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Tom tat

St dung dit liéu thu thap tir ing dung quan Iy bao tri thiét bi, Cong ty Diéu hanh Dau khi Bién Ddng (Bien Dong POC) da nghién ctiu
kha nang ap dung thuat toan di truyén dé hé trg cong tac lap k& hoach cho cong tac bao tri bao dudng, tir d6 khai thac dugc nang luc tinh
toan nhanh ctia may tinh, rt ngan thai gian lap ké hoach, ddm bao t6i uu hda nguon luc, ciing nhu dam béo su thong nhat trong qua
trinh 13p ké hoach va t6 chic thuc hién. K&t qua nghién cGu cho thdy viéc dp dung thudt toan di truyén gitip lap ké hoach chinh xac véi
dd khdp cao, xtr ly dugc cac yéu cau vé tién do, mic do uu tién va nguon luc cho tiing ma cng viéc, trong khi thoi gian tinh toan dugc rdt
ngdn dang ké so véi cach lam truyén théng. Trén co & nghién ciiu, ¢ thé thiét lap cac cong cu ty dong dp dung thuat todn nay dé ho trg
nghiép vu ldp ké hoach bao dudng gitip ndng cao hiéu suat va dd chinh xac ciia quy trinh quan Iy bao tri, bdo dudng, ddc biét la tai cac co

s san xuat quy ma lon.

Turkhoa: Thuat toan di truyén, Iap ké hoach, bdo tri bao dudng.

1. Giéi thiéu

Cong tac bao tri, bdo dudng phong nglia (preventive
maintenance) tai cac co s& san xuat dugc thuc hién dinh
ky va c6 ké hoach nham dam béo hé théng cong nghé
hoat ddng an toan, gidm nguy co héong héc cling nhu
thai gian ngiing hoat déng ngoai ké hoach. Diéu kién
hoat déng san xuat va van hanh thiét bi trén cum gian
khai thac mé Hai Thach - Moc Tinh (cach dat lién 300 km)
khién cho viéc diéu déng nguén luc, gém con ngudi va
thiét bi, gap nhiéu khé khan. Do d6, Bien Dong POC dat
muc tiéu tan dung t6i da nguén luc tai chd cho cong tac
bao tri, bdo duéng phong nglia cho mét sé luogng I6n
thiét bi trén gian khai thac. V6i kha nang tap trung héa
dirliéu va cac tién bo vé hé thong truyén tai dirliéu tir cac
gian ngoai khai, cédng cu lap ké hoach sé ho trg cho viéc
t6i uu cac hoat dong van hanh khai thac va bao tri bao
duéng [1, 2].

Tai Bien Dong POC, céng tac bdo tri bado dudng duogc
quan ly tap trung bang phan mém quan ly bao tri thiét
bi (Computerized Maintenance Management System -
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CMMS). Viéc tan dung nang luc tinh todn ciia may tinh va
ting dung cac thuat toan tién tién dé tao ra cong cu lap ké
hoach cho céng tac bao tri bdo dudng sé gitp rut ngan
thai gian trién khai, t6i uu hda cac nguén luc, dam bao su
théng nhét trong viéc 1ap ké hoach va té chuc thuc hién.

2. Mét sé thuat toan dugc st dung lap ké hoach cho
cong viéc

Bai toan lap ké& hoach cho céng viéc dua trén nhiing
diéu kién rang budc cho trudc vé thoi gian, nguén luc,
muc d6 uu tién dé xac dinh thi tu cong viéc. Cac dac trung
6 ban clia bai toan lap thai gian biéu cho cong viéc gém:

Tap cong viéc: Mo ta tinh chat céng viéc, vi du nhu
Iap danh sdch ma céng viéc, 1ap danh sach cac don vi, lap
bang thai gian lam viéc cda nhan céng;

Nguén luc (tai chinh, may moc thiét bi, nhan su) dé
thuc hién cong viéc;

Thai gian gidi han: M6 ta cdc dang thdi gian, vi du nhu
thai gian cho tiing ma céng viéc, ca lam viéc, ngay lam
viéc;

Rang buéc: Khi phan cong cong viéc, can cu thé sé
lugng nhan cong thuc hién;



PETROVIETNAM

Muc tiéu: Hoan thanh cong viéc nhiéu nhat c6 thé véi tai
nguyén hién cé. Khi cac muc tiéu théa man thi cac diéu kién clng
dugc thoa man.

Ngoai ra, do nguén luc han ché, viéc dap Ung cac yéu cau nhu
phan bé ngudn luc hop ly, sdp xép cong viéc lién ti€p nhau hay thoi
lugng danh cho céng vié,... sé phu thudc vao téng s cong viéc va
nguén lyc dang co.

Trong cac tinh huéng khéng qua phc tap, khi cac yéu té anh
hudng dén thai gian biéu khong thay déi nhiéu, viéc thiét lap ké
hoach c6 thé dugc thuc hién thong qua thuat toan Iap trinh tuyén
tinh [3]. Tuy nhién, khi s6 lugng cong viéc nhiéu va phc tap, nguén
Iuc han ché va diéu kién thudng xuyén thay déi, nhiing thuat toan
nay thudng gap van dé khi tao ra qua nhiéu t8 hgp, dan dén kha
nang dua ra cac giai phap khéng thé thuc hién kip thdi theo su
thay déi da phat sinh. Mét s6 nghién ctiu xay dung cac huéng dan
logic, tir d6 tao ra mot tap hop gidi han cac giadi phap theo cach tiép
can dugc xac dinh béi thai gian cho phép, nhu lap luan ti phia sau
(backward-chaining) [4] hoac lap luan ma (fuzzy reasoning) [5].

2.1. Thudt todn Brute force

Thuat toan Brute force gitp tim ra phuong én t6i uu bang cach
Iua chon trong tap hgp tat ca cac phuong an clia bai toan. Khi bai
toan qualdn, viéc ap dung thuat toan Brute force sé khong dam bao
vé thai gian cling nhu ky thuat. Dé khdc phuc nhugc diém nay, trong
qua trinh duyét sé luén git lai “phuong dan mau” (sample statistics),
6 gié tri nhoé nhat tai thai diém dugc ghi nhan [6]. Mot cach khac dé
sang loc phuang an t6i uu la sit dung phuong phap “danh gia nhanh
can” (branch and bound). Bang cach tinh toan d6 cai thién tu viéc
xay dung phuong an theo hudng dé ra so véi“phuong an mau’, tang
d6 thuc thi cha thuat toan.

Khi 1ap ké hoach, céng viéc sé dugc chia cho cac truéng hop cé
thé& xay ra. Sau méi 1an phan chia, cac diéu kién rang budc sé dugc
xem xét. Tap hop cdng viéc dugc phan phéi nao thda man diéu kién
thi sé duoc lay.

- Uu diém: Véi thuat toan nay, dap s6 cudi cing clia dau ra
(output) ddm bao t6i uu nhat so véi cac thuat toan khac. Ngoai ra,

/ Bai todn \
Bai todn con | Baitoan con
: Bai toan con Bai todn con Bai todn con Bai toan con

Lai gidi cho bai toan con :LEfi gidi cho bai toan con

Lai gidi cho bai toan

Hinh 1. Luu d6 cia thudt todn chia dé'tri (divide and conquer) [8].

thuat toan nay doi héi it bd nhé va cai ddt don
gian [7].

- Nhugc diém: Thai gian thuc thi 16n; viéc
thuc hién tuong duong véi phan chia céng viéc
theo céch thu cong théng thuong [7].

Vé mat nguyén tic, thuat toan ludon tim
dugc nghiém néu bai toan co nghiém bang cach
kiém tra toan bo tap trudng hgp xay ra. Nhung
trén thuc té, cac bai toan lap ké hoach khong ap
dung phuong phap nay, vi s6 cong viéc va sé lan
lap lai rat cao trong khi thoi gian tinh toan, nang
luc va dung lugng bé nhé déu cé han.

2.2. Thudt todn chia dé tri (divide and conquer)

Thuat toan chia dé tri st dung ky thuat tu
trén xuéng (top-down approach), chia bai toan
I6n thanh nhiéu bai toan nho va tuong duong.
Tung I6p bai toan nho tiép tuc dugc chia dén khi
gap “baitoan co s&” (preliminary problem) c6 thé
dé dang thu dugc két qua. Sau khi giai cac bai
toan co s& nay, két qua dugc phan tich va téng
hop nguac lai dé c6 15i gidi cho cac bai toan nho
va cubi cung c6 dugc két qua cho bai toan 16n.
Thuat toan nay dugc chia thanh 2 ludng xt ly
chinh: chia bai toan (tur trén xuéng) va téng hap
két qua (ttr dudi Ién). Muc tiéu chinh la chia cong
viéc [6n thanh cac céng viéc nhé han, dén khi co
thé& phan chia cong viéc truc tiép.

- Uu diém: Khi gap viéc kho xt ly, chia nho
thanh cac viéc nho dé dang hon, dé giam thiéu
dé phuc tap. Mot nhiém vu cé thé cé nhiéu
tac vu nho thuc hién song song. Tiéu ton it tai
nguyén bd nhé khi phan bé [9].

Nhugc diém: Viéc st dung dé quy dé téng
hap két qua tiéu ton nhiéu thai gian. Kho hién
thuc hoa thuat toan dé c6 thé phan bé ting 16p
bai toan, kha nang cao tén tai vong ldp bai toan
truéc do6 da phan chia [9].

Bai toan sdp xé€p ké hoach cong viéc theo
cong viéc c6 do phuc tap cao trén tap co s& dir
liu I6n va la bai toan da muc tiéu. Vi vay, néu
xem xét chia nhd céng viéc dé gidam bét do
phic tap, sau d6 khi két hop két qua cé thé xay
ra xung doét thai gian cong viéc. Vi duy, cong viéc
¢6 thé bj chia thanh qua nhiéu viéc nhd khéng
can thiét hoac lap lai, lam phat sinh van dé toi
uu hoa dé théa man dau ra. Vi vay, khong nén
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chi 4p dung don thuan thuat toan chia dé tri ma nén két hap vdi cac
phuaong phép khac d€ t6i uu nguén luc.

2.2. Thudt todn Heuristic

Thuat toan Heuristic dugc thiét ké dé giai quyét bai toan nhanh
han va hiéu qua hon so véi cac phuong phap truyén théng bang cach
déi tinh t6i uu, d6 chinh xac hojc tinh ddy du dé c6 dugc téc dod xur
ly cao. D& lam diéu nay, thuat toan Heuristic tao ra giai phap riéng lé
hodc dugc st dung dé cung cdp dudng co s& tét dua trén phan tich
yéu t8 cu thé gan vdi bai toan va dugc bé sung cac thuat toan téi uu
hoéa dé xac dinh phuang hudng tim kiém 1&i giai [10].

Nh(ing thuat toan co s& danh cho bai toan lap ké hoach da néu
trén déu cé thé xay dung thanh thuat toan Heuristic dua vao cac
nguyén ly sau:

- Nguyén ly vét can thong minh (intelligent brute-forcing): Trong
bai toan tim ki€m céng viéc t6i uu cé diéu kién, khi khéng gian tim
kiém 1&n, khéng gian tim kiém dugc gidi han lai hodc thuc hién kiéu
tim kiém dac biét dua vao dac thu clia cdng viéc hodc théng tin thém
va cu thé vé diéu kién rang budc dé nhanh chéng tim ra muc tiéu;

- Nguyén ly tham lam (greedy): Tiéu chuén t&i uu cla toan bd
cbng viéc sé dugc chon dé lam hanh dong cho pham vi cuc bo cla
tling budc trong qua trinh tim ki€ém céng viéc théa man diéu kién;

- Nguyén ly thi tu (sorting): Cac cong viéc sé thuc hién dya trén
cdu truc tha tu hgp ly ctia khong gian dang khao sat dé€ nhanh chong
dat dugc mét tap phan lich biéu tét;

- Nguyén ly huéng dich (heuristic initiative): Khi xay dung thuat
toan Heuristic thudng si dung cdc ham danh gia tho va két qua phu
thudc vao trang thai hién tai ctia bai toan tai méi budc giai. Nha gia tri
nay, c6 thé chon dugc cach hanh déng tuong déi hgp ly trong tiing
budc clia thuat toan [12, 13].
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Hinh 2. Liru d6 cda thudt todn Heuristic gidi quyét bai todn Traveling salesman don gidn hda [11].
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- Uu diém: Tim dugc I8 gii tét, dé hiéu
va dé thuc thi; chi phi giai bai toan st dung
thuat toan Heuristic thdp hon déng ké do dé
dang va nhanh chong dua ra két qua so vGi
thuat toan t6i uu; két qua dat dugc gan véi
cach suy nghi va hanh déng clia con ngudi
[14].

- Nhugc diém: Thuat toan Heuristic chi
diing tai két qua ma thuat toan cho la tot,
song c6 thé bd qua nhiing két qua khac con
t6t hon, tham chi t6t nhat; khé dap ung yéu
cau khi bai todn ngay cang I6n; khi thém bét
diéu kién hoac dau vao cong viéc can tinh
chinh lai thuat toan cho phu hgp véi cau hinh,
gdy mat thoi gian [14].

Khi l1ap ké hoach, cac di liéu céng viéc
trudc va sau déu cé méi quan hé chat ché. Do
do, cac cong viéc khong hiéu qua hoac gay
khé khan vé sau trong tap hop sé bi loai bo
ngay tu dau. Bay chinh la nhiém vy phu hgp
cla thuat toan di truyén st dung thuat toan
Heuristic nham tim ra thé hé théa man bai
toan.

Do ban chat cla cac cong viéc khong thé
biét trudc, khéng co giai phap chinh xac hoac
cobng thiic chua dugc biét, thuat toan Heuristic
uu tién thai gian hoan thanh nhanh nhat cho
toan bo cong viéc va han ché t6i thiéu vong
13p, d6ng thai, 1a céng cu manh mé dé tinh
toadn tiém can cac giai phap theo tiém can
nhanh (branch and bound), cho phép tim d6
rong céng viéc.

Mot s6 bai toan ap dung thuat toan
Heuristic van chua xay dung dugc hudng di
uu viét. Mét s6 bai toan xay dung dugc thuat
toan song khéng thé ap dung dugc do khong
du tai nguyén dé cung cap. Cac van dé nhu
vay c6 thé giai quyét don gian bang céch thu
thap thém da liéu ma khéng tén tai nguyén
xU ly hoac phai xem xét cac van dé noi bo xay
ra khi ap dung thuat toan.

2.3. Thudt todn di truyén

Thuat toédn di truyén (genetic algorithm,
GA) dugc phan I6p thuat toan tién hoa va
ldy cdm hiing tir qua trinh chon loc tu nhién.
Trong béi canh thi-va-sai ngau nhién (random
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Bdng 1. So sdnh thugt ngir tién hda va thudt ngit gidi quyét van dé dui gc nhin tién héa

Tién héa (Evolution)
M@i trudng (environment)
(4 thé (individual)
Miic song sét (fitness)

Gidi quyét van dé (Problem solving)
Van dé (problem)
Gidi phdp (candidate solution)
Chat lugng (quality)

B3t dau
v

Tao ngau nhién quén thé
ban dau

L

Duing ham sdng sot @€ dénh gia muic do
s6ng s6t clia tling cé thé trong thé hé
hién tai
v
Lai tao va dot bién
Chon ngau nhién mét s6 luong ca thé dé lai tao,
50 lugng con lai dung dé dot bién

l

Chon loc
Chon loc nhiing ca thé 6 muic d6 séng st cao nhat sau
khi lai tao va dot bién va nhiing ca thé trong
thé hé hién tai dé lam thé hé ké tiép

Khong

(]

Dua ra két qua

Hinh 3. Luu d6 phuong hudng ldp thei gian biéu cong viéc bing cdch sit dung thudt todn di truyén.

trial-and-error), hay con dugc goi la quy trinh giai quyét van dé theo
kiéu tao va thir nghiém, sé tén tai tdp hgp nhiing ca thé c6 mdc do
thich nghi va séng s6t cao nhat. Chat lugng xac dinh co héi cac ca
thé sé dugc luu gilr va st dung lam hat giéng dé xay dung cac thé
hé tiép theo.

2.3.1. Cdc thanh phan trong thudt todn di truyén
Nh{ing thuat ngit ca ban trong thuat toan di truyén:

- Quan thé (population): Mot quan thé ban dau sé bao gom
céc ca thé cé cac dac tinh khac nhau, nhimng dac tinh nay dung dé
quy dinh kha nang sinh tén clia ca thé;

- Lai tao (crossover): Phuong phép dung 2 cé thé ngau nhién
dé lai tao nham tao ra ca thé c6 doé thich nghi véi méi trudng tét
hon thé hé trudc;

- Dot bién (mutation): Phuang phap thay ddi ngau nhién mét
phan clia gen trong moét ca thé trong quan thé. Viéc nay giup taora
su da dang gen trong quan thé, lam tang kha nang tim kiém ca thé
c6 d6 thich nghi tét véi moi trudng;

- Chon loc (selection): Gitr lai cac ca thé uu viét thich nghi tét
v3i mai trudng tu nhién va loai bo cac ca thé yéu kém;

- Muc séng sét (fitness function): P& danh gia muc d6 thich
Ung clia ca thé déi véi méi trudng.

2.3.2. Qud trinh xtr ly thudt todn di truyén

Thuat toan di truyén sé tao ngau nhién
quan thé ban dau (initial population) c6 s6
lugng ca thé (individual) cho trudc. Trong qua
trinh thuc thi, ca thé nao c6 muc do thich nghi
vGi méi trudng cao hon, phat trién han (c6 do
sOng sét cao) thi sé dugc gil lai, d6ng thai loai
b6 cac ca thé yéu kém. Thuat toan di truyén giai
quyét bai toan theo thu ty:

Lai tao (crossover) — Dot bién (mutation) —
Chon loc (selection)

Diéu kién tién quyét dé thuc hién thuat
toan di truyén la phai xac dinh dugc quan thé
ban dau cing nhu dé xuat ra dugc ham muc
tiéu thich hop nham giai quyét bai toan téi uu.
Dai véi bai toan lap thai gian biéu cho cong viéc
hién tai - sdp xép k& hoach cho tiing nhom vai
s6 lugng nhiém vu cho trudc, luu d6 cho hudng
gidi quyét nhu Hinh 3.

3. Phan tich dii liéu bao tri, bao dudng cua
Bien Dong POC

3.1. Bdng dir liéu danh muc céng viéc

Tép dt liéu danh muc cong viéc dugc cung
cap gém 37 cot, trong d6 co 8 cot mang théng
tin quan trong dugc st dung cho thuat toan di
truyén bao gém:

- WONUM (work order number): Ma s6
dinh danh céng viéc, vi du nhu H13779495;

- PARENT: C& dinh danh céng viéc bao ham
toan bo céng viéc khéc (hay con goi la cdng viéc
I6n sé bao gom nhiéu cong viéc nho va thoi gian
dién ra cong viéc nho phai dugc thuc hién xong
trong thai gian cla cdng viéc I6n chira no);

- PRIORITY: Muc d0 uu tién clia cong viéc,
bao gém 4 muic dé chinh: khan cap (urgent), cao
(high), trung binh (medium), thap (low);

- SITE: Dia diém lam viéc, c6 2 dia diém
chinh: Hai Thach (HT) va Méc Tinh (MT);

- ESTDUR: Thai gian hoan thanh cong viéc
tuang Ung véi WONUM cung hang. Chi s6 nay
dugc tinh theo gig;

- TARGSTARTDATE: Méc thoi gian bat dau
cong viéc (dugc ghi theo dinh dang théng/
ngay/nam gid/phut/giay);
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- TARGCOMPDATE: M&c thgi gian hoan thanh cong
viéc (dugc ghi theo dinh dang thang/ngay/nam gid/phut/
giay);

- BDPOCDISCIPLINE: Nhém sé thuc hién WONUM
tuang dng cung hang, bao gém 4 nhom chinh la: E&,
PROD, MECH va RES.

M6t phan ctia bang di liéu cong viéc trong khoang
thai gian 1 thang duoc trich xuat cho muc dich nghién
c(ru thuat todn. Theo dé, s6 lugng cong viéc can phai dugc
lap k& hoach la 53 cong viéc. Mot phan cla bang dir liéu
danh muc céng viéc dugc thé hién tai Hinh 4.

3.2, Bang dir liéu vé nguén luc

Tép dit liéu dugc cung cap thé hién nhan céng lam
viéc (resource) tai méi dia diém Hai Thach va Méc Tinh,
trong d6 c6 4 c6t mang théng tin quan trong st dung cho
thuat toan di truyén bao gom:

- DATE: Ngay lam viéc (véi dinh dang thang/ngay/
nam);

Wonum Description Status Worktype
36M - RT-HT1-90XX-EI-0009/10 - PAGA
H13828313 beacon loop 01/02B- Visual check, SCHED PM
preservation
1M-PM FREE FALL LIFEBOAT,
H13828335 Free Fall Lifeboat, HT-SCF-8601B SCHED PM
6M-CFT & Calibration Fire and Gas Sys at
H13828407 POP-Cellar Deck SCHED PM
6M-CFT & Calibration Fire and Gas Sys at
13829771 PQP-Helli Deck & LQ Roof SCHED | PM
H13829908 6M PM for Radio System MT1 SCHED PM
H13830695 12 months PM dev!ces for system 86A- PQP SCHED oM
Lifeboat
H13830851 12 months PM dev!cesforsystem 86B- PQP SCHED oM
Lifeboat
H13831013 12M-PM Shutioff/ Control Valve of Gas SCHED oM
Turbine Generator 1
3M PM LQ Food Container, LQ Freezer PQP,
H13831015 HT-LQ-CONT SCHED PM
H13831410 = PMand Calibration Portable Gas Detector = SCHED PM
3M-PM HVAC GO UNIT, HVAC Control Panel
13831566 (General Office Building), HT-CH-7161A WMATL PM
H13831741 6MPM LQ Refrlgeratlon Equipment, Galley WMATL oM
equipment, HT-GL
H13831779 1M PM PQP Crane, PQP South Crane, HT-CR- WMATL oM

7301
12M - Maintenance and EX inspection for
H13831792  electrical equipment of Air CompressorB-  SCHED PM
System 61

- BDPOCDISIPLINE: Nhém sé nhan viéc tuong Ung
vGi dit liéu ctia cot DATE, bao gom 4 nhém da liét ké &
phan trén;

- MANDAY_HT: S6 nhan cong clia nhom tuong Ung
cung hang di liéu trén gian khai thac Hai Thach;

- MANDAY_MT: S6 nhan cong clia nhém tuong Ung
cung hang dr liéu trén gian khai thac Méc Tinh.

M6t phan clia bang di liéu vé nguén luc dugc thé
hién tai Hinh 5.

Date HT MT Bdpocdiscipline
1/3/2022 4 1 DECK
1/3/2022 4 1 MECH
1/3/2022 n 1 PROD
1/3/2022 3 0 RES
1/3/2022 6 2 E&l
2/3/2022 4 1 DECK
2/3/2022 4 1 MECH

Hinh 5. Mgt phdn bang dit liéu vé nguén luc.

Location  Estdur Bdpocdiscipline Targstartdate Targcompdate
HT1-PAGB 24 E&I 3/1/2022 3/31/2022
HT-SCF-8601B 20 MECH 3/1/2022 3/31/2022
HT-CD-FG 9 E&l 3/1/2022 3/31/2022
HT-A01 36 E&l 3/1/2022 3/31/2022
MT1-RADIO 30 E&l 3/1/2022 3/31/2022
HT-SCF-8601B 20 E& 3/1/2022 3/31/2022
HT-SCF-8601A 20 E&l 3/1/2022 3/31/2022
NULL 8 MECH 3/1/2022 3/31/2022
HT-LQ-CONT 4 MECH 3/1/2022 3/31/2022
HT-GO-OFFICE 24 E&l 3/3/2022 3/31/2022
HT-CH-7161A 40 MECH 3/4/2022 3/31/2022
HT-GL 22 MECH 3/8/2022 3/31/2022
HT-CR-7301 40 MECH 3/11/2022 3/31/2022
HT-K-6110B 24 E& 3/13/2022 3/31/2022

Hinh 4. Mgt phdn bdng di liéu danh muc cong viéc.
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4. Xay dung thuat toan lap thai gian bi€u céng
viéc dua trén bo dit liéu

4.1. Cdc budc xdy dung thudt todn

Dua trén tap dir liéu quan sat dugc, thuat
toan can thanh lap thoi gian biéu sao cho méi
cong viéc phai dugc hoan thanh trong khoang
thai gian cho trudc, s6 lugng nhan céng yéu cau
cho 1 ngay phai nhé han sé nhan cong dugc cho
san va cac céng viéc yéu cau phai lam lién tiép
nhau. TU muc tiéu dé ra, bai toan lap thai gian
biéu cho céng viéc bao gém 3 budc chinh:

- Budc 1-XUly vama héa:Tién hanh chuyén
cac dit liéu can tim thanh dang chuéi bit;

- Budc 2 - St dung thuét toan di truyén: S
dung cac phuong phap lai tao va dot bién nham
hudng dén két qua tét nhat;

- Budc 3 - Danh gia két qua: Sau khi chay
xong thuat toan di truyén, so sanh muc séng sot
cao nhat qua tung epoch, dong thai théng ké
téng s6 16i vi pham diéu kién (output number of
errors).

4.2, Xirly va mé hoa dir liéu

a, D6i v cot TARGSTARTDATE va
TARGCOMPDATE: Cat bé théng tin gid/gidy/phut
sau dudi thang/ngay/nam bdi thong tin nay co
thé hién thi hodc khéng trén moét s6 dit liéu. Sau
dé, tién hanh chuyén déi dinh dang théng tin
lich biéu tur thang/ngay/nam sang thanh ngay/
thang/nam. Cudi cling, cach thé hién nam dugc
quy dinh nam hién tai la 0001 va nam ké tiép la
0002. C4c budc thé hién qua trinh trén dugc biéu
dién & Hinh 6.

Tat ca di liéu thudc vung thai gian tuong
Ung clia bang dit liéu vé nguon luc dugc khoanh
vung va loc ra. Goi dR la tdp miéu ta viung nay,
End of File - EOF la hang cudi tap tin bang tinh,
can loc ra théng tin cac hang r vai bo loc f théa
man diéu kién (1).

3;;;10222'7{0"4

3/1/2022 3:22:09 3/1/2022 1/3/2022 1/3/0002

L4

31— u3

20220002

Hinh 6. Bién ddi dinh dang thoi gian 2 c6t TARGSTARTDATE
va TARGCOMPDATE.

Bang 2. Anh xa cdp d6 béng tir ngi qua thé hién béng chii s6

Cap d6 miéu ta bang chii Cap d6 miéu ta bang s6
Gap (URGENT) 3
(Cao (HIGH) 2
Trung binh (MEDIUM) 1
Thap (LOW) 0

wonus parent priority site bdpocdiscipline estdur targstartdate targcospdate r_estdur

H137794985 NaN HT MECH 20.0 o 31030002

H13824912 NaN HT MECH 200 o 31030002

NaN HT PROD 1.0 31/03/0002

NaN HT E&I 120 / 3103/

H13824920 H13824916 HT E&l 20 01/03/0002 31/03/0002

Hinh 7. Mgt phdn bdng dit ligu sau xirly.
Bdng 3. Cdc thanh phdn thudt todn di truyén va cdch biéu dién tuong ting

Thanh phan
Ddc trung (representation)
Chon cha me (parent selection)
Két hap lai (recombination)
Dot bién (mutation)
Chon ké thira (survival selection)

Biéu dién
Chudi bit (Bit-strings)
Phuang phap chon ngau nhién (Random selection)
Phuang phap lai tao (crossover)
Phuang phap lat bit (bit-flip)
Miic s6ng sot (fitness proportional)

dR = {3/1/2022 - 31/5/2022}
V{re(TARGSTARTDATE, TARGCOMPDATE),0 <r <EOF}, (1)
f:(r € dR — store) A (r € dR - remove)

b, D8i vai cot EST_DUR: Théng tin EST_DUR dugc chuyén ddi
s6 gid hoan thanh céng viéc vé s6 ngay hoan thanh cong viéc, véi
nguyén tic quy d&i 1 ngay lam viéc 1a 10 gi& (1 ngay = 10 gid).

¢, DOi véi cot PRIORITY: Phép dnh xa miic d6 bang cac con s6
dugc thuc hién gilp cho viéc sdp xép d6 quan trong theo thu tu
nhat dinh dé c6 thé dé dang phét hién viéc nao lam trudc, viéc nao
lam sau. Cach anh xa phan loai dugc thé hién qua Bang 2.

San pham cla qua trinh x{ ly di liéu tho 1a bang dit liéu con
c6 dong hon, dugc sap x€p tuan tu, thong tin dugc biéu dién linh
hoat va logic. Mot phan clia bang dr liéu con nay dugc thé hién
tai Hinh 7.

4.3. Sir dung thudt todn GA

Dai vdi bai toan 1ap thai gian biéu cho cdng viéc hién tai, tiing
phuong phap tng vai méi thanh phan cla thuat toan di truyén
dugc thé hién trong Bang 3.

4.3.1. Ddc trung (representation)

Dua trén su quan sat trén tap di liéu cho trudc, mbi ca thé
(chromosome) sé bao gom tap hop céc nhiém vu dugc phan phéi
cho mét nhdm xac dinh. Hinh 8 biéu dién chubi ca thé da dugc ma
héa vai cac théng sé sau:
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TARGSTARTDATE TARGCOMPDATE

A

H13824914-01/03/0002-31/03/0002-101011001110

WONLIM SCHEDSTARTDATE

S-DDDDD-MMMM-Y-\
l l Hiem

Mgay Thing
Hinh 8. Cdc thanh phdn ma héa ciia mét cd thé dit liéu duoc ddt ra.
H13828018-010101001110 H13828030-010101001110

H13824914-001100001110 H13825208-100100001110

& b= —

! N

- %
J,"' H13824914-001100001110 I
| !

{

1"L-\ H13825208-100100001110 A
—— !
y !

AY i

-~ - ——
_— T -

o o

Hinh 9. Chon ngdu nhién 2 trong 3 cd thé vao ngudn giao phdi.

H13824914-101011001110 H14525214-101000001110

S __,,Ff'”
T,
1001110

0001110

,' |
H13824914-101010001110 H14525214-101001001110

Hinh 10. Giao hodn 7 bit cudi ciia hai cd thé dé lai tao.

H13824914-101010001110 H13824914-101011001110

H13825208-001100001110 H13825208-001100001110
—_—

H13828018-100100001110 H13828018-100100011110

H13828030-010101001110 H13828030-010101001110

Hinh 11. Ky thugt Idt bit chuyén bit 0 thanh bit 1.
- WONUM: Dung d@é phan biét tiing nhiém vu riéng
biét;
- TARGSTARTDATE va TARGCOMPDATE: La thong s6
thai gian bt dau va két thic cdng viéc dé tinh do fitness;

- SCHEDSTARTDATE: La théng s6 thai gian dugc lén
ké hoach dé thuc hién cong viéc va dugc biéu dién bang
chudi bit.

Cau trac chubi SCHEDSTARTDATE bao gom 12 bit, véi
cac cum bit dugc dinh dang nhu sau:

- 1 bit dau tién thé hién thdi gian ca lam viéc cda
ngay. Trong d6, 0 la ca sang, 1 la ca chiéy;
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- 5bitti€p theo dé thé hién s8 thir tu ngay cda thang
(thé hién 30 hodc 31 ngay).

- 4 bit ti€p theo thé hién sé thu tu thang hién tai;

- 1 bit cudi cling thé hién nam cla céng viéc dang
lam (0 la nam hién tai va 1 1a nam ké tiép). Quy dinh nam
hién tai la 0001 va nam ké ti€p la 0002;

Khi thuc hién lai tao hay dét bién, tiing chudi bit trong
méi nhiém vu dugc thuc thi nham tao ra nhiing ca thé méi
(chuéi bit). Chudi bit ctia méi cong viéc sé dugc gidi ma
(decode) ra ngay, thang, nam thuc té€ sau khi chay xong
thuat toan.

4.3.2. Chon cha me (parent selection)

G thanh phan nay, cac ca thé khong trung nhau
dugc Iua chon mét cach ngau nhién dé 1am nguén giao
phéi (mating pool) cho budc két hgp lai (recombination).
Vi trong IUc lai tao sé c6 xac suat tao ra cac ca thé co do
s6ng sét cao hon so véi thé hé cl nén khéng can chon
nguodn nguyén liéu dé lai tao c6 muc séng s6t cao. Thay
vao dé, viéc chon ngdu nhién sé cho 1 nguén gen cé thé
sinh san ra thé hé con c6 muic séng so6t téi uu hon.

4.3.3. Két hop lai (recombination)

C6 nhiéu phuang phép khac nhau dé thuc hién viéc
lai tao, vi du nhu lai tao mot diém (one-point crossover),
lai tao n-diém (n-point crossover) hoac lai tao déng nhat
(uniform crossover).

Ky thuat lai tao 1 diém dugc thuc hién bang cach
chon ngau nhién 1 nhiém vu trong 2 ca thé dugc chon dé
lai tao. Sau d6, chon ngau nhién mét vi tri cta chudi bit
trong ca 2 nhiém vu vira dugc chon va giao hoan duéi clia
ca 2 chudi bit cho nhau tai vi tri d6 (Hinh 10).

4.3.4. Dot bién (mutation)

Dot bién la qua trinh tao ra thé hé con bai mot ca
thé thay vi can dén 2 ca thé nhu phuang phap két hop
lai. Trong qua trinh dot bién, ca thé s& ngdu nhién thay
déi bat ky doan nao & ma gen, & day la thay déi chudi bit.
Phuang phap lat bit (bit-flip) cho chubi nhi phan dugc s
dung trong nghién ctiu nay dé lam giau tinh da dang cho
thé hé sau. Qua trinh dét bién dugc minh hoa ¢ Hinh 11.

4.3.5. Chon ké thtra (survival selection)

G budc nay, thé hé con méi cé do thich ing véi moi
trudng cao hon so véi thé hé ci dugc chon ra. Viéc chon
ra két qua t6i uu bang cach xac dinh d6 s6ng sét cho tiing
ca thé d3 lai tao, d6t bién va tur thé hé c. Tu d6, chon dugc
thé& hé méi tir nhiting ca thé c6 dé séng sét cao nhat.
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Bding 4. B4 ngii ddu vao, thoi gian thuc thi va dg song st téi da ghi nhdn dugc

(IPS, n,, MR, E, T) Thoi gian thuc thi (gidy) D song s6t t6i da

(100,50,0,1,20,PROD) 477 0,0909
(200,100,0,1,20,PROD) 952 0,0909
(300,150,0,1,20,PROD) 1727 1,0000
WONUM SCHEDSTARTDATE SHIFT
H13830315 24/3/2022 1
H13830317 22/3/2022 1
H13830319 22/3/2022 1
H13830321 5/3/2022 0
H13830323 17/3/2022 1
H13830325 6/3/2022 0
H13831025 10/3/2022 0
H13831382 20/3/2022 1
H13831386 13/3/2022 0
H13831388 3/3/2022 0
H13831390 6/3/2022 0
H13831392 22/3/2022 1
H138313%4 6/3/2022 0
H138313% 4/3/2022 0

Hinh 12. Bdng dit liéu két qud dau ra.
4.3.6. Mic s6ng sét (fitness function)

Muc séng sét la thang do dé tinh muic dé thich tng
clia tung chromosome va&i méi trudng (& day la nhing
diéu kién dugc dat ra). Muc séng soét cang cao (hay thap
tuy vao ham séng st da dinh nghia) thi thé hién rang ca
thé dé thich nghi véi méi trudng cang tét hodc xau. Trong
ham séng sét, cac diéu kién dugc dinh nghia ré va phan
chia thanh 2 loai nhu sau:

- Diéu kién cuing (hard constraint) la diéu kién ma
cé thé khong dugc phép vi pham. Trong bai toan dang
xét, thai gian SCHEDSTARTDATE (thdi gian du dinh bat
dau thuc hién cong viéc) khong duge ndm ngoai khoang
thoi gian cho trudc (nam ngoai TARGSTARTDATE va
TARGCOMPDATE);

- Diéu kién mém (soft constraints) la nhimng diéu
kién ma cé thé dugc phép vi pham nhung han ché & muc
dé thap nhat dé van dam bao téi uu két qua. Vi du, khodng
thdi gian gitta 2 nhiém vu lién tié€p khong dugc cach nhau
I&n hon mot khoang cho trudc.

Ham fitness dugc dinh nghia nhu sau:

1
= 2
fUHE,SC) HCx10+ SCx3+ 1 @

Trong dé6:
HC: biéu kién cing;

SC: Diéu kién mém.

Theo phuong trinh (2), d6 séng sét cang cao thi két
qua cang téi uu.

4.4. Bdnh gid két qud

Dai vai viéc xay dung bai toan lap thai gian biéu cho
céng viéc, nhiing bién dau vao can diéu chinh la:

- T (team): Nhiing nhém &€ lap thdi gian biéu cho
cong viéc nhu MECH, PROD, E&;

- IPS (initial population size): T6ng s6 lugng cé thé
ban dau;

n, (number of parents): S6 lugng ca thé dung cho
viéc lai tao;

- MR (mutation rate): Ty lé dét bién trén tling ca thé;
- E(epoch): S6 vong lap dé chay m6 hinh.

D liéu trén sé tao thanh mot bé nga (5-tuple) cé
dang (IPS, n, MR, E, T). Bang 4 thé hién két qua cda thuat
todn cho cac céng viéc ciia nhém PROD véi cac bd ngl
tuong Ung. C6 thé thdy, thuat todn c6 kha ning lap thai
gian biéu cho cong viéc tét véi két qua séng sét cao.

Két quéd dau ra cta thudt toan c6 thé dugc trich xuat
thanh bang dir liéu, vai cac c6t mang thong tin gém:

- WONUM: Ma sé dinh danh céng viéc;

- SCHEDSTARTDATE: Thai gian ma thuat toan ggi y
bat dau thuc hién céng viéc tuong ung;

- SHIFT: Ca lam viéc trong ngay ma thuat toan goi y
c6 thé bat dau thuc hién cong viéc tuong tng, trong d6 0
la casang va 1 la ca chiéu.

M6t phan clia bang dir liéu dau ra cla thuat toan
dugc thé hién trong Hinh 12. Dya vao ggi y ctia thuat toan,
Bien Dong POC c6 thé nhanh chéng lap thai gian biéu cho
cong tac bao dudng.

5.Két luan

Nghién ctu tap trung vao viéc 4p dung thuat toan di
truyén dé lap ké hoach cho céng tac béo tri bdo duéng,
dugc thi nghiém trén bo dir liéu bao tri bdo dudng thu
thap tir hé théng quan ly trén cac gian khai thac clia Bien
Dong POC. B dir liéu dugc xt ly va ma héa cac diéu kién,
g6m thai han phai thuc thi, mic dé uu tién, nguén luc, dé
chuyén d8i thanh dang chubi bit. Sau d6, thuat toan di
truyén dugc ap dung trén bo dit liéu da dugc ma héa, su
dung phuong phap lai tao va phuong phéap dét bién dé
tao ra két qua t8i uu nhat.

Két qua nghién ctiu cho thay thuat toan co kha nang
sap xép ké hoach chinh xac vai 6 khdp cao, c6 thé xt ly
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nhiéu diéu kién vé thai gian, muic dé uu tién va nguén luc
cho ting céng viéc. Do dé, c6 thé trién khai cac cong cu
tu déng st dung thuat toan nay dé hé trg cong tac lap
ké hoach bao tri bdo dudng, tir dé gitp t8i uu nguédn luc,
nang cao hiéu suat va dé chinh xac ctia quy trinh quan ly
bdo tri, bdo duéng.

Tai liéu tham khao

[1] Tran Vu Tung, Tran Ngoc Trung, Ngo Huu Hai, and
Nguyen Thanh Tinh, “Digital transformation in oil & gas
company - A case study of Bien Dong POC’, Petrovietnam
Journal,Volume 10, pp. 67 - 78, 2020.

[2]1 Tran Ngoc Trung, Tran Vi Tung, Hoang Ky Son,
Ngé Hiu Hai, va Pao Quang Khoa, “Thuc tién trién khai
nén tang s6 hoa tap trung tai méd Hai Thach - Moc Tinh”,
Tap chi Ddu khi, S6 12, trang 47 - 56, 2020.

[3] M.Alardhiand A.W. Labi,“Preventive maintenance
scheduling of multi-cogeneration plants using integer
programming’, Journal of the Operational Research Society,
Volume 59, Issue 4, pp. 503 - 509, 2008. DOI: 10.1057/
palgrave.jors.2602386.

[4] Jae Kyu Lee and Suhn Beom Kwon, “An expert
systems development planner using a constraint and
rule-based approach’, Expert Systems with Applications,
Volume 9, Issue 1, pp. 3 - 14, 1995. DOI: 10.1016/0957-
4174(94)00043-U.

[5] R. Pereira, J.L Sdnchez, and J. Rives, “Knowledge-
based maneuver and fire support planning’, Expert
Systems with Applications, Volume 17, Issue 2, pp. 77 - 87,
1999. DOI: 10.1016/50957-4174(99)00025-1.

[6] Tran DBuc Huyén, Phuong phdp gidi cdc bai todn
trong tin hoc. Nha xuat ban Gido duc, 1999.

[71 Q. Larson, “Brute force algorithms explained”,
6/1/2020. [Online]. Available: https://www.freecodecamp.
org/news/brute-force-algorithms-explained/.

[8] Bhavya,“Divide and conquer algorithm in Python".
[Online]. Available: https://pythonwife.com/divide-and-
conquer-algorithm-in-python/.

[9] M. Manley, “Divide and conquer paradigm’;, ACM
Transactions on Computational Logic, 2014.

[10] Gerd Gigerenzer, Ralph Hertwig, and
Thorsten Pachur, Heuristics: The foundations of adaptive
behavior. Oxford University Press, 2011. DOI: 10.1093/
acprof:0s0/9780199744282.001.0001.

[11] Yang Li, Junbin Gao, Mingyuan Bai, Chengjun
Li, and Gang Liu, “A Heuristic algorithm based on tour
rebuilding operator for the traveling salesman problem”.
DOI: 10.48550/arXiv.1911.01663.

[12] Gerd Gigerenzer and Wolfgang Gaissmaier,
"Heuristic decision making', Annual Review of Psychology,
Volume 62, Issue 1, pp. 451 - 482, 2011. DOI: 10.1146/
annurev-psych-120709-145346.

[13] Stephen Dale,“Heuristics and biases: The science
of decision-making’, Business Information Review,Volume 2,
Issue 2, pp.93-99,2015.D0I:10.1177/0266382115592536.

[14] Zbigniew Michalewicz and David B. Fogel,
How to solve it: Modern heuristics. Springer, 2013. DOI:
10.1007/978-3-662-04131-4

DEVELOPING A TIME SCHEDULING ALGORITHM FOR MAINTENANCE
TASKS: A CASE STUDY AT HAI THACH - MOC TINH FIELDS

Dao Quang Khoa, Tran Ngoc Trung, Nguyen Thanh Trung, Tran Vu Tung, Hoang Ky Son, Ngo Huu Hai

Bien Dong Petroleum Operating Company (Bien Dong POC)
Email: trungtn@biendongpoc.vn

Summary

Using dataset sourced from the maintenance management application of Bien Dong Petroleum Operating Company (Bien Dong POC),
the authors studied to employ genetic algorithms to schedule maintenance tasks, thereby shortening planning time, optimizing the involved
resources, ensuring the consistency of the maintenance planning and implementation. Findings indicate that genetic algorithms effectively
generate schedules with a high degree of accuracy, addressing multiple constraints related to time, priority, and resources for each task code,
while significantly reducing computation time compared to manual scheduling methods. The study manifests the potential forimplementing
tools that automatically deploy such algorithms to support engineers, enhancing the efficiency and precision of maintenance planning and
management process, especially at large-scale production facilities.

Key words: Genetic algorithm, maintenance scheduling.
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