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Abstract

Deep learning technology has developed rapidly. It has been widely used in academia
and industry. As the basic software for building deep neural network models, the deep
learning framework provides the encapsulated interface for developers to call. Exist-
ing work has confirmed that there are defects in the framework. Once the defects are
introduced into the model, they may cause serious consequences. Especially in secu-
rity areas. Therefore, this paper designs and implements a deep learning framework
automated testing system based on rule mutation, which aims to generate a large num-
ber of deep neural network models automatically by using the mutation method after
generation through grammar rules, and implement the deep learning framework as test
data. Batch testing and automated bug analysis to discover more potential bugs in deep
learning frameworks.

The main work of this paper is to build an automated testing platform for deep
learning framework. It completes the generation, training, reasoning, mutation, and
analysis of deep neural network models. This paper first introduces the research status,
including deep learning framework testing and deep neural network model generation.
Then, the technology involved in this system is expounded in detail. The whole sys-
tem is divided into the environment management module, generation task management
module, mutation task management module, defect analysis module, and compiler test-
ing module. In this paper, the environment management module is responsible for cre-
ating and switching virtual environments. Each virtual environment maintains its deep
learning framework to ensure that the model generation and mutation tasks can be exe-

cuted smoothly. The generation task management module is responsible for iteratively
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generating different deep neural network models. The generation process depends on
the constructed grammar rules. Security checks are carried out during generation to en-
sure the dynamic availability of the generated model. The mutation task management
module uses the deep neural network model trained in the generation task as the seed
model. According to the mutation parameter mutation model set by the user, the opti-
mal mutation model is selected as the seed model of the next iteration. It aims to trigger
as many defects in the deep learning framework as possible in each iteration. The de-
fect analysis module automatically analyzes the cause of the defect to generate a log
report. The compiler test module will randomly generate a large number of programs
for testing the deep learning compiler. And it will compare the output of the program
execution under different versions. The results are used to locate defects to ensure the
safe deployment and operation of deep neural network models.

The system is finally constructed as a web application. Users can access the system
through a browser. They can build a test environment, and use this system to realize
the automatic iterative generation of models, model mutation, and compiler testing.
Finally, they will get an analysis report about defect classification. The system can
improve the efficiency and quality of development to test deep learning frameworks. It

has high practicability.

keywords: Deep learning framework, deep neural networks, rule mutation, automated

testing
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BRFE D AT AR HpE B BT 25 524K Error, S M. 2048 ZE 1 error % . Error #/R
BT R, S g . B, 1545, K EEFEH
AU 6-10T7R,

% 3-28: error ML FEELN % 1T

FB EPd &3t iR
id SRR 5 integer FH
error_tf tf B A varchar tf 73 A4
model tf | tf ] @i varchar t SRS 0o IV ) ] e A 2R
error_torch | torch HtfEN% | varchar torch 73 #7145 3%
model_torch| torch [A] @AM | varchar torch M ¢ XT V. [ 7] R ASE 284
task name | {155 & K varchar 53 Mot B A 5%

#* 3-29: compiler M KB AT
FE & X e Lt ik
id 1E55 %5 integer T
name (YN varchar 155 2%
size A R integer A R AR =
status MRS varchar 215 56 B
analyze I HOIRE varchar e 15 58 A
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RGP AT DU A S RS FLARAE K P IR0 SR % ER 21 S
H R AR AT AL 3 s RS E u B PGSR G, K S 1R AR S B 1 S T
HAAEAEERAE: TABIREPATE, BRI RS RFANESZEET, F
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RGUEAR I B BB W B 3-12F7, 11T J5 Uit 43 15 0 S0l 76 B0 1401 5
Fo AP ENGEE TR S HTTP B3R5, #5055 4544 2 82 228 B R IF i
ATAEFR, T Hid Vue HEZEAT Element-Ul %, §i7 v UL M 41V 2 FH . 7 {8 R P #¢
VEs B IR 45 2595 P Y Resquet K 1% % WSGI %5 2%, Z5£5F WSGI IR 45 8% 4b
P J5 3% [1] Response; WSGI il 55 23 4 i it FH 2 B8 3K, IF R IR 45 A0 B 1) WSGI
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HE 5550 4R -
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AREFiR ARARSS R

HTTP-
% Brower % Element-UI

Vue

A

Response

Request

WSGIiRFSEE

% TCPServer
% ServerHandler

|

—Start_Response

Result
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WSGIRIF
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TS EE sipolm
HTTP—>
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| HTTP. i
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4.2 HREMEZMERBFIEE R

ARSI FMES P IS IR e e M 2R . BRI =, R4 ER
MR, R TIBAEEI e, mAERT. JRRSR . MMAEIATT
S, AEEATRN TR A R R, AR AR TR =, R
XA IR C R, RAATTR MR AN R o FESR I gk B U A

SRR A RS, H R B IR B 22 P 28 AR R 454, PRUEARR R (i 25
A

B AR AR 1 B T D0 2 S F 3% e 2 o % A TR 3k A2 A 10
AkE, EEUFE =10, 2RSSR, s S SAEA AE = A

éj\

o =

FE 4. BE T3 S PR S o 2 X 28 A TR A

HIN: target : HrE =
DLF : iR B2 2 2] HE 48
dataPool : YA BT i VB R4 &
layerPools : VER)I
grammarRules : TEEFIN
APIConfig : ¥: S H L B I
table : ¥ I IEFMER R
Mith: Models : £ I
while Size(Models) < N do
/1. ZHAIIE
signal, M «— ControlParamlnitialization()
M — HyperParamlnitialization(M)
M « Packagelmport(DLF)
/2. F R Inak
dataset,dataProfile < DatasetS election(dataPool)
LP « LayerPoolS election(layerPools, dataset, DLF)
M « DataTransform(dataset,dataProfile)
/13, BT
foreach i from 0 to signal do
L L « LayerS election(M, LP, table, grammarRules, i)

layer < LayerGeneration(grammarL)
M < LayerAdd(layer)

| Models «— Models U {M}

return Models

ESHANIR B R 2 xS BRERI S HOEAT Y. Prif S 4ds
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HIZ MRS AR IR E. FEA KON 22 3 380 T 428 1] 2 B e 0 42 ) A 2 2y 10 A=
i, BEEZIEE S, RERZEREE. 3SR TERE, e AR
HEZR .

FERAR R INBI B BP0 — DN E IR BEAR 2 2R, R G2 I
dataPool FEI— M EHEEAE NI RESE . ERUNFRIN, 2% Bl de i ATz
Ry Bl RASER AT IR, M PUER R R0 R FAb 27 05 .

TERETY L BB B ¥ A layerPools i A FE R ER NN ZE . FH—4
ERAMSI G, YSRGSk & IEE S . BEEEBEE R &GS
Ja, BRI e, AN R, R e B IR A A M 2

4.3 ZEKRE
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. BRIHN—E, MHEEREHN—Z2E 0 LRI, R mE s
NG, W EIREINEIE. R, WHSHEREREEE, B2k & IEE
T, ARG E . AR TR IR AR, RIFE T A R AR A
(ZNAS AT HPE, $m T AR R R R, IR S 2 SE S B — @
(A 21 o

BARME, EeMm &L AR s R g5 2 B A6 e, BEsis
PR MEZRSEFH RS AL #, RGWITEZE ZRIMEETIIZ, Wil Zeid f& +
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def step_in mode train( self, action):

cur_layer = self.get op(action)
if action in CNNEnvironment.train_mask:
return self .get one hot obv(action), —self. scale factor , False
if cur_layer is None:
return self .get one hot obv(action), —self. scale factor , False
self .model cur shape = self .get shape by ops(cur_layer)
next obv = self .get one hot obv(action)
st record = self. cur state
self . cur_state = action
self . model json_list .append(cur layer)
torch dict, torch add condition = self. get dict ("’PyTorch”)
tf dict , tf add condition = self. get dict (’ TensorFlow”)
assert torch add condition == tf add condition
torch_model = ModelJSON(torch_dict)
tf model = ModelJSON(tf dict)
last layer idx = —1— tf add condition
tf last layer = tf model.network. get layer (index= last layer idx )
torch last layer = self. get layer torch ( last layer idx ,
torch_model.network)
tf last layer output function =
function ([ tf model.network. layers [0]. input ],[ tf last layer .output,
tf model.network. layers [—1]. output ])

torch_last layer output function = []

4-2: AR E RN
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ANEE AR T AR S AR PR A £ X 23 A TR A AR B A SRR

FATHAZEAR PP A EEZEE I R, 70 5l D9 EE A 2 W 2 A AR 18 35 AR 2R R 22
A HTRE R AR AR G PABLRSCEUv AR, BARIEIR T
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5.1 IEEBERELR
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FERBUE BRI, R4 B ST 5E URYE HY 7 AR AR 2 e S F, B 3)
WPAT EMA BRI B BUE A 220, BRI S, AHEH 258 e R GUE &
Hof R A — DB AR, I F6 e IR TR EE 7 ISR . 4034
WA AE T AR B A FESS RIS AT IS, EEARME TS, RGO IEHA
(R RRCA BRI SR AT I, AT S RAS 2R Ge Ik i 2 1k

W 5-1p, AR SEI AR, EZSEM ARG TR AR
AMESR 2236, M P n] VBB A5 M5 B AR, 1 3 P 5 AR U AE 20 K hiAS 72 15 47
£, WERAMEAE, TR EARRA ST, 233 A TIHE 2R (1 44 Bk
fRAS . EAERI)E, ARG NZAEZGNE N H R B, R RS 134
5, JFERIAEE T E 2R . RAEQERIIE, SFIXIAERE BAE
RARROAT 25 5, TR P EESMEE BAIE.

MG PR B SRS 3% T RGP AR U S5 AR AR S AT, RS
P REAT RO 7 RIFHIS AT, HBH SR I 52 . fEAR S,
RGUSCFF I EARMOB 223, AR B XAFIIAESR . R Gtidnl LE 3k
W R AN AT A dr &, D P BCEIA S A 7, R IR

Environment Task

+ getEnv()
+ addEnv()
v v
Upload Task Add Task
+ upload() + Create()
+ Activate()

+ Install()

K] 5-2: PREEE EAR LR ]

5.1.2 IMMEEIERLI

QAN T RE AR MRS, S IAET T 2 7 AR A
RIS SIHRESR, W] AR IEHE SR 2 1A) A AR FRAR i 5%, [R] IS 77 58 7 )3 A5 i AE 2
KATPATAESS, B A AN A 7 B8 1 JEAit
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AR, BELHPUT QI B IA S a4, AT RAE s RE R B A
S LA BRI G o A A i) AL

def create venv( self):

REEE 508 1/82 8 K N

self .venv_dir = os.path. join (”\HTesting\main\env”’, VENV_DIR)

# BN B EAER . /veny METALE R

self . requirements_dir = os.path. join (”\HTesting\main\env”,
REQUIREMENTS_DIR) # V. Af7 &

# AL Bllrequirement. txt L4 ./ requirement MEIALE T

if os.path. exists (self .venv dir): # FIW Y4 H0 H ot | SAFAERE AL A2
# CLEAFAE, MR R A0, SO
shutil . rmtree( self .venv_dir) # M5 kAR e DL T B A7 1) S0 A

print (”Creating virtual environment..”)

subprocess . Popen([’python”, ”—m”, ” virtualenv ”, "—p”,
”D:\Anaconda3\python.exe”, self.venv_dir],

stderr =subprocess.STDOUT).wait()

self .pip = os.path. join( self .venv_dir, ’ Scripts \pip.exe’)

# 24 Blvenv BN Fpip B KL E

self .python = os.path. join ( self .venv_dir, ’ Scripts \python.exe’)

self . activate = os.path. join( self .venv_dir, ’ Scripts \ activate ’)

5-3: IR A AU

5.1.3 1ERRRASEIN

MEZR 22N TAEA RN RSB, A R RRAS IR B 22 ST HEZE, D
RO AN A I 7oK MRS 2R R, P ol AR R D) 3h B, A i34 5
N AHES A BRI A A, AT 2R R U0 A S5 Sl R 10 o, 8 v I
AN

W 5-4pR, ARG ORMESR MRS . O T RERSSCELH 7 2 AR AT
B IHESE, AR SCRFBOE O B2 A RE A B, AT 38 FH = 2347 I
IR BE 2 STHE SR S A, (Rl AR A FH P A% AR 22 2 S0, S B E B AL HE SR



56 FHE REFIERBHUMNARGIFETS K

oo AREHLSEILRETS 18 =y VI BRI F P 22 A SR (1 I (),
6 Gt UL 22 2 )

def install packages ( self):
print (” Installing packages..”)

99

subprocess . Popen([ self . pip, ” install 7, "—r”, self. requirements dir ,”—1",
”https :// pypi.tuna. tsinghua .edu.cn/simple” ],
stderr =subprocess.STDOUT).wait()
return VENV_DIR
def create symlink ( self):
print (”Creating ° activate ‘.. ")
subprocess . Popen(os.path . join ( self . venv_dir, ’ Scripts ’,

" activate .bat’), stderr =subprocess.STDOUT).wait()

B 5-4: HEZE 2228 SR ARG

5.2 EMESEERR

5.2.1 HERESEBIERZASIY

FEAE AT 55 8 B, ARG ST 7 Ak A R D) PR 9% e 2 ) 2% A R g ik
A BT BRI RIEE, XA S T BE R M, R I 72 3 41 R
W skE MU SR RN 200K, B SR R e e I 2 A, [
AR R B 25 T A

WM 5-5FTR, AP LI, T ESER T A RES I 4
o B ER BA R R EEH 28, AR IIZE AR
o MR UOSMRAEREREY, KGRI RN EER S8, #1175
Hovhatl . BESEmESERAE, BEMEA QL SR A 22 P AR

BEREAT 0 R ERERMNE: 55, KRG HIRFREIR 1%
B TIARIE SR, WARER], WA, JFORAF AR, Wk
BATIER], RGESRIEHRINN], M £— AR Ea N, s, =
THRAR LK B &Ja, N T IRIESINN A A, KRG s T A
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FHE

A

EEEMESTIR

e A BIERAERIESS?

RERHSH R
A A
ERAAIEE HEERR
A A
ERIBAR FERBHR
A
SRR [ ES e

: LI RTER
(iR

YES

p. TRIIRSRR

Kl 5-5: A AT 55 S H B LR R ]

A BT 55 B B T IC B IR S AR TR 2 X 4 A
A, HARI SR I 5-6fm. fEARSRT, RIEHIEENSH, RIREE
SCHU ALK B sh ALt B A . BRI S, ARG aEEAEMRrE R, HIWH
R R RS E RN, ARG, R IR A SRR

Generate Task

+ Create()
Env

+ Delete()

+ Check()

v
Check Task

+ CheckModel()

+ CheckLayer()

B 5-6: ZE AT 55 & B BE A
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5.2.2 ERERBISEIM

4,

”name”: "ResNetl8”,
”framework™: TensorFlow”,
“input_shape™: [224, 224, 3],
“network™: [
{
“name”’: "Conv2d”,
“params”: {”in_channels”: 3, ”out channels”: 64, ” kernel size”: 7,

” stride ’: 2, ”padding”: “same”

”name”: "BatchNorm2d”,

“params”: {"num_features”: 64}

I3
{

“name”: "MaxPool2d”,
“params”: {”pool size”: 3, 7 stride”: 2, ”padding”: “same”},
“branch to”: residual add 1~

s

”name”: "Conv2d”,
“params”: {”in_channels”: 64, “out channels”: 64, ”kernel size”: 3,

”padding”: “same”

K] 5-7: IEARAE oA ALY

W 5-THR, ARG RN B R ZE A B A . AR R,
RIGER A TR AR BN R DL R NI 2 B B, iR —RAiR. £
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Wk, RAERBRAR AR BT ARRZR B N3 DAL R A
A, B2 TEAE B UR N AL, AFEEA R json SCAFH, B NICHFXS
i — R B S5 K . RGUAEAE GZ json SCIF IR, REARE I b (194
ROV GRIR LM BB F, EllgadiEd, T eefms, M
111 PR UE A BB Y (R 30 25 T A

5.2.3 &RIEHERRISSIR

W 5-8FTR, ARG LI LA AT 55 B SR BARKS . T AR BT 55
PAT T E G KR R G R IR HAE B, IR SORr P 2042 AT 55
MR T 2R 4t 53 ¥ o

FEARLLR A, N 7 ZIEPT IEAERAT A RIS, KRG YEd— Dbt
RSHICE. B, RGITIPRRZC: &5, KREHME - DitES
NHBERE A BAAERAT, WRIEAEDAT, WRIGIZEERE; fa, Kb IEfER
THAERIES, BRI,

def kill (task _name):
base=""\HTesting\main”
path = os.path. join (base, ’generation’, ’ preliminary trials °, ’dqn’,
task name)
f=open(os.path. join (path, ’%s.txt’ %task name))
for line in f:
line = line. strip ("\n”)
try :
os. kill (int(line), signal .SIGTERM)
except:
continue

f. close ()

print (” kill success! )

5-8: A EA R BEAAD
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5.3.1 TRESZSEBERZMAFSIY

RN PR P A 0 X 28 BT AT AR S AT 55, S 30T KR B 1 k7 5+
TR FE 2 SIHESR o AR SR BB (AR S, AN AT DUk G A5 20 K B[R] 91 25,
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JERIE AL, A, BTN GRRRA R SR B B, H AT (A5 20 ) B
—. HEAR, RUEIREEETE KR4 2R

PRI, A/ INTRE A BAT 25 BUAT 5 1 380 PR R JEE 4 8 I 248 A B Dl 78 S o,
K Ja & AR R AE SR AR S, AT AR SRE B8 R AT B O A [F) IR B 2 ST AE
20 A=A . BARIN S, R — USRI RE T, EEE A T Rk
TR FE 2 SIREZEA — SOV R U E R b 15528, [R] I SR FH B AT e fid A R B 2
HEZEAN— SO 1) A8 S SR HEAT T — IRIE AR

T TR 2 4 BB AT 8 AT 55 IR BE MR e I 2 B, B mT DL W AR A 2
WA DR PAT IS AR AT 55 AR AL o AR SO (b 15 B 4 28 0 A AT 25 V11 25 56 ik
mﬁ?%&ﬂWﬁLmﬁﬁw%H%ﬁﬂ HARENUERTT . B8 R AT 55
PAT IR, JE XA REARAR S, 10 WA B TR AN [R) R 2 S HEZE R A
—HREE, BAETA—SMERDAESR P FERNETEE G, R, BRIESS
TEPAT IR IE A 2 08 7 R IUA — B0 T KA E P78,
HENT—IREA.

B M ONAFIIERBE 5 SRR, 458 — I (1, b, ..., L) FI— IR BE 2 STHE
WALy, Ly,..., Ly}, WUBEHEL M XA S N TE TS R B 2 ST HE SR R 5 b BT AR
—HMERT AN R

n m

ACC(M) = Z Zm: D_MADg 0,0,
i=1 j=1 k=j+
BE My F1 M, 53 &R R AR S, i ACC(M,,) tE ACC(M) K,
MMJHMQ#ﬁT HUHETE K
m%%%& IRDW IR PAT B TFAT S5, A4 SAZ I g i 1A T
Wleo XFER N TIRER T2, BaxERRE A, X FF
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TR 5, ARFRBACH ¢ W s; XFRLITHR 2 B 208

score; =
c;+1

THEL AR 00 73 BOBOK, - P -7 A R0 AT A AR S L iR B r
R ARG, ALK s; gk o OB h

score;

Pi=<r
ke Scorey

A 51 B R
HIN: Rules : 2% 530 ) 51| =
Seeds : PR B [M]
N BRI B A 5
HWi: Models : " AR
17 MU, <« random(Rules)
18 while Size(Models) < N do
19 foreach i from 1 to Size(S eeds) do
20 | Proli] « calProb(S eedsli])

21 r « random(0, 1)

22 bound <« 0

23 foreach i from 1 to Size(S eeds) do
24 bound < bound + Pro[i]

25 if » < bound then

26 s «— Seeds|i]

27 L break

28 kq < position(MU,)
29 | while f> (1 - p)r* do

30 MR, «— random(Rules)
31 ky < position(MR),)
32 f < random(0, 1)

33 m «— Mutate(s, MU,)

34 Models «— Models U {m}
35 if ACC(m) > ACC(s) then
36 L Seeds «— Seeds U {m}

37 updateS core(s)
38 updateS core(MU,)
39 Rules «— sort(Rules)

40 MU, — MU,

41 return Models
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Task

+ getMutation()
Env + uploadMutate()
+ startMutate()

+ analyzeMutate()
+ deleteMutate()

Save Task Mutate Task Analyze Task

+ read() + mutate() + localize()
+ upload()
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BEREESR
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f(x)=a(wx+b) f(x)=B(wx+b)
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f(x)=01(0.903x1+(.232x,+0.440x3+0.02) f(x)=0(0.941x1+0[227x+0.435x3+0.055)
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f(x)=a(wqxj+woxo+waxz+b)
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f(x)=a(wsxj+waxo+waxa+b) f(x)=a(-(W1Xy +WpXptWaxg+b))
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f(x)=a(w4xjj+WoXxp+wax3+b) lf(x)zo
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f(x)=g(w1x1+woxp+b)
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def LA model scan(model, new layers, mutated layer indices=None):
layer utils = LayerUtils ()
layers = model. layers
if mutated layer indices is None else mutated layer indices
_assert_indices ( positions _to add, len(layers))
insertion_points = {}
available new layers = [layer for layer in
layer utils . available model level layers .keys() ]
if new_layers is None else new_layers
for 1, layer in enumerate(layers):

b

if hasattr (layer, ’ activation ’) and ’softmax’ in
layer . activation . name _.lower():
break
if i in positions to add :
for available new layer in available new layers :
if layer utils . is_input legal [ available new layer ]\
(layer . output . shape):
if 1 not in insertion points .keys():
insertion_points [i] = [ available new _layer ]
else : insertion_points [1 ].append(available new layer)

return insertion_points
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def localize (mut model dir,----- ,localize tmp dir, report_dir ,backends):
identifier_split = select idntfr . split (" )
data_index = int( identifier split [—1][5:])
model idntfr = 7{} {}”.format( identifier split [0], identifier split [1])
model path =" {}/{}.h5”.format(mut_model dir, model idntfr)
for bk in backends:

return_stats = os.system(***-** )
if return stats != 0:
return

model = keras .models.load model(model path,
custom_objects=ModelUtils.custom_objects () )

for bkl, bk2 in combinations(backends, 2):

{}

local res = get outputs divation onbackends (model=model,
backends=[bk1, bk2],model_idntfr=model idntfr,

local res =local res,data index=data index,

local res

localize tmp dir=Ilocalize tmp dir)
report_path = os.path. join ( report dir ,
7 A} _{} input{}.csv”.format(model idntfr,bkl,bk2, data index))
generate _report ( local res , report path)
del model

K. clear session ()
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with input shapes:<*>
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DataAnalyze Task

+ Analyze()

<<Interface>>
Analyze Task
+ Analyze()
2
ErrorAnalyze Task
+ Analyze()
)
Generation Task
+ Test()
+ KillPid()
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5.4.2 ERIES RIS

def calculate ():
data_list = ["loss”, "acc”, "val loss”, "val acc”]
loss = r”loss: \d\.\\ d+ — accuracy: \d\\d+ — val loss: \d\\d+ —
val accuracy: \d\.\ d+”
with open(”popular/tf2 /log/129.log”, r”, encoding="UTF-8") as f:
perdatas =[]
for line in f. readlines ():
perdata = []
res = re. findall (loss, line)
if (res):
res_list = res [0]. split (")
for item in res list :
number = item. split (”: ”)[1]
perdata . append( float (number))
perdatas . append(perdata )

titles =[”loss”,”acc™,” val loss™,”val acc”]

excel utils . write ("popular/tf2 /epoch/129.xlsx”, perdatas, data list )
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def getFile ( location ):
path = os.path. join (* \HTesting\main\predict *, location, ’log”)
files = os. listdir (path)
nan_error=0
model=""
for file in files :
with open(os. path. join (path, file ), ”r”, encoding="UTF-8) as f:
for line in f. readlines ():
if ’nan’ in line:
nan_error+=1
model+=file1+” ”
break
elif ’ get default graph’ in line:
version_error +=1
model += filel +” ”
break

return nan_error, version_error ,dim_error, other error ,model
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5.5 ZmiEsshitiEiRr
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Task

+ addCompiler()
+ getCompiler()
+ testCompiler()
+ analyzeCompiler()

Save Task Test Task Analyze Task
+ generate() + test() + compare()

K 5-30: g PR gl iR B 2

5.5.2 SR IEFRISEI

def generate (name,num):

i=0

while i<num:
f = open(’ \main\\ test compiler \\ byproduct\%s\%s.py’%(name,i), *w’)
f.write(’\n”)
print (Magenta(’len( ingredient ) = > + str (len( ingredient ))))
id = random.randint (0, len( ingredient )—1)
print (Yellow(’id = * + str(id)))
if isinstance ( ingredient [id ], pFunc):

print (Yellow(” ingredient = * + str ( ingredient [id ]. funcName)))

if isinstance ( ingredient [id ], pFunc):

generateFunc( ingredient [id ], f, True)

elif isinstance ( ingredient [id ], pWith):
generateWith ( ingredient [id |, f, True)
else:
raise Exception(’Unexpected element of ingredient *)
f. close ()
i+=1
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def compare(name):
path = os.path.join(’log’,’0.8")
path = os.path.join(’log’, 0.9")
files = os. listdir (path)
f=open(’ error . txt’, ’at+’,encoding="UTF-8")
for file in files :
if os.path. isfile (os.path. join(path, file )) and
file .endswith(’.log’):
cmpfile = cmpFile(os.path. join (path, file ), os.path.join (path |,
file ))

difflines = cmpfile.compare()
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