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190 113.5 90.5% 1-0.37=0.63
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205 647.0 97.6% 1-0.101=0.899
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"1 4CallCenters v2.23
File Table Settings Help

BEE

Perfarmance Profiler Staffing Guery ‘ Advanced Profiling ] Advanced Queries ] Wihat-if Analysis l
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 other parameters, then press 'Compute’.
Your Call Center's Parameters Settings
*  Paorfarmance Goal {Agent's Occupancy Lj |50% * Features: Abandons
*  jwerage Time to Handle One Call {mm:ss) ] 04:00 + Basic Interval: B0 minutes
*  Calls per 60 minute Interval 540 *  Target Time: 00:10 (mm:ss)
*  sverage Callers' Patience (mm:ss) 0300 Chande ettings
Compute % Addio Table Delete Rows Clear Al ‘ Expart ‘ Graph
Basic Target Average . Average o
Interval Time to N:mebnetrsof Handling ﬁﬁ{l:wpa?r s;ireangci O?cguenatr?c %Answer %Abandon  Speed of
{minutesy  Answer g Time el Answer
Laowser
Usest -
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 |:|
B BO.O 00:10.0 3|0 04:00.0 5400 03:00.0 90.3% 95.3% 4.7% 00:07.9 Indicatars
7 -
Ready 2/1/2010 1:06 P
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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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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:

where Xp L Poisson( R).

P{Xgr < n}

CLT3

= O(7).
P{Xr=n} = P{n—-1< Xg <n}
1
R ~ —-0(f9).
T o(0)
Finally, = h(—/3), by the symmetry of N(0,1).
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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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