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ONY 17 IN MYITR DNPAID NNNNY DIWYNIN DM NIPNA DINNND 1N DN ,0OMPYI NMPY
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APM PPV ,DPNYNN NN NP9 ,NDID0Y ,NPYVDNVLD DN PN - D, TYNNA

INAS0N MPYN TP DY TN D) ODVPAN D110 NN 113 NPNNPN 1YW . MO DY
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PIPY NP TIT MO IPLVPINTV [, MPINI DIPOYNNN ,DOPOY TP e

NP

POV NNHM NMMPY MPY TP e

DYNASVL MPY TP .DMYN DONDN PA DXIDYW NIONM ,TOYNVN TH TNHN NPN N NN

MNSY MWD X, MY OYapn Y |, (inbound) Mmooy mmws 5711 TN

NNINN MY DIV D TYPN I (outbound)
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VIAPY NI, NN AR DOMIN DINDTPIND 190D MNYN TN, MNPV NYNN 28p2

NN TIN NN
YNID YOPY 19NN DI9N DIDX YAPY DXDIdN DMNPN DD IWND NOWNY MWD MMY e
N9YNY WPNND NN PO

,(Automatic Call Distributer) ACD >ry muHpy noyny myamn mmwn e

.D»P DN PN YTPIND MNPWN DX 2MNN

SV MN2YN MYXINN PN MNYIL .NPNADV MIPY MNYI D) MNMP ,NVIVAN NIIWNN NYD

PN DINNN MY MPY I TPIN P2 MNY
TOINN YTPIN .VIWIN MNBYVN TPINN DTIND NNT TN .Y TN NYI NN DNX THIINNIN NYA
9NY OITPI DY DXIYP GOV .NTYY DOYOLVN DN DN ,DXMIPY HY DIDN NN DININD
9190 MYNTN NP0 NPYIL HOVY DMDI1D IWNY ,MNNDN NYPNNMIN 19D HNINND DY

AN TN DIV AT TYN PNDIND IN AN TN
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AOUN YTPIN NN MY N0
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.NANHN YN
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019N 998 DYYAPNN DIYPNNN NPXNINID NOTIN NN DIPNNNN
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03 NN D52 DXWITTH OIMNPN 190N NN I3 NN HIY MPYN TP
DYWL NXNNIY NN ,NNIIYN NPDIVIIND DY NNIDADN NTN NTHN - DIVIN DININ

A2 NYOYTY NN PNNNY NONHD MPOIY DI NDAM NOIWNHY NN DIWPNNIN

— 090 MY 21219 21N MWIITH MMINNRN 220N 2.6

-ONPIIPN N
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e AABIRRIA

THWINS MDY TN MOIWN .2WNN NI YT DDA 7Y D¥INNI DPNAYYL MDY YTPIN
VPO NPMPR YN MIIWND IWPDY MPYN TONNA

- DV

NNRD : NP MOONN 2 5P v 105 .MMPIN DY NN 2NN 1N PIPYN NIVN

NOYNY DOWINN MNMPON NIPWN NIN NIV 1NN TIPYN TP 21NN 7N

- DPPVYVLYVO
DN TR0 HY .07 OMVDILVLD DN HY DXDDINND NN NN MLVINN DAPO NN DY

JPINN D12 19) NOYIN MHXPN DM ,0°1NIN NX DXNMN NN D1VDVVD

- MV NTIAY PN

YVIIN DTN MNAY DXDIN NN MTTHIN MY .0MDIN NTIAYN DN DWIAPI N NNDNA
PN, NPV NTIAY MY WNIPY DXOIN NN NTIAY MVIY 9PN NIV, 19 10D . TPImD
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= NIMINN NNINIVN 2.7
YN MOIWH ,MIAONND NNYPN MOIWN 12 MIANWND .IININOV PNY NI MNOYLN MPYN

TP DI 0TI YN NOND MNTPNND NN ONTPNN MNX 9D 0017 DN YOI

TONONOLN PNYNN ,IOX OO0 DIXY I2YN . JPNYNIV TPNYN MY THN) MNADV MIPY

DINININ OXTTHN DX P°9NY Y91 DNN ,NIIYNA NNPN 22D DINNI NOIND SYSNND O) NYNYN

MPYN NN NYIapo

: DD NWVIYYY POND 11 NP INONOVN NN

MM NESL NPH MOINN MNPWN NN MIPN 1IN MW - ACD Non Nmn nown

5y 72152 D»DDA DNN MODIX 2771 ACD Moyn 1pmn Sv oNadon MTnyd 1NN
.DOYXINDY DIDINN MY P DANIN YN, NN

YTIIN NINSY MNOY INX APYN DY TNSN MIAPY YTHN ION MO -Y1N0 NN MOV

JIDY NNYN DR NN PN ,NNYN TV 1D IIVIY

0 (computer -felephone integration) CTI -n m>27yn -2wnn Manwn mown

N .OPNADL MPY YTPII DY NPIVYNN PIY MNMPN ANV MNTPNNND MIIWNN
MIVAND NON NMDIYND .2WNHD NIDIN 7Y DT DOWYI DITTHN 2IVIN YTHRN NOIN ,MNPWN
mMNd YAy, MNdXY 2170 MN8N Y MATN NPIVORD MAPY ,TRin DMnd Nad mMmedn)
2ISNY TPIN NOMND NIVANND 1T NN MY .ONYY VIPN NN DMWIAPNNN DN

.DXNMIND GNYN IITPIN NN DIXND OPNNND) NN DY DININNA DXNMIN DTN

1

2

(3

- MOIWN 2 -9 NN NN NINATVN MIIWNN DX PINT 1N

TINPN MIVINND ,AWNN Manwn Mown X -Distributed Call Centers- moayn

DNYN IN DXTPIND P2 MMYD NPIDN NIWVIPH NOWNY DNY Y7} DNDRIL OXTPIN

STPIND TPMN NYIDI NITYA IR NNOWN DY NN NIRD 279y MUY 1911

DYPOIYN WX, DT YW 11 190010 0257 N TP -Virtual Call Centers nown

NYNANY MYIYIN DI NN NYSIANN NPT NIWNY DIVIPN TN ,0N20 MOV MPYN NN

219350 TPINA NI NN
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= n1on 3.1

amy N5 SBR (Skill-Based Routing) - 1 ny»y»Tm nx »THNY 11023 M50 mydw »1Pmna
AT DMWY MY AN NN NN HYA 1NN ON MY

TNIN T POV 9T 5NN — MNY MDON MYann MPon MeT Ix Pavna Ny SBR

MY 29 DY MPY DY 159V NN TN N9 NOOWYN .ONDN IXIN 2D MDD 7PNNNINI
3 DY DXAYIN TWND VINAY DD YW ODIN IT . TONYL INNMND NN IMYSNIND WY W 9ayn
MIYPNN YTPINY TOVINNIY NNRD OIIX ,THDINN PN DN NMY DY NOVIV NHaYN DYd

DOPNY N2 NINTIN NPDN 03ya SBR AP Y55 DIYE NN VITVIND MYNNNI DIIION

DNTNIN NOIWNN NAIVY NNT HYINY W TN YIT DT -MPYN 1990 DY HNIXIDIFN NN

- SBR Y ACD (automatic call distribution) 1 9aynn 3.2

MYXWNN MNTPNNN .DMNADL OXTPIN DONNN N2 TITN NNNAND ,NNINIVN MNNINNN DY
NYNAPNHN DDIN NMMY ,OMVRVLD DMVNII 7Y MNOY 1AM IWNR NPVMVIRD NNV
.DMNAYLN OXTPINN NDYANT WNINNDT XMINNIN NN DY NYANND SNONN

DONVYN DOPXIT MNOY I INTI NN DIVIRD TN N, M0 Yy Tonon ACD-n 51

DYPIN DY DXDDIAN PN IUNR ,DONT DMIVNID 99 DY YaAPI MNPWN NP TPIVAND MPNNA
SV TNNN P2 Y DN 7PN XD DOYD 99NN DN NIND DY OPOYN 11N 1INNN XY DOOUNLVD

MSYN NNNON2 AP 1TPNRNN ACD 1 obm 5w nndwa H9°0W PN NNRYR PIY MPON

JPAYIAND NN NN TMNNI MNYI MIYHD 1NN MYNNINI
NNVN HNOXIVIAN NN NN MIAN - NNY 2NN DY MDY 217D DMPNADV DX TPI MO ;723
DYVINYNI INY DOWNRYN DPI DMV DN NN MDINY 1OV NSV TPINN NN

PY DN NPY MYSNNI VAR NNT TIONY Ny SBR 1930700x .poyn 51122 090700K
N9 SBR by monons »15 9pdya nwidw ACD v 102 .DopNIN MWD MMpYn vo9N Pa
PN IUN TY INN IN NI 19INT N 939 IN N 1Y) 595 v nancy ACD .nnn nyda o1nd

VN MPYN NN PRYND 91200 Y989DN PXIN N DMWY 95 namn Ny nmyy SBR .mann

YN Y NNY I XOY MINPY DY MNNNN AT DX DPNOND D12 YMyHNun 191X MPYY N1
DTHN IPINA
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5y 595 7772 NWY) MNP NPT 12¥2 .MYTN DPNONIVY NYWNNN NNMNIN 0) SBR 1 noow
IVR- 1 no3yn ,005 19119 IWPNn DN 1MHN 19007 19 HY IN 1IN Wpann Mponvy 1900 9

NN PNOPNRD DY NTIND MMphn wpad a1y (interactive voice response)

.INPYN NN 2NID YT MIPYN DY 22NN NYIDN2 wHnYnd) DMMN D01 NN P1TI0 N1 NOIYNN
M2ON ININD .NMIPYN MY SY PNVDNM NIMPON DY DY9’91990 DY DD MMNYN 21N

DNIND NPNY MRS o wann ,IVR - 1 19nm 1aya 1pmn oy wp mpon ¥ 19931 mnvn

,MINNNN INT NP ST DY MPYN NN DX MOYND T2 > DY MPON DY MYTN 0YII8N DY
N>IND D1 OGN DN DI MWD N NN MIAPY TO NNKN NI NPVDVVD MDA YHRNYNID
JNAND NN DY

- (customer relationship management) CRM-2a SBR - n 1pan 3.3

MY Y9 NIEN NN NV DTN LTNINIVN MNNININ Y RN NN SBR - 1 nna

M2y DOIY YY DLIANNA ,MMPSN DY DXONON AN W NNSY v 95 CRM - 1 n»oy;»s

ANIND
NN 91959 nmr CRM nnam mHv 0oN 11915021 DWING 097N nya CRM -1 anxn
DYON NVY DITAIY PYONY YT ONIYD W T PTINY NN HY , D9 MMPY NI TNSN
MYSN 0¥ WD 950N 19731 CRM a1 wvinow qwannn 955 noan SBR .mmpsn oy

MY PONINI OMNPION AXP JNIN MPYN 2DV NPNY TN YIWNN DVIND ,DXIYT 1) MPY
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4.1 "Telephone Call Centers: Tutorial, Review, and Research

Prospects” By: Noah Gans, Ger Koole, Avishai Mandelbaum (2003)
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4.2 "An Introduction to Skills-Based Routing and its
Operational Complexities.” By Ofer Garnett and Avishai

Mandelbaum (2003)
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Table 1 : Performance of I design
Type 1 Customers / Server 1 Type 2 Customers / Server 2
Traffic Average | Average | Utilization | Average | Average | Utilization
Load Wait Queue Wait Queue
(p) (seconds) | Length (seconds) | Length
1/3 46 0.3 43% 9 0.0 13%
2/3 390 5.6 87% 22 0.1 27%
3/4 1170 38.0 97.5% 26 0.1 30%
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Graph 4 : Threshold =4, p =0.95 - Queue Lengths
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Graph 5: Threshold =6, p = 0.95 - Queue Lengths
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Graph 6 : Threshold =8, p = 0.95 - Queue Lengths
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Graph 9: p =2/3 - Overall Average Wait in Queue
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4.3 "RESOURCE POOLING AND STAFFINGIN CALL CENTERS
WITH SKILL-BASED ROUTING". By: Rodney B. Wallace and
Ward Whitt(2004
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cost analysis (per time unit)

ANV OMNINDA NIPNRN N

sqrt(N)
diff
server | cost|k=0 | costlk* | diff | diff for day | diff per year ratio
100 2.8105 2.6477 0.1628 234.432 85567.68 5.79%
200 41936 3.7707 0.4229 608.976 222276.24 10.08%
300 5.1813 46124 0.5689 819.216 299013.84 10.98%
400 6.126 5.2582 0.8678 1249.632 456115.68 14.17%
500 6.928 5.894 1.034 1488.96 543470.4 14.92%
600 7.697 6.4733 12237 1762.128 643176.72 15.90%
700 8.2436 6.9701 12735 1833.84 669351.6 15.45%
800 8.9408 7.3987 15421 2220.624 810527.76 17.25%
900 9.466 7.8707 15953 2297.232 838489.68 16.85%
1000 9.896 8.392 1504 2165.76 790502 4 15.20%
2-n%a0
N
server | costlk=0 | cost|k* | diff diff for day | diff per year | diff ratio
100 11.23 4.2 7.03 10123.2 3694968 62.60%
200 22.46 5.51 16.95 24408 8908920 75.47%
300 33.508 6.567 26.941 38795.04 14160189.6 80.40%
400 44.892 7.488 37.404 53861.76 19659542.4 83.32%
500 56.155 8.013 48.142 69324.48 25303435.2 85.73%
600 67.665 8.652 59.013 84978.72 31017232.8 87.21%
700 78.326 9.199 69.127 99542.88 36333151.2 88.26%
800 90.125 9.729 80.396 115770.24 42256137.6 89.20%
900 100.909 10.128 90.781 130724.64 47714493.6 89.96%
1000 111.5985 10.648 100.9505 145368.72 53059582.8 90.46%
3 nYav
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N"2
diff for diff
server | cost|lk=0 | cost|k* diff day diff per year | ratio

100 937.889 12.734 925.155 799333.92 291756880.8 98.64%
200 3934.56 13976 3920584 338738458 1236395370 99.64%
300 9022.25 14.9 9007.35 77823504 2840557896 99.83%
400 16326.6 15869  16310.731 140924716 5143752128 99.90%
500 25770 16.15 25753.85  22251326.4 8121734136  99.94%
600 37516 16.355 37499.645 32399693.3 11825888047 99.96%
700 50990.42 17.36 50973.06 44040723.8 16074864202 99.97%
800 67333.99 17924 67316.066 58161081 21228794574 99.97%
900 8514299 17946 85125.044 73548038 26845033876 99.98%
1000 | 105029.988 18.246 105011.7416 90730144.7 33116502831 99.98%
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#include<iostream.h>
#include<stdio.h>
#include<math.h>
#include<stdlib.h>

#include<fstream.h>

/7function Min finds the minimum between three events
/7arrivals of VIP customer, arrivals of Regular customer and
//the time the next customer leaves the service (which is Service time)
double Min(double,double,double);
int main(
{
//miy is the service rate
double miy=1;
//betta is parmeter used in lambda calculation
double betta=1;
/7total number of servers
int N;
/total simulation time. we took simulation time as 50,000 time units so the
//system will arrive to her study

double RunTime;

cout << "Enter Total Number of servers" <«endl;
cin>»> N;
cout « "Enter Total Time of Simulation" <«<endl;

cin >» RunTime;

122



s7caleulating lambda according to QED saftye stuffing rule
double lambdaV=(N-betta*sqr+(N))/2;
double lambdaR=(N-betta*sqr+(N))/2;

ofstream Outl1("data300.xIs");
if(10utl)
{
cerr <« "cannot open file" <« "\t' « "datav300.xls" <« "\t' << endl;
exit(1);
}

Outl«<"k"«<"\1'<«<" AvgWait TimeV"<«"\1'«<" AvgWait TimeR"<«<end|;

/initializing times
double Vip=0;
double Reg=0;
double Serv=0;

/7initializing waitinig time - sum and avarage for each type of customers
double SumWaitTimeV;

double SumWaitTimeR,;

double AvgWaitTimeV;

double AvgWaitTimeR;

/7counter of number in queue for each customer type

int queueV;

int queueR;
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/rthreshold for serving regular customer. serving rule -serving only VIP customers.

/if free servers is bigger than k the servers will serve regular customers

int k=0,

//number of free servers

int fs;

/7counter of total customers
int totVcust;

int totRcust;

//current time

double now;

while(k<=(N/5))

{
AvgWait TimeV=0;
AvgWait TimeR=0;

for (int rep=1;rep<6; rep++)

{ now=0;
SumWaitTimeV=0;
SumWaitTimeR=0;
totVcust=0;
totRcust=0;
queueV=0;
queueR=0;
fs=N;

cout<«<"k="«<"\t"«k<«endl;
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while(now<RunTime)

{ double u=0,y=0,w=0 early_event=0;
u=(rand()+1.)/(RAND_MAX+1.);
Vip=(-log(u)/lambdaV);
w=(rand()+1.)/(RAND_MAX+1);
Reg=(-log(w)/lambdaR);

if (fs<N)
{ y=(rand()+1.)/(RAND_MAX+1);
Serv=(-log(y)/(miy*(N-fs))); }
else Serv=RunTime;
early_event=Min(Vip,Reg,Serv);

now+=early_event;

if(now>100)
{ SumWaitTimeV+=early_event*queueV;

SumWaitTimeR+=early_event*queueR;

if (early_event==Serv)

{ fs++;
if(queueV>0)
{queueV--;
fs-- '}
else
if (queueR>0 && fs>k)
{ queueR--;
fs-- '}
}

125



AvgWaitTimeV=AvgWait TimeV+SumWait TimeV/totVcust;
AvgWait TimeR=AvgWait TimeR+SumWait TimeR/totRcust;

}

if (early_event==Vip)

{

if (fs>0) fs--;

else queueV++;

if (now>100) totVcust++;
}

if (early_event==Reg)
{
if (fs>k() fs--;
else  queueR++;
if(now>100) totRcus++;
}

AvgWait TimeV=AvgWait TimeV/5;

AvgWait TimeR=AvgWait TimeR/5;

Outl«cke<' \t'««AvgWait TimeV<«'\t'<«<AvgWait TimeR<<end|;

Kes;

}

return O;

}
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double Min(double Vip,double Reg,double Serv)

{
if(Vip>Reg)
if(Reg>Serv) return Serv;
else return Reg;
else

if(Vip>Serv) return Serv;
else return Vip;

}

127



N 5799 598511290 993y NP — 4 NOY)

#include<iostream.h>
#include<stdio.h>
#include<math.h>
#include<stdlib.h>

#include<fstream.h>
double Min(double,double,double,double,double);

int main(

{

// data

// service times
double miy1=1;
double miy2=1;
double miy3=0.5;
//arrivals rate
double lambdal;
double lambda2;
//number of servers
int S1;

int S2;

//events times
double VipAry;
double RegArv;
double VipSeryv;
double RegSeryv;
double VipHelp;
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//queue

int VipQ=0;

int RegQ=0;

//fraction of VIP served by S2

int total_VIP=0;

int total_reg=0;

int VipS2=0;

int VipS1=0;

int RegS2=0;

//number of s2 serving VIP

int serv2vip=0;

int serv2reg=0;

// general varaibles

int FreeSl,;

int FreeS2;

double row;

double now;

double RunTime=5000;

int replication;

int N_of_replication=10;

cout <« "Enter number of VIP servers:" «endl;
cin >» S1;

cout <« "Enter number of REG servers:" <«endl;
cin»S2;

cout <« "Enter your RunTime:" «endl;

cin >» RunTime;
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ofstream Out1("datal.xls");

if(10ut1)
{ cerr « "cannot open file" << '\t' <« "datal.xls" << '\t' «< end|;
exit(l); }
Outl«endl;

Outl«S1«' \t'«"number of S1="<<'\1'««S2<«"\t'<«<"number of S2="<<'\1'<«<"\t'««RunTime<<'\1'««"Run Time="<<end|;

Outlec"row"<<' \1'«<"VipS1"ce' \1'«<"VipS2"<<' \1'<«<"RegS2"«<" \t'<««"Total VIP"<«<'\t'«"total_reg"<«endl;

for (row=0.02; row<1.01; row=row+0.01)
{

int VipS1_replication=0;

int VipS2_replication=0;

int RegS2_replication=0;

int total_VIP_replication=0;

int fotal_REG_replication=0;

for (replication=1; replication<=N_of_replication; replication++)

{

cout«"row"«'\t'<«row«" \t'<«"replication"<«'\t'<«replication«'\t'<«<"S1 ="<<"\t'<cS1¢¢' \1'¢" 52 ="«<"\t'<««S2<«endl;

VipQ=0; //number VIP in queue
RegQ=0; //number VIP in queue
total_VIP=0; //total number of VIP

total_reg=0; //total number of reg

serv2vip=0; //number of server 2 serving VIP costomer
serv2reg=0; //number of server 2 serving VIP costomer
VipS2=0; //number of VIP costomers served by server 2
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VipS1=0; //number of VIP costomers served by server 1
RegS2=0; //number of REG costomers served by server 2
now=0;

FreeS1=51;

FreeS2=52;

lambdal=1.3*row*(S1+1);

lambda2=0.4*row*(S1+1);

while(how<RunTime)

{
double va=0,ra=0,vs=0, rs=0, vh=0, early_event=0;
va=(rand()+1.)/(RAND_MAX+1.); //VIP arrivale
VipArv=(-log(va)/lambdal;(
ra=(rand()+1.)/(RAND_MAX+1); //reg arrivale
RegArv=(-log(ra)/lambda2;(

if(FreeS1<S1) //servl release VIP costomer

{
vs=(rand()+1.)/(RAND_MAX+1));
VipServ=(-log(vs)/(miy1*(S1-FreeS1)));
}
else VipServ=RunTime;

serv2reg=S2-FreeS2-serv2vip;

if(serv2reg>0) //serv2 release reg costomer

{

rs=(rand()+1.)/(RAND_MAX+1.);
RegServ=(-log(rs)/(miy2*serv2reqg))):
}
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else RegServ=RunTime;
if(serv2vip>0) //serv2 release VIP costomer
{
vh=(rand()+1.)/(RAND_MAX+1;(.
VipHelp=(-log(vh)/(miy3*serv2vip; (
}
else VipHelp=RunTime;
early_event=Min(VipArv,RegArv VipServ,RegServ,VipHelp; (

now+=early_event;

if (early_event==VipArv) //arrival of Vip costomer
{
total _VIP++;
if (FreeS1>0) //there is a serverl avilable
{ FreeS1--;
VipS1++;
else

{

if (FreeS2>0) //there is NO serverl avilable but there is a server? avilable for VIP costomer

{ VipS2++;
FreeS2--;
serv2vip++; }

else

VipQ++; //VIP stay in queue
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if (early_event==RegArv)
{

total_reg++;

if ((FreeS2>0)&&(VipQ==0))

{ RegS2++;
FreeS2--; }
Else

RegQ++;

if (early_event==VipServ)
{
FreeSl++;
if (VipQ>0)
{ VipQ--;
FreeSl1--;
VipSl++; '}

if (early_event==RegServ)

{
FreeS2++;

if (VipQ0)&&(FreeS1==0))

}
VipQ--;
FreeS2--;
VipS2++;

serv2vip++; }

//arrival of reg costomer

//servl release VIP costomer

//serv2 release reg costomer
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else if (Reg@Q>0)
{ RegQ--;
FreeS2--;
RegS2++; }
}

if (early_event==VipHelp) //serv2 release VIP costomer
{
FreeS2++;
serv2vip--;
if ((VipQ>0)&&(FreeS1==0))
{ VipQ--;
FreeS2 --;
VipS2++;
serv2vip++; }
else if (RegQ>0)
{ RegQ--
FreeS2--;
RegS2++; }
//end while
}

VipS1_replication=VipS1_replication+VipSl1;
VipS2_replication=VipS2_replication+VipS2;
RegS2_replication=RegS2_replication+RegS2;
total_VIP_replication=total_VIP_replication+total_VIP;
total_REG_replication=total_REG_replication+total_reg;
/rend for of replication

}
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Outl«row<<' \t'«VipS1_replication/N_of _replication«'\t'««VipS2_replication/N_of_replication«'\t'<

<RegS2_replication/N_of_replication«'\t'«total_VIP_replication/N_of_replication«'\t'«total_REG

_replication/N_of_replication<«endl;

//end for of row

}
}

return O;

//end program

}

double Min(double VipArv, double RegArv, double VipServ, double RegServ, double VipHelp)

{

double temp1=0;
double temp2=0;
double temp3=0;

if (VipArv<RegArv) templ=VipAry;

else templ=RegAry;

if (VipServ<RegServ) temp2=VipSery;

else temp2=RegServ;

if (templ<temp2)
{ if (VipHelp<templ) return VipHelp;

else return templ; }

else if (VipHelp<temp?2)
return VipHelp;

else refurn temp2;
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