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| PROJECT SCHEDULING CALCULATIONS ] 01/ FOUNDATIONS l

Read an Actl'w'lfz |

Underctand the cymbole before you caleulate a cchedule.
‘ THE SIX VALVES

EARLY START EARLY FINISH

6 g) Firct poccible ctart, baced on 6 F Firct poscible finich, uging
the cchedule logic. the activity duration.
(ATE START (ATE FINISH

é g Lact ctart that precerves C F Lact finich that precerves
the required project finich. the required project finich.

,‘ DURATION TOTA(L FCOAT
D Working time needed to 7 F Delay allowed before finich clips

or a constraint ic violated.

complete the activity.

THE CORE FORMULAS

Find the early finich EF = Eg + D

Find the late ctart ég = CF - D
Meacure the float [F=(S-ES=(F-EF

e

| WORKED EXAMPLE

Activity A takes 4 working daye. The network givee ES = 3 and (F = 9.
Caleulate the miceing valuee:

EC D EF ] 2 |
| 3 g 2 EF=3+4=7
’ ACTIVITY A (S 19479

(S TF (F IFI=r5=r3=rZ daye

b) 2 7 Check: 9 - 7 = 2 dayg

| WHAT THE RESULT MEANS

A can ctart 2 working daye later and ctill finich at time 9.
Project finich ctays unchanged if the rect of the cchedule ic unchanged.

| [ counr rome consrerentty ﬂ
| | Usce time 0 ac the ctart. From time 3 to time 7 i¢ 4 days; do not add 1.
Bacic model: finich-to-ctart links, zero lag, one working calendar.

P S o= g = v et s oo R

|
Reference: PMI [ CPM caleulations wikifree.com 3 01 | _


https://www.pmi.org/learning/library/critical-path-method-calculations-scheduling-8040
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| PROJECT SCHEDULING CALCULATIONS

02 / NETWORK LOGIC ‘

] Map the Work |

; Build a logical network before caleulating dates.
‘ RUNNING EXAMPLE: SIX ACTIVITIES

Activity Work Duration Muct Follow
A Prepare 3 None
B Build q A
C Configure Z A
‘1 D [ect build ] B
j E Integrate 2 B and C
| F Releace 3 D and E |
DRAW EACH REQUIRED DEPENDENCY
8 D
94 daye 5 days ]I
| |
{ A a
3 daye 3 daye
; [ ¢
6 days 2 days 1
[J Each box ic an activity; each arrow is a required cequence.
B and C may run in parallel after A. € must wait for both.
F waite for both D and E; the later branch controle ite ctart.
|
| | 7HE MODEL WE WIL( ()SE
Start at time 0. Durations are working days on one common calendar.
Al linke are finich-to-ctart with zero lag; recourcee are available. |
{ CHECK THE (0GIC FIRST ﬂ

| | Connect every activity to the project ctart and finich; avoid circular links.
The next pages caleulate thic came example, then test what happeng if it changes.

- P R g R e et e

|
Methods: [1], [4] | refc p-17 wikifree.com ; 02 |
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I PROJECT SCHEDULING CALCULATIONS
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[he Forward Pacc

Find the earliest ctart and finich of every activity.

THE FORMULA

EF=EC+D

ES = highect EF among immediate predececcors.
For a ctarting activity in thic model, ES = 0.

| WOPKED EXAMPLE: CALCULATE LEFT TO PIGHT

Activity ES caleulation ES
A Project ctart Y
o} EF of A 3
C EF of A 3
) EF of B 7
€ mox(?, 9) 7
F max(12, 11) 12

w NN w O

EF

12
11
&

WHY THE (ARGER NUMBER WINS
€ cannot ctart at 2: C i¢ ctill work:’ng until time 9.
F cannot ctart at 11: D ic ctill working until time 12.

EARLIEST PROJECT FINISH = TIME 15

Thic ic the longect linked route, not the cum of every activity.

The project needs 15 working days from time 0 under thic model.

COMMON ERROR: CHOOSING THE MINIMUM

At a merge, every required predececcor muct be ready.

Uce the latest predecescor finich, not an average or the first one to finich.

Methode: [1] [ refe p.17 wikifree.com
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I PROJECT SCHEDULING CALCULATIONS

I The Backward Pace f

|
Find how late activitiec may occur without moving the target finich.

04 / LATE DATES l

T

‘ THE FORMULA

($=(F-D

(F = lowest (§ among immediate cucceccors.
Set final (F = 15, the finich caleulated on page 03.

| WORKED EXAMPLE: CALCULATE RIGHT TO (EFT

e

(§

12 |

ﬁ Activity (F caleulation (F
| F Project finich 15
E (Sof F 12 10
), (Sof F 12

C (Sof E 10
8 min(2, 10) ?

A min(3, 4) 3

WHY THE SMALLER NUMBER WINS "
B muct finich by 7 for D, even though E can wait until 10.
A muct finich by 3 for B, even though C can wait until 4.

w << S u»v N ow o

Q W <«

V- S

EARLY AND (ATE DATES ARE NOW AVAILABLE |

| | For C:€S=3 EF=9,(S= 4 and (F= 10.
The one-day gap between its early and late dates ic ite total float.

| | KEEP THE FINISH TARGET VISTBLE ﬁ
| Thic pacs uces (F = 15. A different required finich changeg late dates and float.
For ceveral ending activitiec, connect them to one zero-duration finich milectone.

|
Methods: [1] [ refep.17 _ wikifree.com ; 04 | |
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I PROJECT SCHEDULING CALCULATIONS

Find the Critical Path

Ldentify the linked route that controls project completion.

e o I— e e —— e o e e = e
== =

T

‘ THE FORMULA

Project duration = longect path duration

For thic FS, zero-lag network, add durations along each complete path.

’I Complete path Duration caleulation [otal
ﬁ A-B-D-F 3+4+5+3 15 dayg
| A-C-E-F 3+6+2+3 14 days
A-B-E-F 3+4+2+3 12 days
" CRITICAL ROUTE TN ORANGE
B D
1 9 days t 5 dayg
A a
3 daye 3 daye
c [ ¢
|[] 6 days 2 days

CRITICAC PATH:-A-B-D-F

Thic route takee 15 daye. Ite activitiec have zero total float in thic model.
A-C - E - Ficonly one day chorter, co monitor it clogely.

| | RECALCULATE AFTER A CHANGE

| | More than one path can be critical; the controlling route can alco change.
Constrainte, calendare and recource limite can complicate the zero-float rule.

Meihodc.- 2] refr'g_" pilt WI‘AéI'/( ree.com
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I PROJECT SCHEDULING CALCULATIONS : 06 / TOTAL FLOAT I

T

Caleulate Total Float

Measure room to move before the project finich is affected.

THE FORMULA

TF=(S-ES=(F-€EF

Uce early and late datec from the came cchedule calculation.

WORKED EXAMPLE: THE COMPLETE FLOAT CHECK

Activity ES (¢ EF (F
A Y 0 3 3
B 3 3 7 7
C 3 q 7 10
D 7 7 12 12
E 7 10 11 12
F 12 12 15 15

V- S

READ ONE ACTIVITY TWO WAYS
C: TF = 4 - 3 = 1 working day.
Croce-check: TF = 10 - 9 = 1 working day.

C CAN USE ONE DAY BEFORE PROJECT FINISH MOVES

A B, D and F have no total float.  and € each chow one day.
Thoce values are not ceparate allowances you can cimply add together.

FLOAT IS A CURRENT CALCULATION

It depends on durations, logic, calendars and the finich target.
Pocitive float doec not quarantee that every cucceccor can ctay at its early date.

Meihodc.- 121187+ refr'g_" p-17

wikifree.com
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I PROJECT SCHEDULING CALCULATIONS | 07 / FREE FLOAT ‘

I Caleulate Free Float f

|
Meacure delay that leavee every immediate cucceccor at ite early ctart.

T

‘ THE FORMULA

FF = min(ES of cucceccore) - EF

Thie formula ic for finich-to-ctart linke with zero lag on one calendar.

WORKED EXAMPLE: (00K AT THE NEXT ACTIVITIES

Activity Succeccor ES EF FF
lj A min(3, 3) 3 0
8 win(7, 1) 7 o ||
C 7 7 Y
D 12 12 0 |
| £ 12 11 1 '
F Finich milectone: 15 15 Y,

TOTAL FLOAT AND FREE FLOAT ANSWER DIFFERENT QUESTIONS |
| C hae TF = 1 but FF = 0. Delaying C movee € immediately.
| € hae TF = 1 and FF = 1. It can finich at 12 without moving F.

FREE FLOAT PROTECTS THE SUCCESSOR DATES |

C can uce one day of total float, but € must then start one day later.
The project ctill finiches at 15 because € has room before F ctarte.

|| DO NOT REVUSE THIS SHORTCUT FOR EVERY (INK ﬁ
| | With FS lag (: uce min(ES of cucceccor - () - EF.

Other relationchip types and calendars require the correcponding ccheduling rules.

=T - = 5=

|
Methods: [1], [8] | refe p-17 : wikifree.com 07 | _


https://wikifree.com

— s — e ST T e e o e = e e e o e s

I PROJECT SCHEDULING CALCULATIONS

I Float I¢ Shared f

|
[wo activities chowing one day of float do not create two cpare days.

08 / FLOAT IN USE l

T

‘ THE KEY IDEA
C and € chare a one-day path margin

A-C’-E-F=3+6+Z+3=7‘/a/ay§'.
[he controlling route takes 15 days: the difference ic only 1.

| WOPRKED EXAMPLE: CHANGE THE DURATIONS

e

ﬁ Seenario C duration € duration Project finich
l Original plan 6 2 15 |
C takee 1 extra day 7 2 15
€ takes 1 extra day Z 3 15 |
11 Both take 1 extra day ? 3 16 I
TRACE THE COMBINED CHANGE
C now finiches at 3 + 7 = 10. i

E ctarte at max[z?, 10) = 10 and finichec at 10 + 3 = 13.
F ctarte at mw<[72, 13) = 13 and finichec at 16.

V- S

TWO EXTRA DAYS CAUSE ONE DAY OF PROJECT DE(AY |

The first extra day concumes the margin; the cecond pushes the finich.

C and € are on the same route, so their float cannot be cpent twice.

| [ Accese crAnGeS ToGETHER ﬁ
| | After concuming float, recalculate the whole network and update the remaining float.

A ceparate one-activity check can mics the effect of ceveral changes on one path.

|
Methods: [2], [4] [ refe p.17 : wikifree.com : 08 | |
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| PROJECT SCHEDULING CALCULATIONS

Four Dependency Typec |

A relationchip telle you which ctart or finich must wait.

09/ DEPENDENCIES l

‘ FS/ FINISH TO START §<S/ START TO START
Start(B) >= Finich(A) Start(B) >= Start(A)
B mugt wait to ctart until A finiches. B may ctart once A hae ctarted.
Example: build before tecting. They need not ctart together.
P FF / FINISH TO FINISH SF / START TO FINISH
|| Fnich(8) >= Finich(A) Finish(8) >= Start(A)
! B cannot finich before A finichec. B cannot finich until A ctarte. |
B may ctart earlier than A. Example: incoming chift releases old chift.

- WORKED EXAMPLE: FOUR SEPARATE ALTERNATIVES

| A rung from time 5 to 10. B takes 3 daye. Accume 2ero lag, |
| no other linkse and no rectriction other than ctarting at or after time 0.

Link from A to B Earliest B ctart Earliect B finich
FS 10 13 |
! 59 5 8
FF 7 10
SF 2 b)

s Thece are alternative links, not four requirements applied at once.

| | AUINK IS A LIMIT, NOT A FORCED EQUALITY ﬂ

| | The eymbol >= meane ‘at or after’. Another predececcor may make B later.
SF ic uncommon: check which activity ic the predecescor before chooging the link.

P S o= g = v et s oo R

|
Methode: [3] [ refe p.17 wikifree.com : =07 | |
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1 Calealate (age & (eads |

Add waiting time or model a justified overlap between activities.

—=

|| 7HE FoRMULA

| ES(next) = max[EF(pred) + (]

For FS links: pogitive ( adde lag; negative ( reprecente lead.
Apply every predececcor link, then take the latesct permitted ctart.

| WORKED EXAMPLE: A TAKES 6 DAYS: B TAKES ¢

A starts at 0 and finiches at 6. B has no other predecescor.

e

All durations and offcete below uce the came working calendar.

_\.-..l_|=.l_

FS link B ctart calculation B start B finich

(ag +2 6+ 2 8 12
l Zero lag 6 + 0 6 10 |
| lead 2 (( = -2) 6 -2 q 8

BACKWARD PASS: REVERSE THE OFFSET |

CF[,bkea/} = min[ég[hext) - C]

IF the cucceccor (S ic § and the lag ic +2, predececcor (F = 6.
IF the cuccesccor (S ic 4 and the lag ic -2, predececcor (F = 6.

T

| | OVERLAP NEEDS A REAL WORKING ASSUMPTION

An FS lead permite B to begin before A ends; it does not prove readinegs.
Ldentify the deliverable that allows the overlap and accece rework exposure.

| | KEEP THE OFFSET VISTBLE ﬂ

| | Uee an explicit activity for a wait that needc ite own tracking, recources or ctatus.

Software may uce a different calendar for lag; check the cetting before comparing dates.

S ——— e

Methode: [ 7J [ refe »1 7 w,‘é,‘ﬁ,ee. Com 1 : 10 ! |
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11/ DELAY EFFECT ‘

] Uhen an Actl'w'tz S,/IEC

| Tect how an icolated duration increace changee the project finich.

e ey

‘ THE FORMULA
Finich delay = mox(0, extra duration - TF)

(imited chorteut: one duration increace in thic bacic FS, zero-lag model.
Uce original TF; hold all other durations, logic and calendare fixed.

| WORKED EXAMPLE: START FROM THE 15-DAY PLAN

e

lﬁ Teolated change Original TE  Extra daye New finich
D: 5 to 7 daye 0 2 17
C: 6 to 7 daye 1 1 15

| C: 6 to & daye 1 2 16

!

VERIFY THE (AST ROW THROUGH THE NETWORK
C finichec at 3+ & = 11.

€ rung from max(2, 11) = 11 to 13.

F rung from max[72, 13) = 13 to 16.

The new controlling route ic A-C - € - F.

V- S

For C: moax(0, 2 - 1) = 1 day of project delny.
For D: no float ic available, <o the full two daye reach project finich.

A TWO-DAY ACTIVITY SLIP CAN MEAN A ONE-DAY FINISH SUIP | |

| | DO NOT ADD SEPARATE DELAY ESTIMATES

| For multiple changes, recaleulate the combined ccenario; page 08 chows why.

This ectimates cchedule impact, not recpongibility, compencation or contractual entitlement.

Methode: [1], [2] [ refe p.17 wikifree.com
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| PROJECT SCHEDULING CALCULATIONS

] Deaa//inec & /\/egative Float |

| Separate a required completion date from the finich the logic can achieve.

12 / NEGATIVE FLOAT l '

—=

‘ THE FORMULA

Finich marqin = req uired finich - forecact finich

For the running example: required finich 13 - forecact finich 15 = -2.
The plan ic two working days longer than the allowed completion time.

| WORKED EXAMPLE: RUN THE BACKWARD PASS FROM 13

e

|| Aetivity EC a (s (F TF
! A 0 3 -2 1 -2 |
5 3 7 1 5 -2
C 3 7 2 8 -1
| D 7 12 5 10 -2 |
| E 7 11 8 10 1
F 12 15 10 13 -2
CHECK ACTIVITY D |

| D(CLE 70 IS 6:ATFE =5 72/=1-2.

[he required late ctart ic earlier than its feacible early ctart.

THE DEADLINE DOES NOT SHORTEN THE WORK |

Early dateg ctill forecast completion at 15. The target remaine 13.

A recovery change or an agreed target change ic needed to cloge the gap.

|
| | keeP CONSTRAINTS EXPLICIT ﬂ

| | MNegative float ic a warning that the current model micces a required date.
Check logic and the justified deadline before chooging a practical recovery option.

|
wikifree.com 12 |
L R ST R ——— - —— :
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| PROJECT SCHEDULING CALCULATIONS ] 13/ STATUS UPDATE l

1 Uedate Eemaim'ng Ufork |

Uce actual progrece and a frech estimate of the work ctill to do.

—=

‘ THE FORMULA
,Qemaim'ng Finich = remaining ctart + RD

RD = remaining duration, meacured in working time.
For unfiniched work, recpect the data date and all remaining dependencies.

| WORKED EXAMPLE: DATA DATE = TIME 7

A finiched at 3; B finiched at 2. C started at 3 and ic ctill in progress.
C now neede 4 more daye. D, € and F have not ctarted.

Accume work can continue from time 7 with no recource interruptions. |

e

Activity Statuc at time 7 RD Remaining ctart Finich
| C In progrece q 7 11 |
| D Not ctarted 5 7 12
E Not ctarted 2 max(?, 11) = 11 13 |
| s Not ctarted 3 max(12, 13) = 13 16

READ THE UPDATED FORECAST
The remaining C - € - F chain takee 4 + 2 + 3 = 9 daye.
From data date 7: forecact finich = 2 + 9 = 16. |

FINISH SCIPPAGE AGAINST THE ORIGINAL PLAN = 16 - 15 = 1 DAY

Record the forecact and ite cauge; retain the approved baceline for comparicon. ﬁ

| | ESTIMATE REMAINING DURATION FROM THE WORK

| | Phycical percent complete doec not automatically tell you the time ctill needed.
Precerve actual hictory. Accece unfiniched work from the data date onward.

P S o= g = v et s oo R

|
Methode: [4], [5] [ refe p.17 w/éiﬁ'ee.com‘ & : E |
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| PROJECT SCHEDULING CALCULATIONS

] Recover [ime: Craching |

| Compare added direct coct with the project time actually caved.

14/ TIME & COST l '

‘ THE FORMULA

Coct clope = (CC - NC) / (ND - CD)

NC/ CC = normal / erach coct; ND / CD = normal / erach duration.

Accume a feacible, linear coct increace over the ctated duration range.

| WORKED EXAMPLE: ONLY C AND D CAN BE SHORTENED

e

j Activity — ND CD 4 CC Coct [/ day
D 5 3 £1,000 £1,600 £300 |
C 6 5 £1,200 £1,600 5400

D clope = ($1,600 - $1,000) / (5 - 3) = £300 per day. |
| |
| RECALCULATE AFTER EACH CHANGE

Seenario Project finich Added direct coct
No change 15 50 H
: D:5¢o0 4 19 4300
D:5¢t03 14 $600
D:5to3AND C:6¢to0 5 13 51,000

| After the firct day caved, two pathe tie at 149; chortening D alone
cannot beat the ( route. Saving a cecond project day neede both routee reduced.

|
| | CRASH THE CONTROLLING WORK, WITHIN FEASIBLE (IMITS ﬂ

| | Alow activity coct per day doec not quarantee a day caved on the whole project.
Fast-tracking instead overlapse work; validate handoffs and the added rework rick.

Meihodc.' (6] [ refe p.1 ?

|
wikifree.com 1¢ |
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| PROJECT SCHEDULING CALCULATIONS 15 / WORKED CASE l -

- Worked Case: Full Caleulation f

| A new network to practice the complete caleulation in one place.

‘ GCIVEN: START AT 0; ALL LINKS FS WITH ZERO (AG

Activity Duration Muct Follow
A 2 None
5 5 A
C 3 A
‘1 D g 8 C
' E 2 C
? F 1 D E

SOLUTION: FORWARD PASS, BACKWARD PASE, THEN FLOAT

Aet. D ES EF (¢ (F TF FF
| A 2 Y 2 0 2 0 0 5
’ B 5 2 7 2 7 0 0
C 3 2 5 q 7 2 0
D q 7 71 7 71 Y 0 u
| € 2 5 7 7 171 q q
F 1 11 12 71 12 0 0

Merge at D: €S = max(2, 5) = 2. Merge at F: €S = max(11, 2) = 11.
Backward at C: (F = min({Sof D 2 (Sof E 9) = 2

| CRITICAL PATH-A-B-D-F=2+5+ 49+ 1=12DAYS
Chae TF =2 but FF = 0; € hac TF = FF = 4.

A delay in C moves € inmmediately, even before the final completion date changes.

|
| | THIS CASE HAS DIFFERENT DURATIONS AND LINKS ﬂ

| | Uee thic page ac the input for page 16; do not mix it with the earlier 15-day example.
All datee are working-time boundariec on the came calendar, with no recource limite.

- P R g R e et e

|
Methods: [1], [2] [ refe p.17 wikifree.com : =15 | |
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l PROJECT SCHEDULING CALCULATIONS B 16 / WORKED CASE ‘

1 Worked Cace: Delay & /eecovery |

Continue the new cage from page 15 and trace the changed critical route.

—=

|| 71e ctianice 1o Test

| C duration increacesc from 3 to 6 days

Extra duration = 3 days; original total float of C = 2 daye.
All other inpute ctay fixed. Expected finich delay = max(0, 3 - 2) = 1.

1. RECOMPUTE EARLY DATES

e
e

| Activity ES Duration EF
| A 0 2 2 |
5 2 5 7
C 2 6 8
D 5 q 12 |
]1 E 5 2 10
F 12 1 73

D muct wait until C finichee at 8. F muct wait until D finichee at 12.
The controlling path ic now A-C-D-F:2+6+ 9+ 1=13

2. TEST ONE FEASIBLE RECOVERY OPTION
IF D can be chortened from 4 to 3 days, D rune from 8§ to 11.
F then rung from 11 to 12: the original finich i¢ recovered.

V- S

| | PECOVERY TAPGET: 13 - 1 = 12 WORKING DAYS

A-C-D-Fnowtakec 2+ 6 +3+ 1= 12 days.
Confirm the cost, staffing and quality implications before adopting the change. ﬁ

| | RECOVERY MUST AFFECT THE CURRENT CONTROLLING PATH

| | Reducing B alone cannot recover the loct day after the C route becomee critical.
After any accepted change, rerun both pacces and update float for every activity.

N i ——————— L L — - e et s -

MetAOL{Q [7] [2]/ref§’,b 17 w,‘é,‘f},ee.com 76 | |
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l PROJECT SCHEDULING CACCULATIONS

i Your Formula Deck Reference

Mateh the formula to ite accumptions before ucing the result.

17 / QUICK REFERENCE

| [ sacte com: e (o R0 (A6, 0NE CALENDAR
I ES = max(EF of ,bkea/eceg'g’org’} EF=ES+D
(F = min((§ of cucceccore) ($=(F-D

Start at 0; uce project finich ag the final (F unlecc a target ic cpecified.

‘1 TOTAL FLOAT FREE FLOAT

' TF=(S-ES=(F-EF FF = min(ES next) - EF

g' Room before the required project finich. Room before any immediate cucceccor.
FS CINKS WITH SIGNED (AG (

ES(next) = max[EF(pred) + (]
(Flpred) = min[(S(next) - (]

Pocitive ( = lag. Negative ( = lead. (/ce a concictent lag calendar.

Crach clope = (crach coct - normal coct) [/ (normal time - crach time)

Linear coct agcumption; chorten controlling work and then recalculate.

BEFORE YOU TRUST THE ANSWER

Check linke, duration unite, calendare, conctrainte and the data date.

T

Float can be chared. Check all critical and near-critical routes.
Recaleulate combined changes; a deadline doee not comprecs the work.
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