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Two-stage buffer monitoring method based on statistical process control

HU Xue-jun*, WANG Jian-jiang®', CUI Nan-fang®

(1. Business School, Hunan University, Changsha 410082, China; 2. College of Systems Engineering, National
University of Defense Technology, Changsha 410073, China; 3. School of Management, Huazhong University of
Science and Technology, Wuhan 430074, China)

Abstract: In today’s highly competitive and rapidly changing marketplace, project managers attach great importance to
dealing with the uncertainty in order to avoid schedule disruptions. The critical chain scheduling and buffer management
(CC/BM) technique has shown to provide an effective approach for coping with schedule variability. Yet, the current
buffer monitoring mechanism faces a problem of neglecting the related activity uncertainty information and the dynamic
feature of the project execution. In order to overcome these deficiencies, this paper develops a new two-stage buffer
monitoring approach (SBMA) based on a statistical process control procedure. In the first phase, our approach allows the
user to set the duration variation that is acceptable on the activity level, which will result in tolerance limits of the buffer
consumption at the project level in the form of a statistical buffer control chart (SBCC) by using Monte Carlo simulation.
In the second phase, the observations of schedule deviations measured by the buffer consumption can be plotted against
the tolerance limits on the SBCC, and the corresponding action decisions can be derived by using the hypothesis testing
theory. A computational experiment has been set up to compare the capability of the proposed SBMA versus the existing
traditional/relative/dynamic buffer monitoring approach in the literature. The results demonstrate that the SBMA can
report warning signals more accurately and hence trigger control actions more timely, while maintaining a comparatively
high probability of successful detections. Besides, the SBMA is more capable of differentiating between variations that
are either acceptable or unacceptable in the duration of the individual activities.

Keywords: critical chain project management; buffer monitoring; statistical process control ; two-stage method ; monitoring
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®1 SRBIERTHEZNTH

S 1 2 3 4 5 6 7 8 9 10 11 LH%EILH

s1 6 117 2 2321 2 3 21
S2 711 423221 2 2 17
s3 6 113 3 2231 3 3 18
S4 6 1 153 22 21 2 2 17
R 9 1 1 5 2 2 2 41 2 2 20

W H 0 B R B 58 RN AR B 0 H 22 0 PB
{1091 AR 15 DL, BBEAE BN Bl AR AT 393 ) 2 o it 2

PEVHFEIR, W8 e v 55 R AE R I 20 R G2 R T FE B
1], &5 5 W2 2. SR A B DAL s 1 I Ta) [r) i fie 8 22
T FERCE, T I Tr) Al P 2 8 5 S i AR T ) 5
J A 43 b (PCC) AT 45 10 B &, A v B 2 S8 il e
rtp = {10%,20 %, ...,90 %}, X —id FE ] LA i
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MEA XS IA N
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F P P A5 380 300 H AR 58 A 73 B RO Z2 v T A EL 181
N 3 Fr. BETT3RAT 5 UCBRAUAE 5 N B Z2 P A8 1)
EAG AE R E L/ PR BB o = 10 %), 1F
gzl .

X, + (50% — PCCy,)

R2 SRBIMERTESMRZIRBEAEFEL S PBC

%1 ¢ 1 2 3 4 5 6 7 8 9 10 11
s1 0.056 0.111 0.167 0.222 0.056 0.111 0.167 0.222 0.278 0.333 0.389
So 0.021 0.042 0.063 0.083 0.048 0.095 0.143 0.190 0.238 0.286 0.333
s3 0 0 0 0 0.074 0.148 0.222 0.296 0.370 0.095 0.190
S4 0 0 0 0 0.048 0.095 0.143 0.190 0.238 0.100 0.200
s5 0.056 0.111 0.167 0.222 0.042 0.083 0.125 0.167 0.208 0.133 0.267

B2 ¢ 12 13 14 15 16 17 18 19 20 21 22
51 0.444 0.500 0.250 0.500 0.222 0.444 0.667 0.222 0.444 0.667
S2 0.111 0.222 0.333 0.111 0.222 0.333 0.167 0.333
s3 0.286 0.381 0.476 0.571 0.667 0.222 0.444 0.667 0.333 0.667
S4 0.300 0.400 0.500 0.167 0.333 0.500 0.667 0.222 0.444 0.667

ER 0.400 0.533 0.667 0.167 0.333

0.500 0.667 0.833 0.278 0.556 0.833
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*3 WES RN EREHEFELGIPBC

M p 10% 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 %
s1 0.117 0.189 0.128 0.244 0.361 0.478 0.425 0.400 0.267

s2 0.040 0.079 0.081 0.171 0.262 0.244 0.256 0.133 0317

s3 0.000 0.015 0.170 0.326 0.143 0.343 0.543 0.311 0.644

sS4 0.000 0.010 0.110 0.210 0.150 0.360 0.267 0.467 0.267

S5 0.122 0.150 0.108 0.200 0.267 0.560 0.233 0.600 0.389
¥ifE 0.056 0.088 0.119 0.230 0.237 0.397 0.345 0.382 0.377
SLT;OP% 0.000 0.010 0.081 0.171 0.143 0.244 0.233 0.133 0.267
SUTﬁg’p% 0.122 0.189 0.170 0.326 0.361 0.560 0.543 0.600 0.644

4 BHSER

N T R SBMA JHVETEAN [F S HOA 5 T (138
PE, A5 2T PSBLIB_J30 ji] 31 7 1290 HE4T KA AR A 1L
SZIG ¥ H 5 TBMA . RBMA F1DBMA /7 23547 %)
EG 3 BT, SR ARAIE AT LU, 4 Fh 28 o s 4% 7 VR S5 fE T H
TFAATAT 2 B A2 R vh 2 il ], AN 28 FE AT I FE Hh )
4.1 BHREE

LR SRR, 72 55 1 B BUBGSIE B AT I 8] £E 7]
FERZ VO N B, 4 A St 22 b ) 1 SBCC, 7
55 2 BOOUH SEBRAT I (AR BN Mayy), 153
THANIAG AT RE R B 5 S (R dev > dev). Ak,
TE X —NFHEE B Aper, T LR A W BNE
) 7 SRS B AR I L, A, K, T H B AT BER
Pt RIPRAT . AL S50 AH OGS BOIUE W3R 4.

F4 REULWSHRE

SRR VeI
BN LA S A M (BB 3 T
Cv; ~ U[O.ED7 1]

HR AR EIE A 3233210221

A RIPATIRE T, &3 FUH T30

d 0.4,0.8,1.2,1.6
STk EEE s oo € 04081216}

R RIPATIRE T, i3 S br

Aper 20 %, 40 %, 60 %, 80
TR dev iz Per © (207,407, 60%, 80 %}

LA I R 58 B 43 bl p={5%,10%,...,90%,95 %}
T H 2 PB SR RE K (1) 30 %l

BB 0 FB SRR T 20 5

B AT R EL Mo = Mayn = 1000

4.2 GEUERR
N T R A R g W i O R R W R S, E LA
AN TR SR TR

1) S PRl 00 AR R p K 3T H 2 T ) 22 o
THAESRPRE T g2 AR B b IR, X T
R AR I S T p R TR T B R S B T
P dev, HBH T BUE SR dev. 1% bR SBL T IR
HERAG /0 N EE, T AR SO

PSD =

Mayn

S Lu{GEp(Y, < SLTS )V

m=1
(Y, > SUT%,)) AGp(s; < p) A(dev; > dev))},
Horr s; RoRE 3N j 1 SEBRIF G i ).

2) AEL R SRR RIS EOR XTI H $AT AT
1000 AU A7 5, Gt 1 22 i 1 #6 ¥ 7E 3 A X
AIELOL, 6T SBMA J7 vk, 28 g il B vp 3 X3 4y
BINHLSE X (SLT LLF). 1IE% X/ B4 8 X (SLT 5
SUT ZIa)). [ [X /478X (SUT PA_E); % F TBMA/
RBMA /DBMA J7 %, 2z i M 2 B o 30> X 38093 0l 4
SEX/TAT BN IX (LCL LR 3 X/ K147 3) X (LCL
HUCLZ ). 240X/ REAT3IX (UCL L), W25 2
.

43 WERRSH

RSHIH T 4 PP b i 42 77 7% 1) 7 55 R ) 26 551
SUFRARE, DAL 7 3R R B 7 . et R
7, TR —Fh 3% 53, — 5 T, 249E 30 T T 1A
X T 1H R AR e 2 A2 FE /NS (dev = 0.4, 0.8), 7
R ZEBE A Aper (138 K T 38 0, BV 2h T 30
L/ INET, T R A 2 TR AN o 7K ST v ) 22 v Bk 8 1)
R 24 dev BORI (dev = 1.2,1.6), 5 H IR 3
BEE Aper FIBUEZ A K, 55— 77T, 24585 T 8k
BT 30 EE BN (Aper = 20 %, 40 %), 515
PR 2R 25 FE P dev PR B K S8 186 0 i FAAEG 24 52 B
T3 25 T VS B L2 I (Aper = 60 %, 80 %), 7
W VRN ZE B dev (193G KT FEA. BRI I0T H H A4 A E 14

1
Mdyn
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A 5 0 2 T L0, 22 o 2y 2
PRBLHH 3L RO
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Aper
4% 07 12 ZHIE

20 % 40 % 60 % 80 %
dev =0.4 0.545 0.647 0.720 0.733
dev = 0.8 0.595 0.677 0.688 0.685

SBMA
dev =1.2 0.615 0.620 0.620 0.621
dev =1.6 0.452 0.440 0.447 0.443
dev = 0.4 0.317 0.510 0.652 0.669
dev = 0.8 0.438 0.639 0.656 0.660

DBMA
dev =1.2 0.600 0.619 0.613 0.613
dev =1.6 0.499 0.483 0.492 0.492
dev =0.4 0.271 0.403 0.496 0.511
dev = 0.8 0.394 0.491 0.502 0.502

RBMA
dev =1.2 0.484 0.487 0.492 0.487
dev =1.6 0.393 0.387 0.395 0.392
dev =0.4 0.198 0.306 0.384 0.392
dev = 0.8 0.271 0.376 0.384 0.388

TBMA

dev =1.2 0354 0362  0.362 0.361
dev=1.6 0.289 0.281 0.285 0.285

RSB ERAELE-SHAE T, NG5
O 4% 5 E B R I #2589 DBMA -
RBMA - TBMA, % ] DBMA J7 ¥:7E i 5 il f2 vh 5
G v KNG F T S 7 5 T H SERREE 54
BRIz 18] 1) 22 55, AT A A8 B gt R B B0 2
T AT B SBMA J7 ik 1) 7 8 IRA REEAT— S
4 T E T TBMA/RBMA, 124 dev = 1.6
SBMA 1§ %5 T- DBMA, 3 BH 2435 3l T3 #il 3 i 5 JE
i R, AU, 7 v DA B U B H I H 4RI
ATARAS, BER JE T SPC Az B Gt 11 2% v i) P L M 4% 55
ROEAUNAET B PAT IS 2 P B R g mh oK. B
AT 5, SBMA JTVELE LR 2 KU L T # BA e i
W P LR R, B 4 100 H B AR B R AR o rT LA N
R I 2 S B 2 L, U B TR AT
W B0, 3 SR EORE L PR A BRAT Bl (e T Bt
&), HrP e “Aildev-my Ape, " HE T, T S b 3577
AR R UM R A, X — 4 RO S T H R
G415 B T RURS: 7K 0 W 2% v W 4 1 R S
TS

AR H RSB = {5%,10%, ...,
90 %, 95 %}, for 25 PB ¥ #E 1 L 0 W H 78 A\ 22 i e
7 E R XK. 1 (dev, Aper = (0.8,40%)) A5

N, 3 F T R R Oy A B 5 O, HAt 2
HE B —BUNBHERAMERL R it 4R
SR, fE T H 3t 2 5T ), TBMA /RBMA / DBMA 4t T
23 X PR A HICIZR T 9 /L, Ak T IXORH A1 X PR A A 1
I, SBMA 75 ¥4 1 1E 5 IX [ AR I W 32, 4k T 17
FOLIX [ 00020 T 1 . 3X 3R BH B o DG B RE B IS B
S B, G5 1M IR ST BRI FE, In) T 46 BB AE T H R
1 J5 1], TBMA /RBMA / DBMA b - 4 X ) 5 %%
WG 22, A T3 IXORTAT X I AT sk b SBMA 7
FEAE T IR H XA SECAE 38 0, Ak T e X A A
B ek /b X 3R W I 2 R R Bk 22 1) T H TS B 4 AT 58,
T50 AT I B8 AT 5 AN T 932>, [R] B 12 358 2% oo

10
8 L
=
% — LATEIX
K47 —v— iR
178X
2 L
()=:::::;:::::F23==f=--f-
10 30 50 70 90
B TE R / %
(a) TBMA
10
P _4-‘-_-‘
8 L
ﬁ 4t — LATEIX
= —— RITEIX
5l fFEIX
( BT TS T Yy v vy vy o]
10 30 50 70 90
BEMETE R LA / %
(b) RBMA
10
8 L
g ol
=
B 4r — LT
S —— RITEIX
2t 178X
0 ey —
10 30 50 70 90
BEMTER LB / %
(c) DBMA
10
8 -
K=
= of — AR
= —— E'%E§%HZJJIZ)
= 4f — [EIX (f73X)
2 /’\
0 =t
10 30 50 70 90
B SE R L / %
(d) SBMA

Bl 5 ZAHEERAS BRI
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RAEAE R, A0 T 1 A 2 G 3R 0 0T H 5 2R 30T 1)
SO, IX — AR ACRE ST A I H — M R L. itk
4h, DBMA V& 7E 35 [X AL X (1) Ik B /> T RBMA FiI
TBMA, % W] DBMA 11 X147 5 FL K BUAT 3l 1) 7] fig
it /NF RBMA, %5 JE 2 DBMA A 5 = 11 57 5 11 1
(WA 5), 37 B 22 v K/ ) DBMA J7 i B fi% DL
B/ ) M 4% A R A B e ) 4 AU R

HE—25 43 M & 5 AT %1, TBMA /RBMA / DBMA 7%
ANTAT B XI5 £ T SBMA ¥ N IE # [X S,
TBMA /RBMA /DBMA 7 A i1 X478 X #1473 [X 1]
AL AN/D T SBMA V& N Il L IX AR 255K 51
55 R R XS E 25 S AT A1, TBMA /RBMA /DBMA
TISRAEAE AN e S th PV S 5 10 XUz, BT =4 351 H
Ht i B 1E K #5 15F, TBMA /RBMA / DBMA i ] & i
) J2 T A 1 10) LA e 7 BE 225 T SBMA U ] DL B 4F
Hiv g RS AR TS S (1) RRX), FF ORI & R v
B R 2, T 5 T00 H B SR U A i
1] S W ARAUIE T H % 852 1. Bk Ak, SBMA Jr ik R pL 2
DX )4 0 EL A EE B S, W DA SR W 2 i oK/
WERG G, K5 P mMiHFEE AL X 5o
PRI R B AR S R AR 7 21571 FB ¥4 PB
KNV BN AR 1 30 Yo A2 BN A BRI R Z,
UWRTE A2 X P AER G 5 22, ) 75 2225 1 301
TH& G K/ R E R S HETH R

5 & #

S LA T PR A 5 0 U 2 PR AT ) A,
N 42 PR A SO L JE BE s 1, RS 15 2Bt
e T AT O R o S S R R A .
o CLF G M 7 1 o BB 7 438 1B % 30 S THT P4 T
15 5 RREIR G JE AL B S5, A5 NGt
T 77 15 SPC, 3t — Fh i I BR G 1 42 b M s vk
SBMA, 7 B H5 % 76 B 1 b R0 52 % vh R I 52 3, 9 6
e 2 e A AR AL BB 0 VE 1 R R AR L AT B
A/ 205 3 1 22 0 A U 7 125, SBMAA % 6 e
S VR0 5 ) bR A 2 s L W T T PR
P 5 0 R U B 1 B 0, A AT I 4
Pt R 7 Goih M R I, R B ISE BN 0 Tk BN
SR T P 0. A S0 B, TR T B T
SR i s F Ao K A7 5D 0 B 0, 7 R0 8, R 13k
T 26 351 P B GIA0. oRHg E— 451 CC/BMAE
BT 7 R T M 2 U st R, 7 22 e
P — B AR AT L, 45 A SR A A AN L 2
TR A b A e 2 T R I, R E S PR
FIRCE G5 L8 o s 2 7V 1 A
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