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AT MR 4 i) 83t 2 4548 AR P C-A-B-E, RGN 100 58, 1d5%
ANIE) KAB B AN 5 5 50 450 S M B4 55 58 BT 350 R 3@ el i 2 B 280 H . RO
FIRMER . R FIER LR ST R 2 A R AR R AT LG, BT 45 58 P38 R B/
() SR A BRI SRS, A 3% SRS () o L 5 R T

(7 RR KAA T A 509 A 3% & % 4 ok B A4y A 4%

K FME Pyl WA wH YXBlI YXB2 YXB3 YXB4
9 AOBOCIEl 34.83 92.63 6.35¢-05 0.0135 0.4112 0.3221 0.4143 0.4550
9.5  AOBOCOEO 34.05 92.12 6.35¢-05 0.0134 0.3973 0.3118 0.4014 0.4370
10  AIBOCOEO 32.08 92.53 6.35¢-05 0.0132 0.4009 0.3149 0.4034 0.4433
10.5 AOBICOE0O 30.88 92.81 6.35¢-05 0.0132 0.3973 0.3120 0.4005 0.4408
11 AOBOCOEO 26.42 9279  6.35¢-05 0.0137 0.4418 0.3472 0.4482 0.4916
11.5 AOBOCOEO 26.03 92.92 6.35¢-05 0.0119 0.4300 0.3379 0.4333 0.4770
12 AOBOCOE0O 2591 92.54 6.35¢-05 0.0143 0.4151 0.3279 0.4186 0.4602

BATAT LRI, 24 K=11. 11.5. 12 B, “F¥REMZBUEAK; H2 K=10.5
i, AT K=11, HPYWRBRAER BT, X R x5 — K Ak B 5 il e 5
(1) “iz NKFT-C JHR-A JK-B WHR-E MR-12 HOKT 7 IR FR 2 11 /heT, 24 K<11 B,
— B SPEORAEEE S BRI TCIETE — RN 52, AT B (AR 2% . BRIt
2, M K=11 i, KRB BN G 58 2 A TURI ], Wi R A ks o s 4, D —
TE 2 WA AT DAFE— BRI N 5E ORI AR AN N 1 TAEBER; [, K=11.5 B JCiZizk
2 B W& A MR B (8], (HEEASZ AL By C A& #e.



5.3 &ig

R, MR L Es B, 8 3 it KA N 11.5, HATS 5 K% 26.03 K
5 K=12 i1 25.91 RIEFBEE, BRI 0.5 /DI TUAR TRIE 2 A B, C AR K
B, /N R A ST AER TR b A B e . BT IRAT 55 e HE B R H bR
RS RRTER, MR AR R AR FRRCA SR, BT LA TH Ay 1) 2 452
] C-A-B-E. ¥ £ 3 # SE0E AN 2 152 2548 FH IR 1) 240 /N Bl A R st 4 34047 B 46t

%8 B3 &R %454

T S P, P, YXB1 YXB2 YXB3 YXB4
26.03 9292  0.0001 0.0119 0.4300 0.3379 0.4333 0.4770

6 [B]RE 4 M 58 ERE

ST R 3 A A RANEE 1, FAVHT 1R WIARAR 55T 2 SE e 1E) CRAR TR
COPFIYIET D RSB R, IR S I 1 3, FRATIE R AL T A
FIPER TAER A K (O<K<12) MRS, H58 7 se&ilba. 7R, WFz=
B W IR RRE SR RENL AR, BT K=11.5 /NN RARE, P TEh 26.03 K.
AR 20 b 2 B i 3 1) 07 L A AR AR A

6.1 AZESHT

SR 24 Bf R] ) 32 B DR B S HE R AR 8] K B4 B4 sk ms . MR . 345 i
B, T RGN MR T 2R 1@ Hr i () AR B (A 45 . G e PR 250 i s i
17 ST T £ 1 /6 N S S/ B G B2 75 1 S 3 11 = R N o/ T
1. HER AR [A] K: KB B8 6 8 BN FEIR A RS (8] A IR0 3 1945 B4 1

2 K<11 B, ~FXfa S gD (i K=9 K1 34.83 &, K=10.5 I5 30.88 K) ,

RN —ANEE R e BN CEFEEEHmANE) 2 11 /M, K<i1 SEATE

EAE—ANYEIR N FER 18 BRI () W AT TR YR 25 o 24 K=11 B, PR [A]

B R FRAK (K=11 i 26.42 K, K=11.5 I} 26.03 X, K=12 I} 25.91 &) , {H K=11.5

eI 82 K=12 BT, A RCTAERE B (YXB) &y, NRFHRELT,

DRI, KB A2 S - 250 B A () e et R R 2 —

2. WA THHRIREG: %A% T I SRS B RS 15 2 W T B AR e TR . [l 3 e, X
TR KA, BATRH T AFE RSl AOBOCLIEL Fr C A1 E WA= B S #) .
EER, 2 KB/ (W1K=9) , $EA7HEHIRS (WFHEFRTHEH: C f B W& A8
T deE b b, ML et E] . EXHF K=11.5, KIS AOBOCOEO (X 4% %
i HIE 240 /Na BRI BE 4 ) LRI~ i~ 22 B[] AR B e i A o R G B X
FIm} 1] B SR AE K E BN N R 3

30 MR s AT S e 0 4 U R 2R AN AT, AT SZ e B A, (RIS 2
M RO IR, MO E T S 458 OAE R 2 Pt AT IR Bk . N TR H
A CINRAES ZHEE BRI H S FSRE, R ASRRER” ,
IV 3 Ak sy FH i) R 2 BRI C-A-B-E.

4, VEAATPRA: A% TR S S0 DB R 5 4 B 4 2 3 IR TR), T A K S 3 e
6] o ) A8 5 4 A R 2 AR B (0-120 /NEF AT 120-240 /NEE) Bl & sy (dn

10



B WA TE 120-240 /NEFEUE R 7%) , “PYYE R T GERS I . S8 3 mr s st 4 (ff
W 120 ZNEFRIEE ) AT ARSI MR XURS: ,  EL 2 488 i B 4 B

5. TR0 BRI T 28R, TRGENE (A:2.5%, B:3%, C:2%, D:0.1%) il
F2# GRAMKHS H 50%) SECEM, 88 mmatnt e . Humaiis c-A-B-E
TRFIBER N 6.35e-05, HIRFIMEE (B, ) 7F 0.0119-0.0143 Z A1), A FEME
I £ B AR in P~ 25y sk 1]

6. izfEt A ANRIRES A s A Ga ANFIZ & 0.5 /) FEIRES 1A CA:30min,
B:20min, C:20min, E:40min) & [& 44, (HHEX T3 Wi St W, X e a2
BR P, KAEE/ING, X Eemf A & e n,  sem s B
ECL BRI, ] DLV A B VR AR TR] K. & B8 45 SR e AN o 3 A i)

BT 2 & 2~ C-A-B-E, 1XF8—A KAA, FATA AT CLE L HE PR B % & 5

e SFemg o R A R ) 32 2 H bp 2 R BB ) KA, 815455 58 B35 R0 & AN E b

R A R LAER ) A AR E N REBE %2

6.2 &t K HIF
NI {# FH TOPSIS 7570 e ft K B :

6.2.1 R IEE LA
T2 R B NG B F8 bR, P25 2 AR R] B2 R i Fe b,

“THRAR", TEHATIEFAARE ., XTI Febr, H B IE R 40 75 2 BUE

.

Hor, o ARIEEERE, x| AIE RS .
s L AL B S 45 R0

9 E@fLib gL R
K{H CFERE IE[fk YXBave
9 34.83 2.496
9.5  34.05 2.585
10 32.08 2.560
10.5  30.88 2.580
11 2642 2.314
115 26.03 2.384
12 2591 2.466

6.2.2 FEFREL AL
KH A& 0 — b AT b AL, TERBR E R

11



!

Xy

Z; (xy.' )2

Hob, x) AR, 2, MRS IORR, 0 =7 N7 EA
SRR A AT 5 A

Z[j:

10 ARERA LS
KM P RE Friifh YXBave
9 0.4353 0.3796
9.5 0.4256 0.3931
10 0.4009 0.3893
10.5  0.3859 0.3923
11 0.3302 0.3519
11.5 03253 0.3625
12 0.3238 0.3751

6.2.3 ffE IETRE MR A 1 TRAE i

HUE TR Tty O il BT o X Tl N B IR AR R, 1 BAR AR D9 258 AR
f/ME, BB R IR RO . BobREAL R RN Z, U

Z* =(minz,,minz,)=(z,})
7 = (max z,,,max Zl-z) = (21_322_)
6.2.4 HEEH RS EHEBERNES
HHA RS EHEREEE.

Horf, m=2 Niatrd.
6.2.5 THE AN EEHHF

“ oD
Horr, CAEMOK, ForJ7 Elkpam EPARAR, RGBT .
HEF 45 Ry
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11 B KAE B ARHES £ 2
K 18 SEH KRB YXBave HEXHELE  fHEFE

11 26.42 0.4322 0.946562 1
11.5 26.03 0.41955  0.914197 2
12 2591 0.40545  0.829477 3
10.5 30.88 0.38765  0.39981 4
10 32.08 0.390625 0.28741 5
9 34.83 0.40065  0.105269 6
9.5 34.05 0.386875 0.081565 7

6.3 &5ip

FEYER AR 18] K 09 11 1, “ PR RE-A R XUH ARl DUE BIAR X f AL RIS,
K H C-A-B-E HIIUR BEAT R0 e AL
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M R

B R SE: Windows 11 FEEH AR (Version 24H2)

218 5 Python 3.9.23 (conda 23.5.2)
Y’ 2% PyCharm 2023.1.6 (Community Edition)

ARESTE IL: /python work
Bff3% A: (Bl 1 KA

ql.py

P Asys ques =
P Bsys ques

P Csys ques

P Dsys ques =

P Lou Aer =
P Lou Ber =
P Lou Cer =
P error Eer

P Lou Asys =
P Lou Bsys
P Lou Csys
P Lou Dsys =

P Asys ques
P Bsys ques
P Csys ques
P Dsys ques

P Lou Ber
P Lou Cer

P Lou sum = P Lou Asys + P Lou Bsys + P Lou Csys + P Lou Dsys
lam Asys = P Lou Asys / P Lou sum
lam Bsys = P Lou Bsys / P Lou sum
lam Csys = P Lou Csys / P Lou sum
lam Dsys = P Lou Dsys / P Lou sum

P JianCe = P Lou sum * (1-P error Eer) + P error Eer *

print ('lam Asys=', lam Asys, 'lam B: =', lam Bsys, 'lam Csys=', lam Csys,
'lam Dsys=', lam Dsys, 'P Lou sum', P Lou sum, 'P JianC P JianCe)
L] ik B >
Bff3% B: [CIRH 2 (XS
q2_data.py

P Asys ques =
P Bsys ques
P Csys ques
P Dsys ques =

P GuzZhang Asys =
P Guzhang Bsys
P Guzhang Csys
P GuzZhang Esys =

P Lou Aer =
P Lou Ber
P Lou Cer
P Lou Eer

P Wu Aer =
P Wu Ber
P Wu Cer

P GuzZhang Asys
P Guzhang Bsys
P Guzhang Csys
P GuzZhang Esys

P Asys ques
P Bsys ques
P Csys ques

P GuzZhang Asys )
P GuzZhang Bsys )
P GuzZhang Csys )

15

P Guzhang Asys
P Guzhang Bsys
P Guzhang Csys
P Guzhang Esys

* *
* *

* *




P Wu Eer = ( - P Asys ques ) * ( - P Bsys ques ) * ( - P Csys ques )
I - P Dsys ques ) * ( * P GuzZhang Esys ) **

P Guo Asys = - (P _Asys ques * (1 - * P GuzZhang Asys)
P Asys ques ) * ( * P Guzhang Asys) **

P Guo Bsys = - (P _Bsys ques * (1 - * P GuZhang Bsys)
P Bsys ques ) * ( * P Guzhang Bsys) **

P Guo Csys = - (P _Csys ques * (1 - * P GuZhang Csys)
P Csys ques ) * ( * P Guzhang Csys) ** )

P Lou ABCsys = ( P Lou Aer * P Asys ques + P Guo Asys * P Lou Ber
P Bsys ques + P Guo Asys * P Guo Bsys * P Lou Cer * P Csys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer
P Lou ACBsys = ( P Lou Aer * P Asys ques + P Guo Asys * P Lou Cer
P Csys ques + P Guo Asys * P Guo Csys * P Lou Ber * P Bsys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer
P Lou BACsys = ( P Lou Ber * P Bsys ques + P Guo Bsys * P Lou Aer
P Asys ques + P Guo Bsys * P Guo Asys * P Lou Cer * P Csys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer
P Lou BCAsys = ( P Lou Ber * P Bsys ques + P Guo Bsys * P Lou Cer
P Csys ques + P Guo Bsys * P Guo Csys * P Lou Aer * P Asys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer
P Lou CABsys = ( P Lou Cer * P Csys ques + P Guo Csys * P Lou Aer
P Asys ques + P Guo Csys * P Guo Asys * P Lou Ber * P Bsys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer
P Lou CBAsys = ( P Lou Cer * P Csys ques + P Guo Csys * P Lou Ber
P Bsys ques + P Guo Csys * P Guo Bsys * P Lou Aer * P Asys ques +
P Guo Asys * P Guo Bsys * P Guo Csys * P Dsys ques ) * P Lou Eer

P false ABC = P Wu Aer + (1 - P Asys ques) * P Wu Ber + ( P Asys ques)
(1 - P Bsys ques) * P Wu Cer + P Wu Eer
P Wu ACBsys = P Wu Aer + (1 - P Asys ques) * P Wu Cer P Asys ques)
(1 - P Csys ques) * P Wu Ber + P Wu Eer
P Wu BACsys = P Wu Ber + (1 - P Bsys ques) P Wu Aer P Bsys ques)
(1 - P Asys ques) * P Wu Cer + P Wu Eer
P Wu BCAsys = P Wu Ber + (1 - P Bsys ques) P Wu Cer P Bsys ques)
(1 - P Csys ques) * P Wu Aer + P Wu Eer
P Wu CABsys = P Wu Cer + (1 - P Csys ques) P Wu Aer P Csys ques)
(1 - P Asys ques) * P Wu Ber + P Wu Eer
P Wu CBAsys = P Wu Cer + (1 - P Csys ques) P Wu Ber P Csys ques)
(1 - P Bsys ques) * P Wu Aer + P Wu Eer

v

print P Lou ABCsys
P Lou ACBsys
P Lou BACsys
P Lou BCAsys
P Lou CABsys
P Lou CBAsys

v

rint
L}

v

rint

BoIG RG VIG I G

O 0 0 0 0

print ('

)
)
)
)
)
)

(
(
(
( ]
(
(

orint ('"P false ABC P false ABC
rint (' \u ACBsYV: P Wu ACBsys
rint (' J ’s="', P _Wu BACsys
print (' J 3 7S P Wu BCAsys
(
(

print (' I \ 7S P Wu CABsys

'P Wu CBASsy: P Wu CBAsys

)

)

)

)

)
print )
P Lou Asys = P Asys ques * P Lou Aer
P Lou Bsys P Bsys ques * P Lou Ber
P Lou Csys P Csys ques * P Lou Cer
P Lou Dsys = P Dsys ques




P Lou sum = P Lou Asys + P Lou Bsys + P Lou Csys + P Lou Dsys

lam Asys = P Lou Asys / P Lou sum

lam Bsys P Lou Bsys / P Lou sum

lam Csys = P Lou Csys / P Lou sum

lam Dsys P Lou Dsys / P Lou sum

P JianCe = P Lou sum * (1 - P Guzhang Esys) + P _Guzhang Esys *

print ('lam Asys=', lam Asys, 'lam Bsys=', lam Bsys, 'lam Csys=', lam Csys,
'lam D ="', lam Dsys, 'P Lou sum=', P Lou sum, 'P JianCe=', P JianCe)
q2order.py

import numpy as np

import simpy

import random

from collections import defaultdict
import time

TEST SHUNXU = ({

v

o Q

~

v
v

v

~

QW

v

w X Q

~

v

~

v

~

MHEEEEE

[
[
[
[
[
[

v v

]
=

QuesZ FangZhen (test ShunXu) :

num unit =
YunShu time =
CeShi times = ({
TiaoShi times =

P GuzZhang Short
P GuzZhang Long
P Ques Sys {'A':
P error er = {'A':
work time =

env = simpy.Environment ()
test bigtables = simpy.Resource (env
work smalltable = ({
simpy.Resource (env,
'B': simpy.Resource (env,
'C': simpy.Resource (env,
'E': simpy.Resource (env,

TALY .

statis var = {
'start time':
'end time':
'Guo_ count':
'sum Lou coun
'sum W
'sum C




'ZuBie times': {'A
'TiaoShi times': {'A
'YunShu ti S
'unit use time': {'A':
'unit ove

'num Lou unit':

def JiSuan GuZhangprob Sys(test name, test time):
use time = statis var['unit use time'] [test name]
delt t = test time

if use time <

H ut = P GuzZhang Short[test name] * (use time / )
H ut delt t = P GuzZhang Short[test name] * ((use time + delt t)

elif use time <

H ut = P GuzZhang Short[test name] + (P_Guzhang Long[test name] -
P Guzhang Short[test name]) * (
(use _time - )y / )
H ut delt t = P Guzhang Short[test name] +
(P_GuZhang Long[test name] - P GuZhang Short[test name]) * (
(use time + delt t - )y / )
else:
return

if H ut >=
return

P Guzhang = (H ut delt t - H ut) / (1 - H ut)
return min(P_GuZhang, )

def change and tiaoshi device (env, test name, statis var):
statis var['unit use time'] [test name] =

TiaoShi time = TiaoShi times[test name]
yield env.timeout (TiaoShi time)
statis var['TiaoShi times'] [test name] += TiaoShi time

def test process (env, , test bigtables, work smalltable, sta-
tis var):
ZzhenShi CuoWu = {
.random. rand
.random. rand
.random. rand
.random. rand

B!
c

P Ques Sys|
[
[ ]
[

P Ques Sys
P Ques Sys
P Ques Sys

0)
0)
0)
0)

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

with test bigtables.request () as bench request:




yield bench request
ceshis = test ShunXu.copy ()
test try = {ceshi: for ceshi in ceshis}

test JieGuo = {}
unit change = False

while ceshis and not unit change:
test name = ceshis.pop (0)
try count = test try[test name]

if try count >=
test JieGuo[test name] = False
unit change = True
continue

with work smalltable[test name].request () as worktable Xugiu:
yield worktable Xugiu

DangQian time = env.now

ZzhuanHuan start = (DangQian time // work time) * work time
ZzhuanHuan end = ZhuanHuan start + work time

ShenYu time = ZhuanHuan end - DangQian time

if ShenYu time < CeShi times[test name]:
yield env.timeout (ShenYu time)
ceshis.insert (0, test name)
continue

P Guzhang = JiSuan GuZhangprob Sys (test name, Ce-
Shi times[test name])
if np.random.rand() < P_GuZhang:
statis var['units changes'] [test name] +=
yield from change and tiaoshi device (env, test name, sta-

ceshis.insert (0, test name)
continue

yield env.timeout (CeShi times[test name])
statis var['unit use time'][test name] += Ce-
Shi times[test name]
statis var['ZuBie times'] [test name] += CeShi times[test name]
statis var['sum CeShi count'] +=

CuoWu er = np.random.rand() < P error er[test name]
if CuoWu er:

CuoWu LeiXing = np.random.rand ()

if CuoWu LeiXing <

statis var['sum Wu count'] +=

test JieGuo[test name] = False

test try[test name] +=

ceshis.insert (0, test name)
else:

statis var['sum Lo




test JieGuo[test name] = True
else:

if test name in ['A', 'B', 'C']:
if ZhenShi CuoWu[test name] :
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:

test JieGuo[test name] = True
else:

RenYi ques = ZhenShi CuoWu['A'] or ZhenShi CuoWul['B']

or
ZzhenShi CuoWu['C'] or ZhenShi CuoWul['D']

if RenYi ques:
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:

test JieGuo[test name] = True

Guo_all = all(test JieGuo.values()) if test JieGuo else

if Guo_ all:
statis var['Guo count'] +=

if ZhenShi CuoWu['A'] or ZhenShi CuoWu['B'] or
ZzhenShi CuoWu['C'] or ZhenShi CuoWu['D']:
statis var['num Lou unit'] +=

over time = env.now
statis var['over times'].append(over time)

statis var['unit over'] +

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

if statis var['unit over'] < num unit:

for 1 in range(2) :
env.process (test process(env, i,
statis var))

test bigtables, work smalltable,
def yanchi initiate(env, device id, delay):
yield env.timeout (delay)

env.process (test process(env, device id, test bigtables,
work smalltable, statis var))

for 1 in range (2, num unit) :
delay = YunShu time * (i - 1)
env.process (yanchi initiate(env, i, delay))

env.run ()

statis var['end time'] =
tis var['over times'] else

sum days = np.ceil (statis var['end time'] / work time)

Guo_count = statis var['Guo count']

max (statis var['over times']) if sta-




P Lou = statis var['num Lou unit'] / num unit if num unit > else

-

P Wu = statis var(['sum Wu count'] / statis var['sun
statis var['sum CeShi coun else

Shi count'] if

sum shift = np.ceil (statis var['end time'] / work time)
yxb = {}
for ceshi in ['A', 'B', 'C', 'E']:
sum work hour = statis var['ZuBie times'][ceshi] + sta-
tis var['TiaoShi times'] [ceshi]
yxb[ceshi] = (sum work hour / sum shift) / work time

return {
'sum days': sum days,
'Guo_count': Guo_ count,
'P Lou': P Lou,

VT

~Wu': P Wu,

'yxb': yxb,

'over times': statis var|['over
'units changes': statis var['uni

DuoCi FangzZhenPingJun (test ShunXu, n simulations=10) :
results = []
for 1 in range(n simulations) :

print (F"IEFERHTE (i + 1) RHE...")

result = Ques2 FangZhen (test ShunXu)

results.append (result)

PJ sum day = np.mean([r['sum days for r in results])

PJ Guo count = np.mean([r['Guo count for r in results])
PJ P Lou = np.mean([r['P Lou'] for r in results])

PJ P Wu = np.mean([r['P_Wu for r in results])

PJ yxb = {'A':
for r in results:
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxblceshi] += r['yxb'] [ceshi]
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxb[ceshi] /= n simulations

PJ change count = {'A':
for r in results:
for ceshi in ['A', 'B', 'C g
PJ change count[ceshi] += r['units changes'] [ceshi]
for ceshi in ['A', 'B', 'C', 'E']:
PJ change count[ceshi] /= n_simulations

return {
'"PJ _sum d PJ sum day,

PJ Guo count,
PJ P Lou,




'"PJ yxb': PJ yxb,

'"PJ _change count': PJ change count

def main () :
n simulations =
all results = {}

for ShunXu name, ShunXu in TEST SHUNXU.items () :
print (£"\n FFEP BN : {ShunXu name}™)
start time = time.time ()

results = DuoCi FangZhenPingJun (ShunXu, n simulations)
all results[ShunXu name] = results

end time = time.time ()
print (£"JEF {ShunXu name} 58, #Eff: {end time - start time:.2f} ¥

print ("\n" + "=" * )
print ("7SFIERT 07 B AL Sk Es )
print ("=" * )

print (
FULUMRRIE i <8 { VPR E(T) ' i<
{"IRFAIBEE (PW) ' : <14} {'YXB A

for ShunXu name, results in all results.items() :
print (f" {ShunXu name:<8} {results['PJ sum day']:<12.2f}
sults['PJ Guo count']:<10.2f} "
f"{results['PJ P Lou']:<14.4 {results['PJ P Wu']:<
"{results['PJ yxb']['A"']:<8.4f} {results['PJ yxb'] [
"{results['PJ yxb']['C']:<8.4f} {results['PJ yxb']['

f
f

best ShunXu = min(all results.items(), =lambda x: x[1]['PJ sum day'])
print (£"\n &MLMANTF: {best Shunxu[0]} (FIITERKRE:
{best ShunXu[l]['PJ sum day']l:.2f} R)")

best Lou ShunXu = min(all results.items(), =lambda x:
x[1]['PJ P Lou'l])

print (£"IRAMERBARAIT : {best Lou Shunxu[0]1} (JWAIMEZ:
{best Lou ShunXu[l]['PJ P Lou']:.4f})")

print ("\n W& T HRE ")
for ShunXu name, results in all results.items() :
print (£f" {ShunXu name}: A={results['PJ change

B={results['PJ change count']['B']:.2f}, "

f”@*{resultg['PJicﬁance coun C :.2f},

sults['PJ change count']['E']:.2f}")




q2order01.py

import numpy as np

import simpy

import random

from collections import defaultdict
import time

import itertools
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def Ques2 FangzZhen (test ShunXu, replace strategy):

num unit =
YunShu time
CeShi times =
TiaoShi times

P GuzZhang Short
P GuzZhang Long

P Ques Sys
P error er
work time =

env = simpy.Environment ()
test bigtables = simpy.Resource (env,
work smalltable = ({

'"A': simpy.Resource (env,
simpy.Resource (env,
simpy.Resource (env,
simpy.Resource (env,

statis var = {
'start time':
'end time':
'Guo_ count':
'sum Lou
'sum Wu

YunShu time
'unit use
'unit ove
|

over times':




'units
'num Lou unit':

'preventive replacements

def JiSuan GuZhangprob Sys(test name, test time):
use time = statis var['unit use time'] [test name]
delt t = test time

if use time <

H ut = P GuzZhang Short[test name] * (use time / )
H ut delt t = P GuzZhang Short[test name] * ((use time + delt t) /

elif use time <

H ut = P GuzZhang Short[test name] + (P_Guzhang Long[test name] -
P Guzhang Short[test name]) * (
(use time - )/ )
H ut delt t = P Guzhang Short[test name] +
(P_GuZhang Long[test name] - P GuZhang Short[test name]) * (
(use time + delt t - )y / )
else:

return

if H ut >=
return

P GuZzhang = (H ut delt t - H ut) / (1 - H ut)
return min (P_GuZhang, )

def JianCha unit change (test name) :
usage = statis var['unit use time'] [test name]
strategy = replace strategy[test name]

if strategy ==
return usage >=
2lsgec
return usage >=

def change and tiaoshi device (env, test name, statis var, is preven-
tive=False) :
if is preventive:
statis var(['preventive replacements'] [test name] +=

else:
statis var['units changes'] [test name] +=

statis var['unit use time'] [test name] =
TiaoShi time = TiaoShi times[test name]

yield env.timeout(Tiaoghiitime)
statis var['TiaoShi times'] [test name] += TiaoShi time




def test process (env, , test bigtables, work smalltable, sta-
tis var):
ZzhenShi CuoWu = {
'"A': np.random. P Ques Sys
3 np.random. P Ques Sys
np.random. P Ques Sys
np.random. P Ques Sys

['A
['B
['c
[

D'

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

with test bigtables.request () as bench request:
yield bench request
ceshis = test ShunXu.copy ()
test try = {ceshi: for ceshi in ceshis}

test JieGuo = {}
unit change = False

while ceshis and not unit change:
test name = ceshis.pop (0)
try count = test try[test name]

if try count >=

test JieGuo[test name] = False
unit change = True
continue

with work smalltable[test name].request () as worktable Xugiu:
yield worktable Xugiu

if JianCha unit change (test name) :
yield from change and tiaoshi device (env, test name, sta-
=True)
ceshis.insert (0, test name)
continue

DangQian time = env.now

ZzhuanHuan start = (DangQian time // work time) * work time
ZzhuanHuan end = ZhuanHuan start + work time

ShenYu time = ZhuanHuan end - DangQian time

if ShenYu time < CeShi times[test name]:
yield env.timeout (ShenYu time)
ceshis.insert (0, test name)
continue

P Guzhang = JiSuan GuZhangprob Sys (test name, Ce-
Shi times[test name])
if np.random.rand() < P_GuZhang:
yield from change and tiaoshi device (env, test name, sta-
tis var, =False)
ceshis.insert (0, test name)
continue

yield env.timeout (CeShi times[test name])




statis var['unit use time'][test name] += Ce-

Shi times[test name]
statis var['ZuBie times'] [test name] += CeShi times[test name]
statis var['sum CeShi

CuoWu er = np.random.rand() < P error er[test name]
if CuoWu er:

CuoWu LeiXing = np.random.rand ()

if CuoWu LeiXing <

statis var['sum Wu count'] +=

test JieGuo[test name] = False

test try[test name] +=

ceshis.insert (0, test name)
else:

statis var['sum Lou cc
test JieGuo[test name]
else:

if test name in ['A', 'B', 'C']:
if ZhenShi CuoWu[test name] :
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:
test JieGuo[test name] = True
else:

RenYi ques = ZhenShi CuoWu['A'] or ZhenShi CuoWu['B'] or
ZzhenShi CuoWu['C'] or ZhenShi CuoWul['D']

if RenYi ques:
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:
test JieGuo[test name] = True

Guo _all = all(test JieGuo.values()) if test JieGuo else False

if Guo_ all:
statis var['Guo count'] +=

if ZhenShi CuoWu['A'] or ZhenShi CuoWu['B'] or
ZzhenShi CuoWu['C'] or ZhenShi CuoWu['D']:
statis var['num Lou unit'] +=

over time = env.now
statis var['over times'].append(over time)

statis var['unit over'] +=
if statis var['unit over'] < num unit:

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

for 1 in range(2) :




env.process (test process(env, 1, test bigtables, work smalltable,
statis var))

def yanchi initiate(env, device id, delay):
yield env.timeout (delay)
env.process (test process(env, device id, test bigtables,
work smalltable, statis var))

for 1 in range (2, num unit) :
delay = YunShu time * (i - 1)
env.process (yanchi initiate(env, i, delay))

env.run ()

statis var['end time'] = max(statis var['over times']) if sta-
tis var['over times'] else

sum days = np.ceil (statis var['end time'] / work time)

Guo_count = statis var['Guo count']

P Lou = statis var['num Lou unit'] / num unit if num unit > else

P Wu = statis var(['sum Wu count'] / statis var['sun
statis var['sum CeShi count > else

CeShi count'] if

sum shift = np.ceil (statis var['end time'] / work time)
yxb = {}
for ceshi in ['A', 'B', 'C', 'E']:

sum work hour = statis var['ZuBie times'][ceshi] + sta-

v

tisivar['Tiar?ﬁiitimes'][cesﬁi}
yxb[ceshi] = (sum work hour / sum shift) / work time

return {
'sum days': sum days,
'Guo_count': Guo_ count,
P Lou,
P Wu,
yxb,
'units changes': statis var['units changes .
'preventive replacements': statis var(['preventive replacements'],
'total replacements': ({
ceshi: statis var['units changes'] [ceshi] + statis var['preven-
tive replacements'] [ceshi]
for ceshi in UNIT
}

def DuoCi FangZhenPingJun (test ShunXu, replace strategy, n simulations=
results = []
for 1 in range(n simulations) :
result = Ques2 Fangzhen (test ShunXu, replace strategy)
results.append (result)

PJ sum day = np.mean([r['sum days'] for r in results])

PJ Guo count = np.mean([r['Guo count'] for r in results])
PJ P Lou = np.mean([r['P Lou'] for r in results])

PJ P Wu = np.mean([r['P Wu'] for r in results])




PJ yxb = {'A':
for r in results:
for ceshi in ['A',
PJ yxblceshi] += r['yxb'] [ceshi]
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxb[ceshi] /= n simulations

TR (el T .
B', "C", "E"]:¢

PJ change count = {'A': ; "BY e ; 'C
avg preventive replacements {'A':
avg total replacements = {'A': 0,

for r in results:
for ceshi in UNIT:
PJ change count[ceshi] += r['units changes
avg preventive replacements[ceshi]
ments'] [ceshi]
avg total replacements[ceshi]

for ceshi in UNIT:
PJ change count[ceshi] /= n_simulations
avg preventive replacements[ceshi] /= n simulations
avg total replacements[ceshi] /= n simulations

return {
'"PJ sum day': PJ sum day,
ount': PJ Guo count,
P PJ P Lou,
J P Wu': PJ P Wu,
J yxb': PJ yxb,
J change count': PJ change count,
/g _preventive replacements': avg preventive replacements,
avg total replacem s': avg total replacements,
'replace strategy': replace strategy

def ShengCheng all strategies():
strategies = []
for strategy in itertools.product ([0, 1,
strategy dict = {

'"A': strategylO],
'B': strategyll],
'C': strategyl?2]
'E': strategyl[3]

4

}
strategies.append (strategy dict)
return strategies

def main () :

n simulations =

test order name = 'CABE'
alligtrategies = ShengCheng all strategies()
all results = {}

print (£" T EIAT : {test order name}")




print (£"3H {len(all strategies)} FiX&HIRFEHEA G

for i, strategy in enumerate(all strategies):
print (£"IEfE{HERIEAE {1 + 1}/{len(all strategies)}: {strategy}")
start time = time.time ()

results = DuoCi FangZhenPingJun (TEST SHUNXU[test order name], strat-
egy, n_simulations)

strategy key = f"A{strategy['A']}B{strategy['B']}C{strat-
egy['C']}E{strategy['E']}"

all results[strategy key] = results

end time = time.time ()
print (£"RIKHE {strategy key} 58 #ENf: {end time - start time:.2f}
o)

print ("\n" + "=" * )
print (£"MRF {test order name} M 16 ik & 5 M H 45 L)
print ("=" * )

header = £"{'KM&"':<8} {'“FIRE :<8 HITE i <8) ("INFIMEE T 1 <10)
B <10} "

header += " ".join([f"{'YXB ' + s <§ for d in UNIT])

print (header)

print ("-" * )

for strategy key, results in all results.items() :
line = f"{strategy key:<8} {results['PJ sum day']:<8.2f} {re-
sults['PJ Guo count']:<8.2f} "
line += f"{results['PJ P Lou']:<10.4f} {results['PJ P Wu']:<10.4

for device in UNIT:
line += f"{results['PJ yxb'] [device]:<8.4f} "

print (line)

]:‘L’ilrlt (H\nll 4= nw_mn * )
print ("W & HEHRIRESIT")
print ("=" * )

header2 = f£"{'H%' :<8

header2 += " ".joi R : <6 for d in UNIT])
header2 += " ".joi > :<6 for d in UNIT])
header2 += " ".joi :<6 for d in UNIT])

print (header?2)
print ("-" * )

for strategy key, results in all results.items() :
line = f"{strategy key:<8} "

for device in UNIT:
line += f"{results['PJ change count'] [

for device in UNIT:
line += f"{results['avg preven

for device in UNIT:




line += f"{results['avg total replacements'
print (line)

best strategy = min(all results.items(), =lambda Xx:
x[1]['PJ sum day'])

print (£"\n It B EE sk g {best strategy[0]} (X5 5E RSB {best strat-
egy[1]['PJ sum day'l:.2£} K)")

best leak strategy = min(all results.items(), =lambda Xx:
x [ '"PJ P Lou'l])

print (£"IRAINES foKHJ%Mu. {best leak strategy[0]} (AWM
{best leak strategy[l]['PJ P Lou']:.4f})")

best yxb strategy = max(all results.items(), =lambda x:
sum (x[1] ["PJ yxb'].values()))

PJ yxb =Aial(best7yxbistrategy[ ]['PJ yxb'].values()) /

print (£"&&H HFR I : (best yxb strategy[0]} (‘F¥J YxB:
{PJ yxb:.4f})")

q2topsis.py

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
from matplotlib import font manager

try:
plt.rcParams|['font.sans T3 ['"Microsoft
plt.rcParams|['axes.unicode minus'] = False
except:
plt.rcParams|['font.sans-seri 'SimHei ']
plt.rcParams['axes.unicode minus False

filename = 'AL.”I x'

sheet name = heetl'

data = pd.readiexcel(filename, =sheet name)
test order = datal ‘WMKWV

Shuzhi data = datal TJJ)\ﬂL T) ', "JmFEIMEER (PL) ']1].values

n, m = ShuZhi data.shape
stand data = Shuzhi data / np.sqrt (np.sum(Shuzhi data**

Zheng solution = np.min(stand data,
Fu solution = np.max(stand data,

dist Zheng = np.sqrt (np.sum((stand data - Zheng solution) **
dist Fu = np.sqrt(np.sum((stand data - Fu solution) **

rela prox = dist Fu / (dist Zheng + dist Fu)
ShunXu index = np.argsort (-rela prox)




JieGuo dataf =
IR

pd.DataFrame ({
test order,

"R # . Shuzhi datal:,
"EFIMEE . Shuzhi datal:, 11,
"RHXTHZIA L . rela prox

})

JieGuoidataf['HL%’] =
JieGuo dataf.loc[ShunXu index,
JieGuo dataf =

EZAN

JieGuoidataf.sortivalues('HL%’)

range (1, n+

print ("TOPSIS 7;Hr&iR: ")
print (JieGuo dataf.to string(

B3R C: 18]RE 3 K15

q3order.py

import numpy as np
import simpy
import random
from collections
import time

=False))

import defaultdict

TEST SHUNXU
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ques3 FangZhen (test ShunXu, K=12):
num unit =

YunShu time =

CeShi times = {'A':

TiaoShi times = {'A':

P GuzZhang Short
P GuzZhang Long =

P Ques Sys
P error er =
work time =

env = simpy.Environment ()
test bigtables = simpy.Resource (env,
work smalltable = {

A': simpy.Resource (env,
simpy.Resource (env,
simpy.Resource (env,

(

'E': simpy.Resource (env,

)




statis var = {
'start time':
'end time':
'Guo count':
'sum Lou coun

'sum Wu
'sum C X
'ZuBie times

'"YunShu times
'unit use time':
'unit over':
'over times': [],
'units changes'

'num Lou unit':

def JiSuan GuZhangprob Sys(test name, test time):
use time = statis var['unit use time'] [test name]
delt t = test time

if use time <

H ut = P GuzZhang Short[test name] * (use time / )
H ut delt t = P GuzZhang Short[test name] * ((use time + delt t)

elif use time <

H ut = P GuzZhang Short[test name] + (P_Guzhang Long[test name] -
P Guzhang Short[test name]) * (
(use _time - )y / )
H ut delt t = P Guzhang Short[test name] +
(P_GuZhang Long[test name] - P GuZhang Short[test name]) * (
(use time + delt t - )y / )
else:
return

if H ut >=
return

P Guzhang = (H ut delt t - H ut) / (1 - H ut)
return min (P_GuZhang, )

def change and tiaoshi device (env, test name, statis var):

statis var['unit use time'] [test name] =
TiaoShi time = TiaoShi times[test name]

yield env.timeout (TiaoShi time)
statis var['TiaoShi times'] [test name] += TiaoShi time

def test process (env, , test bigtables, work smalltable, sta-

tis var) :
ZzhenShi CuoWu = {
A': np.random.rand() < P Ques Sys['A'],




'B': np.random.rand() < P Ques Sys['B'],
'C': np.random.rand() < P Ques Sys['C'],
'D': np.random.rand() < P Ques Sys['D']

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

with test bigtables.request () as bench request:
yield bench request
ceshis = test ShunXu.copy ()
test try = {ceshi: for ceshi in ceshis}

test JieGuo = {}
unit change = False

while ceshis and not unit change:
test name = ceshis.pop (0)
try count = test try[test name]

if try count >=
test JieGuo[test name] = False
unit change = True
continue

with work smalltable[test name].request () as worktable Xugiu:
yield worktable Xugiu

DangQian time = env.now

ZzhuanHuan start = (DangQian time // work time) * work time
ZzhuanHuan end = ZhuanHuan start + work time

ShenYu time = ZhuanHuan end - DangQian time

if ShenYu time < CeShi times[test name]:
yield env.timeout (ShenYu time)
ceshis.insert (0, test name)
continue

P Guzhang = JiSuan GuZhangprob Sys (test name, Ce-
Shi times[test name])
if np.random.rand() < P_GuZhang:
statis var['units changes'] [test name] +=
yield from change and tiaoshi device (env, test name, sta-

ceshis.insert (0, test name)
continue

yield env.timeout (CeShi times[test name])
statis var['unit use time'][test name] += Ce-
Shi times[test name]
statis var['ZuBie times'] [test name] += CeShi times[test name]

,,,,,,,,, + 1

statis var['sum CeShi count'] +=

CuoWu er = np.random.rand() < P error er[test name]
if CuoWu er:

CuoWu LeiXing = np.random.rand ()

if CuoWu LeiXing <




statis var(['sum

ceshis.insert (
else:

4

Wu count']
test JieGuo[test name]
test try[test name]

+=
False

+=
test name)

statis var['sum Lou cc
test JieGuo[test name]

else:

if test name in

[';&', '3', 'C'}:

if ZhenShi CuoWu[test name] :

test JieGuo[test name]
test try[test name]

ceshis.insert (
else:

test JieGuo[test name]

else:

RenYi ques
ZzhenShi CuoWul['C']

if RenYi ques:

test JieGuo[test name]
test try[test name]

ceshis.insert (
else:

test JieGuo[test name]

Guo_all =
if Guo_ all:
statis var(['Guo count']

if ZhenShi CuoWul['A']

A or
ZhenShi CuoWul['C']

over time env.now

ZhenShi CuoWul['A']
or ZhenShi CuoWu['D']

all (test JieGuo.values())

False
+=
, test name)

True

or ZhenShi CuoWu['B']

False

+=
, test name)

True

if test JieGuo else False

+=

ZzhenShi CuoWul['B'] or

or ZhenShi CuoWu['D']:
statis var['num Lou unit']

+=

statis var['over times'].append(over time)

statis var['unit over'] +
if statis var['unit ov

er'

statis var['YunShu times']

for 1 in range (2) :
env.process (test process (env,
statis var))

def yanchi initiate (env,
yield env.timeout (delay)
env.process (test process (env,
work smalltable, statis var))

for 1 in range (
delay

, num unit) :
YunShu time * (i - 1)

] < num unit:
yield env.timeout (YunShu time)

+= YunShu time

i, test bigtables, work smalltable,

device id, delay):

device id, test bigtables,




env.process (yanchi initiate(env, i, delay))

env.run ()

statis var['end time'] = max(statis var['over tim
tis var['over times'] else

sum days = np.ceil (statis var['end time'] / (

Guo_count = statis var['Guo count']

P Lou = statis var['num Lou unit'] / num unit if num unit > else

P Wu = statis var(['sum Wu count'] / statis var['sun Shi count'] if

statis var['sum CeShi coun else

sum shift = np.ceil (statis var['end time'] / K)
yxb = {}
for ceshi in ['A', 'B', 'C', 'E']:
sum work hour = statis var['ZuBie times'][ceshi] + sta-
tis var['TiaoShi times'] [ceshi]
yxb[ceshi] = (sum work hour / sum shift) / K

return {
'sum days': sum days,
'Guo_count': Guo_ count,
Lou': P Lou,
Wu': P Wu,
'yxb': yxb,
'over times': statis var|['over
'units changes': statis var['uni

def DuoCi FangzZhenPingJun (test ShunXu, n simulations=
results = []
for 1 in range(n simulations) :
print (F"IEFERHTE (i + 1) RHE...")
result = ques3 FangZhen (test ShunXu, K)
results.append (result)

PJ sum day = np.mean([r['sum days for r in results])

PJ Guo count = np.mean([r['Guo count'] for r in results])
PJ P Lou = np.mean([r['P Lou'] for r in results])

PJ P Wu = np.mean([r['P Wu'] for r in results])

PJ yxb = {'A': p
for r in results:
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxblceshi] += r['yxb'] [ceshi]
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxb[ceshi] /= n simulations

PJ change count = {'A':
for r in results:
for ceshi in ['A',




PJ change count[ceshi] += r['units
for ceshi in ['A', 'B', 'C', 'E']:
PJ change count[ceshi] = n simulations

return {
'"PJ sum day': PJ sum day,
>J Guo_count': PJ Guo count,
> Lou': PJ P Lou,
J Wu': PJ P Wu,
J yxb': PJ yxb,
_change count': PJ change count

def main () :
n simulations =

all results = {}

for ShunXu name, ShunXu in TEST SHUNXU.items () :
print (£"\n FFEPEMENT : {ShunXu name}, K={K}")
start time = time.time ()

results = DuoCi FangzZhenPingJun (ShunXu, n simulations, K)
all results[ShunXu name] = results

end time = time.time ()
print (£"JEF {ShunXu name} 58, #Eff: {end time - start time:.2f} #

print ("\n" + "=" * )

print (£"/SFRRMT 07 A5 R (k={x})™)

print ("=" * )

header = £"{'MEMF "' <8} {"FIRE(T) ' :<
(PL) ':<14} {'iRFIMER (Pw) ':<14} "

header += " ".join([f"{'YXB ' +

print (header)

print ("-" * )

for ShunXu name, results in all results.items() :
line = f"{ShunXu name:<8} {results['PJ sum day']:<12.2f} {re-
sults['PJ Guo count']:<10.2f} "
line += f"{results['PJ P Lou']:<14.4f} {results['PJ P Wu']:<14./

for ceshi in ['A', 'B', 'C', 'E']:
line += f"{results['PJ yxb'][ceshi]:<8.4f} "

print (line)

best ShunXu = min(all results.items(), =lambda x: x[1]['PJ sum day'])
print (£"\n &MLMANTF: {best Shunxu[0]} (FIITERKRE:
{best ShunXu[l]['PJ sum day']l:.2f} R)")

best Lou ShunXu = min(all results.items(), =lambda x:
x[1]['"PJ P Lou'])

print (£"IRAMERBARAIT : {best Lou Shunxu[0]} (JWAINEZR
{best Lou ShunXu[l]['PJ P Lou']:.4f})")




best yxb order
J['PJ yxb'].values()))

sum (best yxb order|
| FH 22 85 v BRI <

sum (X [
PJ yxb

ML /)\<|'

print (£" x4

Al

max (all results.items(),

{best yxb order|

=lambda x:

1}

1['PJ yxb'].values()) /

(P yxB:

{PJ yxb:.4f})")

print ("\n & FHEHRIRE: ")
for ShunXu name, results in all results.items() :
print (f" {ShunXu name}: A={results['PJ change count']['A']:.2f},
B={results['PJ change count']['B']:.2f}, "
f"C={results['PJ change count']['C']:
sults['PJ change count']['E']:

.2f}, E={re-

L2£1"M)

q3order01.py

import numpy as np
import simpy
import random
from collections
import time
import itertools

import defaultdict
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def ques3 FangzZhen (test ShunXu, replace strategy, K=

num unit =
YunShu time =
CeShi times
TiaoShi times

{'A'":
{!A!:

P GuzZhang Short
P GuzZhang Long

v

P Ques Sys
P error er

{'A':
{'A’\A':

work time K

env simpy.Environment ()

test bigtables simpy.Resource (env,

work smalltable = ({
simpy.Resource (env,

': simpy.Resource (env,

TAT .
/=

VT




o,
C 3

simpy.Resource (env,
'E': simpy.Resource (env,

statis var = {
'start time':
'end time':
'Guo count':
'sum Lou coun

se time':

(1,
'units changes'
'num Lou unit':

'preventive replacements

'shift changes'

def JiSuan GuZhangprob Sys(test name, test time):
use time = statis var['unit use time'] [test name]
delt t = test time

if use time <

H ut = P GuzZhang Short[test name] * (use time / )
H ut delt t = P GuzZhang Short[test name] * ((use time + delt t)

elif use time <

H ut = P GuzZhang Short[test name] + (P_Guzhang Long[test name] -
P Guzhang Short[test name]) * (
(use time - )/ )
H ut delt t = P Guzhang Short[test name] +
(P_GuZhang Long[test name] - P GuZhang Short[test name]) * (
(use time + delt t - )y / )
else:

return

if H ut >=
return

P Guzhang = (H ut delt t - H ut) / (1 - H ut)
return min(P_GuZhang, )

def JianCha unit change (test name) :
usage = statis var['unit

strategy = replace strategy

_time'] [test name]
test name]

E

if strategy ==
return usage >=




2lsgec
return usage >=

def change and tiaoshi device (env, test name, statis var, is preven-
tive=False) :
if is preventive:
statis var(['preventive replacements'] [test name] +=
else:
statis var['units changes'] [test name] +=

statis var['unit use time'] [test name] =

TiaoShi time = TiaoShi times[test name]
yield env.timeout (TiaoShi time)
statis var['TiaoShi times'] [test name] += TiaoShi time

def JianCha shift change (DangQian time) :

ZhuanHuan num = int (DangQian time // work time)
ZhuanHuan end (zhuanHuan num + 1) * work time
return ZhuanHuan end - DangQian time

def test process (env, , test bigtables, work smalltable, sta-
tis var):
ZzhenShi CuoWu = {
'"A': np.random.rand P Ques Sys
.random. rand
.random. rand

P Ques Sys
P Ques Sys

()

.random.rand () P Ques Sys
()
()

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

with test bigtables.request () as bench request:
yield bench request
ceshis = test ShunXu.copy ()
test try = {ceshi: for ceshi in ceshis}

test JieGuo = {}
unit change = False

while ceshis and not unit change:
test name = ceshis.pop (0)
try count = test try[test name]

if try count >=

test JieGuo[test name] = False
unit change = True
continue

with work smalltable[test name].request () as worktable Xugiu:
yield worktable Xugiu

if JianCha unit change (test name) :
yield from change and tiaoshi device (env, test name, sta-
=True)




ceshis.insert (0, test name)
continue

DangQian time = env.now
ShenYu time = JianCha shift change (DangQian time)

if ShenYu time <=
statis var['shift changes'] +=
ceshis.insert (0, test name)
continue

ShenYu time < CeShi times[test name]:
statis var['shift changes'] +=

yield env.timeout (ShenYu time)
ceshis.insert (0, test name)

continue

P Guzhang = JiSuan GuZhangprob Sys (test name, Ce-
Shi times[test name])
if np.random.rand() < P_GuZhang:
yield from change and tiaoshi device (env, test name,
tis var, =False)
ceshis.insert (0, test name)
continue

yield env.timeout (CeShi times[test name])
statis var['unit use time'][test name] += Ce-
Shi times[test name]
statis var['ZuBie times'] [test name] += CeShi times[test name]
statis var['sum CeShi count'] +=

CuoWu er = np.random.rand() < P error er[test name]
if CuoWu er:

CuoWu LeiXing = np.random.rand ()

if CuoWu LeiXing <

statis var['sum Wu count'] +=

test JieGuo[test name] = False

test try[test name] +=

ceshis.insert (0, test name)
else:

statis var['sum Lou count'] +=
test JieGuo[test name] = True
else:

if test name in ['A', 'B', 'C']:
if ZhenShi CuoWu[test name] :
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:
test JieGuo[test name] = True
else:

RenYi ques = ZhenShi CuoWu['A'] or ZhenShi CuoWu['B'] or




ZhenShi CuoWu['C'] or ZhenShi CuoWul['D']

if RenYi ques:
test JieGuo[test name] = False
test try[test name] +=
ceshis.insert (0, test name)
else:

test JieGuo[test name] = True

Guo_all = all(test JieGuo.values()) if test JieGuo else

if Guo_ all:
statis var['Guo count'] +=

if ZhenShi CuoWu['A'] or ZhenShi CuoWu['B'] or
ZzhenShi CuoWu['C'] or ZhenShi CuoWu['D']:
statis var['num Lou unit'] +=

over time = env.now
statis var['over times'].append(over time)

statis var['unit over'] +=
if statis var['unit over'] < num unit:

yield env.timeout (YunShu time)
statis var['YunShu times'] += YunShu time

for 1 in range(2) :

env.process (test process(env, i, test bigtables, work smalltable,
statis var))

def yanchi initiate(env, device id, delay):
yield env.timeout (delay)

env.process (test process(env, device id, test bigtables,
work smalltable, statis var))

for 1 in range (2, num unit) :
delay = YunShu time * (i - 1)
env.process (yanchi initiate(env, i, delay))

env.run ()
statis var['end time

] = max(statis var['over times']) if sta-
tis var['over times'] se

sum days = np.ceil (statis var['end time'] / work time /

Guo_count = statis var['Guo count']

P Lou = statis var['num Lou unit'] / num unit if num unit > else

P Wu = statis var(['sum Wu count'] / statis var(['sum CeShi count'] if
statis var['sum CeShi coun else




sum shift = np.ceil (statis var['end time'] / work time)
yxb = {}
for ceshi in ['A', 'B', g
sum work hour = statis var['ZuBie times'][ceshi] + sta-
tis var['TiaoShi times'] [ceshi]
yxb[ceshi] = (sum work hour / sum shift) / K

return {
'sum days': sum days,
'Guo_count': Guo_ count,
! Lou': P Lou,
': P Wu,
'yxb': yxb,
'units changes': statis var['units changes'],
'preventive replacements': statis var(['preventive replacements'],
'total replacements': ({
ceshi: statis var['units changes'] [ceshi] + statis var['preven-
tive replacements'] [ceshi]
for ceshi in UNIT

I

'shift changes': statis var|['shi

def DuoCi FangZhenPingJun (test ShunXu, replace strategy, n simulations=
) €
results = []
for 1 in range(n simulations) :
result = ques3 Fangzhen (test ShunXu, replace strategy, K)
results.append (result)

PJ sum day = np.mean([r['sum day for r in results])

PJ Guo count = np.mean([r['Guo count'] for r in results])
PJ P Lou = np.mean ([r['P Lou for r in results])

PJ P Wu = np.mean([r['P_Wu for r in results])

PJ yxb = {'A':
for r in results:
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxblceshi] += r['yxb'] [ceshi]
for ceshi in ['A', 'B', 'C', 'E']:
PJ yxb[ceshi] /= n simulations

PJ change count = {'A':
avg preventive replacements
avg total replacements = {'A':

for r in results:
for ceshi in UNIT:
PJ change count[ceshi] += r['units c
avg preventive replacements[ceshi]
ments'] [ceshi]
avg _total replacements[ceshi] += r['total replacements'] [ceshi]

for ceshi in UNIT:
PJ change count[ceshi] = n simulations
avg preventive replacements[ceshi] /= n simulations




avg total replacements[ceshi] /= n simulations

avg shift changes = np.mean([r['shift changes'] for r in results])

return {
'"PJ sum day': PJ sum day,

>J _Guo unt': PJ Guo count,

PJ P Lou,

Wu': PJ P Wu,

_yxb': PJ yxb,

change count': PJ change count,
g preventive replacements': avg preventive replacements,
avg total replacements,

avg_shift changes,
replace strategy
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def ShengCheng all strategies():
strategies = []
for strategy in itertools.product ([0, 1,
strategy dict = {

'"A': strategylO],
'B': strategyll],
'C': strategyl?2]
'E': strategyl[3]

4

}
strategies.append(strategy dict)

return strategies

def main () :

n simulations =

test order name = 'CABE'
all strategies = ShengCheng all strategies ()
all results = {}

print (£" M EMANTT : {test order name}, K={K}")
print (£"34#H {len(all_strategies)} it EHKIKHG)

for i, strategy in enumerate(all strategies):
print (£"IEfE{ERIEAE {1 + 1}/{len(all strategies)}: {strategy}")
start time = time.time ()

results = DuoCi FangZhenPingJun (TEST SHUNXU[test order name], strat-

'A{strategy['A'] }B{strategy['B'] }C{strat-
V}}H

strategy key =
egy['C'] }E{strategy['
all results[strategy key] = results

egy, n_simulations, K)
fl

end time = time.time ()
print (£"RIKHE {strategy key} 58 #ENf: {end time - start time:.2f}

print ("\n" + "=" *




LA

print (£"MRT {test order name}, K={K} [ 16 FPixe EHRRE I B A5 RILE")
print ("=" * )

header = £"{'KH&"':<8} {'"*PHRZE :<8 HH <8 {("IRHIMER <10} {'iEH
M <10} "

header += " ".join([f"{'YXB ' + s <§ for d in UNIT])

print (header)

print ("-" * )

for strategy key, results in all results.items() :
line = f"{strategy key:<8} {results['PJ sum day']:<8.2f} {re-
sults['PJ Guo count']:<8.2f} "
line += f"{results['PJ P Lou']:<10.4f} {results['PJ P Wu']:<10.4

for device in UNIT:
line += f"{results['PJ yxb'] [device]:<8.4f} "

print (line)

]:‘L’ilrlt (H\nll 4= nw_mn * )
print ("W & HEERIRESIT")
print ("=" * )

header2 = f£"{'5H%' :<8

header2 += " ".joi R :<6}" for d in UNIT])
header2 += " ".joi > :<6}" for d in UNIT])
header2 += " ".joi :<6}" for d in UNIT])

print (header?2)
print ("-" * )

for strategy key, results in all results.items() :
line = f"{strategy key:<8} "

for device in UNIT:

line += f"{results['PJ change count'] [device] :<6.
for device in UNIT:

line += f"{results['avg preventive

for device in UNIT:
line += f"{results['avg total replacements'] [device]:<6.

print (line)

best strategy = min(all results.items(), =lambda x:
x[1]['PJ sum day'])

print (£"\n LG H KRS : {best strategy[01} (P ARE: {best strat-
egy[1]['PJ sum day'l:.2£} R)")

best leak strategy = min(all results.items(), =lambda Xx:
x[1]['"PJ P Lou'])

print (£"IRAMERRAKAIKIL : {best leak strategy[01} (JWAIMEZ:
{best leak strategy[l]['PJ P Lou']:.4f})")

best yxb strategy = max(all results.items(), =lambda Xx:
sum (x [ fﬁ’?fivxb'].values())) B

PJ yxb =Aéam(best7yxbistrategy[ ]['PJ yxb'].values()) /

ML A

print (£"X&AMHER IR : {best yxb strategy[0]} (*F¥JYXB:
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g4topsis.py

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt
from matplotlib import font manager

plt.rcParams|['font.sans-serif']
plt.rcParams|['axes.unicode mi

filename = 'Ad.x
sheet name

data = pd.read excel (filename, =sheet name)
k values = data['KfH']
Shuzhi data = datal['F¥RE', 'YxBave'l]l.values

positive data = Shuzhi data.copy ()
positive datal:, ] = / positive datal:,

n, m = positive data.shape
stand data = positive data / np.sqrt(np.sum(positive data**

Zheng solution = np.min(stand data,
Fu solution = np.max(stand data,

dist Zheng = np.sqrt (np.sum((stand data - Zheng solution) **
dist Fu = np.sqrt(np.sum((stand data - Fu solution) **

rela prox = dist Fu / (dist Zheng + dist Fu)
ShunXu index = np.argsort (-rela prox)

JieGuo dataf = pd.DataFrame ({
'KfH': k_values,
VEBIREL : Shuzhi datal:, 01,
'YXBave': Sthhi;aata[:, 1,
"RHXTHZIA L . rela prox

)

JieGuoidataf['HL%’] =
JieGuo dataf.loc[ShunXu index, "HE44 '] = range( , n+l)
JieGuo dataf = JieGuoidataf.sortivalues('HL%’)

print ("TOPSIS HT&HR ")
print (JieGuo dataf.to string( =False))
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