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Deterministic arrivals
of type A jobs: one
every 4.5 hours

mean mean mean
resolurce processing processing processing

time 2.0 time 1.9 time 0.1

A
Y
mean mean mean
resouxce processing  processing processing
2 time 0.1 time 1.9 time 2.0

Deterministic arrivals
of type B jobs: one
every 5.0 hours

ND NIIYNN ONX . ¥ DN, ANNI DXARYNIN NUN THNR DI MDIN NN H1IIVN (M) 5) 1.1.1

MYTNPI0N NN

: NAVN
20+1.9 01
U =550+ =088
20+19 0.1
U, =224 2 =080




M) NARHIYN .(MYY 4.5 DIPNI) MYV 3.5 55 NN A NON NTIAY D NYd NN (MTP) 5) 1.1.2
O 0NN HNH OXANYNN

:DAWVN

2.0+1.9 01
U = == =100%
17 35 5

SNNNANI DN NTIIY KD NIIWNN

NN ON,NONTY .1 ARWN DY 0DNNN NND MITIN MNDTYN NPTHI NNYN 2 ANYHD MDIN)
NN AN NN MOTYN NN DAPN 1 ANWNI DONYY DY YINNT MPYN TYN DY TONNN

20+19 01
U, =224 = -0.809
2 5 35

NN NP2 NN MO TYN NN DAPN MYV 1.9 YSH1mNn 1DWHRY TPONNN NN OX ,NNT NNWD
NNO MTIAY WP KD NN AN NININ MDTYN NN DAPN MYV 0.1 Y8WMIND HDWNRY PONNN
DYPNN ONPNYY IDWNY 2 ARVYNI TONNN

19 0.1

U, ==2
275 '35

=0.408

1Py 15) M1y oy 0IMIN .2 Pon

TN DOV DYPMYN 190N .NPTI MPY HY 8P PNOXID PONN 290 DTN NN DIWIN DIWIN

Y 3 TR 0N 9510 -5 1 P2 TNN 19INA IDONN DIXD WA

DN
U~U(a,b) may .1
E(U) :aLzb’ Var(U)= (b—a1+21)2 _
C? var(S)

Var(aS) =a?/ar(S), acR .3

IRV 9102 MY XYNI MAD) MXNDY




FCFS m75w 51971 10910 1.2.2 -1 1.2.1 D930 May
.DYDINN ANDNY NN YSINHI MNNIN YT N 1AWN (MTPI 3) 1.2.1

:DAVN

09 U~ U(L10) ,mipb 55 May oomosn qoon - U 1

10° -1 8.25
E(U)=5.5 Var(U=——-—-=28.25 U)=—"- = 0.27:
© V=3 CUFig
,A=1 v 12y M/G/1 7 na 22y
55-3
E(S) =——=0.275
p=0.275 o9
: PYLS-PNPN NNDN X9 DY
14+ C2

E[W,) = E[S] - 7©

1 . 5 = (0.066 min = 3.98 sec.
—p 2

.DYDINN NNOND NN DIVIND 190N YXIIN NN 1AVN (MNP) 2) 1.2.2

:DAVN

oV PIN XA DY

E[L, = \- E[W,] = 0.066

.71N2 non-preemptive NoN MaTy Hapn 0PN 3 TY DY WINY DTRY NN, TIINI NNYN
.DYDINM NNDND MINNNN TYN Y8IIN NN NVN (MTIP) 8) 1.2.3

:DAVN

U, ~U(3,6,9) xyn mwn qun 1 non mmpy Ny

U, ~U(12,15,...,30) x3n m 1w 1un 2 non mmpo My

YU WNT Q0N
/\1 — 03 /\Q =0.7

mq = 6 sec = 0.1, my = 21 sec = 0.35

P = A1 -mq = 0.03, po = p1 + po = 0.275




Var[S,] = Var[U(1/20,2/20,3/20)] = (1/400) - Var[U(1,2,3)] = 1/600.
E[S?] = m?} + Var[S;] = 0.0117.

Var[Ss] = Var[U(4/20,5/20,...,10/20)] = (1/400) - Var[U(4, ..., 10)]

= (1/400) - Var[U(1,...,7)] = 0.01. Hence, E[S?] = m? + Var[S;] = 0.1325
1 1 1 L

N PV TYN THIRY NONIN

E[R] = (1/2)[ME[S?] + A\ E[S3]] = 0.0481

: 1 7010 MPY MY MNHNNN TYN YN 310 S

EW)] = _E B _ 0,050 = 2.08 sec
:2 MPY NO NI
E[R
EW}] = 7] = 0.068 = 4.10 sec.

(1—p1)(1— p2)

: N2 OOPIVNN YSHNN 79Y SAPNNI 591DN MINNNN TYN YHNN

N ETW 1 M\ ETW2
1B gl T A2BWg = 0.063 = 3.76 seconds.

A+ Ao

E[W,] =

.DYD81 NNONY Y8R NNN TN NN IAYN (MTIP) 2) 1.2.4

:D2WN
509 PIN 9 Y

E[L,] = A+ E[W,] = 0.063




M/G/1 without priorities

_ E(R)
E(Wq) == ﬁ
R - Expected residual service time

p - Prob. of arriving to a busy server

1+ C3(S
E(R)=(1-p)04p-E(s) )
Khintchine-Pollaczek Formula:
_ P ey, LECR(S)
EWy) = 2 E(S) 5

M/G/1 with priorities

Steady state < p épl+---+p,b< < 1, where py = A, my.

Convenient notation: py=p1+--+pk. 1 <k < K.
P, =0
Note: p, = fraction of time allocated by server to class k.

1 — p = idleness/availability.

o E(W(f,‘) - expected waiting time of class k customer.
° E(Lg) - expected number of waiting class k customers.

o E(R) - expected residual service time.



Non- Preemptive Regime
1. E(Wh=

E(R)+m1E(L}J) = E(R)+m1)L1E(Wq}) = E(R)erlE(qu)

E(R)
(1-p1)°

= E(WC}) = as before (K =1).

2. E(Wj):E(R)+In1E(Lé)+m2E(L§)J+ m A E(WS)

wait due to class 1 & 2 in queue wait due to class 1,

arriving during wait of 2

= E(W7) = E(R)+p1E(W})+ p2 E(W]) + prE(W7)

= E(WG) = [E(R)+pr E(Wg)]/(1—p1—p2) =

E(R)

= E(WqQ) - [(1—p1)(1—p1—p2)]

T
substitute E( Wc})

k. EWf=
ER+my - ELL -+ myc- ELE+ Aymi EWE o 4 Dy _ymy 1 EWE

= = ER+p EW} + ot p i EWS 4 (py 4+ pr ) EWE

E(Wk):E(R)+P1E(qu)+"'+Pkf1E(W§7l): E(R)
I (1—=p1—p2—--—pk) (1—Pr—1)(T—px)
Where
K 1+ C2(S)
E(R)=(1=p)-0+ ) pj-mj-—
j=1
K E(5_2) 1 K
=Yk =5 Y AE(S)
j= j=
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ANV PN 2PN 10,0 R A -w 55 . X(0), X(A), X(24),... nx Hapn
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:NAVN
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0P 28 — 1 pon
1% DTN NPOLHRNNT NN JIN TP DINNND SXIPIN DTN IWSH (MNP 2) 3.1.1

;0N

MM .M/M/N+M 955 Erlang A 5711 10 9012 ©IXRNNN DTN MWL WM INNN
TONN ,DONINIMADPN NNYADN MY MNT NNVAND : 11 DT ITIND MVITTH NPONNDINNN
AXPY DN .IYINN TONM ,NNYIDN ,MPVYN INT P2 MM OX MY NOXID TONN 1N NYINN
.2OV9 TPIAN N2 MNPNN M9 DY NP YOINN

D27y NXY DTIPN PYD2 DNYSNY HTIND DIIRNNN DXIVNIIN DX VWIN (MTIPI 2) 3.1.2

:DAVN

A= % =1375 per hour

Y7, =6—50 =12 per hour

60
6—1—0 =6 per hour

N=80

PRI TPINN K¥ND) O9WON DINN NN MY Noyna Offered-Load 1 nx yawn (MMp) 3) 3.1.3

DoN2IVWN
: NN
<= WNVN Y991 199 80 NN NN 190N . R =£ :% =114.58
y7,
B n-R_ 80-114.58 _
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ED »9wann 0inna ooxem) DX Yo

13




.Garnett n°8p2192 Y1 KO (Y% Answer) DNYIN HNKRD NIV NN NN (M) 3) 3.1.4

: NAVN

,DOWLNN NN NIIWNY TIT NY wHwY 9190 N= R(l— y) WPRN Y95, ED N 0NN »x) INND
, )90 .DOWOLNN Y%= TUNRD

n 80
%Answer ~ —=———~0.7
AT~ R 11458

:3N9NN 23710 N2Y 4CC NN MXIN I90N N2Y VO DV OPIN DN YD

Compute |0 Add to Table Delete Rowsl Clear Al | Export | mport: Graph I

Basic Talgel Number of Average Callsper  Average Agents Average %Answer Average
Iqtewal Time to Agents Hapdllng e Patience | Occupancy %Answer %Abandon Speed of within Queue
(minutes)  Answer Time Answer Target Length
Results 60.0 00:00.0 03:33.7 0% 69.2
1 60.0 10:00.0 03:33.7 69.8% 69.2
2 60.0 08:00.0 03:33.7 69.8% 69.2
83 60.0 05:00.0 03:33.7 67.3% 69.2
4 60.0 03:00.0 03:33.7 16.8% 69.2
5 60.0 01:30.0 03:33.7 2% 69.2
6 60.0 00:30.0 03:33.7 0% 69.2
7 60.0 00:00.0 03:33.7 0% 69.2
8
9
10

YN MNP NEINNNINL 1M XN .Y NN DX YD PINYND TPINN 5N (MTP) 2) 3.1.5
NN N TTNI) 99D NXIT NXINIMNX ONIYIND TN NN (MNNHN XOD) XTHN 19INT MPY DDP
IUN NINPON NN N ,NONN ANNN NAY 07N TONN 01N 70 Dy .(QED n onnd
1P 1PNNND INDNIV ODIN YTHN MY VP

:NVN
99010 NMNNNIA NN Answer Within Target 12y voon  Target Time=00: 00 ¥yapd INNRN

. P(V\/q = O) ~0 -v 5apnn V992 NYINKN NNVYN 19 BY 199 .M NN KD TUR MMPIN
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vIN asn — 2 phn

IWON NN N X9 MNMponn 20% ninaby ¥1apb yINyn TpInn Snmn (MM 2) 3.2.1
Y722 WATIN YINRDIINN NAPITPIIN 190N NN MIPY 1T NORWN 9102 NaNxnn Garnett 1o8P92
AW 59D NPT N2IVN NN LY TV TINYD

: NAVN

.GMR(0.5) mspnaa wnnw Q _110_ 0.5 nx N8 NP

u 1/5
Y. =05 M2y nMp 01 .0.8 TN NN NHIPN GMR(O.S) TPXPNAN N2 NTIPIN DN WON)

.R :& = %’ =114.58 quno , =R+ AR n1no 778 npa1pinn 1aon
u

.n=114.58—0.5y114.58 ~109

TONNRNNY YPIND NNI Y NYI0IN HINK 1PN DN (MTIP) 2) 3.2.2

: N2IWN
, p(Ab)-Jn =0.62 -vw 5apy ,Garnett Sw »wn 9730 29 9y

.6% 1> owLRN NN . P(AD) _ 062 _ 0.06 m5>

V2109

VAT DU NYTIN MY MMPD DY NN MY 19V 1N NOID DY INIRNND TR0 DY (MTIP) 3) 3.2.3
N2NNI N NN YN DOPADN DRY RN TP DN YXIY MDD .NIIYNI NN MNNNIN
YTTN TON NINIIND NVNVND DNAN TN .MPT 129 MPT 10 -HN NOTHI NYSINNN NNOA0N MNHNN
TN PN 555 19IND 1201 .0 T2 NDINM DIVLN DNN,MNNNY MIINDN : DONAN : INIAN
awnd

;0N

NN DOYLI INY DMV NMPY — VPP VIV HNN

NV T DXTIYN NN NIMPD INY P IYO MNP MINS — SN 02721Y NN
AN DIIX MNND NN, NN MMPY INY P — DN NINNNY MHANON
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NOD YINYI DI0NI9N INY) .130 -H 110 P2 0T 1901 DY ANV Ny 4CC NN VY PNY

‘ ACallCenters v2.23
File Table Settings Help

.Omv

Performance Profiler Staffing Query Advanced Profiling I Advanced Queries | What-if Analysis |
Advanced  The Advanced Profiling tool allows you to enter muliple values for each of the input parameters, and produces a performance profile for each combin
Profiling
Compute | 4 Add to Table | Delete Rows | Clear All | Export | Import | Graph | * Settings |
Input 60 00:00 Range [ J
Multi-Value v
Basic Target Average Average  %Answer Average
Interval Tlmg to Number of Handlglg Calls per Avgrage Agents %Answer %Abandon Speedgnf within Oueuge
(minutes) Answer =~ 98NS qime -  Inteval  Patience Occupancy Answer  Target  Length
Results § %
1 60.0 00:00.0 110.0 98.5% 94.6% 5.4% 00:32.4 22.0% 124
2 60.0 00:00.0 1120 97.9% 95.7% 4.3% 00:25.6 29.5% 98
3} 60.0 00:00.0 1140 97.2% 96.7% 33% 00:19.8 37.9% 76
4 60.0 00:00.0 116.0 96.3% 97.5% 25% 00:15.0 46.6% 5.8
5 60.0 00:00.0 118.0 95.3% 98.1% 1.9% 00:11.2 55.2% 44
6 60.0 00:00.0 120.0 94.2% 98.6% 1.4% 00:08.2 63.4% 32
7 60.0 00:00.0 1220 93.0% 99.0% 1.0% 00:05.9 70.8% 23
8 60.0 00:00.0 124.0 91.8% 99.3% 7% 00:04.2 77.3% 16
9 60.0 00:00.0 126.0 90.5% 99.5% 5% 00:02.9 82.8% 11
10 60.0 00:00.0 128.0 89.2% 99.7% 3% 00:01.9 87.3% 8
" 60.0 00:00.0 130.0 87.9% 99.8% 2% 00:01.3 90.8% 5
12
13
14
15
16
17

v, EW, [W, >0) nxvawn neytpm 120 oy 5090 7900 1y (MMip) 4) 3.2.4

TN OV IMYNYN NN 1I0M 032N

:NAVN

(W, )= (W, 1w, > 0)P(W, > 0)-+E(W, |, =0)P(W, =0)=E(W, |, >0)P(, >0)

E(W,)

P
P Wq >0

E(W,Iw, >0)=

E(V\/q ) :# =%'725 Little nnomn *a5 E(V\/q) NN N¥D)

3.2 .
E(W, W, >o)=0_366.1375/60=o.38mm » 91PN

SN2 PNNN JPRY MIPY DV YINNN MNNDN AT NN PIND DY TN
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S5 91N MNNNN PAT NOMIN SN ,0TIPN PYD 10D NPITPIA 90N ININ NAY (MTPY 3) 3.2.5
NN NN IWOLIY MMPD

: NAVN

E(W, ) = E (W, | Abandon ) P Abandon)+E (W, | Service) P(Service)
E(W, )—E(W, | Service ) P( Servi

= E(W, | Abandon) = (W) (P(q,l\b::ggig (Service) _

_ E(W, )—(Average Speed of Answer ). P(Service)

P ( Abandon)

E(W, | Abandon) = 8.378-8.2:0980 _ 5 g3 gec

0.014

D919 1T MPYA .DXOMNNY YONIVI VN NDDN MPY POIND PV YN (M) 4) 3.2.6
40N 1P9920) PIN? 1PN .DNIN DMIYNN DM 99291 NOIWNN DY VN2 PIUIN NNIYD DIOM)HNNDN
029222011 NI’HAN 1D 1PN NIPHAN 1N OWNN JTPIN O7Y INDV NPV DN NT MPYD

R RAK)

: DIVN

$ 1PN NNAN

:MNIN?

DINN MY OINIYN ONW NTIN .1

22PN NS 99N F9V5 NI NMTPID : DTN MDA NOON .2

LNRNN VXD PO DX TN IWAN DOV’SD DYPIDY DITPIAN DD DX — D DXONIY 91 .3
D AT INRD NN D1 NMIYHN TR NYTHN 129 DYDAPN - DPN TR DXONWY NPONN .4
1NN

DY0)NNN D957 INNRNM MPYN NNPNA TPNYRINDY .1

MPYN O8IV VNRNYND 1DWY TOD NXaAND DX91D> DXOMINNDN TSN MYWNI MNDNOV WP .2
.DMINNND

192010 NINAN

1 MNIN?

YNID OVIND IN IOND DN NY — TN v .1
MINNN NN NP .2

N2IVND MINNNN PIT2 DMINNX DT MYYD PWNNY 51D O”INNN .3
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DYYIN D03 NOM PNINX NN OIUNP .2

MINYN NP :3 PHn
TPIN DN .MINYN 19012 7: 00-19: 00 MYWN P2 TIAY> TRINNNY VONIN MDY NN 19V 71
-2 190 . PTINY DXTY TNYD NN DY NYY 952 WITTY NPYTPINN 1900 NN XN PT1a
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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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GMR(x) describes the asymptotic probability of delay as a function of f 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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Erlang-A: % Abandonment

%Ab x /n vs. 3, for varying (im)patience (6/pu):
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—=GMR(0.1) =——GMR(0.5) GMR(1) —GMR(2)  =——GMR(5)

~—GMR(10) —GMR(20) ~——GMR(50) ~——GMR(100)

Note the behavior like —3/+/n, for (relatively) large negative 3
and over all (im)patience levels. For an explanation, think ED:
n=R+BvVR=R—R; hencey~ —f/vVR ~ —f/+/n, and
is P{Ab} in the ED-Regime.
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