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The Deep Learning Compiler: A Comprehensive Survey

Table 1. The comparison of DL compilers, including TVM, nGraph, TC, Glow, and XLA.
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TVM nGraph TC Glow XLA
Developer | Apache Intel Facebook Facebook Google
Programm- | Python/C++ Python/C++ Python/C++ Python/C++ Python/C++
'2 ing Lambda expression Tensor expression Einstein notation Layer programming | Tensorflow interface
Eonx [ v v x v v
it support tvm.relay.frontend Use ngraph-onnx ONNXModelLoader | Use tensorflow-onnx
from_onnx (built-in) | (Python package) (built-in) (Python package)
Framework | tvm.relay.frontend tensorflow (Define and optimize | pytorch/caffe2 Use tensorflow
support from_* (built-in) paddlepaddle a TC kernel, which tensorflowlite interface
tensorflow/tflite/keras| (Use *-bridge, is finally called by (Use built-in
pytorch/caffe2 act as the backend) other frameworks.) ONNXIFI interface)
mxnet/coreml/darknet pytorch/other DLPack
supported frameworks
Training X v v v v
support Under developing Only on NNP-T (Support auto (Limited support) Use tensorflow
(Support derivative processor differentiation) interface
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XLA : U es=ImiEes

© XLA ( IMEZMENEL ) R—MeITEdUniI It ERE=s | BEUEINER TensorFlow HRIRYEITEE |,
MEARETEAFTEELRAE,
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XLA : (L= dmiFas

- XLA : BEE TN ATFESRRNEFFIAMNEF , EF/NEFERBIFERHITRmENL I 85
buffer fusion, K¥RIESE , XEEREFEFIFF. NEFNAEFRS. FAXREFWNE
L, BRI EEBEITHLO/LLO/LLVM IR 3L |, R Pass HINEREFE TIRRHIEE.
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TVM : imZim R E R s

AT EEZMEE RRITTEEERANE FERMUA/IEIEE , TVM NIIEEZRFEYS DL EFHEER
=, FArrESETEeRR LIEERLHERE , ERRERR=S ALTREKINREF,
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TVM : imZim R EE I fmiFEes

TVM : 539RelayfITVMHAZ , RelayXiZEE , TVMXEEFE , EXRImFEFITIM
RelayXiFEFaEREE. TVMEEFHEFf kernelEmy , XBIFEFTVM FFRIZER , RelayB#x
RO LEASZTER , TVMBE— A LURZERNEFARHFNTE , SFEMAHEX
FH Compute (i&iHTEiB4E ) 1 Schedule (IBEREMKIBE ) PBEHXR.
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TENSOR COMPREHENSIONS : #4222 B =712 88

TensorComprehensions 2—fELAFIEE just in time(IT) RAEHIES B RNESIZES
BRREES A GPU HFEES.

Tensor @ Comprehensions
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TENSOR COMPREHENSIONS : 182 MMEZIE=miREe

TC : EATEZENREZSLH , 1B Schedule &AM |, BEE T HEE LT HEN BEIHRBERR
Loty , WHNEIRINFRITHG | WNEFREE  SENRFHEFH kernel , 3/ F Schedule 1R
&Rk B3 EEN Schedule 1&#fk ; TC FEi@id Polyhedral model SCI auto schedule,

Tensor @ Comprenhensions
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nGraph : FEBIERNFEFEIR A mFESS

nGraph FIE{ERAENREFIMERIFE NSRRI DNN ZE2RIEAL , ARETHEETES
g R E 2 [BESIEERIER I A,

+ « nGraph

A
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Al fmiEesiVimA  ITEE \4]59??3 1F TensorFlow () PyTorch
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HEERFAE - AIFEZE

MT &2 4F TensorFlow O PyTorch
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Challenge

wh7 Shape|a)gh

Python 4giEsa&L

RAERRMHERE | KRl EDSASRE
QMIFERERR Y - Bolfio. Ba TE

SRS EaeRm
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Challenge I: Dynamic shape

17 shape fIFIETEE :
WM ERERAVAILRIEZE F BT ERRS shape MIANTRHIRIFML , JIEE Control Flow 15X
Mo BB R R B IRINAF & e A 8els374F,
Al BN A =AEIEFEAREX—REMES T K. AfRFeSEIRGITEENE FESITERE
BB GBS mIEarar D T BRI LG miEas i TIL.
2o Al ESHABBT A TLHEREFFSM (MEFEEMIMEIIRE ) | SEUXLE R FRIE
e EMLAB RN,
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Challenge I: Python Static 27514

1B JIT , Python FEFPHAATEFSmIFEIIL | MITIIRFHERE. TSEREE. L& )IT BRMGE
Python JIT EEHIHL : HAZETE Python ERAITHOSA EIRI0 )IT fmiFINIERAVEES] , BREUROAM PyPy BGE

CPython , {BEATFRIEAIZITAIRE Python |IT EEHAT RS,
(ZEPIFA TV - Python JIT IBITEIHAT | 3173090 Python iIBEJIME, {BEFIEE torch jit.script, torch.jit.tra
ce. torch.fx, LazyTensor, TorchDynamo , JLIIHBE8eAANFEREIA L , KRR Z=—1"=EBHNAE,
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Challenge I: Python Static 27514

Python HUTHY , B5ca1E.py XXA4FHVIRCIB4RIEAKPythonHIbyte code(FTat8) , A5 HPython Virtual Ma
chine SEH TIXLETRIEIFHY byte code, SLFR_LE , Python Virtual Machine 2—FI5E/RE S Virtual Machine,
EHTCHY Python fmiFHHF BB | IBHE 2 pycigzl.

N LA ]
RS

e e ——— |

' |
A I Byte Code JT :
: Compiler Compiler !
g :
i Ftg !
RIFALIE iR : pyc i
| v !
|
| \ 2345 !
l f Python FEHAL Machine Code i
' |
e

Operater System

T ~
> iRAN
.pyc RIFALIE |7 HardWare —‘
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Challenge I: Python Static 27514

CPython : CPython |B& 7 JmiEFIRETEINGE | 1EPythonffUAD B SoidmiEa— &R PB=18 , A
FHCPythonFEHANIAER while AR ILECF A3 HHTXIMN FTRBFES case 0 X NEPAYZ SR CRRZY,

PEARTE) CPython=F1113 CPythonE
Py B A% CERER

PyPy : ETRPythoniE=E2 , FIA JIT BIESRIEFRAIT Python XIB. FAETH#ERSR , FASET
TR , MR TIEFRISTRER D ARSI 2503,

RCHS
Py

- JIT 4miE28

R

010101 010101 010101
101010 101010 101010
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Challenge I: Python Static 27514

ARESREFSHR A EEERBEIPTIXELSR | XELEMAD MREGHMABRIGX
Tracing Based , 4[] PyTorch.fx
AST Transform , Y[l PyTorch.jit.trace

def foo(x, y):

@torch.fx.wrap S Dt 5 e

def torch_randn(x, shape):

return torch.randn(shape) traced_foo = torch.jit.trace(foo, (torch.rand(3), torxch.rand(3)))

def £(x): @torch.jit.script
return x + torch_randn(x, 5) def bar(x):

fx.symbolic_trace(f) return traced_foo(x, x)
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Challenge I: Python Static 27514

AlFRIEERTE Python FSIC RIS :
FEHES: : M Python ZIZSSRELEmIEES IR §HS3EEL
FEIRAIZRIA ; if. else. while, forZEizHlIZRIA
RIGHNIEFISIESSELALIR « 13T Slice. Dict, IndexZER(E
JITRYGRIFEMERE : Tracing Based IA2 AST Transform Elas 2B INEYMYGRIFEFH
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Challenge Il: Toward DSA

DSA T HE4ERH -
Al | GAIHEIRERERT M RERUR , PRLAEAIRYSZE P AKERAZEIINE:S , BFECPU SIMDE T, GP
U SIMTZEHY. /95 BEAscend CubelZZEEFHZEH , NV GPU HI00ZE#IDSARHIFIZ SRR,
FELE Al fRiFZESE S NRIESHFEENRIKE | 1550 2UTH] Dataflow + SIMD 2§ DSAG A L
ZERANIBER T,

Dataflow :
Dataflow BUHITIRIEEINREAIE S ABYMERE | Bl A TR EEE FERRAE , MAZZRGPU
ABEE , EERE kernel by kernelfVIEE,
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Challenge Il: Toward DSA

fRiFRTIEREMARVERTISREIAEEX
HREMICIKIEB RSN  BENEFERMMUTER D &IFCR R , REERMEI
1, BlanFETlD. FEIREERSIARKEFTII ;
IERERTT | trE+REHKEHINEIES. ZSRAFMEEN , SE Kernel SCH Schedule,

Tilling, Vectorization, Tensorization&Z¥ ;
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Challenge Il: Toward DSA

A Al wmiFSRSBIAA—RENEE :
FIFERSFINAR |, HTEFASHH , "o RECHTEEE ;
SHMAHFERREE - EERIGIUL ( Buffer FusionZF ) FIZKFF1T ( Data ParallelZF ) {if4 ;
SFHEGHNHEINFERIKerneCIEETNERL , flscheduling, tilling, vectorizing ;
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Challenge llI: Specific Optimizations

BEIFHT | METAREL BRI, (A RIS T ISRARIR -
Scale out | BUSRATHTEL , BUEFHT. KEBIHT. FokEIHTE
Scale up : B, BAKEE. SHHHTE

Scale Out/Up SR APk AR !
KIMFLECETIDREE , WHAERR , (S | BEE(E ;
FBEMFITHRR—EDER | EIEEBIUKImFEH O , BalEISIHFITREE.
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Challenge llI: Specific Optimizations

EME HPC 1552 Bl RIZEKRES :
BHIR - shSEBIIPythonlITIREIR | —BEIVAEISHNE | eS| BSENEmMoBITIZiE
HEaEITEERALIVCRRR | fefR— M BR SR EFT=.

s - SMEIRIRRS TSR ANMEED Jacobian matrix BXUEFT . B9 EBIT Hessian matrix

IMIRIMRIETTE | FFREWMEARET SR BIER T ?
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Challenge Illl: ZAMSMHEEFR

5ARESRATD BRI -
AEAEZEREZI{ESHUMSIEIAT] AP ZOARR , IBEXFVHE L EZ8NER., T8
UM EAMRIERTE B A2 5 E N MER RIS AP I R EA,
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IS TEREFRIN

Challenge lllI: 5

XTFRFZERTER R
2 Al fmixesrrdbsc 2 BaIimIE LR |, MERERIIKE TP RS EMSRASEIENR , W0TVM, E
BENEFARKTIEMEHEERTER | FBEBPATRNSHE LRI ATIRA.
WEHMRANE BT ECEEIACIFTHIBMHA RSN LATFEENE L. FEXRIFRIM BTG
SO E T XA ERR EREN | iR ARBRARS.
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IMESTERESRIER

Challenge lllI:5Z3

SIEFEE -
Al fgiFssE eI R , REEEFFEN LRIt RE B LB A BLAME. oA

RN TRETFHENEKES. YTHAENS | (ERALRESESERETTAEERE AN ANSEIE T
E | IR A FIERERIMEEFITIE,
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Challenge 111l: 33 M-S 4 EESRR

TEEEIR)RE -
TRIFesAH AR ERBA I G | BE ADARZIRFZIRNI M B ABE S Z R EF NS | LA
BIRNRFTHEFEBERFELNECBHALDRSES., REFImFSsREE e FEIFEEBAESEEIALIL
A BEEIE RIFENE.
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IMESTERESRIER

Challenge lllI:5Z3

S
Al iR RZERETHARE | i AVEIRE TV RN ABERAER, EReBIAXTHEERE | it
BERAVIEIE , XERHTIRRELETESS.
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Question®

EREER—FRX , F—mFNW , ERERR Al fFRiFes ?

SRIRVAIEZE T | BIRMSFEESTIRIAMNN , T2 EEZRERERRL , AIESR.
O, kernel A TIEIMERRRETEFHIRIX | KREASBIRITKEIRZIBRIGAP , RKFKE
Al+RIZITR. Al+ REUESFISIT | EETREENSFEAESH , 8585 —ARIR
UL ?
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Question®

SEMNBHMHITEEIT?

BalH TR IRIEA P BRSBTS R IR SRR R E R Bl Tomzlll4: | BEKA
Ft—o I BEMS—RIREIRT B SFHEEH T RIS SRR R SR Lo fzUll4s | F
BARRER BE T2 BUMRERINIK 2R B &N /)| ZMES e AR ToREs. SEhnEB
TR TRISEROR |, REEREEBEARIERTEE— X % , BRELER
N ERIB A TRESHRIFEH— S REFRIL,
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Question®

AR EEREREIL ? AISHEEAIRFSEN ?

ALG RS TRiFSFIKEENR T O R ABINRIT, BRGNS AR TRmIFESSAIKRSEAR. A
CRRITZH) , BCISCRASIBILIIET R NERER, (B2MEETRIUSREN , AT SHFENR
TEHYTEK |, AliG A A SEREREIFSENRTARNFEMAIBIIE NHSRBRE. RKAIZEMAID
FBEORMRFEMEIRLT , Bat Bk SN R E R R,
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Al JRiFaRRIRK
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Future

l'

FRIFSSES « D FHERID)IZ . AOT M JIT MMRIFAFHEF
IR 63 : TEBRUTF MLR X Al —HY IR KIX

BalFT | BB, BT R THmEIIEE
BaliNS | RESMHOINTELR | FAECERFTERE

kernelBEN4AEERL : [FEFF &I i , HRESLIISF IS ZRET
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