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TOM TAT

Voi su phat trién viot bdc cia cong nghé thong tin, quan Iy chi phi va thoi gian hoan thanh duy
dn phan mém tré thanh mét vn dé cap thiét. Bé cé thé qudn Iy cac dw dn phan mém, nhu cau vé
dy dodn chi phi va thoi gian hoan thanh la vé cing quan trong. Cac phirong phdp truyén thong
thwong sir dung phwong phép quan 1y gid tri thu dwge EVM dé duw dodn chi phi va thoi gian hoan
thanh dy an. Tuy nhién, phwong phdp nay thuong dat dwoc do chinh xac khong qua cao khi die
liéu c6 nhiéu nhiéu. Nhitng nam gan ddy, cdc phirong phdp hoc mdy xudt hién nhw mét gidi phap
hitu ich cho viéc tan dung cdc dir liéu trong qud khir dé dy dodn cdc gid tri trong twong lai. Trong
nghién ciru nay, ching téi dé xudt sir dung mé hinh hoc may XGBoost dé dy doan chi phi va thoi
gian hoan thanh dw én. Két qua thire nghiém cho thdy XGBoost ¢6 tiém ndng trong viéc gidi quyét
bai toan nay.

Tir khoa: Quéan Iy du an phin mém; EVM; XGBoost.
1. TONG QUAN

Su phat trlen vuot béc cla cong nghé thong tin tao ra anh huong manh mé dén phong cach sinh
hoat va 16i sdng cua con nguoi. Hoat dong quan ly phin mém ciing nim trong pham vi anh huong
do. M6 hinh quan ly du an phan mem ndy khac vo6i quan ly du an truyén thong & chd cac dy an
phan mém nhin chung co cac pha cb dinh, doi hoi nhidu vong kiém tra, cap nhat va phan hoi cta

khéch hang.

Quan 1y gid tri thu duoc (EVM- Earned value management) la mot trong nhiing k§ thuét ndi
tiéng dé kiém soat thoi gian va chi phi ctia mot du a an [1, 6]. Phuong phap nay dua trén mét tap
hop cac do do dé do luong va danh gia tinh trang tong thé cia mot dy an nham dua ra canh bao
som cho ngudi quan tri du an vé cac van dé ctia du an. Tuy nhién, phuong phap nay c6 mot s han
ché nhu: chi dua trén cac chi phi trong qua khtr, du doan thiéu tinh tin cdy trong giai doan som ctia
du an va khong tinh dén cac thong ké du bao [6] . Ba diém han ché trén 14 1y do chinh dan dén viéc
phai phat trién cac phuong phap méi [1, 6]. Mot trong cac phuong phap do6 chinh 1a viée st dung
cac phan tich hdi quy tuyén tinh hodc phi tuyén dé phat trién cac mé hinh hdi quy, hay con duoc
goi la cac mo hinh tang trudng (GM-Growth Models) [2].

Hién nay, c6 nhiéu mé hinh du doan chi phi hoan thanh du 4n, ciing nhu cac mé hinh dy doan
thoi diém két thuc cua dy 4n. Cac mé hinh khac nhau di duoc nghién ciru va so sanh mot cach day
du nho Batselier, J va cac cong su trong [4]. Mot s6 nghién ctru lién quan sir dung phuong phap
EVM c6 thé ké dén nhu: Khamooshi and Golafshani (2014) trong [5] d& xuét dugc phuong phap
mé6i EDM di cai thién hon hau hét cac phuong phap ESM, con Elshaer (2013) trong [7] d& mo
rong dugc phuong phap cii ESM rat higu qua trong giai doan sém ctia dy 4n, nhung kém hiéu qua
trong giai doan sau cta dy an. Nhom tac gia Narbaev T.; De Marco A. (2014) [3] da dé xuét
phwong phap két hop cac mé hinh ting trudng va phuong phap EVM cho mét s6 két qua kha quan.

Tai Viét Nam, hién c6 mot s6 nghién ctiru lién quan dén dy bao thoi gian két thuc dy 4n va du
doan chi phi hoan thanh du 4n bang cach 4p dung cac hé s hiéu sudt khac nhau trong phwong phéap
két hop mé hinh ting truong két hop EVM nhdm nang cao chit lugng du bao [14].
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Tuy nhién, phuong phap nay ciing c6 mot sO diém han ché sau: chi dya trén cac s6 liéu trong
qua khtr, dy doan thiéu tin cdy trong giai doan sém ctia du an, khong tinh dén cac thong ké duy bao.
Ngoai viéc so sanh thi ba Iy do trén ciing 13 1y do din dén viéc phat trién phuong phéap khac.

Trong céac nghién ctru [11-13] céc tac gid da su dung cac phuong phap hoc may trong tri tué
nhan tao nhu: mé hinh logic md, mang no-ron nhan tao, phan tich hoi quy bdi, ly luan dua trén
truong hop, mo hinh lai, mo hinh mo di truyén dé giai quyét cac bai toan khac nhau trong quan Iy
du an. Trong cac phuong phap hoc may dugc duoc trinh bay thi cac tac gia cling da nghién clru va
dé XUAt sir dung thuat toan hoc may XGBoost (Extreme Gradient Boosting). Pay 1a mdt thuat toan
dé giai quyét bai toan hoc co giam sat (supervised learning) cho do chinh xac khé cao bén canh
cac mo hinh Deep learing dang rat phd hién nay.

Nhan thdy phuong phap hoc may XGBoost c6 nhiéu uu diém va c6 kha niang dé ap dung giai
quyét bai toan du doan chi phi va thoi gian hoan thanh du 4n, chiing t6i da nghién ctru thuat toan
XGBoost dé giai quyét bai toan du doan nay. Thay vi chi nhén dau vao 1a raw data dang numerical
(thuong phai chuyén sang dang n-vector trong khong gian s6 thuc) nhu cac mé hinh Deep Learning
truyen thdng thi XGBoost nhan dau vio 1a tabular datasets voi moi kich thudc va dang dit liéu bao
gdm cé categorical ma dang dit liéu nay thuong dugc tim thiy nhidu hon trong business model.

Bén canh d6, XGBoost ¢6 toc d6 huin luyén nhanh, c6 kha ndng mé rong dé tinh toan song
song trén nhiéu server, co thé tang toc bang cach sir dung GPU, nho vy ma big data khong phai
1a van dé ciia m6 hinh nay.

Mobi mé hinh & trén c6 nhing wu diém va nhugc diém riéng va dugc ap dung cho cac bd dir liéu
cu thé. Trong khuon khé bai bao niy, ching toi tip trung nghién ciru trén mo hinh XGBoost ap
dung trong k¥ thuat EVM trén bo dit li€u cac dy an trong tai liéu [15] va cac du an thuc té tai Viét
Nam dé nang cao chét lugng du doan muic dd hoan thanh cua dy an.

Nbi dung tiép theo trong bai bao dugc trinh bay nhur sau: Muyc 2 trinh bay Co s& 1y thuyét vé
quan ly du an va ky thuat EVM va mé hinh XGBoost; Muc 3 dé xuét ap dung thuat toan XGBoost
trong k¥ thuat EVM dé nang cao chét luong du doan chi phi va thoi gian hoan thanh dy an; Muc
4 trinh bay thuc nghiém va danh gia két qua va muc 5 trinh bay két luan, dong gop khoa hoc va
huéng phat trién ciia nghién ciru tiép theo.

2.COSO LY THUYET

2.1. Phwong phap quan ly gia tri thu dwgc EVM

Nhiing diém dic trung chu yéu ctia viée trién khai thuc hién thuat quan ly gia tri thu dugc bao
gdm: mot ban ké hoach du an (dwoc 1ap trudce khi khoi cong) xac dinh cong viée phai hoan thanh,
gia tri kinh phi du kién, gia tri kinh phi (ttrc chi phi) theo du toan (tirc 1a ké hoach truéc khoi cong).

EVM 1a m6t cong cu hidu qua dugc st dung dé du doan thoi gian va chi phi hoan thanh du 4n
dua vao tinh trang hién tai cia dy an. EVM c6 cac tham s6 chinh nhu sau [14]:

- PV (Planned Value): La dy toan ngan quy chi phi cho céng viéc theo tién o BCWS (Budgeted
Cost of Work Scheduled), dai dién wéc tinh ban dau cho cong viéc theo ké hoach. Dy 1a thong tin
tiéu biéu cung cip cho ngan sach cta dy an va dugc tinh toan bang cach udc tinh cac thanh phan
lién quan. Mot cach rd rang hon, né dugc cung cap boi cac thi tuc danh gia chi phi theo ké hoach
va dugc két hop voi EVM dé tang cuong hidu ning cho bd cong cu co nhiém vu yéu cau, sap xép
cac cong viéc lién quan.

- EV (Earned Value): La chi phi cong viéc dugc thuc hién BCWP (Budgeted Cost of Work
Performed), dai dién cho luong cong viéc dd hoanh thanh cho dén thoi diém danh gia, duoc biéu
thuc dua trén ngan sach ban dau cho cong viée do.

- AC (Actual Cost): La chi phi thuc té cho cong viéc da thuc hién ACWP (Actual Cost of Work
Performed), 1a hao phi thuc té phai bo ra dé hoan thanh phf?m cong viéc, da dugc thuc hién xong,
vao dung thoi diém bao céo.
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- ES (Earned Schedule): Thoi gian theo ké hoach.
- BAC (Budget at Completion): Ngan quy hoan thanh dy an.

Cost }
CEAC T Cost
BAC ¥ averrun
Schedule
delay
/ ¢ EV onto PV
ES AT PD TEAC Time

Hinh 1. Cdc tham s6 ciia ky thudt quan tri gia tri thu duoc.

Hiéu suit du 4n vé mét thot giar} va chi phi, dugc xac di’nh béng céch so sanh cac tham sd chinh
PV, AC, EV va ES nham dua ra két qua do Iuong hiéu suat nhu sau:

- CPI (Cost Performance Index): Chi sé hiéu suét chi phi. Cong thirc tinh CPl = EV/AC;

- SPI (Schedule Performance Index): Chi sé hiéu suét ké hoach. Cong thtc tinh SPI = EV/PV;

- SPI (t): Chi s6 hiéu suét ké hoach diéu chinh. Céng thirc tinh SPI(t) = ES/AT;

Du doan chi phi hoan thanh du an (CEAC — Cost Estimate at Completion) dugc tinh theo cong
thire sau:

BAC — EV
CEAC = AC + PCWR = AC + —F (1)

Trong do:

- AC: Chi phi thuc t& & thoi diém hién tai (tirc 1 thoi gian thuc té AT);

- PCWR: Chi phi dy kién cho cac cong viéc con lai (1a uc lugng cho turong lai);

Cach tinh gia tri PCWR phu thudc vao hé s6 hiéu sudt PF (Performance Factor), thé hién gia
dinh tao ra cho hiéu suat mong mudn ciia cic cong viéc trong tuong lai, nhu sau:

- PF = 1: Hiéu suét tuong lai dugc mong doi dua trén duong ké hoach co s0;

- PF = CPI: Hiéu suét tuong lai dugc mong doi dya trén hi¢u suét chi phi hién tai;

- PF = SPI hoac SPI(t): Hiéu suét tuong lai dugc mong dgi dua trén hiéu sut vé thoi gian hién tai.

- PF = SCI hogc SCI(t): Hiéu suat twong lai dugc mong doi dya trén hiu sudt vé thoi gian va
chi phi hién tai. SCI 1a chi s6 chi phi ké hoach, dugc tinh theo cong thirc SCI = SPI * CPI va SCI(t)
= SPI(t) * CPI.

Thoi gian du doan hoan thanh du an (TEAC — Time Estimate at Completion) dugc tinh [14]:

TEAC = AT + PDWR 2

Trong do:

- AT: Thoi gian hién tai;

- PDWR: Khoéng thoi gian dy kién ctia cac cong viée con lai, cch tinh ciing dya trén hé s6 PE.

Dé du doan thoi gian hoan thanh du 4n c6 thé sir dung mot trong ba phwong phép sau [4]:

- Phuong phap dua trén PV:
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TEAClpy =PD —TV (3)
TEACZpy = -2 (4)
"
TEAC3py = 5~ )
- Phuong phap dua trén ED:
ED = AT * SPI
TEAC,, = AT + max(PD,AT) — ED (6)
PF
- Phuong phép dua trén ES:
PD —ES
TEACgs = AT + —PF (7)

2.2. M6 hinh XGBoost
2.2.1. Tong quan XGBoost

XGBoost (viét tit ciia "Extreme Gradient Boosting') 1a mot md hinh hoc may st dung ky thuat
Gradient Boosting dya trén mo hinh co ban la "Tap hop cdy quyét dinh" (Decision Tree Ensembles)
dé giai quyét cac bai toan supervised learning trong hoc may. D€ hiéu vé XGBoost, ching ta phai
lam ro cac khai niém: (i)"Ensemble method" trong hoc may, (ii)ky thuat "boosting" va "Gradient
boosting", (iii)Decision Tree Ensembles.

2.2.2. Céc tham s6 quan trong trong mé hinh XGBoost

- booster: Str dung booster nao, mic dinh 1a "gbtree" tirc gradient boosted tree.

- nthread: S6 lugng ludng song song duogc sir dung dé chay XGBoost.

- verbosity: D6 dai cia viéc in tin nhin hé thdng, mic dinh thuong 1a 1.

- num_feature: S6 luong feature dugc sur dung trong boosting, duoc dat bang s6 luong ti da
feature boi XGBoost b, Cac tham so cho "boosting" cay

- gamma: Sy giam thiéu "loss" t6i thiéu can thiét dé tao mot phén vung sau hon trén mot nat la
cua cay.

- max_depth: D6 séu t6i da cua cdy. Viéc ting gia tri ndy s& lam cho mé hinh phirc tap hon va
c6 nhicu kha nang bi overfit. Gia tri mac dinh thuong la 6.

- min_child_weight: Tong trong luong instance t6i thiéu can thiét & mot nat con. Néu budc
phan ving cdy dan dén mét nit la c6 tong trong luong instance nho hon min_child weight, thi qua
trinh xay dung s€ tir bo viéc phén vung tiép theo.

-max_delta_step: Budc delta toi da ma mo hinh cho phep mdi output tai cac nit 14. Néu gia tri
dugc dat thanh 0, tirc 1a khong c6 rang bude. Néu né dugc dat thanh gia tri duong, n6 co thé giup
thuc hién budc cap nhat trong so than trong hon.

- subsample: Ti 1¢ tao subsample trong qua trinh h}lén luyén. Néu dit thanh 0,5 c6 ¥ nghia 1a
XGBoost s€ lay mau ngau nhién mot ntra dit liéu huan luyén trude khi tao cdy. Va di€u nay sé€
ngan chan viéc overfit.

- reg_alpha: Str dung Chinh quy hoa L1 trén trong s6. Viéc ting gié tri ndy s& lam cho mé hinh
tr¢' nén than trong hon.

- reg_lambda: Sir dung Chinh quy hoa L2 trén trong sd.

- max_bin: Sb luong tbi da cac thing chira cac gié tri ca feature duoc gidi han.

2.2.3. Tong két vé XGBoost
XGBoost 1a mot md hinh hoc may dugc phat trién dua trén thuat toan Gradient Boosting - thuat
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toan manh mé& nhat trong Machine Learning. Puoc cai tién manh mé tir co s¢ nay, XGBoost tro
nén ph bién, dic biét 1a trong cac cudc thi Machine Learning trén Kaggle. Diéu 1am nén hiéu suat
4n tuong va kha ning tinh toan ciia XGBoost nam ¢ ba yéu t:

- Két hqp t6t cac k¥ thuat dé tranh overfit nhu: subsample hang, cot, 4p dung Regularization
Llvalz2,.

- Kha nang tdn dung tai nguyén h¢ thong: tinh toan song song trén CPU/GPU, tlnh toan phan
tan trén nhiéu server, tinh toan khi tai nguyén bi gioi han, cache optimization dé ting toc training.

- Cudi cuing 1a kha nang xir Iy missing data value, tiép tuc training bang mé hinh di duogc xay
dung trudc do6 de tict kiém thoi gian.
3. PHUONG PHAP DE XUAT

3.1. Tong quan giai phap

T dir ligu da‘iu vao 1a dir liéu tho (raw data) cua cac du an ﬂphﬁn mém, 4p dung ky thuat EVM
dé dua dir li€u vé dang duogc chuén hod. Véi dit li€éu dugc chuan hoa, lam dir licu dﬁu vao cho mo6
hinh hoc mdy (machine learning model) str dung thuat toan XGBoost, dua ra két qua la cac du
doan v¢ thoi gian va chi phi hoan thanh dy 4n phan mém. D€ tryc quan hod téng quan giai phap,
dudi day la luu do luong gidi phap dugc thuc hién nhu sau:

—__

Ap dung ky thuat
EVM

dir liéu dugc

EEUCEN chuén hoa

dir liéu thd

Sir dung Model

Chiteriiece) XGBoost dé training

Model tét véi
tap trining

Thure hién Model
trén testing data

Két qua du doan
thoi gian va chi phi

&t qua training co
t6t khdng

Két qua véi

dir lidu test Danh gia tong hop |

Hinh 2. Luru do luong gidi phdp.
3.2. Xay dung mo hinh sit dung XGBoost va EVM cho bai toan Du doan thoi gian va chi phi
hoan thanh dy an

3.2.1. Bai todn dy dodn chi phi va thoi gian cia dy an
Dau vao bai toan: Cho cac du an véi cac thong tin biét trudc nhu sau:
- Ké hoach du an (cac gia tri du kién PV tai céac thoi diém béo cdo cta du 4n tir khi bat dau dén
khi két thuc du an);
- Thoi diém béo cdo du an AT;
- Chi phi thuc t& AC ctia du 4n tai cac thoi diém béo cdo tir khi bt dau tinh dén thoi diém hién tai;
- Gid tri thu duoc EV ctia dy 4n tai cac thoi diém béo cdo tir khi bat du tinh dén thoi diém hién tai.
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Dau ra bai toan: Két qua du doan tong chi phi va thoi gian hoan thién duy an.
3.2.2. Xay dung mo hinh
Tién hanh xay dung mé hinh XGBoost theo cc budc sau:
- Bude 1: Chuyén ddi cac file dit liéu sang dinh dang csv, chia thanh 2 tap train va test.
- Budce 2: Tién hanh xay dung mo hinh dua vao thu vién XGBoost.
Dy doan TOTAL AC:
— Input: XT, AC
— Output: TOTAL_AC
- Du doan TOTAL AT:
— Input: XT, AT
— Output: TOTAL_AT
- Bude 3: Diéu chinh tham sb.
Str dung thu vién GridSearchCv dé tim ra "best score" va "best params" trong qua trinh diéu chinh
tham s6. Sau khi thir nghi€m nhi€u lan, ta ¢c6 dugc bd "best params" d6i voi tirng model nhu sau:
Dbi voi Model du doén gia tri TOTAL AC:
- xgb_grid.best_score: 0.7512836219709136
- Xgh_grid.best_params: {
"base_score’: 0.5,
"booster’: ’gbtree’,
’colsample bylevel’: 1,
’colsample bynode’: 1,
’colsample bytree’: 1,
’gamma’: 0,
’importance type’: ’gain’,
’learning_rate’: 0.05,
'max_delta_step’: 0,
’max_depth’: 5,
’min_child weight’: 1,
"’missing’: None,
'n_estimators’: 1000,
'n_jobs’: 1,
nthread’: None,
“objective’: ‘reg:linear’,
’random_state’: 0,
’reg_alpha’: 0,
‘reg_lambda’: 1,
’scale pos weight’: 1,
’seed’: None, ’silent’: None,
’subsample’: 0.8,
"verbosity’: 1
IS
Doi véi Model du doan gia tri TOTAL _AT:
- Xgh_grid.best_score: 0.7839018869382778
- Xxgb_grid.best_params: {
"base score’: 0.5,
"booster’: ’gbtree’,
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’colsample bylevel’: 1,
’colsample bynode’: 1,
’colsample_bytree’: 1,
’gamma’: 1,
’importance_type’: *gain’,
’learning_rate’: 0.09,
’max_delta_step’: 0,
’max_depth’: 5,
'min_child_weight’: 1,
"’missing’: None,
‘n_estimators’: 100,
'n_jobs’: 1,

’nthread’: None,
’objective’: ‘reg:linear’,
random_state’: 0,
‘reg_alpha’: 0,
‘reg_lambda’: 1,

’scale pos_weight’: 1,
’seed’: None, ’silent’: None,
’subsample’: 0.8,
"verbosity’: 1

}

- Budc 4: Thir nghi€m trén tap test, luu lai két qua dyu doan cac du an.
4. THU'C NGHIEM VA PANH GIA
4.1. Cai dit va méi truong

- Lap trinh trén moi truong: Google Colaboratory.

- Ngon ngit 1ap trinh: Python.

- Str dung 1 s thu vién hd trg xur ly toan hoc va théng ké: Numpy, Glob, Pandas; goi thur vién xir
1y d6 hoa Matplotlib va thu vién ho tro cai dit, diéu chinh, Iuu trit Model nhu Sklearn, X GBoost, Joblib.
4.2. Dir liéu thuc nghiém

Dir liéu thuc nghiém dugc thu thap tr [14] va cdc du an tor trang web
projectmanagement.ugent.be. Dir liéu thu thap dugc bao gom 120 dy &n voi thong tin ve chi phi
va thoi tién d6 hoan thanh dugc bao cdo theo cac moc thoi gian. Ching t61 chia bg dir liéu thanh 2
phan: 110 bo dung d€ huan luyén va 10 bo dung d¢ danh gia.

4.3. P do sai s6 tuyét ddi trung binh MAPE

Mape la sai $6 trung binh cta két qua dy doan va két qua thuc té trén toan bo tap dir liéu kiém thr.

yi — fi

n
i=1

Vi ) 8
n

MAPE =

Trong do:

- MAPE: Sai sb cta két qua du doan so voi két qua thuc té;
- yi: Chi phi (thoi gian) thyc té;

- f- Két qua du doan chi phi (thoi gian) ciia model;

-n: Sb luong du an tién hanh kiém thir.
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4.4. Két qua thyuc nghiém
4.4.1. Dy doan chi phi hoan thanh dy an
Bing 1. Két qua dw dodn chi phi hoan thanh di dn.

Du Chi phi Dudoantai | Saisd | Dudoantai |Saisd| Du doan tai Sai sb

an | thucté |[thoidiém25%| (%) |thoi diém 50% | (%) | thoi didm 75% | (%)
DA 1| 2563675,3 | 3450390,25 | 34,59 | 1980104,88 | 22,76 2546159,5 0,68
DA 2| 2512524 2055766 18,18 | 1898775,38 | 24,43 | 2451478,75 2,43
DA 3| 955929,2 776732,31 | 18,75 | 988522,56 3,41 988522,56 3,41
DA 4| 175030,7 274502,94 | 56,83 | 284032,19 | 62,28 284032,19 62,28
DA 5| 2590796,7 | 3450390,25 | 33,18 | 3450390,25 | 33,18 2173816 16,09
DA6| 186107 218371,66 | 17,34 | 284032,19 | 52,62 284032,19 52,62
DA 7| 1868796,3 | 864973,88 | 53,71 | 1158857,25 | 37,99 | 1737244,38 7,04
DA 8| 308343,8 519852,75 68,6 533800,69 | 73,12 533800,69 73,12
DA 9| 967988,8 | 1055922,88 | 9,08 697695,31 | 27,92 | 1003905,13 3,71
DA10| 646473,6 385749 40,33 | 568628,38 | 12,04 728710 12,72

Sai s6 trung binh MAPE 35,05 34,97 23,41

Két qua thuc nghiém cho thay sai s6 du doan chi phi hoan thanh theo phwong phap hoc may
XGBoost tai cac giai doan som (25%), giai doan gitra (50%), giai doan mudn (75%) cua 10 du an
la tir 73,12 dén 0,68. Nhic€u dy an thi tai giai doan mudn cua du an phuong phap nay cho két qua
du doan chi phi hoan thanh kha chinh xdc, tuy nhién, con ¢6 nhiing dy 4n phuong phap hoc may
XGBoost cho két qua c6 sai s6 qua 1on. Sai s6 trung binh cua phuong phap XGBoost tai giai doan
mudn cua dy an la nho nhat (23,41%) va tai giai doan sém cia du an la 16n nhat (35,05%).
4.4.2. Dy doan thoi gian hoan thanh dy an
Bing 2. Két qud dw dodn thoi gian hodn thanh di dn.

Dw | Thoigian | Dy doantai | Sai s6 | Dudoantai | Saisd | Dudoantai | Saisd

an thuc té thoi diém (%) thoi diém (%) thoi diém (%)
(thang) 25% 50% 75%

DA 1 6,08 7,45 22,63 6,94 14,23 8,24 35,49
DA 2 21,08 21,02 0,29 20,25 3,95 19,98 5,19
DA 3 10,08 8,22 18,43 7,9 21,65 10,49 4,08
DA 4 10,95 7,74 29,25 9,27 15,28 11,46 4,67
DAS5 9,95 8,22 17,33 10,88 9,34 11,18 12,39
DA 6 13,68 9,3 32,04 11,3 18,18 12,43 9,16
DA 7 12,91 14,17 9,71 13,32 3,19 13,34 3,34
DA 8 5,52 8,87 60,90 4,66 15,46 5,29 4,05
DA 9 23,35 20,33 12,91 27,47 17,66 29,66 27,05
DA10 9,78 12,6 28,85 12,17 24,47 11,39 16,50
MAPE 23,23 14,34 12,19

Két qua thuc nghiém du doan thoi gian hoan thanh du 4n theo phuong phap hoc may XGBoost
tai cac giai doan sdm (25%), giai doan giita (50%), giai doan mudn (75%) cua 10 du an l1a tr 60,9
dén 0,29. Nhiéu dy 4n c6 két qua dy doan thoi gian hoan thanh kha chinh xéc, tuy nhién, dic biét
van co du an du doan con sai dén 60,9%. Sai sb trung binh ctia phuong phap XGBoost tai giai
doan mudn cua du 4n 1 nho nhat (12,19%) va tai giai doan sém cuia dy an la 16n nhat (23,23%).
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5. KET LUAN

Nhin chung, két qua thyc nghiém cho ching ta thdy tiém ning cua viéc img dung thuét toan
XGBoost noi riéng va cac ki thuat hoc may noi chung trong bai toan dy doan chi phi va thoi gian
hoan thanh dy an phan mém. Str dung phuong phap hoc may XGBoost dé du doan thoi gian hoan
thanh dy an cho két qua chinh xac hon st dung dé du doan chi phi hoan thanh dy an. Cu thé, d6i
v6i mé hinh dy doan chi phi, d6 chinh x4c ctia mé hinh chi dao dong trong khoang tir 65% dén
75%. Trong khi d6, 46 chinh xac cia mo hinh dy doan thoi gian lai cao hon ro rét, tr khoang 76%
dén 87%. biéu nay co thé do ban chét cta chinh "thoi gian" va "chi phi". Trén thyc té, viec du
doan chinh x4c con s6 chi phi hoan thanh dy an rat khé khin, con ddi voi "thoi gian" s& dé dang
hon va cho két qua c6 kha ning chinh xac cao hon.

Trén thuc té, cac dir lidu thu thap dugc déu 12 dit liéu thuc cta cac doanh nghiép ty nguyén
cung cap dudi dang open source, lwong dit liéu dé huan luyén con twong d6i nho 1am anh huong
dén d6 chinh xac ctia mé hinh. Trong tuong lai, chiing t6i s& ¢6 gang thu thap thém di liéu va cai
tién thuat toan dé xay dung dugc mo hinh du doan chuén x4c hon.
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ABSTRACT
Predict software project completion time and cost using XGBoost

Nowadays, with the rapid development of information technology, managing costs and
time to complete software projects has become an urgent issue. To be able to manage
software projects, the need to predict costs and completion times is extremely important.
Traditional methods often use EVM earned value management to predict project costs and
completion times. However, this method often does not achieve very high accuracy when
the data has a lot of noise. In recent years, machine learning methods have emerged as a
useful solution for leveraging past data to predict future values. In this study, we propose
to use the XGBoost machine learning model to predict project costs and completion time.
Experimental results show that XGBoost has the potential to solve this problem.

Keywords: Software project management; EVM; XGBoost.
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