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(?5@5G5=L ���), 3 2 4@C38E 8740=8OE 8 <0B5@80;0E :>=D5@5=F88.
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%>>B25BAB285 A?5F80;L=>AB8. %>45@60=85 48AA5@B0F8>==>9 @01>BK 
A>>B25BAB2C5B A;54CNI8< ?C=:B0< ?0A?>@B0 A?5F80;L=>AB8 2.2.15. %8AB5<K, A5B8 
8 CAB@>9AB20 B5;5:><<C=8:0F89: 1, 2, 16 8 19.

�8G=K9 2:;04 02B>@0. �A5 @57C;LB0BK B5>@5B8G5A:8E 8 
M:A?5@8<5=B0;L=KE 8AA;54>20=89 ?>;CG5=K 02B>@>< A0<>AB>OB5;L=>. � @01>B0E, 
>?C1;8:>20==KE 2 A>02B>@AB25, A>8A:0B5;N ?@8=04;568B 7=0G8<0O 8;8 >A=>2=0O 
@>;L ?@8 ?>AB0=>2:5 8 @5H5=88 7040G, 0 B0:65 ?@8 >1>1I5=88 2K2545==KE 
@57C;LB0B>2.

%B@C:BC@0 8 >1J5< 48AA5@B0F88. �8AA5@B0F8O A>AB>8B 87 22545=8O, 
G5BK@5E 3;02, 70:;NG5=8O, A?8A:0 A>:@0I5=89 8 CA;>2=KE >1>7=0G5=89, A?8A:0 
8A?>;L7>20==KE 8AB>G=8:>2 8 42CE ?@8;>65=89. #>;=K9 >1J5< 48AA5@B0F88 
A>AB02;O5B 159 AB@0=8F. $01>B0 A>45@68B

28 @8AC=:>2, 5 B01;8F 8 A?8A>: 87 144 ;8B5@0BC@=KE 8AB>G=8:>2. 
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"%!"�!"� %"��$��!�� $��"&Ы 

�> 22545=88 ?>:070=0 7=0G8<>ABL 8 0:BC0;L=>ABL B5<K 8AA;54>20=8O 8
>?@545;5=K 5ё :;NG52K5 >A>15==>AB8, AD>@<C;8@>20=K F5;8 8 7040G8 @01>BK, 
?5@5G8A;5=K >A=>2=K5 ?>;>65=8O, 2K=>A8<K5 =0 70I8BC, >?@545;5=0 =0CG=0O 
=>287=0 @57C;LB0B>2, C:070=K B5>@5B8G5A:0O 8 ?@0:B8G5A:0O F5==>ABL 
@57C;LB0B>2, ?@82545=K A2545=8O >1 0?@>10F88 @01>BK. 

� ?5@2>9 3;025 ?@>872545= 0=0;87 M2>;NF88 A8AB5< M:A?;C0B0F88 A5B59 
A2O78 8 8AA;54>20=89, ?@>2>48<KE 2 ITU-T 8 TMF. $0AA<>B@5=K ?>4A8AB5<K 
NGOSS A8AB5<K A B>G:8 7@5=8O B>3>, 87 :0:8E :;0AA>2 @5H5=89 >=8 A>AB>OB: 
Mediation Device (C@>25=L A>?@O65=8O), Inventory Management (B5E=8G5A:89 CG5B), 
Performance Management (C?@02;5=85 ?@>872>48B5;L=>ABLN), Fault Management & 
Trouble Ticketing (@538AB@0F8O 8 C?@02;5=85 =58A?@02=>ABO<8), Order Management

(C?@02;5=85 70:070<8), Fraud Management (1>@L10 A <>H5==8G5AB2><), SLA 
management (C?@02;5=85 C@>2=5< >1A;C6820=8O), Network & Service Provisioning 
Management (C?@02;5=85 ?;0=8@>20=85< 8 @0728B85< CA;C3), WorkForce 
Management (C?@02;5=85 ?5@A>=0;><). &0:65 @0AA<>B@5=0 0@E8B5:BC@0 ODA,

:>B>@0O O2;O5BAO M2>;NF859 0@E8B5:BC@ NGOSS/Frameworx.
$0AA<>B@5=0 M2>;NF8O =0CG=KE <>45;59 8 <5B>4>2 WFM, 254CI8E A2>N 

8AB>@8N 5I5 A> AB@>8B5;LAB20 ?8@0<84 )5>?A0. � ?>A;54=55 3>4K ?>O28;>AL 
=5<0;> =0CG=KE B@C4>2, :>B>@K5 @0AA<0B@820;8 @07;8G=K5 0A?5:BK C?@02;5=8O 
?5@A>=0;><. #@5645 2A53> MB> @0728B85 0CBA>@A8=30 2 A0<KE @07=KE AD5@0E, 0 
B0:65 «C15@870F8O» (>B A;>20 Uber) C?@02;5=8O ?5@A>=0;><. �=0G8B5;L=>5 
2;8O=85 =0 WFM >:070; COVID 19, :>340 ?>B@51>20;AO @0AG5B 48AB0=F8>==> 
2K?>;=O5<KE 7040G A>B@C4=8:0<8.

�K45;5=K A?5F8D8G5A:85 >A>15==>AB8 WFM 2 B5;5:><<C=8:0F8OE 8, 2 
?5@2CN >G5@54L, ?@8=F8?80;L=>5 >B;8G85 WFM >?5@0B>@0 A2O78 >B >A=>2=>9 
<0AAK A8AB5< C?@02;5=8O ?5@A>=0;>< 2 AB@>8B5;LAB25, ?@><KH;5==>AB8, 
B@0=A?>@B5, B>@3>2;5 8 4@. *5;520O DC=:F8O WFM 2 B5;5:><<C=8:0F8OE, 
:@8B5@89 53> MDD5:B82=>AB8 =5 2 A>740=88 <0B5@80;L=KE @5AC@A>2 
(?@>872>4AB2>), =5 2 ?5@542865=88 <0B5@80;L=KE ?@>4C:B>2 (B@0=A?>@B, 
;>38AB8:0), =5 2 @0A?@545;5=88 8 ?5@5@0A?@545;5=88 8E (A:;048@>20=85, 
E@0=5=85, B>@3>2;O), 0 >15A?5G5=88 B@51C5<>3> :0G5AB20 >1A;C6820=8O QoS. 
"B<5G5=>, GB> @0ABCI0O «<C;LB8A5@28A=>ABL» A5B59 NGN 8 ?>AB-NGN,

@0AH8@5=85 ?5@5G=O 2A52>7<>6=KE OTT-A5@28A>2, �=B5@=5B 25I59 8 4@. 
@048:0;L=> @0AH8@8;8 =>@<0B82=K5 8 4>3>2>@=K5 >1O70B5;LAB20 ?> 
M:A?;C0B0F88 B0:8E A5B59, CA8;8;8 B@51>20=8O : C?@02;5=8N @8A:0<8 ?@8 8E 
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DC=:F8>=8@>20=88, 0, A;54>20B5;L=>, ?>B@51>20;8 1>;55 ?@>428=CBKE 
A>2@5<5==KE <>45;59 8 <5B>4>2 WFM.

� A2O78 A MB8< 2>7=8:;0 ?>B@51=>ABL =0CG=>3> 0=0;870 <>45;59 8 <5B>4>2 
WFM B5;5:><<C=8:0F8>==>9 :><?0=88, @5H5=8O <5B>4>;>38G5A:8E 8 
B5E=8G5A:8E 2>?@>A>2 ?>AB@>5=8O MDD5:B82=>9 0@E8B5:BC@K WFM. 

�> 2B>@>9 3;025 2K?>;=5= ?5@5E>4 >B :0G5AB25==KE @0AAC645=89 : 1>;55
AB@>3><C 8 D>@<0;87>20==><C 0=0;87C.

&@048F8>==> >A=>2=K<8 25@>OB=>AB=>-2@5<5==K<8 E0@0:B5@8AB8:0<8 
M:A?;C0B0F8>==>3> C?@02;5=8O A5B59 A2O78 AG8B0;8AL A;54CNI85 425: 
8=B5=A82=>ABL ?>B>:0 70O2>: : M:A?;C0B0F8>==><C ?5@A>=0;C A5B8  8 
8=B5=A82=>ABL >1A;C6820=8O MB8E 70O2>: μ.

�@5<O >1A;C6820=8O >4=>9 70O2:8 T>1 3 A;CG09=0O 25;8G8=0, :>B>@0O <>65B 
87<5=OBLAO 2 1>;LH>< 480?07>=5. �0: 8 ;N10O 4@C30O A;CG09=0O 25;8G8=0, T>1 
?>;=>ABLN E0@0:B5@87C5BAO 70:>=>< @0A?@545;5=8O. #> C<>;G0=8N, G0I5 2A53> 
@0AA<0B@820NB M:A?>=5=F80;L=K9 70:>= @0A?@545;5=85 2@5<5=8 >1A;C6820=8O. � 
MB>< A;CG05 25@>OB=>ABL A>1KB8O, GB> 2@5<O >1A;C6820=8O ?@>4;8BAO =5 1>;55 
G5< t, @02=0

P>1(t) = 1 3 e-µˑt.

$0AG5B G8A;5==>AB8 M:A?;C0B0F8>==>3> ?5@A>=0;0 8 >@30=870F8O @01>B 
A;C61K 1N@> @5<>=B0 (>?@545;5=85 25;8G8=K μ) >ACI5AB2;O;>AL 4;O 
>?@545;5==KE 8=B5@20;>2 2@5<5=8 M:A?;C0B0F88 A5B8 A2O78, 2 ?@545;0E :>B>@>3> 
<>6=> ?@8=OBL ?0@0<5B@ ?>B>:0  ?>AB>O==K<. !0 @8A.1 ?>:070=0 =5?@5@K2=0O 
DC=:F8O ?>B>:0 (t) g 0, A@54=55 7=0G5=85 :>B>@>9 <>6=> AG8B0BL ?>AB>O==K< =0 
4>AB0B>G=> 1>;LH8E >B@57:0E 2@5<5==>9 >A8 [tn, tn+1].

$8A. 1. $07185=85 DC=:F88 ?>B>:0 B@51>20=89 =0 8=B5@20;K
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#@>1;5<0 70:;NG05BAO 2 25;8G8=5 MB8E >B@57:>2, B.5. 4;8B5;L=>AB8 
8=B5@20;>2 [tn, tn+1], =0 :>B>@KE 7=0G5=8O (t) <>6=> AG8B0BL D8:A8@>20==K<8. � 
402=85 2@5<5=0, 2 M?>EC B5;5D>==>9 A5B8 >1I53> ?>;L7>20=8O (&D"#), :>340 A@>: 
687=8 �&% @0AAG8BK20;AO =0 20+;5B, MB>B ?5@8>4 A>AB02;O; 10 - 15 ;5B 8AE>4O 87 
?;0=0 @0728B8O A5B8 A2O78. % ?>O2;5=85< <>18;L=>9 A2O78 8 dial-up 4>ABC?0 2 
�=B5@=5B MB>B 8=B5@20; A>:@0B8;AO 4> 2 3 3 ;5B, 0 2 =0AB>OI55 2@5<O ?@8 
?5@5E>45 : A5BO< 4G/5G >= 2>>1I5 87<5@O5BAO =5 3>40<8, 0 <5AOF0<8.

% <0B5<0B8G5A:>9 B>G:8 7@5=8O 4>AB>25@=>ABL ?@8=8<05<KE @5H5=89 
>?@545;O5BAO @07=>ABLN <564C ?;>I04O<8 :@82>;8=59=KE B@0?5F89 8 ?;>I04LN 
ABC?5=G0B>9 D83C@K =0 @8A. 1, GB> 2 A2>N >G5@54L 7028A8B >B :>;8G5AB20 
8=B5@20;>2 @07185=8O n, A:>@55 2A53>, =5@02=KE >B@57:>2. "G5284=>, GB> >B@57:8 
@07185=8O 2K18@0NBAO B0:8<8, GB>1K 2 ?@545;0E :064>3> >B@57:0 <>6=> 1K;> 
?@81;865=> AG8B0BL ?0@0<5B@ ?>B>:0 ?>AB>O==K< A CG5B>< 2840 3@0D8:0 
DC=:F88 ?>B>:0 (t) =0 @8A.1. 

� MB8E CA;>28OE B5>@5B8G5A:89 >A=>2K ?@54;0305<>9 <>45;8 1078@CNBAO =0 
A;54CNI8E 4>?CI5=8OE.

#@>872>4AB25==K9 F8:; A>AB>8B 87 B@5E D07, ?@54AB02;5==KE =0 @8A. 2.

$8A. 2.  &@5ED07=0O <>45;L WFM 
(07C 1 A>AB02;O5B ?;0=8@>20=85 8 ?>43>B>2:0 2 WFM-A8AB5<5 i-3> 20@80=B0 

2K?>;=5=8O 8=65=5@=K< ?5@A>=0;>< :><?0=88 j-9 7040G8 A <0B5<0B8G5A:8< 
>6840=85< 2@5<5=8 2K?>;=5=8O M[t1ij] 8 A@54=5:204@0B8G5A:8< >B:;>=5=85<
MB>3> 2@5<5=8 ó1ij.

$01>BK =0 >1J5:B5 70:07G8:0, 2:;NG0NI85 <>=B06 8 =0AB@>9:C 
>1>@C4>20=8O 8/8;8 M:A?;C0B0F8>==>-B5E=8G5A:>5 >1A;C6820=85, @5<>=B 8 B.?.,
2K?>;=ONBAO =0 D075 2 A 25@>OB=>AB=>-2@5<5==K<8 E0@0:B5@8AB8:0<8 M[t2ij] 8
ó2ij, A>>B25BAB25==>.

(070 3 ?@54AB02;O5B A>1>9 D>@<8@>20=85 8 0=0;87 >BG5B0 > 2K?>;=5==KE 
@01>B0E, 2=5A5=85 A>>B25BAB2CNI8E 2 A8AB5<C Inventory (&5E=8G5A:>3> CG5B0), 
>F5=:C @01>BK 8=65=5@=>3> ?5@A>=0;0, ?5@52>4 >1>@C4>20=8O >1J5:B0 =0
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30@0=B89=>5/?>AB30@0=B89=>5 >1A;C6820=85 8 B.?. �5@>OB=>AB=>-2@5<5==K5 
E0@0:B5@8AB8:8 MB>9 D07K >1>7=0G8< G5@57 M[t3ij] 8 ó3ij, A>>B25BAB25==>.

�;O =>@<0;L=>3> @0A?@545;5=8O 25@>OB=>ABL B>3>, GB> 4;8B5;L=>ABL F8:;0 
=5 ?@52KH05B 7040==>9 25;8G8=K ô  2K@0605BAO 8725AB=K< A>>B=>H5=85< 

P{Tijfτ} = (1) 

345 (x) 3 Dy=:F8O �0?;0A0
(x) = (2) 

!> B0:>9 @0AG5B 4;O :064>3> 20@80=B0 i 25cL<0 B@C4>5<:89 8 8A:;NG05B 53> 
2K?>;=5=85 2 @50;L=>< <0AHB015 2@5<5=8, :>340, =0?@8<5@, 7040G0<8 WFM
70=8<05BAO 8A:CAAB25==K9 8=B5;;5:B.

#>MB><C ?@54;0305BAO A>E@0=8BL 0=0;87 i-20@80=B>2 >?8@0OAL =0 
<0B5<0B8G5A:>5 >6840=85 M[Tji], => 2<5AB> 3@0=8G=>3> 2@5<5=8 53> 2K?>;=5=8O ô
2K1@0BL 4@C3CN, <5=LHCN 25;8G8=C, :>B>@CN >1>7=0G8< ôg - 30@0=B8@>20==>3> 
2@5<5=8 @01>G53> F8:;0. 

(>@<C;0 4;O ôg =0E>48BAO 87 A;54CNI8E A>>1@065=89

Pg = P{Tijfτ} = (3) 

>B=>A8B5;L=> ôg ?>;CG05<
ôg   =  M[Tji] + óij (4) 

"4=0:>, :0: >B<5G0;>AL 2KH5 2 40==>9 48AA5@B0F8>==>9 @01>B5, 
@07=>>1@07=K5 2KA>:>B5E=>;>38G=K5 7040G8 ?5@A>=0;0 A>2@5<5==>9 
B5;5:><<C=8:0F8>==>9 :><?0=88 (0?3@594 25@A89, @5<>=B 8 ?@>D8;0:B8:0, 
@02=><5@=>ABL G0AB>B=>3> @0A?@545;5=8O, :>=B@>;L ?0@0<5B@>2 :0G5AB20 
>1A;C6820=8O, 22>4 =>2KE A5@28A>2 8 B.?.) <>3CB 8<5BL @07;8G=K5 @0A?@545;5=8O
2@5<5= 8A?>;=5=8O 4065 A >4=8< B5< 65 <0B5<0B8G5A:8< >6840=85< M[t2ij].

#>MB><C 2 =0H59 7040G5 ?@54?>GB8B5;L=55 ?@54?>;>65=85 > =>@<0;L=>< 
@0A?@545;5=88, B.:. >=> 405B 1>;LH89 70?0A ?@>G=>AB8. )>BO 2 ?5@2CN >G5@54L 
2A5 7028A8B >B E0@0:B5@0 2K?>;=O5<>9 @01>BK. �;8B5;L=>ABL @01>B =5:>B>@KE 
284>2 ;CGH5 0??@>:A8<8@C5BAO @02=><5@=K< @0A?@545;5=85<. &>340 @
>?@545;O5BAO 2K@065=85< (5)

@ = 2 (5) 

�;O @02=><5@=>3> @0A?@545;5=8O 25@>OB=>ABL P@Tjiô = 0,5 ?@8 B>< 65 ô =
M[Tji], GB> 45;05B 53> 2 MB>< A<KA;5 0=0;>38G=K< =>@<0;L=><C @0A?@545;5=8N.
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#5@5945< : @5H5=8N >?B8<870F8>==>9 7040G8. �0: 8 2 ?@54K4CI59 7040G5 
?@>F5AA ?>ABC?;5=8O 70O2>: =0 2K?>;=5=85 @01>B ?5@A>=0;>< >?5@0B>@0 A2O78 
?>4G8=O5BAO @0A?@545;5=8N #C0AA>=0. #CABL ?@>F5AA >1A;C6820=8O MB8E 70O2>: 
B0:65 ?>4G8=O5BAO M:A?>=5=F80;L=><C @0A?@545;5=8N. #>-?@56=5<C =0H0 
7040G0 3 ?>8A: >?B8<0;L=>3> @0A?@545;5=8O G0A>2 @01>BK ?5@A>=0;0 8 
<8=8<870F8O 70B@0B =0 ?>445@6:C 7040==>3> SLA C@>2=O >1A;C6820=8O 8 
@0728B8O A5B8 A2O78. �;O =0E>645=8O <8=8<0;L=KE 70B@0B 745AL 8A?>;L7C5< 
<5B>4 <=>68B5;59 �03@0=60. Hi(si) - A@54=55 2@5<O, 70B@0G5==>5 i-< A>B@C4=8:>< 
=0 >1A;C6820=85 70O2>: 70 @01>Ge5 2@5<O si 

Hi(si) =       (6) 

W - >68405<>5 G8A;> @01>G8E A<5= (G0A>2, 4=59) si 4;O >1A;C6820=8O 
70O2:8 

     (7) 

V - A@54=55 2@5<O >1A;C6820=8O 70O2:8 "?5@0B>@>< A2O78 

      (8) 

&>340 >B=>A8B5;L=CN 703@C7:C ?5@A>=0;0 "?5@0B>@0 A2O78 (>?@545;ONICN 
2 7=0G8B5;L=>9 <5@5 MDD5:B82=>ABL A8AB5<K WFM) <>6=> >F5=8BL A ?><>ILN 
:>MDD8F85=B0 703@C7:8 ò:  

ò =      (9) 

"G5284=>, GB>  

0 < ò < 1.      (10) 

�A;8 1K ?>B>: 70O2>: =0 2K?>;=5=85 @01>B 1K; 1K 1>;55 C?>@O4>G5==K<, 8 
5A;8 1K 2A5 A>B@C4=8:8 >?5@0B>@0 A2O78 8<5;8 1K >48=0:>2K5 :20;8D8:0F8N 8 
?>;CG0;8 1K @02=CN 70@?;0BC, B> >?B8<870F8>==0O 7040G0 A2>48;0AL 1K : 
=0E>645=8N <0:A8<0;L=> ?@81;865==>3> : 1 7=0G5=8O ò.  

!>, 2>-?5@2KE, ?@8 A0<>< BI0B5;L=>< ?;0=8@>20=88 @01>B ?> @0728B8N 
A5B8, ?@>D8;0:B8G5A:8< 8 @5<>=B=K< @01>B0<, 0?3@5940< >1>@C4>20=8O, 70<5=0< 
25@A88 ?@>3@0<<=>3> >15A?5G5=8O 8 ?@. ?>B>: 70O2>: 2A5 65 =>A8B A;CG09=K9 
E0@0:B5@ 8 ?>;0305BAO 2 =0AB>OI59 @01>B5 A>>B25BAB2CNI8< @0A?@545;5=8N 
#C0AA>=0. #>A;54=55 45;05B =52>7<>6=K< 1;87:>5 : 1 7=0G5=85 ò, ?>MB><C 
F5;5A>>1@07=> 8<5BL F5;52CN 25;8G8=C òo 2 480?07>=5 0,65 3 0,95.  
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� 2>-2B>@KE, 2 @50;L=>9 687=8 @025=AB20 2 :20;8D8:0F88, 
?@>872>48B5;L=>AB8 8 >?;0B5 B@C40 =5 1K205B, 8 :064K9 A>B@C4=8: 8<55B A2>5 
7=0G5=85 AB>8<>AB8 548=8FK @01>G53> 2@5<5=8 i. #>MB><C 40;55 1C45< 
>?5@8@>20BL =5 A G0A0<8, 0 A AC<<0@=K<8 @0AE>40<8 =0 ?5@A>=0;  (min ( ) ?> 
2A5< S)  

min(S) =      (11) 

�040G0 B0:65 @5H05BAO <5B>4>< <=>68B5;59 �03@0=60. �2545< F5;52CN 
DC=:F8N  

L =     (12) 

&0: :0: s* 7028A8B >B <=>68B5;O �03@0=60 *, B> 7=0G5=85 * =0E>48BAO 
A;54CNI8< >1@07><:  

       (13) 

�=65=5@=K5 @0AG5BK @07@01>B0==>9 2 48AA5@B0F88 <>45;8 WFM 
?@>872>48;8AL 4;O =5:>B>@KE IT-:><?0=89, >1;040NI8E 4>AB0B>G=> 1>;LH>9 
G8A;5==>ABLN ?5@A>=0;0 8 @07=>>1@0785< :20;8D8:0F89. %2>4=K5 @57C;LB0BK 
@0AG5B>2 ?@82545=K 2 B01;8F5. 

, 7\:2 5 

  23650 42044 60544 76632 168177 378400 

μ1, 7\:2 1,4 

μ2, 7\:2 1,1 

μ3, 7\:2 1,6 

μ4, 7\:2 0,9 

òo 0.6 0.7 0.75 0.8 0.85 0.9 

V, к6 0.817 

s1
* 

FыE.DG5\к6 

1,87 2,51 3,02 4,17 5,07 7,63 

s2
* 

FыE.DG5\к6 

1,30 1,77 2,15 2,49 3,65 5,54 

s3
* 

FыE.DG5\к6 

2,90 3,81 4,54 5,20 7,47 11,15 

s4
* 

FыE.DG5\к6 

5,06 6,96 8,47 9,83 14,54 22,08 

W*, к6 1,307 1,138 1,062 1,014 0,947 0,899 

1, 

FыE.DG5\к6 
800  

2, 

FыE.DG5\к6 
600  
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3, 

FыE.DG5\к6 
1200  

4, 

FыE.DG5.\к6 
500 

, 
FыE.DG5.\к6 

8266  11122 13389 15935 22470 33824 

&01;8F0 1. %2>4=K5 @57C;LB0BK @0AG5B>2 
�;O D07K 3 ?@>F5AA0 WFM =081>;55 ?>4E>4OI8< ?@54AB02;O5BAO 

?@>3@0<<=0O ?>4A8AB5<0, 2E>4OI0O 2 A>AB02 WFM 8 1078@CNI0OAO =0 
8A:CAAB25==>9 =59@>==>9 A5B8 0=0;870 >BG5B>2 S0>.  

� ?@>F5AA5 @01>BK A5B8 0=0;870 >BG5B>2 S0> ?@>872>48BAO F5;5=0?@02;5==>5 
87<5=5=85 ?0@0<5B@>2 =59@>=>2 (25A>2 2E>4>2 wi 8 ?>@>3>2 Tj), ?@5A;54CNI55 
F5;L @50;87>20BL 2 ?@>F5AA5 >1CG5=8O 2KE>4=CN DC=:F8N 8=B53@0;L=>9 >F5=:8 
>BG5B0 > 2K?>;=5=88 @01>BK =0 >1J5:B5 70:07G8:0 3 DC=:F88 F(X) = F(x1, x2,.., xk). 

�45AL xi (i = l, 2, ..., k) ?@54AB02;ONB A>1>9 =01>@ >F5=>: 2K?>;=5=8O B>3> 8;8 
8=>3> KPI =0 >A=>25 ?@54AB02;5==>3> >BG5B0. 

&0:8< >1@07><, ?@54AB02;5==K5 2 MB>9 3;025 <>45;8 8 ?>4E>4K ?>72>;ONB 
A@54AB20< WFM B5;5:><<C=8:0F8>==>3> >?5@0B>@0 MDD5:B82=> 2K?>;=OBL A2>8 
DC=:F88, @07@010BK20BL 8 C?@02;OBL @01>G8<8 3@0D8:0<8 8=65=5@=KE 
A>B@C4=8:>2  :><?0=88, 2K5740<8 =0 >1J5:BK 70:07G8:>2, @0A?@545;5=85< 
=03@C7:8 =0 @01>B=8:>2 A 7040==>9 ?@>872>48B5;L=>ABLN, 2=>A8BL 2 <>45;L 
;N1K5 A>?CBAB2CNI85 A>1KB8O (>B?CA:0, >B3C;K, 1>;L=8G=K5), ?;0=8@>20BL 8 
:>=B@>;8@>20BL 703@C65==>ABL 8=65=5@>2 2 @568<5 @50;L=>3> 2@5<5=8, 
D>@<8@>20BL 8 E@0=8BL >BGёBK ?> @07;8G=K< ?>:070B5;O< A 2>7<>6=>ABLN 
=0G8A;5=8O ?@5<89 ?> @57C;LB0B0< 2K?>;=5==KE @01>B. 

� B@5BL59 3;025 1K;8 @0AA<>B@5=K <>45;8 ?;0=8@>20=8O 8 A>AB02;5=8O 
@0A?8A0=8O 2 WFM. 

�;O @0AG5B>2 70 >A=>2C 1K;8 27OBK 40==K5 ?> ?5@A>=0;C >4=>3> 87 :@C?=KE 
>?5@0B>@>2 A2O78, @8A.3. 
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$8A. 3. �>;8G5AB2> A>B@C4=8:>2 ?> 4=O< 

�064K9 45=L =545;8 C "?5@0B>@0 4>;6=> ?@8ACBAB2>20BL >?@545;5==>5 (=> 
=5 >1O70B5;L=> >48=0:>2>5) G8A;> A>B@C4=8:>2. �;O MB>3> @0745;8< 7040GC =0 
=5A:>;L:> A>AB02;ONI8E. �=0G0;5 >?@545;8< D>@<C;C 4;O ?;0=8@>20=8O 
2KE>4=KE 4=59. �0B5<, A CG5B>< B@51>20=89 2KE>4=KE 4=59 8 :>;8G5AB20 
A>B@C4=8:>2, A>AB028< @01>G85 A<5=K. � 704048< A>AB02 A<5= =0 C:070==K9 
?@><56CB>: 2@5<5=8. #@8<5=8< ?>;CG5==K5 @0AGёBK =0 ?@0:B8G5A:>9 7040G5 ?> 
?;0=8@>20=8N A>B@C4=8:>2 ?>;52>9 M:A?;C0B0F88 >?5@0B>@0 A2O78. 

#@8 MB>< 4;O A>1;N45=8O ��>& 8 A>:@0I5=8O 8745@65: ?> ?5@5@01>B:0<, 
704048<, GB> :064><C A>B@C4=8:C 4>;6=> 1KBL ?@54>AB02;5=> k1 87 :064>3> k2 

2KE>4=KE 4=O. #@8 MB>< :064K9 A>B@C4=8: 4>;65= @01>B0BL @>2=> 5 87 7 4=59 (2 
;N1>9 45=L A ?>=545;L=8:0 ?> 2>A:@5A5=L5). � 4>?CA:05BAO @01>B0 A>B@C4=8:0 =5 
1>;55 6 4=59 ?>4@O4 (5A;8 @0AA<0B@820BL 425 =545;8 ?>4@O4). 

&5?5@L >?8H5< <5B>4, :>B>@K9 ?>72>;8B A>AB028BL @0A?8A0=85 =0 >4=C 
=545;N, => A CA;>285<, GB> ?>A;5 B>3>, :0: @0A?8A0=85 4;O =545;8 i ?>43>B>2;5=>, 
>?@545;O5BAO @0A?8A0=85 4;O =545;8 i + 1. &0: :0: =5>1E>48<> CG8BK20BL 2;8O=85 
@0A?8A0=8O i =545;8 =0 A>AB02;5=85 @0A?8A0=8O i+1 =545;8. 

&5?5@L ?@54AB028< 7040GC A>AB02;5=8O @0A?8A0=8O 2 2845 A;54CNI8E 
<0B5<0B8G5A:8E C@02=5=89, 345 R MB> <8=8<0;L=> =5>1E>48<>5 :>;8G5AB2> 
A>B@C4=8:>2 4;O 2K?>;=5=8O B@51C5<>3> >1J5<0 7040G. 

      (14) 

�B>@>5 C@02=5=85 >?@545;8< 8AE>4O 87 ACI5AB2CNI53> >3@0=8G5=8O >1I59 
?>B@51=>AB8 2 A>B@C4=8:0E. "1I55 :>;8G5AB2> @01>G8E 4=59 2 =545;N 4>;6=> 
1KBL 4>AB0B>G=K< 4;O 2K?>;=5=8O >1I53> :>;8G5AB20 565=545;L=KE 7040G. � B0: 
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:0: :064K9 A>B@C4=8: 4>;65= @01>B0BL =5 1>;55 ?OB8 4=59 2 =545;N, B> ?>;CG05< 
A;54CNI55 =5@025=AB2>: 

     (15) 

&@5BL5 65 C@02=5=85 ?>;CG8< :0: >3@0=8G5=85 =0 <0:A8<0;L=CN 
5654=52=CN ?>B@51=>ABL G8A;5==>AB8 A>B@C4=8:>2  

    (16) 

�AE>4O 87 2A5 B@5E ?>;CG5==KE C@02=5=89, <8=8<0;L=0O G8A;5==>ABL 
A>B@C4=8:>2 4>;6=0 1KBL =5 <5=55 =081>;LH59 87 2A5E B@5E =86=8E 3@0=8F 
40==KE C@02=5=89.  

,03 1. �0?;0=8@>20BL 2KE>4=K5 4=8, 4;O G53> =07=0G8< ?5@2K9 2KE>4=>9 
?5@2K< R− n A>B@C4=8:0<. �0B5< =07=0G8< 2B>@>9 2KE>4=>9 45=L 2B>@K< R− n 
A>B@C4=8:0<. &0:8< >1@07>< 2A5 ;8H=85 A>B@C4=8:8 C =0A 1C4CB >B?@02;5=K =0 
2KE>4=K5. 

,03 2. "?@545;8BL B8? 3@0D8:0 @01>BK 4;O :064>3> A>B@C4=8:0 =0 =545;5 l. 
#>A:>;L:C :064K5 2KE>4=K5 @01>B0NB @>2=> n G5;>25:, B> 
|K3|+|K4|=n (87-70 2KE>4=KE 1); 
|K2|+|K4|= n (87-70 2KE>4=KE 2). 
,03 3. (!07=0G5=85 ?0@K 2KE>4=KE A>B@C4=8:0< =0 =545;5 1) 
�064K9 A>B@C4=8: K4 ?>;CG05B >10 2KE>4=KE 4=O, :064K9 A>B@C4=8: K3 

?>;CG05B >B A2>59 ?0@K 1>;55 @0==89 2KE>4=>9 (AC11>BC), 0 53> B>20@8I 87 K2 
?>;CG05B >B B>9 65 ?0@K 1>;55 ?>74=89 2KE>4=>9 (2>A:@5A5=L5). 

,03 4. !07=0G5=85 ?0@K 2KE>4=KE A>B@C4=8:0< =0 =545;5 i 
�;O G53> 2>7L<5< B01;8FC A> A;54CNI8<8 5654=52=K<8 7040=8O<8. 

�5=Lj 1 2 3 4 5 6 7 

�=8 =545;8 #! �& %$ +& #& %� �% 

&@51>20=8O 3 3 3 3 2 1 0 

 0:A8<0;L=>5 :>;8G5AB2> 7040=89 =0 G8A;> A>B@C4=8:>2 =0 2KE>4=K5 
A>AB02;O5B n=2, 8 :064><C G5;>25:C B@51C5BAO 1 87 3 2KE>4=KE, B.5. d1= 1 8 d2= 3. 

#@8<5=5=85 A;54CNI53> H030 0;3>@8B<0 405B A;54CNI89 3@0D8:. 
 # % � # � % + # % � # � % + # % � # � % + # % 

1 ) ) )      ) )       )     ) ) 

2   )     ) ) )      ) )       

3  ) )       )     ) ) )      ) 

�@0D8: ?@54CA<0B@8205B H5AB84=52=CN @01>GCN =03@C7:C 4;O >4=>3> 
A>B@C4=8:0 :064CN =545;N.  

�0;55 @0AA<>B@5=0 1>;55 >1I0O 7040G0 ?;0=8@>20=8O ?5@A>=0;0 8 1C45< 
?@845@6820BLAO =5A:>;L:> 4@C3>3> ?>4E>40. $0AA<0B@8205< F8:;, :>B>@K9 
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O2;O5BAO D8:A8@>20==K< 70@0=55. � >?@545;5==KE CA;>28OE F8:; <>65B 
A>AB02;OBL >48= 45=L, 2 B> 2@5<O :0: 2 4@C38E MB> <>65B 1KBL =545;O 8;8 
=5A:>;L:> =545;L. � >B;8G85 >B ?@54K4CI53> @0745;0, :0640O AE5<0 
@0A?@545;5=8O @01>B 2 B5G5=85 F8:;0 8<55B A2>N A>1AB25==CN AB>8<>ABL, 8 F5;L 
A>AB>8B 2 B><, GB>1K <8=8<878@>20BL >1ICN AB>8<>ABL. 

#@8 CA;>288 

a11x1 + a12x2 + & + a1nxn g b1 

a21x1 + a22x2 + & + a2nxn g b2 

&       (17) 

am1x1 + am2x2 + & + amnxn g bm 

xj g 0, 4;O j = 1, . . . , n, 

A ?><>ILN x1, . . . , xn F5;>5 G8A;>.  
�725AB=>, GB> B0:0O 7040G0 F5;>G8A;5==>3> ?@>3@0<<8@>20=8O 2 F5;>< 

O2;O5BAO NP-A;>6=>9, => G0AB=K9 A;CG09, :>340 :064K9 AB>;15F A>45@68B 
=5?@5@K2=K9 =01>@ 1, ?@>AB. #>:070=>, GB> @5H5=85 2 =0H5< A;CG05 7040G8 
;8=59=>3> ?@>3@0<<8@>20=8O 2A5340 O2;O5BAO F5;>G8A;5==K<. 

%B0=40@B=>9 7040G59 ?;0=8@>20=8O ?5@A>=0;0 O2;O5BAO F8:;8G=>ABL 
C:><?;5:B>20=8O ?5@A>=0;><. ЭB> ?@82>48B : 7040G5 F5;>G8A;5==>3> 
?@>3@0<<8@>20=8O A> A?5F80;L=>9 AB@C:BC@>9. $0AA<>B@8< 0;3>@8B<, 
?>72>;ONI89 <8=8<878@>20BL 70B@0BK ?@8 F8:;8G5A:>< C:><?;5:B>20=88 
?5@A>=0;><). %D>@<C;8@>20=K 425 ;8=59=K5 ?@>3@0<<K LP1 8 LP2 87 >A;01;5=8O 
8AE>4=>9 7040G8 ?CB5< 4>102;5=8O A>>B25BAB25==> >3@0=8G5=89 

x1 + & + xn =  

8              (18) 

x1 + & + xn = . 

LP2 2A5340 1C45B >?B8<0;L=>5 @5H5=85, :>B>@>5 O2;O5BAO F5;>G8A;5==K<. 
�A;8 LP1 =5 8<55B 2K?>;=8<>3> @5H5=8O, B> @5H5=85 LP2 O2;O5BAO 

>?B8<0;L=K<. 
�A;8 LP1 8<55B 4>?CAB8<>5 @5H5=85, B> >=> 8<55B >?B8<0;L=>5 @5H5=85, 

:>B>@>5 O2;O5BAO F5;>G8A;5==K<, 8 @5H5=85 8AE>4=>9 7040G8 O2;O5BAO ;CGH8< 
87 @5H5=89 LP1 8 LP2. 

�;O B>3>, GB>1K AD>@<C;8@>20BL MBC 7040GC ?;0=8@>20=8O 1@8304 2 2845 
F5;>G8A;5==>9 ?@>3@0<<K 22545=K A>>B25BAB2CNI85 >1>7=0G5=8O. #>:070=>, GB> 
5A;8 
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, 345 j = 1, . . . , n,   (19) 

B> 4;O ;N1>3> =01>@0 2>7<>6=KE F5= AB@>: ρ-1 A>>B25BAB2CNI89 @0745;C 
J1, 70B5< @5H5=85 J1 O2;O5BAO >?B8<0;L=K<. 

� G5B25@B>9 3;025 @0AA<>B@5=K 8=65=5@=K5 0A?5:BK @0728B8O WFM 4;O 
?@>20945@>2 F8D@>2KE A5@28A>2. 

�0: C65 1K;> >B<5G5=> 2KH5, 187=5A-?@>F5AAK WFM =0F5;5=K =0 
@50;870F8N ?>445@6:8 >?5@0F8>==>9 45OB5;L=>AB8 :0: 2K574=KE A>B@C4=8:>2 
(:C@L5@K, A?5F80;8ABK ?> CAB0=>2:5 >1>@C4>20=8O, 8=65=5@K 020@89=KE 1@8304), 
B0: 8 A?5F80;8AB>2 =0 <5AB0E (2=CB@5==85 ?>4@0745;5=8O �&, =0?@8<5@), :0: 
?>:070=> =0 @8A. 4.  

 

$8A. 4. &8?>2K5 187=5A-?@>F5AAK, 02B><0B878@C5<K5 A8AB5<>9 WFM 

(C=:F8>=0;L=>ABL A8AB5< WFM A>3;0A=> <0B5@80;0< 3;02 1 8 2 =0AB>OI59 
48AA5@B0F88 <>65B 1KBL B@048F8>==> ?@54AB02;5=0 3@C??8@>2:0<8 187=5A-
DC=:F89 ?> Business Process Framework =0 :0@B5 5&"  (@8A. 5): 

- Workforce Management Reporting ("BG5B=>ABL >1 C?@02;5=88 ?5@A>=0;><) - 
?>72>;O5B ?>;CG0BL 45B0;L=K5 >BG5BK ?> @07;8G=K< 0A?5:B0< C?@02;5=8O 
?5@A>=0;><, B0:8< :0: 8A?>;L7>20=85 @5AC@A>2, ?@>4C:B82=>ABL 8 >F5=:0 
MDD5:B82=>AB8 @01>BK. 

- Workforce Schedule Management ('?@02;5=85 @01>G8<8 @0A?8A0=8O<8) - 
?><>305B A>74020BL 381:85 3@0D8:8 @01>BK, CG8BK20O =5 B>;L:> B@51>20=8O 
:><?0=88, => 8 ?>65;0=8O A>B@C4=8:>2. &0:65 2:;NG05B 2>7<>6=>AB8 4;O 
>?B8<870F88 @0A?8A0=89 8 C?@02;5=8O >BACBAB28O<8 A>B@C4=8:>2. 

- Work Order Analysis (�=0;87 70:07>2 =0 @01>BK) - ?>72>;O5B >BA;56820BL 8 
0=0;878@>20BL 2K?>;=5=85 @01>B, 0 B0:65 MDD5:B82=>ABL @01>G8E ?@>F5AA>2 8 
70B@0BK =0 2K?>;=5=85 7040G. 
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- Work Order Assignments & Dispatch (!07=0G5=85 8 @0A?@545;5=85 70:07>2 
=0 @01>BK) - >15A?5G8205B 02B><0B8G5A:CN >B?@02:C 70:07>2 =0 @01>BK =C6=K< 
A>B@C4=8:0<, CG8BK20O 8E =02K:8, >?KB 8 4>ABC?=>ABL. 

- Work Order Tracking Management ('?@02;5=85 >BA;56820=85< 70:07>2 =0 
@01>BK) - ?><>305B :>=B@>;8@>20BL ?@>F5AA 2K?>;=5=8O 70:07>2 =0 @01>BK, 
2:;NG0O >BA;56820=85 AB0BCA>2 8 A2>52@5<5==CN 8=D>@<8@>20=85 > E>45 
2K?>;=5=8O @01>B. 

- Workforce Configuration and Setup (!0AB@>9:0 8 :>=D83C@8@>20=85 
A8AB5<K C?@02;5=8O ?5@A>=0;><) - >15A?5G8205B =0AB@>9:C A8AB5<K C?@02;5=8O 
?5@A>=0;>< 2 A>>B25BAB288 A B@51>20=8O<8 :><?0=88, 2:;NG0O =0AB@>9:C ?@02 
4>ABC?0, =0AB@>9:C ?0@0<5B@>2 3@0D8:>2 @01>BK 8 4@C38E =0AB@>5:. 

 
$8A. 5. �>7<>6=>AB8 A8AB5<K Workforce Management. 

#>A;5 B>3>, :0: 1K;0 >?@545;5=0 ?>A;54>20B5;L=>ABL 459AB289 
:><?>=5=B>2, =5>1E>48<> >?@545;8BL, :0: >=8 1C4CB 2708<>459AB2>20BL <564C 
A>1>9, 8 :0: 1C4CB ?@>8AE>48BL ?@>F5AAK <564C =8<8 8 1;>:0<8.  
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$8A. 6. �708<>459AB285 2K45;5==KE 4;O A8AB5<K WFM ODA-:><?>=5=B>2
�> 2A5< <8@5 70B@0BK =0 D>=4 >?;0BK B@C40 2E>4OB 2 &>?-3 >A=>2=KE

@0AE>4>2 >?5@0B>@0 A2O78.  8@>2>9 >?KB ?>:07K205B, GB> <=>385 :><?0=88 
?;0BOB A2>8< A>B@C4=8:0< 70 B> 2@5<O, GB> >=8 D0:B8G5A:8 =5 @01>B0;8. % 4@C3>9 
AB>@>=K, 2 MB8E :><?0=8OE 2>7=8:0;8 A8BC0F88 A =54>?>;CG5==>9 ?@81K;LN, 
:>340 A;CG8;AO =0?;K2 :;85=B>2, 8 1K;> =5 ?>=OB=>, 345 =09B8 4>?>;=8B5;L=KE 
;N459, GB>1K >1A;C68BL 2A5E. 

$07@01>B0==0O 2 48AA5@B0F88 A8AB5<0 ?> C?@02;5=8N 8 02B><0B870F88 
@01>G8E 3@0D8:>2 A>B@C4=8:>2 4>;6=0 ?><>GL A>:@0B8BL MBC F8D@C =0 10% 8 
1>;55. #@8<5@>< <>65B 1KBL :><?0=8O  .�845>, :>B>@0O 2 2015 3>4C 2=54@8;0 
WFM-A8AB5<C 8 381:85 3@0D8:8 4;O A2>8E A>B@C4=8:>2. � @57C;LB0B5 1K;> 
AM:>=><;5=> 1>;55 500 <8;;8>=>2 @C1;59 2 3>4. �>?>;=8B5;L=K< 1>=CA>< 1K; 
B>B D0:B, GB> A=878;0AL B5:CG:0 :04@>2 8 2K@>A;0 MDD5:B82=>ABL ?5@A>=0;0.

�=54@5=85 WFM-@5H5=8O ?>72>;O5B @5H8BL MB8 ?@>1;5<K, ?@54>AB028BL 
0:BC0;L=CN 8 0@3C<5=B8@>20==CN :0@B8=C, 0 B0:65 A>:@0B8BL 2@5<O, ?>B@0G5==>5 
=0 A>AB02;5=85 @0A?8A0=8O 4> <8=8<C<0. #> >F5=:0< M:A?5@B>2, >1I55 
:>;8G5AB2> G5;>25:>-G0A>2, B@51C5<>5 4;O C?@02;5=8O @0A?8A0=85< A>B@C4=8:>2 
A@54=53> >?5@0B>@0 A2O78, A ?><>ILN A8AB5<K A>AB02;O5B <0:A8<C< 4 G0A0 2 
=545;N. %53>4=O 2 <8@5 187=5A0 ?>15640NB B5 :><?0=88, :>B>@K5 =5 ?@>AB> 
@072820NB A2>N A5BL, ?@54;030NB =>2K5 CA;C38, 0 B5, :B> 3@0<>B=> C25;8G8205B 
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