AL-CHAININ ACTION

Cp'lﬂ .on to reducing project time overruns is to insist on people using the “true 50/507 activity
A(PM3 ‘mhll}:r-uhcr than estimates which have an 80 to 90 percent chance of being completed before
ot C-"‘immfm;e); the 50/50 estimates result in a project duration about one-half the low risk of %0
}-:mim?“fc‘[ estimates. This requires a corporate culture which values accurate estimates and refras
r:-:"'-"ﬁr‘:?n(, people for not meeting deadlines. According to CCPM, using 50/350 estimates «
from * a:‘le p;rkinson’s law, the student syndrome, and self-protection from coming into plav because
"Nlmfm “free time” available. Productivity will be increased as individuals try to meet tighte
3;';'513565 Similarly, the compressgd time schec_lule reduces the 1ikelihood"0f the dropped b_a_ton effec

" ccPM recommends inserting time buffers mto'the schec.iule to act as “shock absorbers_ 1o protect
# project completion date against task durations taking longer than the _50/ 50 esur_nat;._The
~ionale is that by using 50/50 estimates you are in essence taking out all of the “safl ety 1n individual
ks CCPM also recommends using portions of this collective safety strategically by inserting time
niffers where potential problems are likely to occur. There are three kinds of buffers in CCPM-

* Project buffer: First, since all activities along the critical chain have inherent uncertaint v that
is difficult to predict, project duration is uncertain. Therefore, a project time buffer is addec
to the expected project duration. CCPM recommends using roughly 30 percent of th
aggregate safety. For example, if the modified schedule reduces the project duration by 2
days from 50 to 30, then a 10-day project buffer would be used. )

" Feeder buffers: Buffers are added to the netw

criti , ork where noncritical paths merge with t
tical chain. These buffers protect the critical chain from being delayed.
Resource bu

Saisi _ﬁ"ers: Time buffers are inserted where scarce resources are needed for
Criticalrce time buffers come in at least two forms. One form is a time buffer
fesource to ensure that the resource 1s on call and avail

an acuvi
attached v
able when needed. This preses

Scanned by CamScanner



. Management ‘
466 Pf;.‘j!"{l C g% e

| SnapsHOT FrRoM PRACT| o
...... BSUNE a i-5 A0 , ritical Chain Applied t |
irit Aero Systems mnnulaclurorol airplane C _ © E
In the past Spit A€To SYFE T ent projects | Ajrplane Part Arrivals* |
parts, were forced to delay product developn s, Spifit | . |
as a result of missing parts for I'lssemhles-such as S \'
management cycled through several approaches, W |

e based ; i ' 1
knmﬂ:leedagch yielded minor improvements, the impacts were Nat \
gh

iti s continued to have significant
- N olay costs, and vendor expediting cOst thodoloay in a o Ct0R gy
SO Spart GRS o S : it turned to critical chain management methodology in a pjlo Proje i
i itments, and reputation, Spintiurnes . +i0a] chain was “a game cha
nm.ll;lgecl(:‘gg]l:i]sek the crilicgl chain manager, said the GhDICB'Of c(rjltfc]ons ihracketS) isadlior f';?il;fforu o |
applied l[;\e c.riﬁcal’chain approach to assembly of newlv dBSIE;ISBS tgyt’hree key factors: red
testing of casings for a jet engine project. Zenisek credited suc

lean, value chain, cycle time reduction,
enaineering, to reduce the problem. Althou

estl’utﬁ

| all parts and staff are available.

i ing ¢ ¢ start a work package unti sto
Creating a rule to neve lantly manitoring assembly parts that use a large e
0

* Ensuring part buffers to cover work packages by vig!
parts or where rate or number used is high.

« Developing a small engineering team to manage vend
arrived on time.

ors and buffers to ensure that delivery of OVer 300 pap

The critical chain program led to impressive results. Tht? pgr’ts and staffing rule cut down onllate deliverieg ang
rework on partially completed work packages caused by missing parts. The feﬁ““ was a reduction of 50 percenti
overtime. Reducing delays reduced assembly cycle time by 18 percent..\{Vurk i process and work packages Were
also reduced since availability of buffer parts avoided delays. The critical chain method led to better resourge
management and reduced stress. )

Given the success of the critical chain program, Spirit intends to expand the application of the critica| chain
method to new product development projects for their clients.

*Peter Fretty, “E Is in the Air,” PMNetwork, February 2012, Vol. 26, No. 2, pp. 50-56.

the relay race. The second form of time buffer is added to activities preceding the workq;
scarce resource. This kind of buffer protects against resource bottlenecks by increasing
likelihood that the preceding activity will be completed when the resource is available.

All buffers r(?duc;e the risk of the project duration being late and increase the chance of e
project completion.* See Snapshot from Practice: Critical Chain Applied to Airplane Part Ami:

CRITICAL-CHAIN VERSUS TRADITIONAL
PR SCHEDULING

To illustrate how CCPM affects scheduling Jet’ tw . (o
scheduling, We will fitst fesolve resoure & Ie's compare it with the traditional approachtop X

: ¢ problems the way described in Chapter 8 and %"

f(': b metho]c“li-, Figure A8.1A shows the planneq Ajy Control project network »I\:ithout any cor

or resources. That is, activities are assumed tg pe independent and 1| be made availi®
and/or are interchangeable. Nt and resources will b¢

2For more information on buffers see: L. P. Leach, “Critical Chaj el
Ll - nPr g
30(2) 1999, pp. 39-51. oject Management Improves Project Performance,” ije{:tMaﬂé‘gemen
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Produce std. partg
| Eary start: 2 1o 3|

Early finish: ?W

N
M . Manufacy N
(e D ure cy
O"ﬂf"un; ELJW Early siar. s_"’m arts AN
pl—ne DU m- 7| Eariginigr 510 g A
i,_-'a"\"h $ | Earl m& R / N30 Dur: 15 days Test

Early start: 40 |D: E]
Early finish: 45 Dur: Sdays |

Early finish: 15 Dur; 13 days |

Software develoEmenl ]
—-| Earlystart: 2 |p: g ‘
{ Early finish: 20 Dur: 1g days |,

¢ ABIA Air Control Project: Time Plan witho

1

Project duration 45 days

£oUR ut Resources
|

ure AS.1B depicts the bar chart for the
Tl activities; the light blue bars repre ; K tth
epresent slack. Note that the duratiop : 10ns of noncritical activities; the gray

1 Order review 2 [

— |

2 Order vendor parts 15 —

3 Produce std. parts 18

4 Design cust. parts 13

5 Software developm't 18

6 Mfgr. cust. parts 15 vy :

7 Assemble 10

8 Test 5

R A VA e L AR S R A h L g e

0 5 10 15 20 25 30 35 40 45 50
Critical Noncritical ] Slack [__]

Ficure A8.AB Air Control Project: Time Plan without Resources

Paralle] activities hold potential for resource conflicts. This is the case in this project. Ryan is the
Source for activities 3 and 6, If you insert Ryan in the bar chart in Figure A8.1B for activities 3
46, you can see activity 3 overlaps activity 6 by five days—an impossible situation. Because
Yan cannot work two activities simultaneously and no other person can take his place, a resource
nzf:veﬂdency exists. The result is that two activities (3 and 6) that were assumed to be independent
nﬂwbeco:r.le dependent. Something has to give! Figure A8.2A shows the Air Control I?I‘O_]CCt
indic(;;k With the resources included. A pseudo-dashed arrow hz;s beeg addfi? to t\hlt, [éets\;}?gg utl(;
femlvie the resource dependency. The bar chart in Figure A8.2B reflects the revise

the overallocation of Ryan. Given the new schedule, slack for some activities has
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Order vendor parts ‘ Assm
_ , 2 e .
Early strt: 2 102 £ _—— »| Early start: 3515
| Farly finish: 17 Dur: 15 days 7| Early finish: 45 Dl;"-:o REN
Res: Dawn Dy |

produce std. arls
Early start: 2 ID: 3 . |
fi;ﬁyfmishzzn Dur; 18 days | > Tanufacture TR

W”‘ | Early start: 201D: 6
Order review Iy | AT
|| Eaystam 0 0: 1+ __ k4 T ——] p Early finish: 35 Dur: 15 days |- Eﬂst
E’\rl\-’hmsh;z Dur: 2 days N arts Res: Ryan arly stary.
UL b Design custom pare ;4
D 2 L Early finigh: s}

&
o)z
L7/ "

| Res: fyan Early start: 2 ID: 4

Early finish: 15 Dur: 13 days Res: Kevin :

Res: Lauren
Software development

I Early start: 2 ID: 5 .
>| Early finish: 20 Dur: 18 days |

Res: Connor \
Ficure A8.2A  Air Control Project: Schedule with Resources Limited

! —

1 Order review 2 :]Hyan i
— = —— a
» Order vendor parts 15 | [ Carly _._i =T |
3 Produce std. parts 18 [ Ryanil J
4 Design cust. parts 13 [ Lauren 1
5 Software developm't 18 F Connor : }
6 Mfgr. cust. parts 15 R Ryan T |
7 Assemble 10 T ]
8Test5 — %
0 5 10 15 20 25 30 35 40 45 50

Critical ] Noncritical __] Slack 1

Ficure A8.2B  Air Control Project: Schedule with Resources Limited

ggﬁ:dgeld' 1;1’10“3 importantly, the critical path has changed. It is now 1, 3, 6, 7 8. The rest®

No:vel zt,;)ws t?e r;lew project duration to be 50 days rather than 45 dagzs P
. changes,algiliss{ tnc(:) t(iZCPhM approach. to the Air Control project. Figure A8.3 details me2’
Second, observe ’that ﬁe tt z}t task estimates now represent approximations of the 50/5(}rif
Manufacture custom par?s ia-l (?f the activities on the critical chain are technicall hﬂ!‘i
a project time buffer is add:dmai ltf:(i?gcap 5101, Preyiehely detingd pesoui dependenCY-a“;é
impac iy "{
prcsentedli)n Fi gtfre AS.T ;Ipopégéi %];s]ﬁ?lo? g project schedule can best be seen in the Ganctttl;[ila
¢ late start times for each of the three noncr® at“’ﬂ f

For example, under the critic
: al path method
o melt
rder vendor parts and software develop [atef o

be schedul in i I
eduled to begin immediately after the order review. Instead they are schedu ed

i
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Order thg k
vendor parts

; : Produce ki é
i __4__: std. parts i
Ly 8] |
R :
Ean IR g
v Jﬂ__; || cust parts
ly# 7
| L» So;tglz:,lre _-_l
10 .m. chain i
/"—’—. e T = < il
neh8y AT Conrol P;W
ﬂvity DUR g LF  Buffer
1. Order review 1 m‘rﬁo] _____'-_“_"'ﬁ
2. Order vendor parts 8 7| 15 3 j
3. Produce std. parts 8 1 9 0
4. Design cust. parts 7 1 8 3
5. Software dev, 10 1| 21 3 |
6. Mfgr. cust. parts 81 11| 19 0
7.Assemble 6| 18] 24 0
8. Test 31 24| 27 12 [El—:,J
e — 10 15 20 25 30 35 49
Activity 1 Buffer =5
FtcumEAB.lt

Air Control Project Gantt Chart: CCPM Network

Project, Three-day feeder buffers have been added to each of these activities to absorb any delays
that migh¢ occur in these activities. Finally, instead of taking 50 days the project is now estimated
lake only 27 days with a 10-day project buffer! | ‘

1S example provides an opportunity for explaining the dlffe-ren.ces between buffers ;mgi slack.
ack s SPare time inherent in the schedule of noncritical activities and can be determined by
STences between the early start and late start of a specific activity. Buffers, on the other hand, are

ae led time blocks reserved to cover most likely contingencies and are monitored closely so. if Ehﬁ}'
ot Needeq, subsequent activities can proceed on schedule. Buffers are needed in p¢1rlb€C"tl;1<tt tl\e

long Aes are based on 50/50 approximations, and therefore roughly half of th;:ractl: :SL]; ::r [c(i t:;

N, an Planned. To protect against these extended activity durations, buffers

€1

: and ¢ sed only
mpact on the schedule. Buffers are not part of the project schedule and are use \
Management dictates it.

€ th
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470 Project (
. wample 0
. ’ » lIL'“\. “n Lx:l”ll S P e gy . . d. '
While not depicted 11 the ft! (he critical resouree that ,ulu'%d ic schedule ¢, d*"f.(:;
emember he 1s L on the project beyond the 18¢p, Qo € gy,

< Y V()r A
yntinue LoV ) alpc y ’ Yin.. ™
stom parts takes longer than Planne, .

d his schedule would be adjuste acee.

re
b

sely, an
losely, ¢ ’din;a'

Rvan's schedule (7
This would ensurce
produce standard p
these two tasks wou

that he could ¢
arts and/or me
Id be monllorcd C

inufacture €t

CCPMAND SPLITTING TASKS

ive task splitting, especially ;
Bufters do not address th = P pecially i 4 Iyl

cets of perve . .
gling different project assignments, CChy Uy,
t of splitting activities: P

¢ insidious efl
I . here workers are Jug
environment W here worke LS
' ill he X : impac
recommendations that will help to reduce the imp .
are not assigned to as many projects .

an .
€4 r,

| Reduce the number of projects sO people feys,
> Control start dates of projects to accommodate resource shortages_ Dont Start 4
until sufficient resources are available to work full time on the project. P,
3. Contract (lock in) for resources before the project begins.
MONITORING PROJECT PERFORMANCE
The CCPM method uses buffers to monitor project
time performance. Remember that as shown in Region Il Hegionm
Figure A8.3 a project buffer is used to insulate the
project against delays along the critical chain. For o Watch
monitoring purposes, this buffer is typically Pf;n Act
divided into three zones—OK, Watch and Plan,
and Act, respectively (see Figure A8.5). As the | 450
buffer begins to decrease and moves into the | Full buffer
second zone, alarms are set off to seek corrective | time left Nfrb'j

actio_n. To be truly effective, buffer management
requires comparing buffer usage with actual
Pn;gress on the project. For example, if the project
:; N é)tcte;ceg(t) ;osr;:pletecand you haye only used 50 percent of the project buffer, then the proji:

g ape. Conversely, if the project is only 25 percent complete and 50 percent i

buffer has already been used i
L » You are 1n trouble i - 3 :
estimating percentage complete is described in Ch:;l“irc?grecnve ARHOR. 3 Tioeded. ATiais

THE CCPM METHOD TODAY

FicuRe A8.5  Project Control— Buffer
Management

. Harris Semicond**
i a : - ’ )

methods when the industry standard fgsrsﬁil;lrlce?tlon facility within 13 months using ’
a facility is 26-36 months. The Jsracli &%

m ' F.
G;\)/?ths to two weeks. T_he U.S. Ai ge maintenance work on aircraft frﬂm |
L A critical-chajn princN]’d vy as well as Boeing, Lucent Technolo#™ 4
1ples to their multi o2 ) s
-project environment

3Cited in materials develo i
ped by the Eliyahu Gol :
Management the TOC Way,” 1998 Vehu Soldratt nstitute (New Haven, ¢ il
' ' " CTHor a workshop attended by one of the authors entited, ™
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PENDIX SUMMARY

dless of where one stands in the debate,
2

y the CCPM a . i . .
Rf;u e dependency to the forefront, highlighting the moq il o pves credit for bringing
ey

3 . e['n ilIS Of 1 E. 1 .
ethink conventional methods of project scheduling, multitasking, and forcing us
0

JPPENDIX REVIEW QUESTIONS

. Explain how time is wasted in management of projects.
7. Distinguish between project and feeder buffers,
3, Buffers are not the same as slack. Explain.

APPENDIX EXERCISES

l. Check out the Goldratt Institute’s homepage at http:Ilwww.goldratt.com for current
information on the application of critical-chain techniques to project management.

2. Apply critical-chain scheduling principles to the Print Software, Inc., project presented in
Chapter 6 on pages 191-192. Revise the estimated time durations by 50 percent except round up
the odd time durations (1.e., 3 becomes 4). Draw a CCPM network diagram similar to the one
contained in Figure A8.3 for the Print Software project as well as a Gantt chart similar to

igure A8.4. How would these diagrams differ from the ones generated using the traditional
scheduling technique?

APPENIDIX R EFER ENICES

e i ' I ivery: The Case of Project as
Prodl;c(t:,;, S.,and M. J. Cooper, “Improving On-time Service Delivery: The Ca ¥

old uman Systems Management, 24 (1) 2005, pp. 6?“8 L.
rrra;t, Critical Chain (Great Barrington, MA: North River Press, 1997).

vergi 2 Wo, R, Leus, and E. Demeulemeester, “Critical Chain Project Scheduling: Do Not
iy, py oject Management Journal, Vol. 33 (4) 2002, pp. 48-60.
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