze,
swish=convert_swish,
tan=convert_unary_op,
tanh=convert_unary_op,
transpose2=convert_transpose,
unsqueeze2=convert_unsqueeze,
11.2.5 MXNet {ZR B FZ§F
abs
log
exp
erf
sqrt
floor
ceil
round
trunc
sign
sigmoid
negative
reshape_like
zeros_Llike
ones_like
cos
cosh
sin
sinh
tan
tanh
where
_copy
relu
broadcast_add
broadcast_plus
broadcast_sub
broadcast_minus
broadcast_mul
broadcast_div
broadcast_mod
broadcast_maximum
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broadcast_minimum
broadcast_power
arccos

arcsin

arctan

arccosh

arcsinh

arctanh
broadcast_equal
broadcast_not_equal
broadcast_greater
broadcast_greater_equal
broadcast_lesser
broadcast_lesser_equal
broadcast_logical_or
broadcast_logical_and
broadcast_logical_xor
broadcast_to
broadcast_like
logical_not

_equal

_not_equal

_greater
_greater_equal
_lesser
_lesser_equal
elemwise_add
elemwise_sub
elemwise_mul
elemwise_div
_maximum

_minimum

flatten

Flatten

square

rsqrt

cbrt

rcbrt

pow_scalar
_power_scalar
rsub_scalar
_rminus_scalar
rdiv_scalar
_rdiv_scalar
rpow_scalar
add_scalar
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_plus_scalar
sub_scalar
_minus_scalar
mul_scalar
_mul_scalar
div_scalar
_div_scalar
log2

log10

logip

expml
_equal_scalar
_not_equal_scalar
_greater_scalar
_greater_equal_scalar
_lesser_scalar
_lesser_equal_scalar
_maximum_scalar
_minimum_scalar
mean

max

min

sum

max_axis
min_axis
sum_axis

argmax

argmin

_ones

softmax
log_softmax
Softmax
softsign
softmin
hard_sigmoid
reciprocal
Reshape

reshape

Cast

amp_cast
amp_multicast
clip

transpose
UpSampling
add_n

_zeros
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FullyConnected
Activation
Convolution
Convolution_v1
Deconvolution
Pooling
Pooling_v1
Dropout
BatchNorm
BatchNorm_v1
_contrib_SyncBatchNorm
InstanceNorm
LayerNorm
GroupNorm

LRN
L2Normalization
slice
slice_like
slice_axis
SliceChannel
split
_split_v2
SwapAxis
expand_dims
Concat

concat

stack

dot

batch_dot
LeakyRelLU
_arange

_full

repeat

tile

pad

Pad

take

gather_nd
reverse
SequenceReverse
squeeze
broadcast_axis
broadcast_axes
BlockGrad
shape_array
Embedding
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argsort

topk

_unravel_1index

SequenceMask

SoftmaxOutput
SoftmaxActivation
LinearRegressionOutput
LogisticRegressionOutput
smooth_11

make_loss
_contrib_div_sqrt_dim
_contrib_arange_like

one_hot

depth_to_space

space_to_depth

Correlation
_contrib_BilinearResize2D
_contrib_MultiBoxPrior
_contrib_MultiBoxDetection
_contrib_ROIAlign

ROIPooling

_contrib_Proposal
_contrib_MultiProposal
_contrib_box_nms
_contrib_box_decode
_contrib_DeformableConvolution
_contrib_AdaptiveAvgPooling2D
GridGenerator

BilinearSampler

RNN

_rnn_param_concat
_contrib_interleaved_matmul_selfatt_qgk
_contrib_interleaved_matmul_selfatt_valatt
_cond

Crop

ring_buffer
_contrib_quantize_v2
_contrib_quantized_concat
_contrib_quantized_ring_buffer
_sg_mkldnn_conv
_contrib_quantized_flatten
_contrib_dequantize
_contrib_quantized_act
_contrib_gquantized_pooling
_contrib_quantized_batch_norm
_sg_mkldnn_fully_connected
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_Nnp_transpose
_npi_transpose
_npi_pad
_npi_concatenate
_npx_reshape
_np_copy

_npi_copy

_npi_power
_npi_power_scalar
_npi_multiply
_npi_multiply_scalar
_npi_add
_npi_add_scalar
_npi_subtract
_npi_subtract_scalar
_npi_where_rscalar
_npi_less
_npi_less_equal
_npi_tanh
_npi_true_divide_scalar
_npi_stack
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