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CCS - Call Center Scheduling

1. General Description

The purpose of this package is to generate periodic schedules for call center
employees. The goal is to generate schedules that meet the required level of service
and the constraints imposed by work rules and personal constraints in an optimal way.
This package is utilized as a planning tool; currently the planning horizon is one

week.
There are four phases in the planning process:

1. Forecast of the nu?nber of incoming calls per each half hour, during the whole week
(336 entries).

2 Conversion of incoming calls numbers to number of people needed to serve these
calls, so as to meet a certain level of service. The output of this phase is the number
of operators required for every half hour during the whole week.

3. Cover the half-hour graph of manpower requirements by valid shift duties in an
optifnal way. A valid shift duty has attributes such as length, (number, length and
location) of breaks, allowable start hours, personnel qualified to perform the duty
and more.

4. Assign an employee name to each shift duty, such that all work rules and most of

the personal constraints are met.

2. Technology Details

a. The forecast is based on past history + type of day in week + particular season
in the year + holidays data (if the forecast has to cover a holiday). Certain
weights are designed for tuneup.
we had to estimate the number of multiple calls of the same person, (retrys) A
special experiment was designed for this purpose.

b. Computing the required number of people from the estimated number of
incoming callg is done by simulation.
The main inputs to this imulation are:

& The service level to be achieved.

» The probabilistic behavior of incoming calls arrival.

S -



¢ The average and variance of the duration of one call.

¢ The number of queues in which incoming calls are buffered.

+ Special handling in case of too many calls. (Passing calls to other centers).

¢. Covering the hourly requirements by valid shift duties.

This problem is solved via an integer programming model, using IBM’s OSL
package.
The constraints come from several sources:

e The half-hour requirements graph.

¢ The strocture of shift duty.

s The availability and guantities of personnal qualified to perform certain shift

duties.
the mnteger solution is very close to optimal.

d. Assigning employees to shift duties, _
This problem is also solved by an integer programming model.
The constraints come from:
& Work rules.
¢ Personnel Availability limitations..

Rotational duties.

]

Uniformity requirements.

There are 6 call centers and the work rules vary from one center to another,

The model enables us to describe the different rules just as different linear constraints

without touching the algorithmic engine.

3. Configuraion
CCS runes under Windows 95, The forecast and simulation code is written in ¢. The
database system and GUI are written in MS access. The matrix generation code is also

written in Access.

.
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4. Results

The system runes in Bezek (Israeli Telecommunication Company) in Tel Aviv
directory assistance Call Center for about 14 months very smoothly. This Call Center
employs 240 people. about 1000 shift duties are assigned in one week.

Running all four phases successively takes about one hour on a 133MHZ pentium.
Afterwards, the system needs manual *finish’ of about two more hours.

Before our system has been put into production, the fourth phase by itself used to take
three days for an experienced scheduler,

A Jot of experience was gained, especially in modeling and solving scheduling
problems via mathematical programming, by using the OSL package on PC

platforms.

Yossi Shiloach

Haifa Research Center
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'Dependent 1IRxn ~ 6 1801 WIDI
Public shift, a, to be meshubats As Integer
Public Const workers n = 107 'number of workers
Public Const shifts n = 79 'number of shifts
Public run num 'number of iterations
Public Const max_run num = 200

Subk dependent {)
' randomly generates a worker and places him in all the shifts
' he registered for, as long as they aren't full

''initialiizing
For k = 1 To max run num

For § = 1 To 3

'initiallizing max/min/avg table in time worksheet
Worksheets ("time™).Cells {24 + 3, 2 + k).ClearContents

Next j

tinitiallizing stdev table in time worksheet

Worksheets ("time™).Cells{Z2, 1 + k}.ClearContents

For = = 1 To workers n
'initiallizing table in stdev weorker dependent worksheat
Worksheets ("stdev worker dependent”™).Cells{x + 1, 1 + k}).ClearContents

Next =

Next k

For p = 1 Tc workers n

'‘initializing first ¢graph table in match woxksheet
Worksheets ("match™).Cells{p + 1, 24).ClearContents

Next p

For 1 = 1 To 18

'initializing second graph table in match worksheet
Worksheets ("match™} . .Cells (14, 1 + 10).ClearContents

Next 1

For i = 1 To run num
Randomize
For shift ¢ = 2 Te (shifts n + 1] Step 1
'ereates help row -~ num of workers required per shift
Worksheets {"reguirements™).Cells {500, shift c) = _
Worksheets {"requlirements”).Cells {3, shift c)
Next shift ¢

For work = 4 To (workers n + 3)
Worksheets {"reguirements").Cells{work — 3, 251) = work ‘the worker's line
Next work
a = workers n 'npumber of workers left to place
While a > 0
pick = Int{fa -~ 1 + 1) * Rnd) + 1
' generate an integer between 1 and a, pick a worker from the ones left
a=a - 1

For shift = 2 To (shifts n + 1) Step 1

row choosen worker = Worksheets {"requirements”).Cells (pick, 251)
Worksheets {"scheduling™) .Cells (row_chocsen worker, shift} = 0 'initializing
If Worksheets ("requirements™).Cells{row choosen worker, shift) = 1

And Worksheets("requirements").Celis(SOﬁ} shift) > 0 Then
Worksheets {"scheduling™) .Cells {Worksheets ("regulrements"} .
Cells(pick, 251), shift) = 1
Worksheets ("requirements”) .Cells (500, shift) =



shibutz talooy - 2
Worksheets ("requirements”) . Cellg (500, shift) - 1
"if the worker registered for that shift and it isn't full vet - place him
"lower the number of workers needed for that shift by one
End If
Next shift
Worksheets ("requirements™) .Cells (pick, 251).Delete shift:=xlUp 'deletes the cell
HWend
If (i = run num) = 0 Then 'only relevant for the last iteration

Ccall hatamot ' updates second graph in match worksheet

For & = 2 To {(workers n + 1) 'updates first graph in match worksheet

Worksheets ("match") .Cells({t, 24} = Worksheets{"match™).Cellsi{t, 4)
Next t©

End Lf

If run num > 1 Then 'update these tables only if there is more than 1 iteration
'updating stdev table in time worksheet

Worksheets {"time"™).Cells (2, i + 1) = Worksheets{"match™).Cells {2, &)}
tupdating max/min/avyg table in time worksheet
Worksheets ("time").Cells {25, 2 + 1) = Worksheets{"match").Cells (2, 5)

Worksheets ("time") . Cells {26, 2 + i} Worksheets ("match™) .Cells (2, 7}
Werksheets ("time") . Cells (27, 2 + 1) Worksheets ("match") .Cells (2, 8)
‘updating table in stdev worker dependent worksheet

For w = 1 To workers h
Worksheets ("stdev worker dependent”).Cells{w + 1, 1 + i) = _
Worksheets {"match™) .Cells{w + 1, 4)
Next w
End If

Next i

End Sub

By



ratamotModule - 1
Sub hatamot ()
For i = 2

To workers n + 1

If Worksheets {"match").Cells (i, 4}.Valus > S0 Then

Worksheets {("match™).Cells {14, 11) = Worksheets{"match").Cells {14, 11}
Elself Worksheets ("match™).Cells(i, 4}).Value > B0 Then

Worksheets ("match").Cells {14, 12} = Worksheets ("match™}.Cells (14, 12)
Elself Worksheets ("match™).Cells{i, 4).Value > 70 Then

Worksheets ("match™).Cells{ld, 13) = Worksheets{"match™).Calls (14, 13}
Elself Worksheets{"match").Cells (i, 4).Value > 60 Then

Worksheets ("match”).Cells {14, 14) = Worksheets{("match").Cells {14, 14}
Elself Worksheets{"match").Cells (i, 4}.Value > 5C Then

Worksheets ("match™) .Cells {14, 15) = Worksheets{"match™).Cells(l4, 15}
ElseIf Worksheets{"match") .Cells (i, 4).Value > 40 Then

Worksheets {("match”).Cells (14, 16) = Worksheets("match").Cells (14, 16)
Elself Worksheets ["match") .Cells (i, 4).Value > 30 Then

Worksheets ("match").Cells{l4, 17) = Worksheets ("match"”).Cells {14, 17}
Elself Worksheets ("match"} .Cells{i, 4}.Value > 20 Then

Worksheets ("match").Cells (14, 18} = Worksheets{"match").Cells (14, 18)
Blgself Worksheets ("match").Cells{i, 4).Value > 10 Then

Worksheets {"matceh™) .Cells (14, 19) = Worksheets ({"match™).Cells{l4, 19)
Else

Worksheets ("match").Cells {14, 20} = Worksheets{"match").Clells {14, 20)
End If

Next 1

End Sub
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'Independent 17gxn -~ 7 90N W9T1
Public shift, a, tc be meshubats As Integer
Public Const workers n = 107 'number of workers

Public Const shifts n = 73 'number of shifts
Public run num 'aumber of iterations
Public Const max run num = 200

Suk independent{}

' goes shift by shift and chooses the werkers who
' will work in that shift

' initiallizing
For k = 1 To max run_ num
For i = 1 To 3
'initiallizing max/min/avg table in time worksheet
Worksheets ("time"} .Cells (21 + 3, 2 + k).ClearContents

Next 3

'initiallizing stdev table in time worksheet

Worksheets {"time") . Cellis({l, 1 4+ k).ClearContents
For » = 1 To workers n

'initiallizing table in stdev worker independent worksheet

Worksheets ("stdev worker independent").Cells{x + 1, 1 + k).ClearContents

Next x
Next k

For p = 1 To workers n

‘initiallzing first graph table in match worksheet
Worksheets ("match®) .Cells{p + 1, 24).ClearContents

Next p

For 1 = 1 To 10

‘initializing second graph table in match worksheet
Worksheets ("match™) . Cells (14, 1 + 10} .ClearContents
Next 1

For i = 1 Tc run num

For shift = 2 To (shifts n + 1) Step 1

Call cre tab 'creates help cclumn
' ¢checks 1F there are less workers who want the job {™a™)
than workers needed
If {Worksheets{"requirements™}.Cells ({3, shift) > a) Then
to _be meshubats = a
Else

¥

to be meshubats = Worksheets ("requirements™) .Cells (3, shift)

End IFf

For z = 1 To to be meshubats
Randomize

'pvigks a worker : .
pick = Int{{a - 1 + 1) * Bnd} + 1
'Int ! (upperbound - lowerbound + 1) * Rad + lowerbound)

row choosen worker = Worksheets ("requirements").Cells (pick, 250}

WorEsheets(Fscheduling"}.Cells(rowﬂchoosen_worker, shift) =

Werksheets {"requirements™) .Cells (pick, 250).Delete shift:=xlUp

a=a - 1 ' one worker less to be meshubats
Next =z
Next shift

I£ (i - run num) = 0 Then 'only relevant for the last iteration
Call hatamot ' updates second graph in match worksheet

For t = Z To {workers n + 1} "updates first graph in match worksheet

Worksheets{"match"?.ﬂells(t, 24) = Worksheets{"match"}.Cells(t,

4)



shibutz - 2

Next ©
End If

If run_num > 1 Then 'update these tables only if there is more than 1 Iteration
‘updating stdev table in time workshesat

Worksheets ("time") .Cells(l, 1 + 1) = Worksheets{"match").Cells (2, &)
"updating max/min/avg table in time worksheet
Worksheets ("time") .Cells (22, 2 + i) = Worksheets{"match™).Cells (2, 5)

Worksheets ("match™) .Cellsi{2, 7}
Worksheets ("match") . Cells {2, 8}

il

Worksheets{"time"™) .Cells {23, 2 + i}
Worksheets {"time™) .Cells {24, 2 + 1)

'updating table in stdev _worker_ independent worksheet
For w = 1 To workers n
Worksheets ("stdev worker independent").Cells{w + 1, 1 + i) =
Worksheets ("match") . Cells{w + 1, 4} -
Next w

End If

Next i

End Sub

Sub cre tab{)

a = (0 ' "a" indicates how many workers want the shift

For work = 4 To [workers n + 3}
' initializing
Worksheets ({"scheduling™) .Cells {work, shift).CleaxContents

If Worksheets("regquirements").Cells(work, shift) = 1 Then
a = a + 1
Worksheets ("reguirements™).Cells(a, 250} = work

" places in line "a&" column 250 the serial number of the
' worker plus 3 (-> the wecrker's line)
End If
Next work

End Sub

S
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Sub hatamot {)

For 1 = 2 To workers n + 1

If Worksheets{"match"}.Cells (i,
Worksheets {"match").Cells ({14,
Elself Worksheets ("match”) .Cells (i,
Worksheets ("match") .Cells {14,
Elself Worksheets {"match").Cells {1,
Worksheets ("match™) .Cells {14,
Elself Worksheets {"match”).Cells (i,
Worksheets ("match") .Cells (14,
Elself Worksheets ("match") .Cells (i,
Worksheets ! "match").Cells (14,
Elself Worksheets{"match").Cells{i,
Worksheets {("match") .Cells (14,
ElseIf Worksheets ("match").Cells (i,
Worksheets ("match") .Cells (14,
Elself Worksheets{"match").Cells (i,
Worksheets {"match™) .Cells (14,
Elself Worksheets ("match™).Cells (i,
Worksheets {"match") . Cells (14,

Else

Worksheets {"match™) .Cells {14,

End If

MHext 4 -

End Sub

4} .

4.
4).
4).

43.
4)
4} .

4)

4) . Value > %0 Then

Worksheets ("match™)
Value > BQ Then
Worksheets ("match™)
Value > 70 Then
Worksheets {"match"™)
Value > 60 Then
Worksheets ("match™)
Value > 50 Then
Worksheets {"match™)
Value > 40 Then

= Worksheets ("match")
.Value > 30 Then

Worksheets ("match™)
Value > 20 Then
Worksheets ("match™)

Value » 10 Then

Worksheets ("match")

Worksheets {("match"}

.Cells (14,
.Cells {14,
.Cells (14,
.Cells (14,
LCells {14,
Cells {14,
.Cells{l4,
.Cells {14,
.Cells{l4,

.Cells {14,

11}
12)
13
14)
15)
163
17}
18)
19)

20)
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Anova mydnNg 09TIUeY DN — 9 0m 1At

T2 X0 THIREYT TURION TIRWRD 10000 1Y THVW |2 ANNDD NP anncva nins

Forit P-value F

Anova: Sin
SUMMARY
Variance Average Sum Count Groups
1.779608 3.019608 154 51 Column 1
0.708235 3.823529 195 51 Column 2
ANOVA
MS df S5 rce of Vara

3.836151 0.000434 13.24874 16.48039

1.243922

1 .16.48038 Between
100 124.3922 Within Gro

101 140.8725 Total

7 pyy Tpowr Replacement jinn jy) iy aw

"2 ARNNL DL CANRGOVER RT3

Anova: Sin
SUMMARY

Variance Average Sum Count Groups

0.812549 3.450%98 176 5% Column 1

0.708235 3.823529 185 51 Column 2

ANOVA
Forit P-value F MS df Y rce of Varia
3.89368151 0.033368 4.654461 3.538216 1 3.539216 Betwesn G
0.760382

100 76.03822 Within Gro

101 79.57842 Toial
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Anova: Single Facior

SUMMARY
Variance Average Sum Count Groups
684.15961 9.813725 500.5 51 Column 1
1.038431 3.960784 202 51 Column 2
ANOWVA
Forit P-yalue F M3 df 53 Source of Variafion
3.936151 1.17E-06 26.796886 873.5515 1 873.5515 Between Groups
32.59902 100 3259.802 Within Groups
101 4133.453 Total
DIXMYD NNNWNG 000N U DAY NP DRNNR DN Anneya nin
Anova: Single Factor
SUMMARY
Variance  Average Sum Count Groups
64 15861 9.813725 500.5 51 Column 14
1.778608 3.018608 154 51 Column 2
ANOVA
F crit P-valug F M3 af S8 Source of Variafion
3.936151 3.55E-08 35702 1177.081 1 1177.081 Between Groups
32.96561 100 3296.961 Within Groups
101 4474.042 Total
NOWED Y THINOD RN 1) ROy pnt e D DT annova ning
Anova. Single Factor
SUMMARY
Variance Average | Sum Count Groups
84.18¢81 9.813725 500.5 51 Column 1
0.979808 3.01¢608 154 81 Column 2
ANCVA
F crit P-value F AMS df SS Source of Variation
3.936161 3.01E-08 35.14047 1177.081 1 1177.081 Between Groups
3256961 100 3256.861 Within Groups

101 4434042 Total
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Anova; Single Factor

SUMMARY
Variance Averags Sum Count Groups
6415861 8.813725 500.5 51 Column 1
0.708235 3.823529 195 51 Column 2
ANOVA
F ot P-value F MS df S5 Source of Variation
3.838151 6.6E-07 28.21128 915.0025 1 915.0025 Between Groups
32.43392 100 3243.392 Within Groups
101 4158.395 Total
DABWURI 0T I THPIWT AN 3 ANNND NPT ANNova [
Anova: Single Factor
SUMMARY
Variance  Average Surmi Courtt Groups
64.15861 9.813725 500.5 51 Column 1
(.86382G 3.784708 192 51 Column 2
ANOVA
F orit P-valus F MS df SS Source of Varfation
3.936151 5.42E-07 2558836 932.06813 1 933.0613 Between Groups
32.51157 100 3251.157 Within Groups

101 4184.218 Total
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