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File Table Settings Help
Staffing Query | Advanced Profiling | Advanced Queries | What-if Analysis |

Performance Profiler

Performance performance Profiler allows you to determine and optimize the Performance Level of your Call Center. Enter yo

Profiler
—Your Call Center's Parameters — Settings
+  Number of Agents Answering Calls |5— *  Features: Mone Selected
*  Ayverage Time to Handle One Call (mm:ss) W +  Basic Interval: 60 minutes
* Calls per 60 minute Interval 282 +  Target Time: 00:00 (mm:ss)

Change Settings |

Compute +  Add to Table Delete Rows Clear All | Export | Impart | Graph
Basic Target Average Average  %Answer  Average
Interval Time to N:?ebnetrs - Handling Eﬁlfwﬁr D?gue;:r?cy Speed of within Queue
(minutes)  Answer Time Answer Target Length
Results 60.0 00:00.0 5.0 01:00.0 2820 94.0% 14.6% 134
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ACD m7 3950 NN — 2 pon

IPYVIN MY TN ACD Ny Onmn pon nNndoNN NYav Pond

ASA |Avg Aban Time|ACD Calls| Aban Calls | Avail Time| Staffed Time
Totals | 29.99 126.24 6719 929 63:27:00 | 1088:50:00
8:00 |475.00 0.00 1 0 5:25:00 13:32:00
8:30 | 8.73 15.55 113 11 3:06:00 23:48:00
9:00 | 4.86 0.00 239 0 7:39:00 41:51:00
9:30 | 17.08 16.46 391 39 1:05:00 44:48:00
10:00 | 25.03 10.71 432 28 1:21:00 53:06:00
10:30 | 1.16 0.00 392 0 5:12:00 54:34:00
11:00 | 0.15 4.50 357 2 6:48:00 53:56:00
11:30 | 0.00 0.00 350 0 9:12:00 60:02:00
12:00 | 5.59 13.17 334 12 3:00:00 58:29:00
12:30 | 11.90 9.84 337 19 1:05:00 58:47:00
13:00 | 7.40 9.40 298 15 1:57:00 33:35:00
13:30 | 11.43 13.09 289 23 1:27:00 33:15:00
14:00 | 6.35 15.09 323 22 1:27:00 55:13:00
14:30 | 6.40 13.10 345 21 1:51:00 57:48:00
15:00 | 22.76 18.05 432 22 1:28:00 58:17:00
15:30 | 2.41 4.57 574 7 2:35:00 57:55:00
16:00 | 1.08 5.00 533 1 4:38:00 58:06:00
16:30 | 50.28 36.57 406 121 1:00:00 59:17:00
17:00 | 163.99 50.97 431 317 0:00:00 53:53:00
17:30 |426.70 214.25 128 216 0:00:00 31:37:00
18:00 | 584.69 737.27 13 49 0:00:00 26:08:00
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M/M/1: Further Properties

e Delay probability (PASTA):
P{W, >0} = p.
e Waiting time in queue (given delay, it is exp):
w, , [0 wp 1—p

p exp (mean = ﬁ) wp p
; W,
Note: E[7] =0 x (1 —p)+1%p X p=is.
e Number-in-system/queue:
2
P P~
E[L| =——; E[L)|=——.
m=15 EL) =5

M/M/n Queue: Properties

Erlang-C Formula (1917) for the Delay probability:
P{W,>0} £ By, =Ym= LN 7o -

i>n n! 1—p

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

Erlang-C approximations: important later in course.

Number-in-queue:
P{qul} - E.?n(l_p)pl i >Oa
or

0 wp 1 — Ey,
L, - l

Geomsg(1l — p) wp Es,

Waiting time distribution:

0 wp 1 — Es,

1.1
Exp (mean = W) wp Es,
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Phase-Type Service Times (Durations).

Service-Time = a sequence/collection of tasks, of an erponential duration.
There are K types of tasks, indexed by k=1,... K.

my. = expected duration of task k; m = (my)
g = % of services in which k is first; q=(q)
Pj. = % of incidences in which task j is immediately followed by k. P = [Pj]

v

Fact: service = finite number of tasks < 3[/ — P]™!
Indeed, [I — P]j_kl = expected number of “visits to k", given j was first.
(g[I — P]™")x = expected number of “visits to k”).

1 — K | P, = probability to end service at k.

P
9

m,

As will be articulated below, service-time duration is Phase-type (PH).
(Assuming independence among task-durations. )

Definition. Phase-type distribution = absorption time of a finite-space continuous-time
Markov chain, with a single absorbing state.

Formally: X = {X,,t > 0} Markov on states {1,2,..., K, A}, with infinitesimal generator
1
) R r e A absorbing (since gaa = 0)
3= ° e r=-RI (since Q1 = 0)

g 0 0 0 e 1....K transient < JR! (fact)

and initial distribution (of Xy) is given by (q1,...,q,0) = (g,0).

Recall:
P{X¢ =k} =) _qjlexp(tR)]x = qlexp(tR)]

Define: T =inf{t > 0: X; = A} has phase-type distribution, say Fr(-).
Claim: Fr(t) =1-g¢e®1,t>0.

Proof. P(T > t) = P{X; # A} = Y q(e'®)i = ge'*1.
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Erlang-A: The Garnett Delay-Functions

P{W, > 0} vs. the QOS parameter 3, for varying patience /.
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— Halfin-Whitt —GMR(0.7) GMR(05) —GMR(1}) —GMR(2)

—GMR(5) =——GMR(10) ‘GMR(20) =——GMR(50) = GMR(100)

GMR(x)} describes the asymptotic probability of delay as a function of p when
0/ — X. Here, 0 and u are the abandonment and service rate, respectively.
1 L P y

Note: Erlang-C = limit of Erlang-A, as patience | indefinitely.
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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) pk) = (3)p*a " 0<p=1-g<t;n>1 k=0,1,...,n [p-et+q" np npq
| ko ay
Multi- T = B P 0< p; . E(X;) = np; cov(X;, X;) = —np;
) X ~ Mult(n, p) pz) el 12 =P 0<ziy fai=n @ i) = npi VX .: - ~hPiFy X; ~ Bin(n, pi)
nomial z = (T1,...,%x) p=(pP1y. . Px) i=1,...,k (i #7)
Negative . . . m Number of trials
8 X ~ NB(m,p) p(k) = (L74)pmd ™ 0<p=1-g<1;m>1 k=mm+1,... Tr.w_ 1 mg
Binomial T g till m-th success
- . y . k—1 A ‘ et 1 ~
Geometric X ~ G(p) plk) = q P 0<p<l1 k=1,2,... _|1o|.m1 m ﬂf. X ~ NB(1,p)
—A kK
Poisson X ~P(A) plk) = == A>0 k=0,1,... exp{—A(1 —e')} A A
A?VA M v N — special elements
Hyper- ) lask N,M > 0; max(0,n— M) < k X n- — 3 ,
yp X ~ HG(N, M, n) p(k) = ke L 1» ( ) < MU a;v;.v M o_d_:m_.v. ones
geometric A 1 v 1<n<N+M k < min(n, N) k n — sample size
k — special in sample
Density Function
B X ~B 3 1= 3> 0 0<t< Complicated - 8
S X ~ Be . N icate —_—f
eta eta(a, §) I(atf) ya-1( _ y8-1 ap > =SS omplicatec 4P (atB)2(atBtD)
T(a)r(s) -
M(z)= [T u* e “da
Gamma X ~ Gamma(a, A) ) = AT e aA >0 t>0 (1—4)-= Y < (=) b
=(z—1)'(z—1)
Erlang X ~ Erlang(n, \) ::|f__m\: n=1,2...;A>0 t>0 A_ |$ " S & X ~ Gamma(n, \)
Expo- . At d)7! 1 1
X ~ Exp(A) f(t) = Xe A>0 t>0 (1- nv b Iy X ~ Gamma(1, A)
nential A
2 .\ANV = 2 2 2
Normal X ~ N(p,07) —oc < p<oo; o>0 —oo <t <o mxvﬁg + WTQ-W I o”

2
—(e—
oo { Lt |
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