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Abstract

This research paper proposes Improvement of Wallboard Display System
for Call Center using SignalR Technology new technique to enhance the presentation
of data related to real time.

Improving the efficiency of the Wallboard display system information of
call center with SignalR technology. Using a library of SignalR working with SSP and
SSP.NETMVC consisting of (1) Model the function is generates a class for the data
from database (2) View is the display screen of the call center and (3) Controller is
acting connection between the hub and the function that are used by the client

According to the research methodology, the principles of architecture
SignalR use real-time system can save server resources than compared to existing
systems. SignalR can save CPU 45% and send-receive data 70% make a call Center
Information can be obtained from development work in teams to serve customers
quickly and more effectively.

Keywords : Improvement of Wallboard Display System for Call Center using
SignalR Technology
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A5 4.5 mswuﬁmmﬁaammugmsﬁ’@uamiw Agent (wﬂ’mm)

ON Attribute Name Description Data type (size) Key type Reference Table
1 AgentID FTHANUNNY int PK

2 AgentTitle ﬁ1ﬁ1ﬁ13!115§ ? varchar(50)

3 AgentFirstName élﬂf 3] varchar(50)

4 AgentLastName @@ varchar(50)

5  IsActive anugmsldan bt

6 Status a1z e varchar(50)

A5 4.6 GIﬁNL!ﬁﬂ\‘lﬂﬁﬂﬂﬂLLUU§1u5ﬁ}®Nva§lﬁN CallType (D1UETYTAUNUT)

Data type Key Reference
ON Attribute Name Description
(size) type Table

1 CallTypelD AT int PK

2 CallTypeName % DADIUY varchar(50)

3 CallTypeCode P TR (AR varchar(50)

4  CallTypeDescription 9 10az10un varchar(50)

aD1uUe
5 IsActive ADUEMIIHU  bit
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AN 4.7 MINTAINTOONUVDFIUTOYAA151 Chanel (FOINAAAD)

Data type Key Reference
ON  Attribute Name Description
(size) type Table
1 Chanelld Wl int PK
4 A Y a

2 ChanelName wos Insnlvusnis

3 ChanelDescription 510021009
4 Color Fnuaaansivlnii

Tsunsu

5 TIsActive ORITEIREA S ARLY

A15199 4.8 @151\1Llﬁﬂﬂﬂ”liﬂﬂﬂllﬂﬂg1ﬂ%@gﬁﬁﬁﬁ CallTransaction (ﬂizﬁma—auwm)

Attribute Data type Key Reference
ON Description
Name (size) type Table
1 CallTranID WA int PK
2 CallTypelD THAaIUY int CallType
3 Chanelld INATDINNAAAD int Chanel
4 InboundDate TUNTUEY DateTime

5 StartTalkDate

@

UN-NAUTUEAUNUN DateTime

6 EndTalkDate

Y
[ a2

UN-NTUFANTT DateTime

D.

aunu

7 AgentID

AN int Agent
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sd ControlController GetCountCallResult /

this : ControlController Ethis"-m“m'“" tCallReposi | DhSet Em[[. ti 10 b EL: tCallModel
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GetCountCall
_countCall.Get CountCal{DateTr... LING

»
1

Deferred Call

[ain {_call.Ca
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.
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A . a ] ] ' A
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sd ControlController_GetCountCallByChanelResult )

this : ControlController | | CountCallR it 0 bl Il-.lltgL.! T 10 b EL tCallModel
GetCountC...
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_countCall. GetCountCalByhane. . Toin<=calT...
LING
T
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<<return>>
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>
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<<returnz>
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sd ControlController_GetAgentResult )

E c CallR - E Age! DhSet<CallT i E Age
this : ControlController " ‘ source : DbSet<Agent> t: List<AgentModel>
. GetAgentR...
GetAgent
>
_countCall, GetA gent() Select<hgent, AgentMadel>
»

»
Select(newAgentitodel.
<<returnz>

Loop

[foreach ()]
where <CallTransaction =
-

>
Where (p.AgentiD ==modellAgent]D &8 p.End TalkDate = nul()

<<returnz >

<<returnz

LINQ
Deferred Call
[Where {p.IA..

[ToList]

<<returnz>
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AU BIGLRN SQL Dependency

public sealed class ChangeNotifier : IDisposable
{
private SqlConnection _con;
private SqlCommand _cmd;
private SqlDependency dependency;

private String _connectionString;
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private String _dependencyCheckSql;

~ChangeNotifier()

{
Dispose();

public event EventHandler<ChangeEventArgs> Change;

public Boolean Start(String connectionStringName, String

dependencyCheckSql)
{

new SqlClientPermission(PermissionState. Unrestricted). Demand();

_connectionString =
ConfigurationManager.ConnectionStrings[connectionStringName].ConnectionString;

_dependencyCheckSql = dependencyCheckSq];

var result = SqlDependency.Start(_connectionString);

_con = new SqlConnection(_connectionString);

_con.Open();

_cmd = _con.CreateCommand();

_cmd.CommandText = _dependencyCheckSql;

Setup(true);

return (result);
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public Boolean Stop()
{

var result = false;

if (_cmd != null)

{
_cmd.Notification = null;
_cmd.Dispose();
_cmd = null;

h

if (_con !=null)

{
_con.Close();

_con =null;

if (_dependency != null)

{
result = SqlDependency.Stop(_connectionString);
_dependency.OnChange -= OnChange;
_dependency = null;

}

Change = null;

return (result);
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private void Setup(Boolean initial)

{
if (initial == false)
{
_dependency.OnChange -= OnChange;
H
_cmd.Notification = null;
_dependency = new SqlDependency(_cmd);
_dependency.OnChange += OnChange;
_cmd.ExecuteScalar();
}

private void OnChange(Object sender, SqINotificationEventArgs €)

{
Setup(false);

var handler = Change;

if (handler != null)
{

handler(sender, new
ChangeEventArgs((Changelnfo)(Int32)e.Info, (ChangeSource)(Int32)e.Source,
(ChangeType)(Int32)e.Type));
}

public void Dispose()
{




47

Stop();

%) o 4 o 9
2) Tﬂmmmmiwmmmms‘gmimmima%miﬂmﬂgweyjaiuizuu

public sealed class ChangeEventArgs : EventArgs

{
public ChangeEventArgs(Changelnfo info, ChangeSource source, ChangeType

type)

this.Info = info;

this.Source = source;

this. Type = type;

public Changelnfo Info { get; private set; }

public ChangeSource Source { get; private set; }

public ChangeType Type { get; private set; }

3) amamanfSeuiisumdeyamsn)aounlasgudoya

public enum Changelnfo

{
AlreadyChanged = -2,
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Unknown = -1,
Truncate = 0,
Insert=1,
Update = 2,
Delete = 3,
Drop = 4,
Alter = 5,
Restart = 6,
Error =7,
Query = 8,
Invalid =9,
Options = 10,
Isolation= 11,
Expired = 12,
Resource = 13,
PreviousFire = 14,

TemplateLimit = 15,

Merge = 16,
H
public enum ChangeSource
{

Client = -2,

Unknown = -1,
Data =0,
Timeout =1,
Object =2,
Database = 3,
System =4,
Statement = 5,

Environment = 6,
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Execution = 7,

Owner = §,
H
public enum ChangeType
{
Unknown = -1,
Change =0,
Subscribe = 1,
H

MINN 4.9 MINUAAIANUHNBUDIAAE ChangeSource

Wile MUK

AlreadyChanged =-2  mstfasunilaslnssadugiudoya

Unknown = -1 ligmnsaszymsnfasunasvesszungudoya

Y '
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Insert = | matiindoyalm
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M3 Lock Yoyaiuana1eny
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4.4 3UnVUNM3AAADIZHING SignalR Hub 1Az HTML

— }

<script src="~/Scripts/jquery.signalR-2.2.0.js"></script>

<script type="text/javascript" src="signalr/hubs"></script>

<script type="text/javascript">

$(document).ready(function () {

var notifier = $.connection.changeNotificationHub;
notifier.client.countCallSignalR = CountCallSignalR;
notifier.client.countCallByChanelSignalR = CountCallByChanelSignalR;
notifier.client.getAgentSignalR = GetAgentSignalR;

$.connection.hub.start();

1

function CountCallSignalR(data) {
var totalcall = 0;
for (var i = 0; i < data.length; i++) {
$("#" + data[i].CallTypeCode)[0].innerHTML = data[i].CallCount;
totalcall = totalcall + data[i].CallCount;
}

$("#totalcall™)[0].innerHTML = totalcall;

!
function CountCallByChanelSignalR(data) {
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var donutData = [];
for (var i = 0; i < data.length; i++) {

donutData.push({ label: data[i]. ChanelName, data: data[i].CallCount, color:

data[i].Color });
}
$.plot("#donut-chart", donutData, {
series: {
pie: {
show: true,
radius: 1,

innerRadius: 0.5,
label: {
show: true,
radius: 2/ 3,
formatter: labelFormatter,

threshold: 0.1

1;

function GetAgentSignalR(data) {
var agentData = [];
for (var i = 0; i < data.length; i++) {
agentData.push({ AgentID: data[i]. AgentID, AgentName: data[i]. AgentFirstName + "'
+ data[i]. AgentLastName, TalkTime: data[i]. TalkTime });
H

$("#countAgent")[0].innerHTML = data.length;
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Web Browser CPU Network

Average Send Receive Total
1E 11 Thread CPU
CPU (B/sec) (B/sec) (B/sec)

Client 1 25 3 1.41 787,903 1,817,549 2,605,452

Client 2 27 1 1.28 789,067 1,819,285 2,608,352

Client 3 28 1 1.51 790,427 1,961,188 2,751,615
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Eoririati e s fCenirol/GetCountCaiyChang o]l slire.min g HrTR oET e 208 <im ik relmatyle... |
N —— fControlfGetagentResut Foontent kg fuer v fuery 2. LAmings  HTTP GET i mpplication/irvascriot 3358 <1m <aeripts 1
e el ol e o Calleseit e HITE GET 4 plcationfivascpt 3176 <1me cnerpts i
e i : = .
[Control Gathgen et z
P — SoniuliuTAdin et Mewres: 1.993 Sent: 0,75 MB (790,427 biytes) Receives & 157 MB (1961188 bytes)

fCantrol e bt ounsCallly Chansl

JControljGe tApenstenit 1,990 Sent: 0.75 MR (759,067 bytes) Received: 1.74 MB (1,816,385 brytes)
i T v

Rems 1,990 Sent: 0.75 ME (767,903 bytes) Recerved: 173 MB (LELT.549 bytes)

AN 5.3 JUMWIAAINITATIVIAA Network 910 11511051 Monitor Network Internet

Jd o o a
Explorer 1705%U 11 91124 3 wilwe na1szliy 10 Wi



56

M319% 5.3 smamstseiivszunlvinlsmaTulad SignalR Tasmsilaniiiveuansna

9

UDya

k)

1 nanlsziv 10 W

Web Browser CPU Network
Average Send Receive Total
IE 11 Thread CPU
CPU (B/sec) (B/sec) (B/sec)

Client 1 26 0 0.30 125,760 25,896 151,656
Processes . 3% CPU Usage F 55% Maximum Frequency
Image PID Description Status Threads CPU  Average CPU it
iexplore.exe 7264 Internet Explorer Running 26 i) 030 :
|:| acdIDInTouch2. exe 2008 acdID InTouch2 Running 5 i) 0.00
|:| ACDSesCommanderlJiti,.. 1104 ACDSee Comman... Running 19 i) 0.02
|:| acrotray.exe 2392 AcroTray Eunning 2 0 .00
|:| Adobellpdate.exe 24584 AdobeUpdate Running 5 4] 0.00
|:| rmsve, exe 1504 Adobe Acrobat UL, Running 5 0 0.00
|:| audiodg.exe 8732 Running 4 [u] 0.00
|:| calc.exe 5172 Windows Calculat...  Running 4 0 0.00
|:| CCleanercd exe 1036 CCleaner Running 5 i) 0.00 -

MNAN 5.4 3 MaaIN13a3293A1 CPU 910113510353 Resource Monitor

V99320V IMUNWAILIAIY SignalR
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Callcenter Dashboard

CALLS SERVICED...

153

CALLS WAITING

674

A 90

ANSWERED CALLS ABANDONED CALL

114

Latest Chanel

i3}

5 [} X 7 F B8 x
Network B H R O ﬁx@ PR s
SUMMARY DETAILS
URL Protocol Method Result Type Received  Taken Initiator Timings
/8202d95besf0419f98bc715d5c0e4bfffart... HTTP GET 200 application fjson 232B 6.085 XMLHttpRequest
/8202d95be3f0419f98bc715d5c0e4bfffart... HTTP GET 200 application fison 214B < 1ms X¥MLHttpRequest
fsignalr fping?_=1439038505725 HTTF GET 200 application fison 438B 31lms XMLHttpRequest
/8202d95besf0419f98bc715d5c0e4bfffart,.. HTTP GET 200 application fison 232B 6.085 XMLHttpRequest
/8202d95besf0419f98bc715d5c0e4bfffart... HTTP GET 200 application fjson 232B 6.085 XMLHttpRequest
/8202d95be9f0419f98bc715d5c0e4bfffart... HTTP GET 200 application fjson 232B 6.085 XMLHttpRequest
f8202d95besf0419f98bc715d5c0e4bfffart... HTTP GET 200 application fison 232B 6.08s XMLHttpRequest Al
/8202d95be2f0419f98bc715d5c0e4b f/art,.. HTTP GET 200 application fjson 232B 6.08s XMLHtpRequest [
[8202d35heaf0419fa8bc7 15d5c0e4bfffart... HTTP GET 200 application fjson 2328 6.08s XMLHtpRequest =

4 | [

Ttems: 111 Sent: 122,81 KB (125,760 bytes)

Received: 25.29 KB (25,896 bytes)

NN 5.5 JUMWIEAINITATIVIAA Network 910 11511051 Monitor Network Internet

Jd o o
Explorer 119351 11 91UIU1 N0

Aa =
Naszuu 10 W

M319% 5.4 asramamsdsziuszunlvinlna Tulad SignalR Tasmsitlaniiveudaina

9
Vi@

9 F4 [ a ~
3 HU19N5 NN A1TLUU 10 WIN

Web Browser CPU Network
Thread CPU Average Send Receive Total
IE 11 CPU (B/sec) (B/sec) (B/sec)
Client 1 24 0 0.62 131,082 26,787 157,869
Client 2 22 0 0.17 123,542 25,549 149,091
Client 3 23 0 0.15 123,219 25,129 148,348
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Processes B 45 CPU Usage ™ 67% Maximum Frequency (~)
Image = PID Description Status Threads CPU  Average CPU il
iexplore.exe 4556 Internet Explorer Running 24 0 0.62 |7|
iexplore.exe 5868 Internet Explorer Running 22 0 017

iexplore.exe 3276 Internet Explorer Running 3 o} 0.15

D acdIDInTouch2 exe 1900 acdID InTouch2 Running & 0 0.00

D ACDSeeCommanderUlti.. 1416 ACDSee Comman... Running 19 0 0.03

D acrotray.exe 2272 AcroTray Running 2 Q 0.00

D AdobeUpdate, exe 2336 AdobeUpdate Running [ 1} 0.00

D armsve.exe 1556 Adobe Acrobat U... Running 5 0 0.00

D CCleanerc4 . exe 964 CCleaner Running 5 0 0.00 -

MW 5.6 JUMNAAINITATIVIAAT CPU 91011511053 Resource Monitor

w0932 0U IMUNWAILIAI8 SignalR $147U 3 Hi9e

87 37 S g7 115 .

MNetwork bEl‘ii’f:lkElx 2 7 E e x

T ——— erns: 109 Sent: 120.33 KB (123,219 bytes) Received: 24.54 KB (25,129 bytes)

A0dses LR TISdY e 110 Sent: 120,65 KB (123,542 bytes) Received: 24.95 KB (25,549 bytes)
Rems: 115 Sent: 128,01 KB (131,082 bytes) Received: 26.16 KB (26,787 bytes)

MNAN 5.7 JUMNEAINITA3IVIAAT Network 910 11/51n51 Monitor Network Internet

Latest Chanel Network SUBMMARY  DETALS
F1 Netwark W amazry oerd I Frotocsl Metod Resut  Type Hecsived  Taken [nitator
- [ Ry e R0 B 1505 et far L, HTTR v a abLaton/Json ExrLd 8085 LR
SUMMARY DETALLS e R0 7 Lo e b fart...  HTTP -3} =0 spphcaton/ison me b0 s EMLIRIDR e
<% JERCCH ey 2 be SRS T L e .. HTTR G M0 scokcstenfison 228 LOEs  MURDRE
famatschestaaraficog N v xnadschesfod afatbeT L5dscte b ffart. .. HTTR GT 200 acpkcetonfison 220 6085 KMURDRey
2 ’f,; [Eatiadsheafd 19fashe 7 1 SdSce hifjart...  HTTR eT apphratonjson 328 6088 0 HttpRe
,Zl e sl — I ... HTTR cET 200 apphrazanjson 2328 f0d s XML HttpR g
520209 5be A1t 71505 | INECKCNRN 200K che 04 L) [ B0 41913R TS S D L. HTTE ET sechcalion/jecn 2328 .o%e R
PR /ranzdishefi ofisheT 1541 (Sl (RO She AR 19f06h "}; /R202095eO041918bCT 1SS DA arL.,  HTT T M0 cketonfon 2328 6085 XMUlpRequ
(e 495 ;:: . [BHBShea04 151987 1SS e L., HTTR T W sbeatun o 2328 6085 KMLHUpRen -
. ] »
= 715
e
=

Jd o o a
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o N o @ o . . . g
$oave lildunioq Server Tnomdsvesszuufagiiusgld URLUszAn application/ json Ml u
gUnuumsSenlddoyan1u Controller 1Az Action Class M35 UAITOYAUUY json AININT 5.8
: 1o . . 5 {
dauszuu IniiwaA1e SignalR 9219 URL 1szian application/json 1ilugiuuuurL 24

AMANLAUDY Long polling AINTNAN 28

URL Protocol Method Result Type Received  Taken Initiator

JControl/GetCountCallResult HTTP POST 200 application fjson 0.83KB 312ms ¥MLHttpRequest
[Control/GetCountCallBy ChanelResult HTTP POST 200 applicationfjson 0.75KB 374ms X¥MLHttpRequest
JControl/GetagentResult (Pending...) {Pen... (Pendi... (Pending...) (Pendin... (Pendin... XMLHtpRequest
JControl/GetCountCallResult HTTP POST 200 application fjson 0.83KB 156 ms ¥MLHttpRequest
[Control/GetCountCallByChanelResult HTTP POST 200 applicationfjson 0.75KB 281ms ¥MLHttpRequest
JControl/GetAgentResult (Pending...) {Pen... (Pendi... (Pending...} (Pendin... (Pendin... X¥MLHtpRequest
JControl/GetCountCallResult HTTP POST 200 applicationfjson 0.83KB 171ms ¥MLHttpRequest
[Control/GetCountCallByChanelResult HTTP POST 200 application fjson 0.75KB 250 ms X¥MLHttpRequest
JControl/GetagentResult (Pending...) {Pen... (Pendi... (Pending...) (Pendin... (Pendin... X¥MLHttpRequest

= ) a vy 1
HINN 5.8 3ﬂﬂ1WLLﬁﬂ\1§‘ﬂLL‘U‘U URL maqsxuuﬁ%@uuTﬂﬂmsmﬂlwagawm Controller L8

Action Class

URL Protocol Method Result Type Received  Taken Initiator

[ofob772745644d7 1923c530b2837798 farterySignalR ool transport -ongPolingacanrectio _EIE__EE_

Jofbb772745644d71923c6fa0b 2887198 farterySignalR, fpoll?transport=longPolling&connectio...  HTTP application fison 2328 6,085 XMLHttpRequest
Jofbb772745644d71923c6f80b 2887198 arterySignalR fpoll?transport=longPolling&connectio,..  HTTP GET 200 application fison 2328 6,085 X¥MLHttpRequest
Jofbb772745644d71923c6f80b 2887198 arterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 application fison 2328 6,085 XMLHttpRequest
Jofbb772745644d71923c6f80b 2887198 farterySignalR fpoll?transport=longPolling&connectio,..  HTTP GET 200 application fison 2328 6,085 XMLHttpRequest
Jofbb772745644d71923c6f80b 2887198 farterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 application fison 2328 6,085 XMLHttpRequest
J0fbb772745644d71923c6f80b 2887198 arterySignalR, fpoll?transport=longPolling&connectio...  HTTP GET 200 application fison 2328 6.085s ¥MLHttpRequest
J0fbb772745644d71923c6f80b 288798 farterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 application fison 2328 6.08s ¥MLHttpRequest
J0fbb772745644d71923c6f80b 288798 farterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 application fison 2328 6.08s ¥MLHttpRequest

] o

A A Y . Y
NINN 5.9 gﬂﬂWWLlﬁﬂﬂgﬂllﬂJ'ﬂ URL ﬂl@ﬂi%ﬂ‘ﬂi‘ﬂu“ﬂ AUINIY SlgnalR {ﬂxﬂWiﬁle'g']JUfU’U URL

1111 Long polling
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URL Protocol Method Result Type Received  Taken Initiator

JControlfGetCountCallResult HTTP POST 200 applicationfjson 0.83KB 312ms ¥MLHtpRequest
[Control/GetCountCallByChanelResult HTTP POST 200 applicationfjson 0.75KB 374ms ¥MLHttpRequest
[ControlfGetAgentResult (Pending...) (Pen... (Pendi... (Pending...) (Pendin...  (Pendin... XMLHttpRequest
JControl/GetCountCallResult HTTP POST 200 application fson 0.83KB 156 ms ¥MLHttpRequest
[Control/GetCountCallByChanelResult HTTP POST 200 application fjson 0.75KB 281ms X¥MLHttpRequest
JControlfGetAgentResult {Pending...} (Pen... (Pendi... (Pending...) (Pendin... (Pendin... XMLHHpRequest
JControlfGetCountCallResult HTTP FOST 200 applicationfjson 0.83KB 171 ms ¥MLHttpRequest
[ControlfGetCountCallByChanelResult HTTP POST 200 application fjson 0.75KB 250 ms X¥MLHttpRequest
JControl/GetAgentResult {Pending...) (Pen... (Pendi... (Pending...) (Pendin... (Pendin... XMLHttpRequest
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Action Class



URL Protocol Method  Result Type Received  Taken Initiator

[0fbb772745644d7 1925c6 802857798 ar tery SigralR folPiranspart=longPolingéiconnecti... _EE-—@_

[0fbb772745644d 7192 3630285798 /artery SignalR /poll*transport=longFolling&connectio. .. HTTP application fjson 2328 6.08s ¥MLHHpRequest
J0fbb772745644d71923c6f80b 2887198 /arterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
J0fbb772745644d71923c6f80b 2887198 /arterySignalR fpoll?transport=longPolling&connectio...  HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
J0fbb772745644d71923c6f80b 2887198 /arterySignalR. fpoll?transport=longPolling&connectio. .. HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
J0fbb772745644d71923c6f80b 2887108 /arterySignalR. fpoll?transport=longPalling&connectio. .. HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
J0fbb772745644d71923c6f80b 2887108 /arterySignalR. fpoll?transport=longPalling&connectio. .. HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
Jofbb772745644d71923c6f80b 2887198 /arterySignalR fpoll?transport=longPalling&connectio. .. HTTP GET 200 applicationjson 232B 6.08s XMLHttpRequest
Jofbb772745644d71923c6f80b 2887198 /arterySignalR fpoll?transport=longPolling&connectio. .. HTTP GET 200 applicationfjson 232B 6.08s XMLHttpRequest
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