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Calls Average Speed Agent’s .

Per Hour | of Ansgver %)secs) Occuf()gancy (%) P(Wait>0)
180 57.8 85.7% 1-0.518=0.482
185 79.6 88.1% 1-0.447=0.553
190 113.5 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 Ansgver gecs) Occu;%ancy (%) 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
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File Table Settings Help
Perfarmance Profiler Staffing Gluery Advanced Profiling l Advanced Queries | Wihat-if Analysis l
Slafﬁng Staffing Query tool helps you decide how many Agents your Call Center requires. Enter vour call center's Performance Goal
Query {inactive Performance Indicators appear in parenthesis) and other parameters, then press 'Compute’.
Your Call Center's Parameters . rEettings-
®  Performance Goal iAgent's Occupancy Lj |50% ®  Features: Abandons
*  jwerage Time to Handle One Call {mm:ss) 1 04:00 + Basic Interval: B0 minutes
*  Calls per 60 minute Interval 540 *  Target Time: 00:10 (mm:ss)
*  jwerage Callers' Patience (mmiss) 03:00 Change Settings
Compute % Addio Table Delete Rows Clear Al ‘ Expart ‘ Graph
Basic Target Average . Average o
Interval Time to Nimebnetrsof Handling Clﬁ{!asrvpa?r s;ﬁreangc?a O?cguenatr?c %Answer %Abandon  Speed of
{minutesy  Answer g Time pekily Answer
Laowser
Upper
1 600 0o:10.0 14.0 04:00.0 1800 03:00.0 80.7% 94.2% 5.8% 00:09.2 Settings
2 600 00100 158.0 04:00.0 1800 03:00.0 TT.0% 96.2% 3.8% 00:06.0
3 600 00:10.0 26.0 04:00.0 3600 03:00.0 47.8% 94.8% 5.2% 00086 |:|
4 600 00100 270 04000 3600 03000 85.4% 96.1% 39% 00064 Parameters
a BO.0 0o:10.0 arn 04:00.0 540.0 03:00.0 91.6% 94.2% 5.8% 00:09.8 I:l
B BO.O 00:10.0 3|0 04:00.0 540.0 03:00.0 90.3% 95.3% 4.7% 00:07.9 Indicatars
7 -
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17300 7V AN DNTFN YATT NTY T NN NiTTLT 1IN 7Y TINN KT
7INTNT DNINN NG VAN TR0 QNNINGDN 11¥DY DN 0TR Y
77T NINNT IN NINT |7 101391 2912 NINAN 7V 02

73 7VN 07N D'MITN ,NOIDN NN NYANNT NV NAI'Y NDIIN 19 TV
N2 NANT 1IN N72 DM DN IR 7377,792 1N ONLI7D1 80
L0712 INITN NI 0N NN 271090 [N1Y 0N NINGNN 0NN 770
NN Y10 NNINWI D'INT 0,01 TONN ,0'VOIN NINTIN VIITI7 N1
Q0INT NAWONN |NIM 'MIAN | MW7 NY7,90112 .TIVI |ITN 1DNNT NITIT
1109 80 72 7N NIPMTNNI O'MIND 17257 DN 0'9011 NINIEN TNya
.0niminTnyn
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;219102 NP NN M 279Y .NANI 12ITIN NPWN NNIPY TIVND 1IN PINIY LPININD PHYA
91N non-preemptive NON MA>TY 191> DN 80 D7) HYN DOYOIWP DN MDA DINPNN 15% -¥ TIN
TN M DNX N9PY 27 DNYN) XIN NN .INPY

VNN NP NMPYN TYN .AYYI NIMPY 6 HY AN NORID TYNN 23D NNPY DOWIN MNIPY

AOUP MIPYY MIPT 12 - 99 MPHD MIPT 9 DY ¥y INn DY IUNININIDPN

INID MONYN DY MY YD NONYN NOA YN 39T 1 NIYN

NPT TIIRD NI IRWN NOIWNN OXMIPT 12WN (MTIP) 2) 3.11

: NAVN

22 NON MMPYI MMPIN IRY DX 1 NOD MMPYD DWIWUPN MMPYN NX JH0)
-unm

A = 0.015 per minute, m,; = 12 minutes, p; = 0.18
A, = 0.085 per minute, m, = 9 minutes, p, = 0.765

DX TPNN NN L)

DI9PY MINHNN TYN YSIIN 1IN 12WN (MNP) 6) 3.12

:NANYN

:AVYN)
Var(S;) = 144, E(S?) = 288, Var(S,) = 81, E(S3) = 162.

NN MPYN TYR INY NHMN
ME(ST) + 2,E(S3)

E(R) = > = 9.045
: 1 109D NMIPY MY MINHNNN TYN YN 30 ON
E(R
E(W)) = LE® _ 1103 minutes
d 1-p,

21




: 2 MIPY N0 Mayy

E(R
E(Wg) = ®) = 200.55 minutes
1-p)A=p1—p2)
: NI YOPIVNN YNNI 7Y YAPNN HD1ON MINNNN TYN YN
ME(W) + A,E(W?
E(Wq) == ( q) 2 ( q) = 172.122 minutes

M+ Ay

9PY YSIDNA NNN THXR NN 12N (MTP) 2) 3.12

:mawn
SV PINYS DY

E(Ly) = AE(W,) = 17.2
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M/G/1 without priorities

E(R)

E(W,) = -0
p

R - Expected residual service time

p - Prob. of arriving to a busy server

2
E(R)=(1-p)-0+p-E(5). T )

Khintchine-Pollaczek Formula:
_ P gy LHCS)
E(Wq) = -5 E(S) >

M/G/1 with priorities

Steady state < p épﬁ—---%—pK < 1, where py = A my.

Convenient notation: py =p1+---+pk, L < k< K.
Py =0

Note: py = fraction of time allocated by server to class k.

1 —p = idleness/availability.

° E(Wé‘) - expected waiting time of class k customer.

o E(Lg) - expected number of waiting class k customers

o E(R) - expected residual service time.
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Non- Preemptive Regime
L.  EW)=

E(R)+m1E(L}7) = E(R)+m17LlE(qu) = E(R)+p1E(qu)

, as before (K =1).

2. E(W2)= E(R)+mE(Ly)+mE(L})+ mAE(W])

wait due to class 1 & 2 in queue

wait due to class 1,
arriving during wait of 2.

= E(W3) = E(R)+p1E(Wg)+p2E(WZ) + p1 E(W)

= E(W3) = [E(R)+p1 E(W))I/(1—p1—p2) =

E(R)
[(1—p1)(1—p1—p2)]

= E(W2)=
T
substitute E(W,})

k. EWk=
ER+my-ELL+---+ my- ELE + Aym EWE + -+ Ay my EWE

= =ER+pEW}!+- -+ p EWST 4+ (py+ - + pi) EWK

E(R)+p1E(WE) + -+ prot E(WEY) E(R)

k o —
2 (L—p1—p2—---—px) (= Pr-1)(1—pr)

Where
K 1+ C(S)
E(R)=(1-p)-0+ ) pj-mj-——
s
K E(5?) 1X¥
N V- R A o W82
By “2 5O
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(MNP3 15) DOWIIYI DYNINN — 4 HHNY

.QED 5yann ownna Erlang-B 571 N noonn Xan vawnn 92010 nnvoa (M1pl 5) 4.1
1T .1 AN M LWV D 295 WPR) LAVNI 3 PYDY PNDIN VI

lim Vn E, , = h(~p)
n—-00

PVITIVON NPHNNIND NVIANNN DY N1DP0N AP PPN NN h IWND
(.N2D YA NN NNDINN) 9N NNDINA DMIDNN OXPONN NNOWN TIN R NIYL NN
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The Erlang-B Queue in the QED -Regime

Recall the Erlang-B Formula:

R" /n RJ
By, & P{Blocked } =— —
' n/ j=0 J:

Consider a sequence of M/M /n/n queues,
indexed by the number of servers n = 1, 2,. ...
e )\, = arrival-rate, varies with n;
e /1 = service-rate, fixed (independent of n).

o R, = \,/pu (Offered Load) ; p, = R, /n (Load per Server);

We shall use R and p, without the subscript n, for simplicity.

Theorem (QED Erlang-B; Jagerman, 1974)

As n — o0, the following 3 statements are equivalent:

1. Customers: £, ~ % for some v > 0;

2. Servers: pr1-— —\% for some —o0 < B < 00;
3. Manager: n ~ R+ 3vVR (squareroot “staffing”);

i which case
o(—=0B) _ o(B)
S(—5) ~ B(B)

where ¢, @, ® and h are the density, cdf, survival function and

v = h(—pB) =

hazard rate of N(0,1) (standard-normal), respectively.
Note: Servers’ Occupancy ~ 1—87”%1'. accounting for blocking.
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QED Erlang-B: Proof

Proof:
2 <= 3 is straightforward algebra from the definitions.

3 = 1. Assumen = R+ 3vR. The key observation is a
Poisson-Representation of the Erlang-B Formula:

P{Xgr =n}

I & 1§

B - 1 )
P{Xr < n}

El.n —

where Xp L Poisson(R).

Xr—R - R
P{Xgr < n} P{ = < = }

\/ﬁ ~ VR

CLT3

P{Xr=n} = P{n—1< Xg <n}

P{n—R—1<XR—R<n—R}
VR \/F - VR
1

P{3——=< N(0,1)<p

(8- = < N(0.1) <)

1 1

Q

&

Finally, é(‘?) = ‘b(_‘dg = h(—/3), by the symmetry of N(0,1).




WL IYPY ANPY A VA ANP PN 4.2
:NYDNN N WPR DY ODIN) NWOINY IIN) NNdO2

=[] -m

(O5W5 NOYN 953 R HY Hdy)
1PNNPNY MIANONN (7I¥2) NN 1 V191 2Erlang-C 13 13 N¥YNN H>1N NN (MNP 3) .4.2.1

:DVN
.1 -9 arun pnnnd mMHanonn 0191 .ED -0 0inna wxD 5210 11 nxvnn
NN L,O0V N R ON .A¥9NN P9 L, 0THON 7PNN XY Novnn msya oby RO ox

.7+ E[S] mom mmnnn yyysmn o9, n=R+y, y=[R|-R

mMIANONN (TIY2) NN N, u=0 N3 V191 1Erlang-A 57112 1 NX¥YNN D>2IN NP (MTIPI 4) 4.2.2
NTIPN NYRYN 932 WY XYY 92010 10T NP PN

:NAVN
Twn ,1 -5 0 ya 7Y GrYn PRnng MHanonn 0191 .QED -0 0inna wrRY 52N w nxonn

0.5 -0 QR TN, £ =6 -w NIPN2 .0 -5 U P ONd2 NON PIYTHN
nm Erlang-A 57m2 nowwna mmphn 190n g0 nnvann , =60 -v NIpna 0.5 -5 7aon
AUND 4 MY ASPY A4 yowm asp oy M | M |0 D TIna noIyna nMpon 190N TO NNOANNY

. Poisson(R = A/ u) 20 M | M |0 5712 n57yna NMpon 1901 TO NNYINN
-9y Poisson(R) mMM29NNN DX 2990 17,917 22901 R M1y , 00710 021901010 YW PInn pinnn

AN . Normal (R, R) navann »

PASTA

P(W, =0) = P(LSR)zP( <

R SR

= P(N(0,1)<0)=0.5

L-R R—R]~
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:DNVN

T2 MPYN JOT YXINNI DYV DOWINY DIWIND 1900 NN X991 NXIN DRI NN O YN
NN MIANMHY ,NMIYID) WY NI DIRNDYD MIND 210 T2 MY NON .WHIND DTPIN NN VNN
1210 TV NN Y MY NOIYHN
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Table 1: Discrete and Continuous Distributions

L. . . - . A . Moment Gen. ) ) . .
Distribution Notation Probability Function Parameters Support F Expectation Variance Comments
unction
Binomial N ~ Bin(n, p) plk) = Q?J:L 0<p=1—-g<lin>1 k=0,1,...,n [p-e +q" np npq
. kg ke )
Multi- X ~ Mult(n, p) plz) = u_.,u_ur. :_ »,’ 0<p MU~ pi=1n>1 E(X;) =npi cov(X;, X;) = —npip; X: ~ Bin(n, p;)
nomial z = (Z1,...,%x) p=(P1,-- Pw) i=1,...,k (i#7)

Negative m Number of trials
gativ X ~ NB(m,p) p(k) = (524)pmgt 0<p=1-g<l;m>1 k=mm+1,... Trf; m umber of tr
Binomial - s £ till m-th success

t
Geometric X ~ G(p) pk)y=q¢""1.p 0<p<i1 k=1,2,... _Lu_lﬂ i u@. X ~ NB(1,p)
Poisson X ~P(A) plk) = £k A>0 k=0,1,... exp{—A(1 — e*)} A A
) N — special elements
Hyper- va A._\.:».v N,M > 0; max(0,n — M) < k the N nw .‘z,: CNAM M — ordinary ones
X ~ HG(N, M, n) p(k) = > et k) e M
geometric N1 1<n<N+M k < min(n, N) k n — sample size
k — special in sample
Density Function
B X ~ B 3 1e) = 3>0 0<t<1 C 1 d — sl =1 Unif
X~ il . i - —_— =8= i
eta eta(a, 3) I(ai8) ja _: B Gu . o > <t< omplicate. =48 et (atrt) o — Uniform
T(a)r'(8)
I'(z)= .&.E u* e “dx
Gamma X ~ Gammal(a, A) @) = a,A >0 t>0 (1— %v\c by Ev 0
A
=(z—1)I'(z—1)
Erlang X ~ Erlang(n, \) f(t) = n=1,2...;A>0 t>0 ?|$L. 2 2 X ~ Gamma(n, \)
Expo- . At e) ! 1 1
X ~ Exp(}) F(t) = e A>0 t>0 T - av by = X ~ Gamma(1, )
nential
2 .\.A‘V = 2 2 2
Normal X ~ N(p,0°) —c < p<oo; o>0 —co<t< oo exp A:. + WTQ.W I o”
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