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A	
  Simple	
  Simulation	
  of	
  Material	
  Management	
  Methods	
  
#$!%&'()!%*+,-!

Executive	
  Summary	
  

.+/&&!012&/(1,!01)13&0&)2!0&2+*4-!5!6789!6():61;9!1)4!<&01)4!</('&)!678! 5!
1/&!&'1,=12&4!()!2+(-!>1>&/!=-()3!1!-(0>,&!-(0=,12(*)?!!<<678!@1-!4&2&/0()&4!2*!A&!
2+&!A&-2!>,1))()3!0&2+*4!2*!+1)4,&!+(3+!'1/(1A(,(2$!&)'(/*)0&)2-!0*/&!&BB&C2('&,$!
2+1)!2+&!*2+&/!0&2+*4-?!!D44(2(*)1,,$9!()!+(3+!'1/(1A(,(2$!&)'(/*)0&)2-!6():61;!(-!1!
-=>&/(*/!-*,=2(*)!2*!B*/&C1-2!4/('&)!678?!!!

E,*A1,!01)=B1C2=/()3!1)4!-=>>,$!C+1()!,1)4-C1>&!(-!()C/&1-()3!()!C*0>,&;(2$!1)4!
'*,12(,(2$?!!F(3+&/!4&3/&&-!*B!'1/(1A(,(2$!1/&!2+&!)*/0?!

.+(-!>1>&/!B*C=-&-!*)!>,1))()3!1->&C2-!*B!2+&!0&2+*4-!*),$?!!.+12!0&1)-!2+&!2(0()3!
1)4!01))&/!()!@+(C+!-=>>,$!*/4&/-!1/&!3&)&/12&4!@(2+!2+&!1--=0>2(*)!2+12!2+*-&!
-=>>,$!*/4&/-!@(,,!C*0&!()!@+&)!&;>&C2&4?!!G;&C=2(*)!H2+&!/&1,!2(0&!01)13&0&)2!*B!
*>&)!-=>>,$!>/(*/(2(&-I!A&2@&&)!2+&!0&2+*4-!@1-!)*2!C*0>1/&4!-()C&!678!1)4!
6():61;! )* !&;&C=2(*)!C1>1A(,(2$?!!<<678!@*=,4!B=/2+&/!4(-2()3=(-+!(2-&,B!131()-2!
678!1)4!6():61;!()! 1)$!&)'(/*)0&)2! @(2+!(2-!()2&3/12&4!&;&C=2(*)!1)4!>/(*/(2$!
01)13&0&)2!0&2+*4-?!

Basic	
  Methods	
  

J)!2+(-!>1>&/9!@&K,,!&;10()&!2+/&&!A1-(C!0&2+*4-!1)4!&BB&C2('&)&--!=-()3!1!A1-(C!
-(0=,12(*)?!!.+*-&!0&2+*4-!1/&L!

Material	
  Requirements	
  Planning	
  (MRP).!!.+&/&!1/&!4(BB&/&)2!@1$-!2*!(0>,&0&)2!
6789!A=2!2+&!0*-2!C*00*)!&,&0&)2!(-!2+&!/&,(1)C&!*)!1!B*/&C1-2&4!4&01)4!-(3)1,!2*!
3&)&/12&!)&2!012&/(1,!/&M=(/&0&)2-?!!.+&!B*/&C1-2!(-!/&C*)C(,&4!()2*!1!01-2&/!
>/*4=C2(*)!-C+&4=,&?!J)!2+(-!1)1,$-(-9!@&K,,!A&!,**N()3!12!1!A1-(C!678!-$-2&0!4/('&)!
A$!B*/&C1-2?!!.+&!-$-2&0!@(,,!A&!1@1/&!*B!->(N&-!()!*/4&/-!2+12!1/&!C*0()3!4=&!2*!1)!
1C2=1,!H*/!B*/&C1-2&4I!->(N&?!!O/4&/-!1/&!>,1C&4!*)C&!&'&/$!P!()2&/'1,-!HP!41$-!2+12!
01N&!=>!1!-21)41/4!@*/N!@&&N9!B*/!-(0>,(C(2$I?!!Q1B&2$!Q2*CN!@(,,!A&!=-&4!2*!C*'&/!
1)$!+(3+&/!2+1)!&;>&C2&4!4&01)4!'1/(12(*)?!F*@&'&/9!2+&!-$-2&0!(-!)*2!1@1/&!*B!
1C2=1,!4&01)4!12!2+&!2(0&!*B!*/4&/!/&,&1-&?!!D)$!14R=-20&)2-!2*!678!1/&!)*2!
1=2*012(CS!2+&$!@(,,!+1'&!2*!A&!4*)&!01)=1,,$?!!!

J2!-+*=,4!A&!)*2&4!2+12!678!+1-!3/&12&/!'(-(A(,(2$!2+1)!6():61;?!!678!-$-2&0-!
=)4&/-21)4!2+&!#(,,!*B!612&/(1,9!>/*C&--!B,*@9!1)4!2+&!,*C12(*)!1)4!-212=-!*B!
()'&)2*/$?!.+(-!()B*/012(*)!(-!()'1,=1A,&!2*!=)4&/-21)4!+*@!2*!C*))&C2!4&01)4!1)4!
-=>>,$!-(3)1,-!1C/*--!2+&!01)=B1C2=/()3!-$-2&09!&->&C(1,,$!,1/3&/!-$-2&0-!@(2+!,*2-!
*B!-+1/&4!C*0>*)&)2-?!!!

Min/Max.	
  	
  6():61;!-$-2&0-!1/&!1,-*!4&'&,*>&4!1)4!&;&C=2&4!()!01)$!4(BB&/&)2!
B1-+(*)-?!!D31()9!1!A1-(C!0&2+*4!@(,,!A&!=-&4?!D-!O)!F1)4!-2*CN!(-!4/1()&49!2+&!
/&01()()3!10*=)2!(-!C*0>1/&4!2*!1!0()(0=0!H6()I!T1,=&?!!O)C&!2+12!,&'&,!(-!
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/&1C+&49!1!-()3,&!/&>,&)(-+0&)2!*/4&/!(-!3&)&/12&4!B*/!4(BB&/&)C&!A&2@&&)!2+&!
01;(0=0!H61;I!'1,=&!1)4!2+&!10*=)2!*B!-2*CN!,&B2!O)!F1)4?!.+&!-(0>,(C(2$!*B!
6():61;!A&C*0&-!1>>1/&)2! 5!2+&/&!(-!*),$!*)&!*/4&/!()!2+&!-$-2&0!12!1)$!*)&!2(0&?!
O)!F1)4!,&'&,-!@(,,!C*)2()=&!2*!4/1()!=)2(,!2+12!*/4&/!1//('&-?!!J)!-C&)1/(*-!@(2+!)*!
'1/(12(*)9!2+&!O)!F1)4!#=BB&/!@(,,!/&1C+!V&/*!R=-2!1-!2+&!*/4&/!1//('&-?!!6()!'1,=&-!
1/&!A1-&4!*)!2+&!>/&4(C2&4!41(,$!=-13&!1)4!2+&!*/4&/()3!,&14W2(0&?!61;!'1,=&-!1/&!
A1-&4!*)!2+&!-10&!'1/(1A,&-9!A=2!C1)!A&!&;>1)4&4!(B!2+&!6()(0=0!O/4&/!X=1,(2$!(-!
,1/3&/!2+1)!2+&!*/(3()1,!61;!C1,C=,12(*)?!D!B1C2*/!C1)!A&!144&4!2*!()C/&1-&!2+&!-(V&!*B!
A*2+!61;!1)4!6()9!A=2!1/&!)*2!=-&4!()!2+(-!-(0=,12(*)?!D-!@(2+!2+&!678!0&2+*49!
Q1B&2$!Q2*CN!@(,,!A&!=-&4!B*/!2+&!-10&!/&1-*)!5!2*!C*'&/!B*/!+(3+&/!2+1)!&;>&C2&4!
4&01)4?!!6():61;!(-!4&01)4!4/('&) ?!!

Demand	
  Driven	
  MRP	
  (DDMRP)	
  <<678!+1-!2+&!14'1)213&!*B!'(-(A(,(2$!()2*!2+&!#(,,!
*B!612&/(1,9!>/*C&--!01>9!1)4!()'&)2*/$!,*C12(*)!1)4!-212=-?!!F*@&'&/9!(2!4*&-!)*2!
=-&!B*/&C1-2&4!4&01)4!()!2+&!*/4&/!3&)&/12(*)!&M=12(*)?!!J)-2&14!<<678 !=-&-!
-*0&2+()3!C1,,&4!2+&!Y1'1(,1A,&!-2*CN!&M=12(*)?Z!!.+&!1'1(,1A,&!-2*CN!&M=12(*)!C1)!A&!
-(0>,$!-212&4!1-!HO)WF1)4![!O) WO/4&/!5!Q1,&-!O/4&/!<&01)4!D,,*C12(*)-!4=&!2*41$9!
4=&!()!2+&!>1-2!>,=-!M=1,(B(&4!->(N&-I?!.+&!1'1(,1A,&!-2*CN!&M=12(*)!$(&,4-!1!>*-(2(*)!
131()-2!1!>/&W4&2&/0()&4!V*)1,!4(-2/(A=2(*)!H7&49!\&,,*@!E/&&)I!@(2+()!2+&!YA=BB&/Z!
*/!-2*CN!>*-(2(*)?!!]+&)!2+&!1'1(,1A,&!-2*CN!>*-(2(*)!(-!()!2+&!$&,,*@!V*)&!2+&)!1)!
*/4&/!/&C*00 &)412(*)!+1>>&)-!B*/!1)!10*=)2!=>!2*!2+&!2*>!*B!2+&!3/&&)!V*)&?!!J)!
<<6789!2+&!-&,&C2(*)!*B!2+&-&!A=BB&/-!(-!>&/+1>-!2+&!0*-2!(0>*/21)2!4&-(3)!&,&0&)2?!!
^*/!-(0>,(C(2$K-!-1N&9!*=/!-(0=,12(*)!=-&-!*),$!*)&!A=BB&/9!1)4!(2!(-!1--=0&4!2*!A&!1!
>*-(2(*)!B*/!1)!&)4!(2&0?!J2!21N&-!-&1-*)1,(2$!()2*!1CC*=)29!1)4!C+1)3&-!*/4&/()3!
>*,(C(&-!A1-&4!*)!1)!1C2=1,!-1,&-!*/4&/!->(N&-?!!!!

]+(,&!B1(/,$!-2/1(3+2!B*/@1/49!J!@(,,!)*2!/&>&12!B*/0=,1-!B*/!,&'&,-!2+12!C1)!A&!,**N&4!
=>!()!Orlicky’s	
  Material	
  Requirements	
  Planning!_/4 !G4(2(*)!H821N!1)4!Q0(2+9!6CE/1@W
F(,,9!U`""I?!!!

!

^*/!678!1)4!6():61;9!2+&!B*,,*@()3!&M=12(*)-!1/&!=-&4L!!!

"?!Z:!aO76QJaTHQ&/'(C&!,&'&,IL!O=/!4&-(/&4!Q&/'(C&!b&'&,!(-!ccd9!-*!e!f!U?__?!

U?!Safety	
  stock:!gehQX7.HD'3?!b&14!.(0&!h!Q21)41/4!<&'(12(*)!*B!<&01)4iU![!
D'3?!<&01)4iU!h!Q21)41/4!<&'(12(*)!*B!b&14!.(0&iUIj!

_?!Re-­‐order	
  Point	
  (ROP):!D'&/13&!b&14!.(0&hD'&/13&!<&01)4![!Z*SQRT(Avg.	
  
Lead	
  Time	
  *	
  Standard	
  Deviation	
  of	
  Demand^2	
  +	
  Avg.	
  Demand^2	
  *	
  Standard	
  
Deviation	
  of	
  Lead	
  Time^2)!

	
  

Effectiveness	
  

.+&!*AR&C2('&!*B!1,,!2+&-&!012&/(1,-!01)13&0&)2!0&2+*4-!(-!2*!>/*2&C2!1'1(,1A(,(2$?!!
8/*2&C2()3!1'1(,1A(,(2$!>/*2&C2-!B,*@?!!.+/*=3+>=2!DCC*=)2()3!H*/!b&1)!DCC*=)2()3!!W



!
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W!-&&!.+&!k*)B,(C2&4!6(44,&L!b&1)!DCC*=)2()3!A$!2+&!1=2+*/I!&0>+1-(V&-!
.+/*=3+>=2!H^,*@I9!J)'&)2*/$9!1)4!O>&/12()3!G;>&)-&!1-!2+&!A1-(C!0&2/(C-!2+12!
4/('&!a&2!8/*B(2!Ha8I!1)4!7&2=/)!*)!J)'&-20&)2!H7OJI?!.*!2+12!&)49!(2K-!C/(2(C1,!2*!
01;(0(V&!2+&!B,*@!*B!>1/2-!2*!B=,B(,,!2+&!C=-2*0&/K-!4&01)4?!!F*@&'&/9!1)$!>1/2-!2+12!
1/&!01)=B1C2=/&4!1A*'&!2+&!4&01)4!*B!2+&!C=-2*0&/!@(,,!A&C*0&!()'&)2*/$?!!D)$!
]*/N!()!8/*C&--!H]J8I!3&)&/12&4!2*!01()21()!2+12!B,*@!(-!1,-*!C*)-(4&/&4!>1/2!*B!
J)'&)2*/$?!!.+&!/(3+2!,&'&,!*B!J)'&)2*/$!(-!B()1)C(1,,$!(0>*/21)2?!!k*0>1)(&-!-+*=,4!
+*,4!2+&!0()(01,!10*=)2!*B!()'&)2*/$!2+12!&)-=/&-!B,*@!=>!2*!C=-2*0&/!4&01)4?!!!

61)$! C*0>1)(&-!>=/-=&!C*-2!C=22()3!1-!1!0&1)-!*B!(0>/*'()3!>/*B(2-?!F*@&'&/9!(B!1!
/&4=C2(*)!()!O>&/12()3!G;>&)-&!4(-/=>2-!B,*@!2*!2+&!C=-2*0&/9!*/!C1=-&-!1!01R*/!
=>@1/4!-+(B2!*B!J)'&)2*/$9!2+&)!1!)&312('&!(0>1C2!C*=,4!A&!3&)&/12&4!*)!a&2!8/*B(2!
*/!7OJ?!.+=-9!2+&!0()(01,!10*=)2!*B!&;>&)-&!2+12!1,,*@-!2+&!-$-2&0!2*!01;(0(V&!
B,*@!@+(,&!01()21()()3!*/!/&4=C()3!()'&)2*/$!(-!4&-(/&4?!^/&&()3!=>!/&-*=/C&-!B/*0!
>&/B*/0()3!1!>1/2(C=,1/!R*A9!-=C+!1-!&;>&4(2()3!*/!>,1))()39!(-!)*2!C*)-(4&/&4!1!
/&4=C2(*)!()!C*-2!()!2+(-!&'1,=12(*)?!!.+&!4&-(/&!+&/&!(-!2*!/&4=C&!2+&!10*=)2!*B!2(0&!
>,1))&/-!1)4!&;>&4(2*/-!->&)4!*)!2+&-&!21-N-9!1-!@&,,!1-!2*!/&4=C&!2+&!10*=)2!*B!
C*)B=-(*)!1)4!@1-2&!()'*,'&4!@(2+!2+&!>/*C&--?!^/&&4!=>!/&-*=/C&-!C1)!A&!1>>,(&4!
2*!*2+&/!21-N-!2+12!(0>/*'&!-1B&2$9!(0>/*'&!M=1,(2$9!()C/&1-&!2+/*=3+>=29!&2C?!!
7&4=C()3!2+&!10*=)2!*B!2(0&!=-&4!2*!C/&12&!01)=1,!*/4&/-9!C+1)3&!()>=2-!*/!
>&/B*/0!&;>&4(2()3!(-!1!/&B,&C2(*)!*B!2+&!10*=)2!*B!/&-*=/C&-!=-&4!()!012&/(1,!
01)13&0&)2?!JB!@&!C1)!/&4=C&!2+&-&!B1C2*/-!2+12!3&)&/12&!2+(-!@1-2&!H*'&/2(0&9!
>**/!4&C(-(*)!01N()39!C+1*2(C!&)'(/*)0&)29!0=,2(W21-N()39!&2C?I!2+&)!2+&!1--*C(12&4!
012&/(1,!01)13&0&)2!>/*C&--!@(,,!A&!(0>/*'&4?!!

.+&!&BB&C2('&)&--!*B!2+&!2+/&&!0&2+*4-!@(,,!A&!4&2&/0()&4!A$!1!A1-(C!-&2!*B!
0&1-=/&-!2+12!/&,12&!2*!2+&!4&-(/&4!*AR&C2('&-!,(-2&4!1A*'&!2+12!4/('&!01;(0=0!
>/*B(21A(,(2$!1)4!7OJ?!.+&-&!0&1-=/&-!1/&L!

• J)'&)2*/$ !5!J)'&)2*/$!(-!()C,=-('&!*B!A*2+!]*/N!()!8/*C&--!H]J8I!1)4!O)!
F1)4!A=BB&/-?!b*@&/!J)'&)2*/$!B/&&-!=>!C1-+!1)4!C*-2-!,&--!2*!2/1CN!1)4!
01()21()9!1)4!C1)!(0>/*'&!7OJ?!

• J)'&)2*/$!k*'&/13& !5!.+&!10*=)2!*B!J)'&)2*/$!)&&4&4!()!2+&!-$-2&0!2*!
2+&*/&2(C1,,$!&)-=/&!2+12!1/&!)*!-+*/213&-!1/&!C/&12&4?!J2!(-!&M=1,!2*!2+&!
J)'&)2*/$!4&B()(2(*)!1A*'&!>,=-!2+&!,1/3&-2!-+*/213&!*B!>1/2-!2*!2+&!C=-2*0&/!
*'&/!2+&!2(0&B/10&!A&()3!&'1,=12&4?!!b*@&/!J)'&)2*/$!k*'&/13&!(-!4&-(/&49!
-()C&!(2!4&0*)-2/12&-!2+&!C*//&C2!10*=)2!*B!()'&)2*/$!(-!A&()3!+&,4?!

• Q&/'(C&!b&'&,!5!.+&!>&/C&)213&!*B!2(0&-!2+12!1)!*/4&/!1//('&-!@+&)!>/*0(-&4?!!
D,-*!C1,,&4!O)!.(0&!8&/B*/01)C&!HO.8I?!D!+(3+&/!Q&/'(C&!b&'&,!(-!4&-(/&49!
-()C&!(2!01;(0(V&-!B,*@?!!

• b*-2!81/2-!5!2+&!2*21,!)=0A&/!*B!>1/2-!*'&/1,,!2+12!1/&!-+*/2&4!2*!2+&!
C=-2*0&/?!!J2!(-!C1,,&4!b*--!81/2-!A&C1=-&!2+&!1--=0>2(*)!(-!2+12!1)$!>1/2!2+12!
4*&-!)*2!01N&!(2!2*!2+&!C=-2*0&/!@(,,!A&!,*-29!1)4!2+12!@*/N!@(,,!3*!2*!1!
C*0>&2(2*/?!J2!/&>/&-&)2-!2+&!>*2&)2(1,!,*--!()!2+/*=3+>=2!1)4!>/*B(2-!2+12!
C*0&-!B/*0!2+&-&!-+*/213&-?!!D!-01,,&/!)=0A&/!*B!b*-2!81/2-!(-!4&-(/&49!-()C&!
(2!/&>/&-&)2-!1!,*--!2*!a&2!8/*B(2!2+12!C1))*2!A&!/&C*'&/&4?!!



!
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• ]1/)()3- !5!2+&!)=0A&/!*B!2+&!)=0A&/!*B!@1/)()3-!3&)&/12&4!*'&/!1!
>1/2(C=,1/!2(0&!B/10&?!!D!>,1))&/:&;>&4(2*/!2$>(C1,,$!>/&B&/-!1!-01,,!)=0A&/!
*B!&BB&C2('&!@1/)()3-?!!

• 81/2!J0>1C2!>&/!]1/)()3 !5!.+&!)=0A&/!*B!>1/2-!(0>1C2&4!A$!1!@1/)()3?!!
]1/)()3-!2+12!1/&! 3&)&/12&4!B*/!1!-01,,!)=0A&/!*B!>1/2-!3('&-!2+&!
>,1))&/:&;>&4(2*/!1!B(3+2()3!C+1)C&!2*!C*//&C2!2+&!>*2&)2(1,!-+*/213&?!O'&/1,,9!
B&@&/!@1/)()3-!@(2+!1!-01,,!)=0A&/!*B!(0>1C2&4!>1/2-!(-!4&-(/&4!A$!>,1))&/-!
1)4!&;>&4(2*/-?!!

a*2&!2+12!&BB(C(&)C$!(-!)*2!,(-2&4!()!2+&!0&1-=/&-!1A*'&9!-()C&!(2!4(BB(C=,2!2*!
4&0*)-2/12&!1!C*//&,12(*)!A&2@&&)!,*C1,!@*/N-212(*)!&BB(C(&)C$!1)4!+(3+&/!
>/*B(21A(,(2$?!^/*0!1!012&/(1,-!-21)4>*()2!4/('()3!&BB(C(&)C$!12!,*C1,!/&-*=/C&-!*B2&)!
4(-2*/2-!=-13&!>122&/)-!1)4!()C/&1-&-!&;>&4(2&-!1)4!-+*/213&-!1-!>1/2-!1/&!4(/&C2&4!
2*!>,1C&-!2+&$!4*!)*2!)&&4!2*!3*?!

.+&!2**,!=-&4!2*!&'1,=12&!2+&-&!0&2+*4-!@(,,!A&!1!-(0>,&!-(0=,12(*)!2+12!@(,,!=2(,(V&!
2+/&&!,&'&,-!*B!'1/(12(*)!5!)*)&9!0()(01,!1)4!&;2/&0&,$!+(3+?!!.+&!/&-=,2-!@(,,!
4&0*)-2/12&!2+&!(0>1C2!2+12!@(,,!*CC=/!*)!2+&!0&1-=/&-!,(-2&4!1A*'&?!!#$!4&B()(2(*)!
1!-(0=,12(*)!(-!)*2!0&1)2!2*!A&!1)!&;1C2!/&>/&-&)212(*)!*B!2+&!-$-2&0!A&()3!1)1,$V&49!
A=2!1)!&BB&C2('&!1>>/*;(012(*)!2+12!(-!=-&B=,!2*!2+*-&!@+*!1)1,$V&!2+&!/&-=,2-9!4/1@!
C*)C,=-(*)-9!1)4!3&)&/12&!/&C*00&)412(*)-?!!J2!+1-!2*!A&!1>>/*;(012&,$!C*//&C29!)*2!
>/&C(-&,$!@/*)3?!!!

J2!(-!@(2+!2+(-!()!0()4!2+12!2+&!-(0=,12(*)!4&-C/(A&4!()!2+(-!>1>&/!@1-!C/&12&4?!!^*/!
&1-&!*B!=-&!1)4!1CC&--(A(,(2$9!2+&!-(0=,12(*)!@1-!C/&12&4!=-()3!G;C&,9!=2(,(V()3!
/1)4*0!)= 0A&/!B=)C2(*)!1)4!01C/*-?!!G;>&/(&)C&4!-(0=,12(*)!&)3()&&/-!@(,,!C/()3&!
12!2+(-!-(0>,(B(C12(*)9!A=2!2+&!,&'&,!*B!4&21(,!(-!-=BB(C(&)2!B*/!2+&!=)4&/-21)4()3!2+&!
C*0>1/(-*) ?!!!

D!/&1,!C*0>1)$K-!-(2=12(*)!1)4!()B*/012(*)!C1)!A&!=-&4!1-!1!A1-(-!B*/!2+(-!1)1,$-(-?!!
.+&!>=/>*-&!*B!2+(-!-(0=,12(*)!(-!2*!C/&12&!()-(3+29!)*2!1!4&21(,&4!1)1,$-(-!*B!2+&!
B=2=/&!-$-2&0?!!D!C*0>1)$!01$!4&C(4&!2*!>1$!B*/!2+&!&;>&/2(-&!1)4!2**,-!2*!C/&12&!
-=C+!1!-(0=,12(*)!A&B*/&!1!>(,*2!5!2+(-!&BB*/2!(-!)*2!1)!122&0>2!2*!/&>,1C&!2+12!2$>&!*B!
1)1,$-(-?!!712+&/9!2+&!&BB*/2!(-!2*!()C/&1-&!2+&!->&&4!*B!1)!(0>,&0&)212(*)9!1,,*@()3!
2+*-&!(0>1C2&4!2*!0*'&!1-!M=(CN,$!1-!>*--(A,&!B/*0!J4&1!8+1-&!2*!2+&!Q=-21()!8+1-&?!!

!!

!

Figure	
  1	
  -­‐	
  Implementation	
  Phases	
  of	
  a	
  Project	
  

!"#$%&'("#)#&*+&"&',*-)%.&
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^*/!*)& !0*4&!*B!1)1,$-(-9!2+&!-(0=,12(*)!@(,,!A&!/=)!=-()3!2+&!/=,&-!B*/!1!>1/2(C=,1/!
0&2+*4!@(2+!)*!()2&/'&)2(*)?!!]1/)()3-!@(,,!A&!(3)*/&49!01)=1,!()2&/'&)2(*)!(-!)*2!
1,,*@&49!1)4!&;>&4(2()3!C1))*2!A&!>&/B*/0&4?!!J)!1)*2+&/!0*4&!HC1,,&4!2+&!E10&!
6*4&I9!2+&!=-&/!@(,,!>,1$!2+&!/*,&!*B!1!>,1))&/!@+*!C1)!()2&/'&)&!2*!C*//&C2!1!
-(2=12(*)!2+12!(-!*CC=//()3?!!!.+&!E10&!6*4&!@(,,!A&!4(-C=--&4!()!1)*2+&/!>1>&/?!!

O)&!*B!2+&!0*-2!(0>*/21)2!1->&C2-!*B!1!-(0=,12(*)!(-!+*@!(2!+1)4,&-!'1/(1A(,(2$?!!.+(-!
(-!@+$!2+&!71)4*0!)=0A&/!B=)C2(*)!H*/!7Da<HI9!()!2+(-!C1-&I!(-!=-&4!()!1-!1!A1-(-!
B*/!2+(-!'1/(12(*)!()!*=/!6(C/*-*B2!G;C&,m!-(0=,12(*)?!!D!-(0>,&!->/&14-+&&2!1)1,$-(-!
2+12!4*&-!)*2!C*)-(4&/!'1/(12(*)!(-!)*2!2+&!1>>/*>/(12&!2**,!B*/!2+(-!2$>&!*B!1)1,$-(-?!!
.+&!-2/&)32+!()!2+&-&!012&/(1,!01)13&0&)2!0&2+*4-!@(,,!A&!A1-&4!*)!2+&(/!1A(,(2$!2*!
+1)4,&!C+1)3&!1)4!'1/(12(*)?!

^*/!2+&!-&2W=>!*B!2+(-!-(0=,12(*)9!2+&!=-&/!C1)!4&B()&!2+&!()>=2!4121!'1/(1A(,(2$?!!J)!
^(3=/&!U!A&,*@9!2+&!D'&/13&!<1(,$!n-13&!+1-!A&&)!C+1/1C2&/(V&4!A$!2+&!&;>&C2&4!
10*=)2!*B!=-13&!*'&/!1!>1/2(C=,1/!2(0&!B/10&?!!J)!2+(-!&;10>,&9!1)!D<n!*B!o!(-!2+&!
0*-2!B/&M=&)2!H#,=&!b()&I!A=2!2+&!,*)3&/!21(,!*)!2+&!/(3+2!/&-=,2-!()!1)!*'&/1,,!
1'&/13&!*B!c?l!=)(2-!>&/!41$9!@(2+!1!Q21)41/4!<&'(12(*)!*B!_?l?!!.+&!/&4!+(-2*3/10!
A1/-!/&>/&-&)2!2+&!1C2=1,!D<nK-!2+12!*CC=//&4!4=/()3!2+&!-(0=,12(*)?!!.+(-!>1/2(C=,1/!
/=)!@1-!-,(3+2,$!,*@&/!2+1)!2+&!4&-(3)&4!1'&/13&!12!c?"!=)(2-!>&/!41$9!@(2+!1!
Q21)41/4!<&'(12(*)!*B!_?"?!!!

!

Figure	
  2	
  -­‐	
  Creating	
  Variation	
  for	
  Average	
  Daily	
  Usage	
  

^(3=/&!_!-+*@-!2+&!b&14W2(0&!'1/(1A(,(2$?!!.+&!'1/(1A(,(2$!-+*@)!(-!*)&!C=-2*0&/K-!
2$>(C1,!&;>&/(&)C&?!!^*/!&;10>,&9!2+&/&!(-!-*0&!C+1)C&!2+&!*/4&/&4!012&/(1,!@(,,!
1//('&!&1/,$9!A=2!(2!2$>(C1,,$!1//('&-!*)!2+&!&;>&C2&4!412&9!@+(C+!(-!U!41$-!()!2+(-!
&;10>,&?!!.+&!,*)3!21(,!/1)3()3!2*!2+&!/(3+2!(-!2+&!'1/(12(*)!2+12!C1=-&-!2+&!0*-2!
+1'*C?!!D)!*/4&/!1//('()3!P!41$-!,12&!C1)!&1-(,$!C1=-&!-2*CN!*=2-!()!2+(-!-$-2&0?!!!
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Figure	
  3	
  -­‐	
  Creating	
  Variation	
  for	
  Lead	
  Time	
  

D)*2+&/!2$>&!*B!'1/(1A(,(2$!(-!-+*@)!()!^(3=/&!l 9!-&1-*)1,!'1/(1A(,(2$?!!F&/&9!0*)2+!
B('&!+1-!2+&!+(3+&-2!4&01)49!p`d!+(3+&/!2+1)!2+&!1'&/13&!4&01)4?!!6*)2+-!*)&!1)4!
2@&,'&!1/&!*),$!q`d!*B!2+&!1'&/13&?!

!

Figure	
  4	
  -­‐	
  Creating	
  Seasonality	
  

.+&!2$>(C1,!)=0A&/-!1/&!&)2&/&4!()!2+&!->/&14-+&&2!=)4&/!2+&!J)>=2!<121!1/&19!
-+*@)!()!^(3=/&!P?!!T1,=&-!2+&!=-&/!&)2&/-!1/&!()!3/&$S!1,,!2+&!*2+&/!'1,=&-!H()!@+(2&!
A*;&-I!1/&!3&)&/12&4!A$!2+&!->/&14-+&&2!A1-&4!=>*)!<<678!B*/0=,1-?!!.+&!D<n!
)=0A&/!/&>/&-&)2-!2+&!&;>&C2&4!1'&/13&9!A=2!2+&!1C2=1,!D<n!>&/B*/01)C&!(-!
3&)&/12&4!A$!2+&!'1/(12(*)!4121!=-&4!2*!3&)&/12&!^(3=/&!U?!!.+&!6OX!H6()(0=0!
O/4&/!X=1,(2$I!1)4!#12C+!H2+&!0()(0=0!A12C+!-(V&!*/!0()(0=0!*/4&/!0=,2(>,& I!1/&!
1,-*!&)2&/&4!+&/&?!!.+&!*2+&/!'1/(1A,&-!1/&!=)(M=&!2*!<<678?!b.!D4R=-2!(-!=-&4!2*!
C*0>&)-12&!B*/!+(3+!b&14!.(0&!T1/(1A(,(2$9!@+(,&!2+&!YT1/?!D4R=-2Z!(-!=-&4!1-!1)!
*'&/1,,!14R=-20&)2!B*/!'1/(1A(,(2$!()!D<n!1)4:*/!b&14W2(0&?!!^*/!*=/!>=/>*-&9!2+&!
D4R=-20&)2!B1C2*/-!1/&!-&2!2*!?P!=),&--!*2+&/@(-&!)*2&4?!!#1-&4!=>*)!2+&-&!41219!
V*)&-!B*/!2+&!A=BB&/!,&'&,-!1/&!C1,C=,12&4?!!.+&!2+/&-+*,4!B*/!1!YQ>(N&Z!()!*/4&/-!(-!
1,-*!4&B()&4?!!
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Figure	
  5	
  -­‐	
  Input	
  Data	
  into	
  the	
  Excel	
  Simulation	
  

Comparison	
  of	
  Three	
  Methods	
  

^*/!1)1,$-(-!1)4!310&!>=/>*-&-9! 2+&!B*,,*@()3!2+/&&!0&2+*4-!@(,,!A&!-(0=,12&4!1)4!
C*0>1/&4!12!2+&(/!0*-2!A1-(C!,&'&,?!!

Material	
  Requirements	
  Planning	
  –	
  MRP	
  

.+&!678!0&2+*4!@(,,!/&,1$!*)!2+&!B*/&C1-2!4&01)4!1)4!C/&12&!1)!*/4&/!&'&/$!P!
()2&/'1,-?!!.+&!1C2=1,!4&01)4!(-!)*2!C*)-(4&/&49!1)4!2+&/&B*/&!@(,,!+1'&!)*!(0>1C2!
*)!2+&!)=0A&/!*/!M=1)2(2$!*B!*/4&/-!3&)&/12&4?!!

!

Figure	
  6	
  –	
  Terms	
  Used	
  in	
  this	
  Simulation	
  for	
  MRP	
  

Min/Max	
  

F&/&9!1)!*/4&/!(-!C/&12&4!@+&)&'&/!2+&!6()!,&'&,!*B!()'&)2*/$!(-!/&1C+&49!1)4!2+12!
*/4&/!(-!-(V&4!2*!A/()3!2+&!()'&)2*/$!=>!2*!2+&!61;!,&'&,?!!](2+!2+(-!0&2+*4!1!Q1B&2$!
Q2*CN!H4&B()&4!&1/,(&/I!(-!1,-*!=-&4!2*!C*0>&)-12&!B*/!1)!=>@1/4!'1/(12(*)!()!
4&01)4?!!!

Figure	
  7	
  –	
  Terms	
  used	
  in	
  this	
  Simulation	
  for	
  Min/Max	
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DDMRP	
  

.+&!0&2+*4!=-&4!+&/&!(-!1-!4&B()&4!()!Orlicky’s	
  Material	
  Requirements	
  Planning!_/4 !
G4(2(*)!H821N!1)4!Q0(2+9!6CE/1@WF(,,9!U`""I ?!!D'1(,1A,&!Q2*CN!(-!0*)(2*/&49!1)4!
1)*2+&/!*/4&/!(-!C/&12&4!@+&)!2+(-!-2*CN!,&'&,!4/*>-!A&,*@!2+&!.*>!*B!\&,,*@!H.O\I?!!
.+&!*/4&/!-(V&!(-!2+&!.*>!*B!E/&&)!H.OEI!,&--!2+&!C=//&)2!D'1(,1A,&!Q2*CN?!b&'&,-!
+&/&!C1)!C+1)3&!A1-&4!*)!-&1-*)1,(2$?!!#12C+!-(V&-!1)4!6()(0=0!O/4&/!X=1)2(2$!1/&!
C*)-(4&/&4!@+&)!-&22()3!2+&!,&'&,!-(V&-?!!

J2K-!(0>*/21)2!2*!)*2&!2+12!*)&!B1C&2!*B!<<678!(-!2+&!1A(,(2$!2*!>/(*/(2(V&!A1-&4!*)!
@1/)()3-9!*/4&/!B/&M=&)C$9!&2C?!!.+(-!C1)!A&!1!B,13!-&)2!2*!1!>,1))&/!B*/!2+&(/!
/&-*,=2(*)?!!.+(-!1)1,$-(-!C1)!1,-*!/&-=,2!()!1)!1=2*012(C!,&'&,!C+1)3&!B*/!B=2=/&!
4&C(-(*)-?!!.+(-!1A(,(2$!(-!)*2!C*)-(4&/&4!()!2+(-!1)1,$-(-?!

.+&!-(0=,12(*)!(2-&,B!(-!1!,*C1,!1)1,$-(-!*B!*)&!@*/N!C&)2&/K-!>&/B*/01)C&!()!
012C+()3!C=-2*0&/!*/4&/-!@(2+!>1/2-!-(22()3!()!*)!+1)4!()'&)2*/$? ?!!81/2-!()C*0()3!
2*!2+(-!YQ+(>>()3!#=BB&/Z!+1'&!A&&)!*/4&/&4!B*/!1!>1/2(C=,1/!10*=)2!1)4!1//('&!()!1!
C&/21()!10*=)2!*B!,&14W2(0&?!!JB!0=,2(>,&!@*/N!C&)2&/-!1/&!,()N&4!2*3&2+&/9!-2*CN!*=2-!
@(,,!A&!3&)&/12&4!2+/*=3+*=2!2+&!C+1()?!!^*/!*=/!>=/>*-&-9!@&K,,!1--=0&!2+12!2+&!
+(3+!-2*CN!*=2-!B*/!*)&!1/&1!@(,,!,&14!2*!+(3+&/!-2*CN!*=2-!B*/!2+&!-$-2&0!1-!1!@+*,&?!!
.+(-!1--=0>2(*)!@(,,!A&!C+1,,&)3&4!()!B=2=/&!1)1,$-(-?!

	
  

	
  

	
  

Comparing	
  Methods	
  

Q()C&!2+&!0&2+*4-!1/&!()+&/&)2,$!4(BB&/&)29!C+1/2-!2+12!@(,,!A&!=2(,(V&4!2*!,**N!12!2@*!
C*00*)!B1C&2-!5!2+&!)=0A&/!*B!>1/2-!*)W+1)4!1)4!2+&!10*=)2!*B!]J8!H*/!D'1(,1A,&!
Q2*CN!()!2+&!<<678!C1-&I!A&()3!+&,4?!!]+&)!2+&!O)!F1)4!,&'&,!/&1C+&-!`!@(2+!
=)0&2!4&01)4!2+&)!1!-2*CN!*=2!C*)4(2(*)!@(,,!A&!4&C,1/&4?!!^*/!2+(-!C*0>1/(-*)9!2+&!
10*=)2!*B!O)!F1)4!()'&)2*/$!C1)!1,-*!/&B,&C2!=)0&2!4&01)4?!!.+=-9!O)!F1)4!
()'&)2*/$!C1)!3*! A&,*@!V&/*?!!.+&!1--=0>2(*)!+&/&!(-!2+129!4&->(2&!2+&!-2*CN!*=29!2+&!
*/4&/!@(,,!)*2!A&!C1)C&,,&4?!!!

^*/!678!1)4!6():61;9!O)!F1)4!1)4!]J8!1/&!2/1CN&4?!^*/!6():61; !O)!F1)4!#=BB&/9!
2+&!2+/&&!,&'&,-!1/&!-+*@)!5!Q1B&2$!Q2*CN!()!O/1)3&9!6()!()!7&49!1)4!2+&!61;!,&'&,!(-!
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Figure	
  8	
  -­‐	
  Terms	
  used	
  in	
  This	
  Simulation	
  for	
  DDMRP	
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E/&&)?!!D)!*/4&/!(-!C/&12&4!@+&)!2+&!()'&)2*/$!3*&-!A&,*@!2+&!2*>!*B!/&49!1)4!2+&!
*/4&/!-(V&!(-!2+&!.*>!*B!E/&&)!H61;I!0()=-!2+&!C=//&)2,$!O)!F1)4!()'&)2*/$!,&'&,?!
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Figure	
  6	
  -­‐	
  MRP	
  Inventory	
  Levels	
  for	
  WIP	
  &	
  OnHand	
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^*/!<<6789!2+&!3/1>+!,**N-!-,(3+2,$!0*/&!C*0>,(C12&4?!!.+&/&!1/&!2@*!-2*CN!,&'&,-9!
D'1(,1A,&!Q2*CN9!1)4!O)!F1)4!-2*CN9!1-!4&-C/(A&4!>/&'(*=-,$?!D!-2*CN!*=2!*CC=/-!
@+&)!2+&!O)!F1)4!-2*CN!4/*>-!A&,*@!V&/*?!!D'1(,1A,&!Q2*CN!(-!=-&4!2*!4&2&/0()&!2+&!
)&&4!B*/!1)!*/4&/!1)4!(2-!-(V&?!!.+&!A=BB&/!,&'&,-!4&-C/(A&4!>/&'(*=-,$!1/&!1,-*!-+*@)!
()!2+&!3/1>+?!!.+&!41/N&/!/&4!2/(33&/!V*)&!C1=-&-!1)!1,1/0!2*!A&!(--=&4!@(2+!2+&!
()2&)2!*B!)*2(B$()3!2+&!>,1))&/!2*!&;>&4(2&?!!J)!2+&!-(0=,12(*)9!2+(-!@1/)()3!(-!(3)*/&4?!!

D)!*/4&/!(-!C/&12&4!@+&)!2+&!D'1(,1A,&!Q2*CN!/&1C+&-!.*>!*B!\&,,*@!H.O\I?!!.+&!
*/4&/!-(V&!(-!.*>!*B!E/&&)!H.OEI!0()=-!2+&!C=//&)2!D'1(,1A,&!Q2*CN?!!.+&!,(3+2!A,=&!
1/&1!H)*2!1>>1/&)2!()!2+(-!C+1/2I!4&0*)-2/12&-!@+&)!2+&!D'1(,1A,&!Q2*CN!(-!1A*'&!
2+&!.OE?!!

Basic	
  Simulation	
  Analysis	
  	
  	
  

6()(0=0!T1/(12(*) !̂ */!2+&!B(/-2!C*0>1/(-*)9!1,,!2+/&&!0&2+*4-!@&/&!/=)!@(2+!
0()(01,!'1/(12(*)?!!.+( -!(-!2*!4&2&/0()&!(B!2+&!0&2+*4!@*/N-!=)4&/!1!YA&-2!C1-&Z!
-C&)1/(*?!D!4&01)4!-C+&4=,&!2+12!'1/(&-!A$!2(0&B/10&!(-!=-&4!2*!4&0*)-2/12&!
-&1-*)1,!'1/(1A(,(2$?!!.+(-!(-!B*/&C1-2&4!()!A*2+!<<678!1)4!678?!!J)!2+&!6():61;!
0&2+*49!-&1-*)1,(2$!'1/(12(*)!@(,,!A&!1A-*/A&4!A$!A*2+!2+&!A=BB&/!1)4!(2K-!Q1B&2$!
Q2*CN?!!J)!2+&!+(3+&/!4&01)4!2(0&B/10&9!0*/&!*/4&/-!@(,,!A&!3&)&/12&4?!!^&@&/!
*/4&/-!@(,,!A&!C/&12&4!()!,*@!4&01)4!>&/(*4-?!!

D!,1/3&!*/4&/!->(N&!@(,,!*CC=/!12!2+&!>&1N!*B!2+&!-&1-*)1,!'1/(1A(,(2$?!!.+(-!@(,,!A&!
B*/&C1-2&4!()!A*2+!678!1)4!4&2&C2&4!A$!<<678?!!6():61;!1--=0&-!Q1B&2$!Q2*CN!
@(,,!C*'&/!2+&!->(N&?!!

.+&!D<n!1'&/13&!1)4!2+&!,&14W2(0&!1'&/13&!1/&!01()21()&49!1)4!'1/(1A(,(2$!*CC=/-!
1/*=)4!2+&-&!)=0A&/-?!!

T&/$!F(3+!T1/(12(*)!.+&!-&C*)4!C*0>1/(-*)!@(,,!2&-2!*B!&BB&C2('&)&--!*B!2+&!2+/&&!
0&2+*4-!()!1!+(3+,$!'1/(1A(,(2$!&)'(/*)0&)2L !
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• .+&!1C2=1,!4&01)4! @(,,!A&!+(3+&/!2+1)!&;>&C2&4!5!2+&!D<n!@1-!"`?U!1C2=1,!
'&/-=-!2+&!o!=)(2-!2+12!@&/&!&;>&C2&4?!!

• b&14W2(0&-!1/&!1,-*!+(3+&/!2+1)!&;>&C2&49!1'&/13()3!1!+1,B!1!41$!,*)3&/!
' &/-=-!@+12!@1-!&;>&C2&4!W!l?P!41$-!'-?!l!41$-?!!

• D!>,1))&4!*/4&/!->(N&!@(,,!*CC=/!*)!<1$!Uq!B*/!lP!R*A-?!!.+(-!(-!1!->(N&!2+12!
678!+1-!()!(2-!>,1))()3?!!6():61;!@(,,!/&,$!*)!Q1B&2$!Q2*CN!2*!C*0>&)-12&!B*/!
2+(-!->(N&9!1)4!<<678!@(,,!()C,=4&!2+(-!->(N&!()!(2-!D'1(,1A,&!Q2*CN!&M=12(*)?!

.+(-!/&-=,2-!()!1!>1/2!=-13&!*'&/!2+&!>/*R&C2&4!,&14W2(0&!2*!A&!0=C+!3/&12&/!2+1)!
&;>&C2&4?!!.+&!1C2=1,!=)(2-!*'&/!,&14!2(0&!&)4-!=>!A&()3!lP?q!'-?!2+&!&;>&C2&4!_U?!!D-!
1!/&-=,29!=-13&!*'&/!,&14W2(0&!(-!l_d!3/&12&/!2+1)!&;>&C212(*)-?!!!

.+&-&!()>=2!'1/(1A,&-!@&/&!*A21()&4!A$!()C/&0&)2()3!D<n!1)4!b&14W2(0&!=)2(,!1,,!
2+/&&!0&2+*4-!C/&12&4!-+*/213&-!B*/!12!,&1-2!B*=/!*=2!*B!2+&!2&)!(2&/12(*)-?!a*!
C*//&C2(*)-!@&/&!014&!4&->(2&!@1/)()3!0&--13&-!A&()3!(--=&4?!̂ */!2+(-!1)1,$-(-9!
A*2+!678!1)4!6():61;!3&)&/12&!@1/)()3-!@+&)!Q1B&2$!Q2*CN!(-!>&)&2/12&4?!!
<<678!(--=&-!1)!1,1/0!@+&)!2+&!O)!F1)4!,&'&,!HO)!F1)4!7&4I!(-!>&)&2/12&4?!!

.&)!/=)-!@&/&!014&9!@(2+!1,,!2+/&&!0&2+*4-!B1C()3!2+&!-10&!'1/(1A,&!()!&1C+!/=)?!

	
  	
  

Minor	
  Variation	
  

](2+!0()*/!'1/(12( *)!*CC=//()3!1/*=)4!2+&!&;>&C2&4!D<n!1)4!,&14W2(0&9!2+&!
B*,,*@()3!C+1/2-!1/&!3&)&/12&4?!Q&1-*)1,(2$!1)4!2+&!->(N&!&;(-2!()!2+(-!-C&)1/(*?!!

a*2&!2+12!1,,!2+/&&!0&2+*4-!@*/N!5!)*!-+*/213&-!*CC=/9!1)4!()'&)2*/(&-!1/&!@(2+()!
&;>&C2&4!,&'&,-?!!.+&/&!1/&!-*0&!*A-&/'12(*)-!2+12!1/&!@*/2+@+(,&?!!.+&!-&1-*)1,(2$!
1)4!2+&!*/4&/!->(N&!4(4!C1=-&!2+&!6():61;!0&2+*4!2*!>&)&2/12&!2+&!-1B&2$!-2*CN?!!
678K-!]J8!1)4!O) W+1)4!1,0*-2!012C+&-9!()4(C12()3!2+12!0*-2!*B!2+&!-2*CN!(-!()!2+&!
O)W+1)4!A=BB&/?!<<678K-!D'1(,1A,&!Q2*CN!2/1CN-!Q&1-*)1,(2$!B1(/,$!@&,,9!(2K-!C,&1/!
2+12!*/4&/-!A1-&4!*)!D'1(,1A,&!Q2*CN!1/&!,1/3&!1-!2(0&!+&14-!2*@1/4!2+&!>&1N!-&1-*)!
H/&4=C()3!2+&!)=0A&/!*B!>*2&)2(1,!C+1)3&*'&/-I!1)4!1/&!-01,,&/!1)4!0*/&!B/&M=&)2!
12!)*) W>&1N!2(0&-?!!
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Figure	
  13-­‐	
  MRP	
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  with	
  Minor	
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Figure	
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High	
  Variation	
  Comparison	
  

.+&!>/&'(*=-!C*0>1/(-*)!31'&!=-!1)!(4&1!*B!+*@!2+&!2+/&&!0&2+*4-!@*/N?!!]&!1,-*!
4&-C/(A&4!2+&!+(3+!'1/(12(*)!-C&)1/(*!@+&/&!D<n!1)4!b&14W2(0&!1/&!+(3+&/!1)4!
0*/&!'1/(1A,&!2+1)!&;>&C2&4?!!D-!A&B*/&9!@&!,&2!2+&!-$-2&0-!/=)!@(2+*=2!
()2&/'&)2(*)!2*!=)4&/-21)4!2+&!>&/B*/01)C&!*B!2+&!&1C+!0&2+*4?!

.+&!B(/-2!1/&1!(-!J)'&)2*/$9!@+(C+!0&1-=/&-!2+&!10*=)2!*B!-2*CN!()!2+&!-$-2&0!*'&/!
2+&!2(0&B/10&!1)1,$V&4?!!!J2!4*&-!)*2!21N&!()2*!1CC*=)2!-+*/213&-?!!F&/&9!2+&!678!
-$-2&0!1>>&1/-!2*!A&!-(3)(B(C1)2,$!A&22&/!2+1)!2+&!*2+&/!2@*!0&2+*4-?!!J2K-!(0>*/21)2!
2*!)*2&!2+12!2+&!10*=)2!*B!()'&)2*/$!@1-!-2(,,!3*()3!4*@)!1-!2+&!(2&/12(*)-!&)4&4?!!
.+(-!+1-!(0>,(C12(*)-!B*/!C1-+!B,*@!1)4!2+&!C*-2!*B!()'&)2*/$!5!C*0>1)(&-!2+12!B()4!
2+&0-&,'&-!()!B()1)C(1,!2/*=A,&!C1)!=-&!2+(-!2$>&!*B!(0>1C2!2*!B/&&!=>!C1-+!1)4!
/&4=C&!C*-2-!12!2+&!/(-N!*B!-+*/213&-?!!.+&!/&1-*)-!C1)!A&!R=-2(B(&4!5!2+(-!(-!@+12!678!
2*,4!=-!2*!4*?!

6():61;!+1-!-,(3+2,$!+(3+&/!()'&)2*/$!>&/B*/01)C&9!+*,4()3!1A*=2!Pd!,&--!012&/(1,!
() !(2K-!O)!F1)4!#=BB&/!2+1)!<<678!*'&/!2+(-!+(3+!'1/(12(*)!-C&)1/(*?!!.+&!C1-+!B,*@!
1)4!C*-2!(0>1C2!@(,,!A&!A1-&4!*)!2+&!(0>1C2!*B!+*,4()3!l!144(2(*)1,!>1/2-?!!

F*@&'&/9!B*/!0*-2!C*0>1)(&-!2+&!*AR&C2('&!(-!2*!>/*'(4&!2+&!C=-2*0&/!@(2+!1,,!2+&!
>1/2-!2+&$!)&&4!2*!0&&2!2+&(/!/&M=(/&0&)2-?!!]&!C1)!=-&!2+&!)&;2!C+1/2!H^(3=/&!"q I!
2*!=)4&/-21)4!2+&!,&'&,!*B!()'&)2*/$!/&M=(/&4!2*!&)-=/&!)*!-2*CN!*=2-!*CC=/?!!.+&!
6():61;!,&'&,!R=0>-!2*!"``!>1/2-9!@+(,&!2+&!<<678!10*=)2!(-!2+&!-10&!1-!2*21,!
()'&)2*/$!+&,4?!!678!R=0>-!=>!1-!@&,,9!A=2!(-!-2(,,!1A*=2!Pd!A&22&/!2+1)!<<678?!!J2!(-!
(0>*/21)2!2*!)*2&!2+12!()!2+(-!&;10>,&9!2+&!]J8!C*'&/13&!@1-!2/&)4()3!=>@1/4!1-!
-&/'(C&-!,&'&,-!C*)2()=&4!2*!4&3/14&?!!D2!-*0&!>*()2!()!2+&!B=2=/&9!]J8!C*'&/13&!B*/!
678!@*=,4!4&3/14&!>1-2!<<678!@(2+*=2!-*0&!-*/2!*B!()2&/'&)2(*)?!

Q&/'(C&!b&'&,-!1/&!2+&!)&;2!0&2/(C!C*)-(4&/&4!H^(3=/&!"o I?!!.+(-!(-!2+&!>&/C&)213&!*B!
2(0&!1!-+*/213&!*CC=/-9!@(2+*=2!C*)-(4&/()3!2+&!2*21,!-(V&!*B!2+&!-+*/213&?!!F&/&!
-&/'(C&!,&'&,-!1/&!-(3)(B(C1)2,$!+(3+&/!()!2+&!<<678!0&2+*4!1-!C*0>1/&4!2*!2+&!
*2+&/!2@*9!12!cod!1-!C*0>1/&4!2*!c"d!B*/!6():61;!1)4!qld!B*/!678?!!OB!C*=/-&9!
2+(-!(-!2+&!1)1,$-(-!B*/!*)&!Y@*/N-212(*)?Z!D44()3!P!@*/N-212(*)-!()!-&/(&-!0=,2(>,&-!
2+&!(0>1C2!*B!2+&!-+*/213&-!H2+&!4&B()(2(*)!*B!1!@*/N-212(*)!1)4!+*@!2+&$!1/&!
C*))&C2&4!C1)!A&!4(BB&/&)2!B*/!&1C+!0&2+*4I?!!.+&!C+1)3&!()!Q&/'(C&!b&'&,!*'&/!P!
@*/N-212(*)-!(-!-(3)(B(C1)2!1)4!)*2!,()&1/?!Q&/'(C&!b&'&,!@(2+!<<678!4/*>-!2*!c`d9!
A=2!2+&!(0>1C2!*B!6():61;!1)4!678!(-!0=C+!@*/-&?!<&->(2&!2+(-9!(2K-!C,&1/!@+$!b&1)!
14'*C12&-!@*=,4!>=-+!B*/!6():61;!*'&/!678! 5!2+&/&!(-!1!l`d!(0>/*'&0&)2!()!
Q&/'(C&!b&'&,-?!!678!>,1))&/-!C*=,4!)*2!1,,*@!2+&!-$-2&0!2*!/=)!2*!2+(-!-&/'(C&!,&'&,!
5!2+&$!@*=,4!A&!B*/C&4!2*!()2&/'&)&!A$!01)=1,,$!C/&12()3!0*/&!*/4&/-9!C+1)3()3!2+&!
*/4&/!B/&M=&)C$!1)4!&;>&4(2()3!*/!-(3)(B(C1)2,$!1)4!()2&)2(*)1,,$!A=0>()3!=>!-1B&2$!
-2*CN!,&'&,-!2*!>/&'&)2!2+&!C+/*)(C!1)4!B/&M=&)2!-+*/213&-?!

!



!

! "l !

!

Figure	
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Figure	
  11	
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  Service	
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^()1,,$9!B/*0!1!C=-2*0&/:-=>>,(&/!>&/->&C2('&9!@&!+1'&!2*!C*)-(4&/!2+&!10*=)2!*B!
Yb*-2!81/2-Z!2+&!0&2+*4!+1-!3&)&/12&4?!!]&K,,!4&B()&!b*-2!81/2-!1-!,*-2!-1,&-!2+12!
@*=,4!*CC=/!B/*0!1!-2*CN!*=2?!!O=/!1--=0>2(*)!+&/&!(-!2+12!C=-2*0&/!@*=,4!B=,B(,,!
2+&!-+*/213&!B/*0!1)*2+&/!-=>>,(&/?!!JB!2+(-!)=0A&/!(-!-(3)(B(C1)29!(2!@(,,!+1'&!A*2+!1!
)&312('&!(0>1C2!*)!>/*B(21A(,(2$!1)4!2+&!1A(,(2$!2*!01()21()!1)4:*/!1CM=(/&!)&@!
A=-()&--!B/*0!2+(-!C=-2*0&/?!D31()9!<<678!+1-!2+&!A&-2!>&/B*/01)C&9!,*-()3!*),$!l!
>1/2-?!!6():61;!@*=,4!C1=-&!pP!,*-2!>1/2-9!@+(,&!678!@*=,4!,*-&!U`p!>1/2-!H^(3=/&!
"o I?!!!!

JB!@&!21N&!2+&!'(&@!*B!2+&!>,1))&/9!@&!@*=,4!,(N&!1!0&2+*4!1)4!1!-$-2&0!2*!@1/)!=-!
@+&)!2+&!-C&)1/(*!1-!4&-C/(A&4!()!2+(-!-&C2(*)!(-!*CC=//()39!-*!2+12!()2&/'&)2(*)!C1)!
*CC=/!2*!0*4(B$!()>=2!41219!C/&12&!1!01)=1,!*/4&/!1)4:*/!&;>&4(2&!1)!*/4&/?!!^/*0!
2+&!>,1))&/K-!>&/->&C2('&9!(2!@*=,4!A&!(0>*/21)2!2+12!2+&!-$-2&0!+1)4,&!2+(-!+(3+!
'1/(12(*)!-(2=12(*)!@(2+*=2!()2&/'&)2(*)?!!]1/)()3 -!-+*=,4!A&!()B/&M=&)2!1)4!+1'&!1!
-01,,!(0>1C2!*)!2+&!C=-2*0&/?!!JB!@&!C*0>1/&!2+&!2+/&&!0&2+*4-9!@&!-&&!2+12!2+&!
<<678!-$-2&0!*),$!(--=&4!l?P!@1/)()3-!*)!1'&/13&!H^(3=/&!" cI?!!.+&!1'&/13&!
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>/&4(C2&4!(0>1C2&4!@1-!,&--!2+1)!"!>1/2?!!6():61;!(--=&-!o!@1/)()3-!*'&/!2+(-!
2(0&B/10&9!@(2+!&1C+!@1/)()3!+1'()3!2+&!>*2&)2(1,!(0>1C2!*B!o!>1/2-?!!678!(-!131()!
@*/-&!B/*0!2+&!>,1))&/!>&/->&C2('&9!(--=()3!U`!@1/)()3-9!&1C+!@*/2+!"`!>1/2-?!!.+&!
678!&;>&4(2*/!@*=,4!A&!1,0*-2!()!1!C*)-21)2!*B!C+1*-9!/&1C2()3!2*!C*)-21)2!
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Conclusions	
  about	
  the	
  Three	
  Methods	
  from	
  this	
  Simulation	
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