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Little’s Law for Retail calls, May 2002: US Bank

A: Throughput Rate, Retail, May 2002; US Bank

to cffered Retail Total
H=y2002

Arrivals

2002 »nm wn s 199

0000
45000

4v000

30000

W: Average Waiting Time, Retail, May 2002; US Bank (Wq)

Zverage Weiting Time, Retail
My 2002; US Bank

L: Average Queue Length, Retail, May 2002; US Bank (Lq)

#Customers in Gueus [Average) Retail
May 2002; US Bank

\ A
j v “»ed V § \")
' 10 1 26 £l
Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A |38476] 36144[37414[ 14194 7107| 38587| 33572] 33220| 33344|34009] 14807 7141]|41293] 37653| 36672| 35265
w 5.6 33| 80 100 6.1 2.6 1.9 1.9 1.8 3.8 105 48 3.5 34 6.8 4.2
MWL 248 1.39] 348 165 050] 1.14] 074] 0.74] 068 1500 1.79] 040[ 1.69 1.47] 2.51 1.71
L 2500 1.40] 3.49] 1.66] 050 1.15] 0.74] 0.74] 071] 1.51] 1.81] 040] 1.71 147 2.94 1.73]
Date 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
A |35338| 15533| 7530| 40534 35493| 34070| 34005| 32512 13100| 5909 1558 43980 38163| 38416| 40284
W 54| 276 8.1 3.0 2.1 21 3.2 3.5 2.3 6.4 37.0] 5.5 2.7 25 3.2
A*W] 219 498] 071 1.41 087 083 125 1.30] 035 044 067 329 1.18 1.11 1.47]
L 2201 497 0.71 1.42] 0.88] 0.84 1.27)  1.31 0.37( 0.44| 067] 3300 120 1.12 1.48]
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2001/8/16 »39 by MyYW NS :2 99)
Little’s Law for Retail calls, August 16th, 2001: US Bank

4: Throughput Rate, Retail, August 16™, 2001; US Bank

Arrivals to quese Retsil
16 Angust 2001

700 9:00 11:00 13:00 15:00 17:00 18:00 21:00 23:04

Time (Resclution 30 min.)

W: Average Waiting Time, Retail, August 16™, 2001; US Bank

Aversge wait time(waiting) Retail
16 August 2001

7100 500 11:00 13:00 15100 17:00 19:00 21:00 23:00

Zime (Besclutics 30 mim.}

L: Average Queue Length, Retail, August 16™,2001; US Bank

# Customers In Queus (4versge) Ratall
August 16, 2001; US Bank

) 1
I

i ]

A

, M LA

700 800 11:00 13:00 16:00 o0 18:00 2100 22:00
time (resciution 30 min)

[~=:2 Customers In Queas ——Litbes Law

Time 7:00 7:30 8:00 8:30 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00
A 443| 639 967| 1291] 1998| 2166] 2278] 2231| 2158| 2135| 2000 1408) 1311] 1303| 1323| 1285] 1340
w 1.7) 32| 12] 15[ 24] 28 24 26 20 1.3] 13 0.8] 1.0 10( 08 08 15

AW 042] 1.14] 068] 1.06] 272] 342 3.01] 3.18] 244| 1565| 147] 064] 072] 072| 062 0.59] 1.08
L 0.42] 1.14] 0.68] 1.06] 2.72| 340{ 3.02] 3.17] 241 1.59] 148 064] 072] 072| 062 0.57] 1.11

Time 15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30
A 1258|1235 1167| 942] 788| 752 803] 619) 485 437| 421| 386| 336) 311 274| 251] 193
w 35| 36] 158 42| 24] 49 518] 100[ 35 17 13 21 33 14 2.0] 143] 326

AW 12422] 2.45) 10.2) 2173| 1.06] 2.05|23.16| 3.43| 0.95| 041)0.314]| 044| 062 024 030] 2.00f 3.50
L 2.37] 2.49(1017] 2.16] 1.07| 1.94{23.11] 3.59) 095 040| 031 0.45| 062] 0.24] 030] 1.83] 3.63

(NN NIVWNN NN DINY NID) NAN NI/MAN ; D»pNn NO/D»pnn Little pn : pawn
:920N

TN, NXIN DT NIPN ,NMIYY ORI DY P39I 0y Little pin Yv myp nx wunn 2 99
MINNNN NPT NMIVN MNINIY H91 191,278 AXNY NN NYINI NYITI NIIWNNIY NP OOPNN
LN 2NN NDP : NIIWHN NN DIMA NN N2 PXININN N2INA (MPT) DINP




Little’s Law for Russian calls, May 23rd, 2005: Israeli Telecom

A: Throughput Rate, Russian, May 23", 2005; Israeli Telecom

Arrivals to queue Buzsisn
23 May 2005

Mumber of cases
-

7:00 s:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00

%ims (Resslutien 30 min. )

W: Average Waiting Time, Russian, May 23“1, 2005; Israeli Telecom

Average wait time(all] Fussisn
23 May 2005

7:00 8100 1200 13:00 1500 17100 18:00 2100 23100

Time (Resclutien 30 min.)

L: Average Queue Length, Russian, May 23"’, 2005; Israeli Telecom

& Customers in Queus |Average) Russian
May 23, 2005; lsraeli Talecom

. 1

:, N .

g . AW

5, ' YN
: A 1\ [ VI
TN /' | | \
S I | %
A Y A = VAV |

YA i

700 =00 e 13:00 2600 AL 15200 2000 23:00
tima irecalistion 30 miny

Time  7:00 7:30 8:00 8:30 9:00 9:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00

A 12 12| 22 4 59 59 36 52 43 56 81 i1 20 46 67 56 50
W 169 13 114] 1660|1489 8a7] 74| 274| 07 39| 203 749)1254| 463) 414] 479 377
AW 011] 001] 014] 424]) 483 291 016] 079 0.02] 012] 091 254] 557 118 154] 149 105
L 0.08] 004] 014 367| 483] 318) 016] 079 0.02] 0.12| 088) 257| 532| 144 136 167 100

Time  15:30 16:00 16:30 17:00 17:30 18:00 18:30 19:00 19:30 20:00 20:30 21:00 21:30 22:00 22:30 23:00 23:30
A 57 52 62 70 75 79 63 68 BDI 55 55 56 56 43 27 14 3
W 667] 224| 79.2) 156.6] 118.6) 139.3) 143.6| 1502 179.2_| 151.3| 200.5) 2195] 2247 234 337| 107.0 07

AW 208 065 273] 609] 4894) 611] 542 563 597 462) 6400 6.83) 689 211 051] 083 000
L 213 0s82] 234] 551 5.82] 561 603 304 8.63] 434 599 718 635 261] 051] 0.83] 000
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29 Yy MYV
2005/5/23
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: NVN
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L(t) = j A(U)PW >t—u)du
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1919 M/M/1 noyna oowann oon =L qwxo | E ( Lt ) 2N NNON NN (MNP 5) 2.2.1

Sys sys

.NOIYN2 DXWVIND 190N NOMN NN XYM NINRYN 7D NN NNDN 28N .22X 28N (MN+MIPY)

%ﬂi =607,

99 DONNN NVIW Y = NAIWVN

iﬂ'i =1
i-0

7, =0.94' 7,
1=>094"7y=——— 7, = 7, =1-0.94=0.06 = 7, =0.94'10.06
— 1-0.94

pn L, ~Geoy(0.06)  »»  vapy  P(Ly, =i)=7,=0940.06 1 anwn

E(Llsys)_o.94_15g

006 3

S5m0 MIM/L 510 2% 233 1na mnnnn 1t -W, s, E (W, ) nx xsn mynps 2) 2.2.3

:DAVN

=) 55
BalVa) E (Wsis ) = P R 28% =0.2778hour =16.7 min ,Little nnow »ab
5

E (W, )=E (W, )-E(Service) =16.7-1=15.7 min




:Y0M5N M/M/5 N0 S 7207 18P NHXDNIT NN DOVN (MNP 2) 2.2.4

282 282\ /282 282 282 282\
éég /s § ;Gé ;é a
60 120/ \300 300 300 300/

NINS M2y 971 M/M/5 noayna 1 na mannnn Pt —Wq5 qwno L E (qu) NN NSO (M3 3) 2.2.5

.2 NONY 91D DY TWNR MINSINTND Y 29T NN ) MY PYo

: N2IWDN
0 w.pl-E,
w? "
.E(Wj):iuzmuli P9 2~ 1
g "nl-p y exp| mean==—+| w.pE,,
nl-p
By, DNNSD)
RoABR o A AT o,
u 60 nu
0 1 2 3 4 5 2 3 4 5
720‘1=R— R R—JrR—+R—+R—:1+4.7+4'7 +4'7 +4'7 + 4.1 =372.9
or 1 2t 31 41 5!(1—p) 2 6 24 510.06
7, = 0.00268
5
E =2" 1 500268-0.854 1o
’ 5! 1-0.94
, D100
.E(wq):i[o.asml L _0.047 hours = 2.85min
60 51-0.94




M/M/n (Erlang-C) queue
e Poisson arrivals. rate A:
e 1 exponential servers, rate pi.
Widely used in call centers.

agents

ACD
arrivals
— ueug
Transition-rate diagram
I 7L
\_0 1 2) [ XX ] +2 e

\n l/.—\n ) @n+
np np np

A= A, i>0,

i = (jAn), j=>1.
Agents’ utilization

nu
Assume p < 1 (R < n) to ensure stability (as in M/M/1).

Steady-state distribution:

i
|

5
|
S
~ .
N

n,

-1

{

S
Il

5 R R
. n!(1 — p)

where R = — is the offered load.
T,



Erlang-C Formula (1917):
Delay probability:

%

. . | R* 1
P{W, >0} = Ep, = Zm ]

=n

Erlang-C computation: recursion, see Erlang-B below.

Number-in-queue:
P{Ly=i} = Ean-(L=p)p', i>0,
or
0 wp 1 — FEay,
L, =
Geom(1l — p) wp Eay,

Waiting time distribution:
W, 0 wp 1 — Eop

1/p a exp (1‘1‘1:‘32.11‘1 = % : llp) wp Fap
Compare with M/M/1!

Departure process: Poisson(A) in steady-state.
Proof via reversibility, as with M/M/1.



(57993 25) 5% 9991 — 2 YNV

4CC n9tya wN

DMIWPNHD MMPY Sw 10 MNPwn 27 .GazolCo Yv m 1w 19992 D172 DITPIN WY NYAIN

,MPT 4 XIN YNNI DL NMPY )IT D N NNMIY MNPY HONMN .ONDY DN NIVN DX DOVD

DN NN .NPT 3 NN NYHINHN NN L, YXINIA Nywd MmNy 180 X MDD MMWN asp

ACC moin NIHtya DIRNND YPN AP NOIWNN NN NMD NPWN DNIND YD

9901 TIvA) DTN MDINN MNPWN AXP ONX NP NN PITAD NN NN DN (MNP 3) 2.1

SY MDD NINDIVN ION DIANNA NP NP MINNNN NINDIV XNV PPN (V1P INYI DNIYN

NN .M/M/N+M 5110 nazya »wm M/M/N 57in natya pon TNX ,MIDmn Yv D009

.DONAIVN 120N DTN DR NNINNN NINYIVLIN

1 nbav
Calls Average Speed Agent's .
Per Hour | of AnS\?ver (psecs) Occupgancy (%) P(Wait>0)
180 57.8 85.7% | 1-0.518=0.482
185 79.6 88.1% | 1-0.447=0.553
190 1135 90.5% | 1-0.37=0.63
195 171.3 92.9% | 1-0.286=0.714
200 289.2 95.2% | 1-0.197=0.803
205 647.0 97.6% | 1-0.101=0.899
210 | n/a n/a
2 nYav
Calls Average Speed Agent's .
Per Hour | of AnS\?ver (F;ecs) Occupgancy (%) P(Wait>0)
180 9.2 80.7% | 1-0.699=0.300
185 10.6 82.2% | 1-0.666=0.333
190 12.0 83.7% | 1-0.632=0.367
195 13.5 85.1% | 1-0.598=0.401
200 15.1 86.3% | 1-0.564=0.435
205 16.8 87.5% | 1-0.530=0.469
210 18.6 88.7% | 1-0.497=0.502

: NAVN

NN 09 ) .M/M/M+M mwvs oy 51 ntya 2 nvavy M/M/N S1in natya npan 1 nHav

-1 DY) MIMNY NYIN 8P ONX X XD MOV XOY STINN Tiva 08 THn MY uin oy 51NN »

ywd Moy 210

10




NYINN AXP NNA .N/a TIvN Y 1 1520 SW NNINKND NNV NITN YPA0N (MNP 3) 2.2
9901 N2IWN DAPNN 12 MDNIOPNN

:DVN

210 -n wnn Yop NYIN a8p Y5 M1y 60/4*14=210 991 ,nu>k 1y 95 % Erlang-C 51

-2 TIY IR 91T TIY 93 9123, MDY TTH AWNN NIDINM NN NIIWNNY DAP) NYYY NIMpY
2N R NOIWNNY 5Py 210

1119y 0 NNDIDN VNI NTNL ,DINAN DITTNHY NIPIY DIANN DNNX NN IIN (MNP 4) 2.3

NN NHD .OONIWN MDY, NNND TIX Y30 ,(ASA) N1dYY MINnNN a1 YXINND ,00WONN HINN
.198P2 05NN 1PN NNDIN NWNN

:112Y NNYIADN VNI IWND : NIVYN

TP/ NYY : DVONN NN

79 7793 : (ASA) MY NINNNN T YN

TP /AR L NNN TN YNNI

TIN / ASYRH : DONIYN MDN)

DYWL MNP INY 1991 DT MPO DY NYINNN NNDADN ,NDW NNDIDN VNI IWNI : 110N
01,192 .NTI2 DYDY POPO NND DINY NN MIPYI MOND IRY MNPSOS MIND TIN NRYIND
AT DXNIWN MDIXN MNNNN YIY
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NVRY 20 -9 790 N NOINY NOYN MNIPHN NNYAD ONX DOWOLNN INKD MIP> NN (MNP 4) 2.4
.DONIVN 120N DN DMIPNA GRYN NN DTN

:DNVDN

WINY MPY 95 1991,0-5 GNIY NNIZIDN YXINN ,NIDIND N2 NNZIADN TVNII TWUNI : §—0
MMPoN HDINRD MMV 7P’ 51252 DIWONN % DT .NIIYHN NN T ANY NI NIV PR TUND
M/M/N/N noynd naxw novnn mt asna . P(Abandon) — P(W > 0) - pyoy navwh ooynann

.(Erlang-B)

,I0I99) WO XD MPY G, NOIND NIV NNYA0N ¥ ,0 -5 791 MDD 90N IWNRD : 0—0

. (Erlang-C) M/M/N n57yn5 nanw naynn 199, (P(Abandon) — 0

YSIMN SV PPN PMPT 1.5 TN 0O¥IN HNKRY DY NNMIND NN DXPTIA IWNRD (MNP 7) 2.5
: NI 9N NN DDAPN NNOION

%Answer within Target

0.93

0.925

0.92
0.915

0.91 /{
0.905

0.9 /
0.895 -I[

089 T T T T T T 1
0] 100 200 300 400 500 600 700
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I NN GNO VTN 1IN

MATW 1 TXY )N YPHN .MNIAP NWO MPT 1.5 Tin 00y Xow mNpbin X POND 11 ;309
91 NYONN NI20NY

:DAVN

(MPT 1.5 NN IN 99) Wwoiw mNMpoo ,mipT 1.5 7in 00y XIY mMNIpon X poNY 10N

MpT 1.5 -n 901 9nXD MY 152391 WD) ROW NiMpo
DXY2PM) WL NOY MINPON HINK .MIDADN YXIIN DY 7PNPNDD 191 DOWOLNN MMPON HINK

INY YW MNP DXRY NI) NDW NNDAON YINNY 535 NOW MPT 1.5 -n 91 INKD mv
MOV DDAPNI DYWL ROV PN NINN <= 1Y MINNNN MINT <= N2 MNIPY INY P> NNYID

DINRY TI9 DN 9730 NPNVINNDN NPIPNN SNY NN 130 .(NDIW MPT 1.5 -n a0y 9nXD
.0NY N 29D INT NNIDADN YXINN DY PPN MPT 1.5 Tin MW Ivp Now mnNphn

NONWA DNV 29D TPNPNS XN MPT 1.5 TIn MIv 9P 10¥ MMPoN DINKY Y21 1NN

0.12

0.08

0.06

0.04

0.02

10 60 110 160 210 260 310 360 410 460 510 560

Average Patience

—&— %Not Answered within 1.5 min —#— %Abandon = —@— %answered after target
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MNPYN NP ,(MMPOD NINAVN NNYDY INKD) DIINDN D222V DD TR DM (MNP 4) 2.6
540 NN NWNN ANP NINAYNN NNDYW INRD 0P ,P1T MY .09 D0 NN 9 DY) TPmd

ANPN 1PN INRY ; (97 DYN 29) NYYS MINPY 360 nINnY DAY (99 0PN 3 9) NYYD MNPY

.19 NN 1IN
97 DY HY INNI INY DIVONN HINRY TI IWIVTH OITPIIN NN NN AWND DX TPINN N

: N2 VY9N NN 4CC NN I NIN T2 OWY (%S5 -5 M)

‘1 4callCenters v2.23 E@g|

File Table 3ettings Help

Perfarmance Profiler Staffing Query ‘ Advanced Profiling ‘ Advanced Gueries ‘ Yhat-if Analysis I
Slafﬁng Staffing Query tool helps you decide how many Agents your Call Center requires. Enter your call center's Performance Goal
Query ({inactive Performance Indicators appear in parenthesis) and ather parameters, then press 'Compute’.
Your Call Center's Parameters Settings
®  Ferfarmance Goal |Agent's Cccupancy j |5lj% *  Features: Abandons
*  pyerage Time to Handle One Call imm:ss) 04:00 + Basic Interval: B0 minutes
*  Calls per 60 minute Interval 540 *  Target Time: 0010 {rmm:ss)

*  Average Callers' Patience (mm:ss) 03:00

Compute *  Addto Table Delete Rows Clear Al ‘ Export ‘ Graph
Basic Target Average ’ Average e
Interval Timg to N:;néar;etrsof Handligng Clﬁ{:_pr;r gﬁr;g; OcAEuepnatr?cy %Answer %Abandon Speedgof :
{minutes)  Answer Time Answer
Lower
Upper
1 60.0 0o:10.0 14.0 04:00.0 180.0 03:00.0 80.7% 94.2% 5.8% 00:08.2 Seftings
2 60.0 am:10.0 15.0 04:00.0 180.0 03:00.0 TT.0% 96.2% 3.8% 00:06.0
3 B0.0 am:10.0 26.0 04:00.0 360.0 03:00.0 87.5% 494 8% 5.2% 00:08.8 l:l
4 600 00:40.0 27.0 04000 3600 0000 95.4% 96.1% 2.9%  00:06.4 PEUEIIEETS
] 60.0 am:10.0 370 04:00.0 540.0 03:00.0 91.6% 94.2% 5.8% 00:09.8 I:l
1] 60.0 am:10.0 38.0 04:00.0 A40.0 03:00.0 90.3% 95.3% 47% 00:07.9 Indicators
7 -
Ready 24172010 1:06 PM

2201 IPTIN NN DR .WPRA DTHD NN DR NOY NIIWNIY MIXID NIV WIV XD

:D2VN
29 P N2 DXNIVYN 1901 219 NDIY MYINN AP TYNRD ,DONTNNND MNID NNV 9D .PTIS DMinn

N2 NMPY NN NMNX DY NIV NI DY YITTN DXNIVN 1901 ,3 29 N MYIND A8P IWND ;1.8

S9N PN DY NYHINN PPTLOIN .2.5%9 P9
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(Y1793 33) DIY — 3 NHNY
{(DOPVA Y AN RITPY TN PNR) NNIINY TPYRIYT NEPINN NN TIND YOP 1919

TPINT NINNNA NIYA'MAT qlon - NIgTh YITY gIn
NIhieh

NYTIN V'RYAT NNYORX IX ,NIPT 3 )N 'YX N1yn 7907 niatinn ninann ,17.6.2015-n 7nn
NIYY7 anl 2inn 70 M 7y .Niyw 3 )N 2IX7 ATNT? NI2UNN NN2ND DN NKT7 NIgT 2 JIin
?Mmyn 'RY njna

71N NYXN NIOIX7 nxvimn nnot 2009 mwa ?ninip? NN Tpina 0DINKR NN aT? 07
73 ,TIVI [IAYN N2 L|IAYNA NMYO (13D ,0'9011 DN DA "NipTn 3" 7In2 17751 ' nyaipn
,NXVINN NY'YAY NANINT7 TV .70 ' DNY KN X 727 D12WN NIX 1127 NoInn DIXY
3N NI ,RWI AT'IRA MIYNA X7 ,019 75 D197 pINN NY¥N . TA72 NIz 2V AN pinn 7NN
.omropn NPT

Sy, MIPT VDY DY MDY SWNIN NIVHD NYIPY MM MINNNN I3 DPYY DN PINDY DYPDIVN TARD M9 19I8Y NIPNa
VYD DY NDIY NANN NINKBNN PAT D ,NNYWN NDONNND MIPTONYN INMIN XD, NVOPIN NYTIN 198D YWTIND POwn
SYNN NIV NIAPY PNNND N, DYTIN NIRYD NTYI NIAYT IMIVANI ¥ 901 MPT

MIYPNND PASV 901D DY NXR NVIPIN NYTIND PRY 198N — DYTIN NIRYD MWD 1YY 1N 198NV NIPNa
YTIND NIRYD TYINND MYY ¥IZYN ININY XY OWNIN MIYNI 199X TN POV Y

MINNBNN PAT DN NN INPN DX NOVIPI NYTIND 19IXY YTV POIVN — IWIN NIYAY PNNNY N2 1DISNY NIPNI
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File Table Settings Help

Perfarmance Prafiler

Staffing Query l Advanced Profiling \ Advanced Queries I What-if Analysis l

Performance performance Profiler allows you to determine and oplimize the Performance Level of your Call Center. Enter your call center's parameters below, then press ‘Compute’.

Profiler
Your Call Center's Parameters Seftings
*  Number of Agents Answering Calls W +  Features: Abandons
#*  Average Time to Handle One Call (mm:ss) IW #+  Basic Interval: 50 minutes
*  Calls per 60 minute Interval IW +  Target Time: 03:00 (mm:ss)

*  pverage Callers’ Patience (mm:ss) 12:00

hange Settings

Compute 4+ Add to Table Delete Rows ‘ Clear All ‘ Export ‘ ‘ Graph ‘
Basic Target Average Average  %Answer %Abandon Average
Interval Time to N:?:;;m Handling %ﬁllesrvzelr Q;:;g; Oicgt.?gﬁcy SAnswer S%Abandon Speedof  within within Queue
(minutes)  Answer Time Answer Target Target Length
Results
1 60.0 03:.00.0 90.0 06:00.0 1,000.0 12:00.0 99.6% 89.7% 10.3% 01:16.8 87.3% 10.3% 207
2 60.0 03.00.0 91.0 06:00.0 1,000.0 12:00.0 99.5% 90.5% 9.5% 01:08.9 86.9% 9.4% 18.9
3 60.0 03.00.0 92.0 06:00.0 1,000.0 12:00.0 99.3% 91.4% 8.6% 01:03.2 90.3% 8.6% 17.2
4 60.0 03.00.0 93.0 06:00.0 1,000.0 12:00.0 99.2% 92.2% 7.8% 00:56.9 91.4% 7.8% 15.6
5 60.0 03000 940 06000 10000 12000 98.9% 93.0% 7.0%  00:51.0 92.5% 7.0% 14.0
6 60.0 03000 950  06:00.0 10000 12000 98.7% 93.7% 6.3% 00454 93.4% 6.3% 125
7 60.0 03000 96.0  06:00.0 10000 12000 98.4% 94.4% 56% 00402 94.2% 5.6% 1.2
g8 60.0 03:.00.0 97.0 06:00.0 1,000.0 12:00.0 98.0% 95.1% 4.9% 00:35.5 94.9% 4.9% 9.9
] 60.0 03.00.0 98.0 06:00.0 1,000.0 12:00.0 97.6% 95.7% 4.3% 00:311 95.6% 4.3% 87
10 60.0 03.00.0 99.0 06:00.0 1,000.0 12:00.0 97.2% 96.2% 3.8% 00:27.1 96.1% 3.8% 7.6
11 60.0 03000 100.0  06:00.0  1,0000 12000 96.7% 96.7% 33%  00:235 96.7% 3.3% 6.6
12

0.3% NN 35 3 NVDY YONRDIINHN OITPINN 1901 XN NN ,4CC SV VI (MNP 4) 3.2.1
POTN2IPNI IPT 310 9NY NN MNOPWIN

:NVN
YOI YN MMPY D) MPT VISWN TN 1NN IR MMPOD DINK NN % Target NN 10 0)
YD DMOPNN (MY VP IWN MMPO ON
%Target=
(% Abandon-%Abandon Within Target) + (% Answer-%Answer Within Target)

AN LIVA PN N
100 —%Target = % AbandonWithin Target + % Answer WithinTarget > 99.7%

.100—-%Target =93.4%+6.3% =99.7% o>nv 95 M2y

.95 7PN ©NIVN 190N 190
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.95 1290 9NN DTPINN 9901 23 IN%N (3.2 PYN OV V) NNYN
PHNRND MIANONN NN NN T NORY MO NONNNN Garnett NOXPNS TH0 DY (MNP 3) 3.2.2
Y TP NN

:NAVN

n-R_ Nl 1000,
=R~ \/% - \/100%0 -

P(W, >0)~0.8 19 f=-05,GMR(0.5) nmpya wnnvy 19 % =05

—0.5: f AN N8O NONN

Y TTO MYNYN NN 1PI0M 052N NXIVIS, EW, [W, > 0) nxawn (mnps 4) 3.2.3

: NADVN
E (W ) =

q

E (W, |W, >0)P(W, >0)+E(W, W, =0)P(W, =0)=

a

E(W, |W, >0)P(W, >0)

CE(W, W, >o)=M )

P(W, >0)
»Yapn . E (Wq ) = E(/qu) = 115—0% Little nnow»a> E (Wq) NN Ny
E(W, W, >0)= 5 81;'500 =0.016 =0.93min

NN 25NN JIRY MIPY DV YSINNN MNNIN YIT NN PINND I TN
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NOIYNN NN IYLIY MNP DY 9N NINHNNN YT NOMN NN (M9 3) 3.2.4

: NAVYN
E (W, ) = E (W, | Abandon)P ( Abandon)+ E (W, | Service ) P (Service)

q
E(W_ )—E(W. |Service)P(Servi
= E (W, | Abandon) = (W) (Pglb::l\tl;cc)i; ( erwce):

E (W, ) (Average Speed of Answer )P (Service)
P ( Abandon)

E (W, | Abandon ) = % =39 sec

(M1 13) 72 25YW : WNN PINY TPINN HNNNN .3.3 PN

YN 112002 DI OVYND NVIIPON N OTINN ,P>IN NN PPOYND NOYONN INYDN NN
DV NNDN NOYAN TIND 2D NIANND NOMIND YN PIIN .TNPY MOIWYN NOTIN DNPN NN TID
MPT 30 I IPNNN IYNR MNP I9010 1IWINI NNY TV IWHRNYND N2 NV, WINN PIND
N2 NINHN MY AN NIIYH NN

PTIN PN VTN N201N (M1 3) 3.3.1

: NVN

D) NIYNIA OXNPYI DPHN IITNY NITYIND DINIAY MMPON ,1PYIY TY WHNYN N2 DYV
DNV DYIYN N1NIN DN (DA IPNHNNY MPTN 2 -0 INY) DNOY DININD NINNNN MDY N1NIAN
LMY DOYIN NPND OINN MMPY DY MINNNN 2N DINN ,NOIWNN DY DN

NN N PINOY NYNIND NVIVYN NN VINY MY NN NPITID MIVITVIN NVOY WSN PIIN
:4CC n M52 yoam N Overflow annn

(MY NIPNA MPT 3) O©NHON P OPNHPND NMMPY N2 NN NIY XN “Overflows” 20PN e
MYV YIZYW INRD MPON DX NN THIRINK TYN NIIYN) NINK NIIYND NIIWNNN DINON
.Onrn 535

NIV NI VNN ANV DIPNNNN MNP IWNR Y30 IR YIP : Overflow Time Limit : 05p e
INRN

NN (MPT YIDY) 121700 PITH DX 1Y YR MNIPHN DINK NN P8 %Overflow 009 e
NINRD NOIYND

s POIN YV NPIVIIVIND INYND
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Target- Feature -0 n71y2 MpT 3 1 901 NN 1ONNN WX NIMPON HINK NN 21710 0IpNa
3 nynY Overflow Time Limit 1 nX ¥y ,Overflows oy Y13 wnnwnd p>an 91 Time
MpT

329N NPT PIIN WNNY NOVIVYN ONXD (M) 3) 3.3.2

: NVN
DYIM2A MMPON D XOW NTIVN IR NN XINY DIVND ,NNTH NONX PXIN WNNHY NOIWN

2y DMYN NN DI>THN T PNNNDY PYNRND DN NINMPONN PON .OMNPIN IINNY MIVINI
BamnlY)al)

IITNY MIVOANI DM PN ,AYTIN DDaAPN PHIY MMPON YD DX NPMYTH NN PYIN DY INDY
NINN NIIYND NN NYTIN VDR IR MNMPOY NN XIN 1D (T PNNND DIPNI) DION
WIAPY MINMPOY DIPN DNAN) NIIWNNN DIRXY (MYY LIDWN TN KD INKRD OPYN 1IN DY)
5702 X9 Overflows N DY Y7192 NWNINHD N IYHIN .(MPT 3 XINN NYIVIY 12T NPIT) 27NN
AMPT 3090 D) PNNNY NOIYN o IRY) V) Target Time N oy »Nipnn

:Overflows 99191 ,970 Y1 mn bv 4CC 0 VYA P>
B8 4CallCenters 223 N N -k W T

File Table Settings Help

Performance Profiler Staffing Query l Advanced Profiling l Advanced Queries \ What-if Analysis l

Performance performance Profiler allows you to determine and optimize the Performance Level of your Call Center. Enter your call center's parameters below, then press ‘Compute’.

Profiler
Your Call Center's Parameters Settings
*  Number of Agents Answering Calls 100 *  Features: Abandons, Overflows
*  pverage Time to Handle One Call (mm:ss) ,W * Basic Interval: 0 minutes
Calls per 60 minute Interval 1000 *  Target Time: Mo Target

Average Callers’ nCe(mmec) 12:00 Change Settings
Overflow Time Limit (mm:ss) |D3 00

Compute 4+  Addto Table Delete Rows Clear All Export ‘ Graph ‘ /\
Basic Average Average Average
Interval Nirgnebr:!t;of Handling Clﬁ{lesr\?ael[ S;:;g; t?r::irlli(r]r:}rl O;\cgj;arr?cy YeAnswer %Abandon Speedof  Queue
(minutes) Time Answer Length
Results 60.0 100.0 06:00.0 1,000.0 12:00.0 03:00.0 96.7% 96.7% 3.3%, / 00:234 6.6
1 60.0 90.0 06:00.0 1,000.0 12:00.0 03:00.0 99.6% 89.7% 9.9 01135 19.9
2 60.0 91.0 06:00.0 1,000.0 12:00.0 03:00.0 99.5% 90.5% 9.2 01:07.4 18.3
3 60.0 92.0 06:00.0 1,000.0 12:00.0 03:00.0 99.3% 91.4% 8.4 01:01.5 16.8
4 60.0 93.0 06:00.0 1,000.0 12:00.0 03:00.0 99.1% 92.3% 7.6 00:55.7 15.3
5 60.0 94.0 06:00.0 1,000.0 12:00.0 03:00.0 98.9% 93.0% 6.9 00:50.2 138
6 60.0 95.0 06:00.0 1,000.0 12:00.0 03:00.0 98.7% 93.7% 6.2 00:44.9 124
7 60.0 96.0 06:00.0 1,000.0 12:00.0 03:00.0 98.3% 94.5% 5.5 00:39.9 1.1
8 60.0 97.0 06:00.0 1,000.0 12:00.0 03:00.0 98.0% 95.1% 49 . 00:35.2 9.8
9 60.0 98.0 06:00.0 1,000.0 12:00.0 03:00.0 97.6% 95.7% 4.3% . 00:30.9 87
10 60.0 99.0 06:00.0 1,000.0 12:00.0 03:00.0 97.2% 96.2% 3.8% . 00:27.0 7.6
" 60.0 100.0 06:00.0 1,000.0 12:00.0 03:00.0 96.7% 96.7% 3.3% . 00:234 6.6
12
13
14
15
1R

21



: NAN IDOND TINYD YT PYIN 29 DY WATIN MONDIPNN D TPIIN 190N NYD 1NN (1993 2) 3.3.3
NIPHNN DY NV NPNI 10.3% SY DD RO MIPT YIDYN 9N NN NN IUN MDY HINK
.(3.2.1 NYNRY) OTPN

: NVN

DM TPIIN 7901 .0.3% 1N AN M XY %Overflow 12y YINDIPNN D TPIND 190N NN WON)
YIDUN NP NOIWNI DMV XY INRN (91 < 95) 9N Yop 0TI 190N NODP .91 NNY O
:PT

LDYTPIN MND DIVATI <= TNV DINP D NNN

IUN DN DN ,NINMYD DY GUN DT OMN D M) ,0TIPN PYOY TUNnna (MP) 3) 3.3.4
IPOY YNV INMN) TO0TPINN MK NYD ONN .MPT YOUN 9N 1NNN IWN MMPYY 01N
(MN2HNNRWIV NINMPY DY NNPY TYND NNt DPDNR INY MMpoo

: NIWN
109711 91 YW WPN MY

P1 = NN MDD MW DPIDY DNTPIDNY AT NPENONID 0992 MWHWN NNWN 29D

L(MIPT VIZUN AN NNV SINR) TND DYDY MDIIIN MNPWNN 0.3% -H qona .0.995
05

_0.003-1000

P2 =g 1o = 0-0033

p = p1+py =0.9983 oo

MIPYY MM NINNNN AT DY NIIYN YSID YIATY WTNND DIPIVINSN DIV 1Y (MNP 2) 3.3.5
3% NO9YN MINIY DYIIT ONY YN .NOIYNY INYIN YINA

: DIVN
DYV ONN2 ,HWN5) PINKRD PATI MPYWY 10D NIMPY 1901 DY MINNNN Y3 NN 1IN .1
(NMINNRN

95 95191 MNNNN TV NOMN NX AVYND 1N ,MPON DY NYIND Y312 NN TR DY .2
(DONONIMIDPR MPWN MINTY NMNINL) Gamma NMHOIND
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Erlang-A: The Garnett Delay-Functions

P{W, > 0} vs. the QOS parameter /3, for varying patience € /.

4
L}

[

P
\\

~
o
\\
]

P(Wait>0}

/

3 25 2 15 4 05 0 05 1 15 2 25 3
p

s HA Al wmm GMR(O 1} oo GMREO5) s GMR(T) s GMR(2)

—GNRS) == GMR(10) GMR{20) =—CMRIED) ~=GMR{100]

GMR(x} describes the asymptotic probability of delay as a function of B when
% = X. Here, 0 and p are the abandonment and service rate, respectively.

Note: Erlang-C = limit of Erlang-A, as patience T indefinitely.
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MY DINI NOIWNN DTN DY DIVNIN

,2) 1o mmpo yamasp - (4,) 4, e
,2) T on MMps mdwoasp - (w,) @ ¢
,(2) 1 non MMpY Sv nwvyasp -(6,) 6,

MNNa oXnIwn 1901 - N .

MPY DY MPY PPOOND Y31 D2 1N NI, preemptive Xonw N»yTn 595 Noyo NoOIWNN
NP NPPTNN G0N .NIIWNNN MNPY 7PIND7 MON DAN IOW 10NN NN MINNNY 1NN

12V 230 197 NY R7T) 7N MMPY ¥ IUNRD NIWH DX»N DINIWN ,NT, Work conserving

(712 DXPNNNN MNIPS D) ¥ NNX NNV DY) DM DONIY W

: DONAN DMINYNN NN T ,07IN NIIWNID 091 D11 122 THND

.0 <t yava (M2 N MYPYI) WA 1 non mmphn 1oon no = X, (t)

.0 <t yava (2 N MW NN 2 Non MMPHn 1900 o = X, (1)

MNNDY NMNN DNN, 0 <t , X, (1) -1 X, () a2y mHNoNI9T INNUN 12ND (MNP 4) 4.2.1

.1 0090 DIMPYY MDTY NINN

: NAVN
%za_;ﬁ(xlAN)—Q(xl—Nf
dX,(t) _, AN = X)) — ~(N=X)" [
dt =4 :uz(xz (N Xl)) HZ[XZ (N Xl)]

DNN2IN DNINY ,DOYXINND MINNNN AT 2IWOND PrYONR-IYIPN NNDN DX NN NP
INYIND O9T) TN NIY ¥ AURD D00 MIXINY 1N, AMDTY DY NYIY 1T DNON HY NININ
(.029M¥Nn HRINM

DY 9201 .2-1 1 -1 DN MY DNMDN PYONN-P'S1N NNDN DY NNDINN T2 (MNP 4) 4.2.2
.D2YNNN TNXR 93 DDA NN

: NAVN
Poisson Arrivals See Time Averages (PASTA) nnon by ooian .1
SV PIN DY ODIIAN .2

25




SVTN (MNP 4) 4.2.3

premptive N13>792 (NN MXTY) 1 NON MNP DY MINNM MINT YNINN - Wlp
premptive NYP»TNI (N210) MBTY) 2 NON MMPY Y M M0 yomn- WP
non-premptive NP»TNA (NN MTY) 1 00N MMPY S Mnnn M0t ysimn- Wt
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18P0 (= ,>,<) OIRNNN PION DX MOHYN .NNT 99101 DNV INNIN

: NAVYN

WP - Wy | < | Wiy

19200
191N MOYTYN NXIAPN NYIVIN KXY 595 NMAN MDYTYN DY NXIAPN premptive N1THI
2N MXTYN BY NP NN NAOYN NN MDTYN DY N¥IAPN non-premptive N1ITN2
(N2 MTY DY NMMPY HY D) NMPY MPDY D¥INN) MW JAT MIRYL NV IPY NI 1Y 1T
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GNIV ) DXNIY NN NIIWYN OWIOVN DN MINY TN .OTIPN PYOD TYNNa (MNP 2) 4.3.4
H(NOIPND

NP0 XY MNIVAVN 19INA NITH OND NIV NI¥NY NIANDNN ,DONIY N2 W DN : NIVN
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Pollatczek-Khintchine formula

M/G/1 Queue: Poisson arrivals,
generally distributed (iid) service durations.

Theorem. (Pollaczek-Khintchine)

N Cp 1+0%(S)
B(W)=E(S) - (£ ST
Proff:
Derivation of Pollaczek-Khintchine
For customer n = 1,2, ..., denote

W,(n) = waiting-time of n-th customer.
R

(n) = residual service time, at time of the n-th arrival;
( = 0,for arrivals without waiting).
L,(n) = 4 of customers in queue, at time of n-th arrival.
{5,} = sequence of service-times.
-1
W,n) = Rn)+ Y S, n>1.
k=ti— L)
EWy(n) = ER(n)+ E(S1) ELyg(n) , by Wald,
E(W,) = E(R)+ E(S5))E(L,) , n 1 oo, assuming
3 limit + 1
= E(R)+ AE(S1)E(W,), by 2

E(W,) = E(R)+ pE(W,) , p < 14 3 steady-state,

EW,) = E(R)/(1—p).
Left to calculate E[R|7
Via Biased Sampling (see next page):
- p = Prob. of arriving to a busy server. (PASTA+Little)

1+ C2(S)

-E(R)=(1—p)-0+p-E(S)- 5

q.e.d.
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Table 1: Discrete and Continuous Distributions

Moment Gen.

Distribution Notation Probability Function Parameters Support Expectation Variance Comments
Function
Binomial N ~ Bin(n,p) plk) = Amvﬁtaalr 0<p=1—g<lin>1 k=0,1,...,n [P e+ 4] npyg
. ; —_al  TTF ™ SNTR (XY = mps LX) = .
Multi X ~ Mult(n, p) plx) = T z._ Py oMﬁ:M_ i=linz1 DA@.EM» ei—n E(X;) = np; cov(X;, X;) = —npip; X ~ Bin(n, pi)
nomial z = (T1,...,3%) p={(p1seosPr) ! i=1,...,k (i # 1)
Negative . m Number of trials
gativ X ~ NB(m,p) Eilﬁ,uiva_aru! 0<p=1—gq<l;m>1 k=mm+1,... TFJ._ m mg
Binomial T i F till m-th success
G i X ~G k) = g1 k=1, pe’ L 1 X ~ NB
jeometric X ~ Gip) plk) = ¢ - p 0<p=<1 :=1,2,... by v o X ~ NB(1,p)
Poisson X ~P(A) plk) = Ak A>0 k=0,1,... exp{—A(1 — e*) A A
N
Hyper- ﬁwv Aa.:rv N, M >0 max(0,n— M) < k " N _H“_ - MJ..M_M”,_:.M:Q:““MF
X ~ HG(N, M,n) plk) = A= = 3o e plk) v Y one
geometric _ ’ ...,.. _ 1<n< N+ M k < min(n, N) e n — sample size
k — special in sample
Density Function
Fie) = . a a .
Beta X ~ Beta(a, 3) Mass) o ‘1 - gt a,3 >0 0<t<1 Complicated =7 auﬂ_a a = =1 — Uniform
T(a)T(3)
Diz)= [ w* e “ds
Camma ~ Gammafc, A) flt) = N?l_..ﬂh|:_”_nh a, A >0 t>0 (1—4%)7= by WDM () __-,c
=(z—1)'(z —1)
ATl e— At ’ t " n n ,
Erlang X ~ Erlang(n, A) fit) = cE n=1,2...;:A>0 t>0 T — »v b T ~ Gamma(n, A)
Expo- - At A i 1 ]
i X ~ Exp(}) Flt) = 2e A0 t>0 (1 i i 2 X ~ Gamma(1, \)
nentia
2 .&.nﬂv = 2 o a2
Normal X~ Nip,o7) —oo < p<og >0 —oc <t <o ﬁnﬁ_ﬁmﬁu“wwuaﬁw I o
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