
 

ASAM : Automatic Architecture Synthesis and Application
Mapping; dl. 2.2: Report on initial version of the hierarchical
application model
Citation for published version (APA):
Micconi, L., Madsen, J., Pop, P., Kienhuis, B., Corvino, R., & Jozwiak, L. (2011). ASAM : Automatic Architecture
Synthesis and Application Mapping; dl. 2.2: Report on initial version of the hierarchical application model.
(ARTEMIS; Vol. 2009-1-ASAM-100265-D2.2). ASAM.

Document status and date:
Published: 01/01/2011

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 05. Oct. 2023

https://research.tue.nl/en/publications/404af025-d4bd-4fbc-852e-17023d4644e3


!"#$%&'

!"!#$ %&'()&*+,'&-./.-)0/1/234$ 5+6&$0$37$.0$
$

$
$

$

$

8*+9:$+6*&&;&9:$93/$011.<=$
!*:&;(>$5*3?&4:$

!"!#$
!@:3;+:(4$!*4A(:&4:@*&$"B9:A&>(>$+92$!CC'(4+:(39$#+CC(96$

$

%./.D$E&C3*:$39$(9(:(+'$)&*>(39$37$:A&$A(&*+*4A(4+'$+CC'(4+:(39$;32&'$

$

(")'(*+)',-'()$%.)/*#$)' 01+'2*34'5600'

7,89$)+%,:'(*+)',-'()$%.)/*#$)' 01+'2*34'5600'

;+*/+'(*+)',-'!/,<)&+' 01+'2*34'5606'='("/*+%,:'>?'2,:+@1'

A)*B'9*/+:)/'-,/'()$%.)/*#$)'

C"+@,/D1EF'

(GH'

AI' 2)&&,:%4' JI' 2*B1):4' !I' !,9' D(GHE4' KI' L)%:@"%1'
D7M2!CCNE4'OI'7,/.%:,4'AI'J,PQ%*R'DGHSE'

$
E&)(>(39D$)0/1$

5*3?&4:$43F7@92&2$,B$:A&$!*:&;(>$G3(9:$H92&*:+I(96$J+''$.11K$

%(>>&;(9+:(39$L&)&'$

5H$ 5@,'(4$ M$

55$ E&>:*(4:&2$:3$3:A&*$C*36*+;$C+*:(4(C+9:>$N(94'@2(96$J3;;(>>(39$"&*)(4&>O$ $

EP$ E&>:*(4:&2$:3$+$6*3@C$>C&4(7(&2$,B$:A&$439>3*:(@;$N(94'@2(96$J3;;(>>(39$"&*)(4&>O$ $

JQ$ J397(2&9:(+'R$39'B$73*$;&;,&*>$37$:A&$439>3*:(@;$N(94'@2(96$J3;;(>>(39$"&*)(4&>O$ $



!"#$%&'
$

!"

!"#$%&'(&)'*+%*+,&
0! T:+/,B"&+%,:'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'>!

5! ;&,9)'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'U!

>! !*/*$$)$%P*+%,:'-/,8'7V&,B)'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'W!
-./! !01%&'(&1"2"$$%$3,4'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'W!
-.5! !6%&)'41""*&)'413$%2'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'?!

U! !/,9,1)B'C99$%&*+%,:'2,B)$'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'06!
7./! !6%&!",8&92"16&:';%$'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'06!
UI5! G@)'!/,9,1)B'C99$%&*+%,:'2,B)$'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'00!
UI>! !,11%#$)'SX+):1%,:1'+,'+@)'C99$%&*+%,:'2,B)$'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'0>!

W! O)$*+%,:1'+,'L!N'*:B'8%&/,V$).)$'(;S'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'0U!
WI0! O)$*+%,:'+,'L!N'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'0U!
WI5! O)$*+%,:'+,'8%&/,V$).)$'(;S'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'0W!

?! S.*$"*+%,:',-'+@)'!/,9,1)B'C99$%&*+%,:'2,B)$'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'0Y!

Z! O)-)/):&)1'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'50!

$



!"#$%&'
$

#"

/ <*+2';=>+3'*&
SA&$ +(;$ 37$ :A&$ !"!#$ N!@:3;+:(4$ !*4A(:&4:@*&$ "B9:A&>(>$ +92$ !CC'(4+:(39$ #+CC(96O$ C*3?&4:$ (>$ :3$
2&)&'3C$ +$ 6&9&*+'$ ;&:A323'36B$ :A+:$ 4+9$ ,&$ &77(4(&9:'B$ +92$ &77&4:()&'B$ @>&2$ (9$ A&:&*36&9&3@>$
;@':(C*34&>>3*$ !"T5$ ,+>&2$ &;,&22&2$ >B>:&;>/$ SA(>$ *&C3*:$ (>$ +$ 2&'()&*+,'&$ 37$U5.$ NV(6@*&$ 0O$ +92$
C*&>&9:>$:A&$C*3C3>+'$73*$+$6&9&*(4$+CC'(4+:(39$;32&'$:3$,&$@>&2$(9$:A&$!"!#$C*3?&4:/$SA&$234@;&9:$
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;32&'$(>$'(I&'B$:3$,&$;32(7(&2$+92$&M:&92&2$2@*(96$:A&$9&M:$C&*(32$37$:A&$!"!#$C*3?&4:/$

SA&$ 234@;&9:$ 2&>4*(,&>$ :A&$ *&Z@(*&;&9:>$ 73*$ :A&$ +CC'(4+:(39$ ;32&'$ +92$ C*&>&9:>$ :A&$ (9(:(+'$
C*3C3>+'$ 73*$ +$A(&*+*4A(4+'$;32&'R$WA(4A$W(''$ >&*)&$;+4*3F+*4A(:&4:@*&$ '&)&'$ >B9:A&>(>/$ SA&$;+4*3F
'&)&'$ ;32&'$ (>$ ,+>&2$ 39$ +$ C*34&>>$ 9&:W3*I$ ;32&'$ N+'>3$ *&7&**&2$ :3$ +>$ +$ :+>I$ 6*+CAOR$ WA(4A$ (>$
&M:&92&2$ :3$ *&7'&4:$ :A&$ &'&;&9:>$ 37$ :A&$ 6&9&*(4$ C'+:73*;$;32&'$ 73*$ &+>(&*$;+CC(96$ +92$WA(4A$ (>$
>@(:&2$73*$&MC*&>>(96$A(6AF'&)&'$C+*+''&'(>;/$SA&$;+4*3F'&)&'$;32&'$ (>$ '(9I&2$W(:A$:A&$[+A9$C*34&>>$
9&:W3*I$;32&'R$WA(4A$(>$:A&$3@:C@:$37$:A&$J3;C++9$43;C('&*$:33'>/$SA&$;(4*3F'&)&'$;32&'$(>$,+>&2$
39$+$439:*3'F2+:+$7'3W$NJ%V8O$;32&'R$WA(4A$+''3W>$73*$(2&9:(7(4+:(39$37$'3WF'&)&'$C+*+''&'(>;R$+92$:3$
73*;$ 4'@>:&*>$ :A+:$;+B$ ,&$ :*+9>73*;&2$ (9:3$ 9&W$ +CC'(4+:(39$ >C&4(7(4$ (9>:*@4:(39>$ 37$ :A&$!"T5/$ SA&$
234@;&9:$2&>4*(,&>$:A&$*&'+:(39$,&:W&&9$:A&$;(4*3F$+92$;+4*3F'&)&'$%"P/$

SA&$234@;&9:$&)+'@+:&>$:A&$C*3C3>&2$+CC'(4+:(39$;32&'$,B$>A3W(96$A3W$(:$4+9$,&$@>&2$73*$;+4*3F
'&)&'$;+CC(96$39:3$+$C'+:73*;$*&C*&>&9:&2$,B$:A&$5JH$;32&'$C*&>&9:&2$(9$2&'()&*+,'&$%./0/$
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• M9)/*+%,:' A).)$' !*/*$$)$%18' DMA!EF' 43**&>C392>$ :3$ +CC'(4+:(39F23;+(9F>C&4(7(4$ 4@>:3;$
3C&*+:(39>R$ :A+:$ 43;,(9&$;@':(C'&$ET"JF&Z@()+'&9:$3C&*+:(39>$ N&/6/$ +22R$ >@,:*+4:R$;@':(C'BR$
'3+2R$>:3*&R$?@;CO$(9:3$+$>(96'&$3C&*+:(39/$

• (*+*' $).)$'!*/*$$)$%18'D(A!ED$C*&>&9:$ (9$+'63*(:A;>$:A+:$3C&*+:&$39$ '+*6&$+;3@9:>$37$2+:+R$
37:&9$ *&C&+:(96$ :A&$ >+;&$ 3C&*+:(39$ 39$ 2(77&*&9:$ 2+:+$ &'&;&9:>$ +92$ :A+:$ 4+9$ 37:&9$ ,&$
*&W*(::&9$:3$3C&*+:&$39$)&4:3*>/$T:$+''3W$:3$@>&$37$"T#%$N"(96'&$T9>:*@4:(39$#@':(C'&$%+:+O$3*$
)&4:3*$ 3C&*+:(39>$ :A+:$ 3C&*+:&$ 39$ 3C&*+92>$ 3*6+9(\&2$ +>$ )&4:3*>$ 37$ ;@':(C'&$ 2+:+/$ SA(>$
(94*&+>&>$ C&*73*;+94&$ +92$ +'>3$ :A&$ &77(4(&94B$ 37$ 439:*3'$ *&>3@*4&>$ N(9>:*@4:(39$ 7&:4A$ +92$
2&432&$(>$@>&2$;3*&$&77(4(&9:'B$+>$39'B$+$>(96'&$3C&*+:(39$9&&2>$:3$,&$7&:4A&2$+92$2&432&2O/$
#3*&3)&*$:A&$432&$>(\&$(>$2&4*&+>&2$+92$:A&$9@;,&*$37$*&6(>:&*$+92$;&;3*B$+44&>>&>$4+9$
,&$*&2@4&2$,B$C*3)(2(96$)&4:3*FW(2&$2+:+$+44&>>/$

• T:1+/"&+%,:VA).)$'!*/*$$)$%18'DTA!ED$ (:$439>(>:>$ (9$(>>@(96$;@':(C'&$3C&*+:(39>$C&*$(9>:*@4:(39/$
S3$23$ :A(>$ +:$ '3W$A+*2W+*&$ 43>:$ +$`&*B$ L396$ T9>:*@4:(39$U3*2$ N`LTUO$ +*4A(:&4:@*&$ 4+9$,&$
@>&2/$SA&$43;C('&*$(2&9:(7(&>$:A&$+;3@9:$37$TL5$:A+:$4+9$,&$&MC'3(:&2/$

• G*1R' A).)$' !*/*$$)$%18' DGA!ED$ 5+*:(:(39(96$ 37$ +9$ +CC'(4+:(39$ 3)&*$ ;@':(C'&$ C*34&>>3*$ 43*&>$
W3*I(96$ (9$ C+*+''&'$ :3$ ,33>:$ C&*73*;+94&/$ $ !$ A&:&*36&9&3@>$ ;@':(C*34&>>3*$ >3'@:(39$
N2(77&*&9:$ :BC&>$ 37$ C*34&>>3*>$ &+4A$ :@9&2$ :3$ 734@>$ 39$ +$ >C&4(7(4$ >&:$ 37$ :+>I>OR$ (>$ 37:&9$
C*&7&**&2$:3$+4A(&)&$:A&$A(6A&>:$&77(4(&94B/$
$

SA&$:+>I$ '&)&'$C+*+''&'(>;(>$37$C+*:(4@'+*$ (;C3*:+94&$+:$:A&$;+4*3F'&)&'R$WA&*&$W&$9&&2$:3$4+C:@*&$
:A&$ A(6A$ '&)&'$ 4A+*+4:&*(>:(4>$ 37$ +9$ +CC'(4+:(39$ :A+:$ 4+9$ +''3W$ @>$ :3$ C&*73*;$ +9$ &77(4(&9:$ %"P$ 37$
;+CC(96$ +92$ >4A&2@'(96/$ SA&$ :+*6&:$ C'+:73*;$;32&'$ N5JH$#32&'$ 2&7(9&2$ (9$ 2&'()&*+,'&$%./0O$ (>$ +$
A(6A$ '&)&'$ *&C*&>&9:+:(39$ 37$ :A&$ C'+:73*;$ +92$ 377&*>$ +$ )(&W$ 37$ :A&$ C*34&>>(96$ @9(:>$ +92$
(9:&*4399&4:(39>$:A+:$2&7(9&>$:A&$aU$+*4A(:&4:@*&$C'+:73*;/$T9$:A(>$439:&M:R$(/&/R$:A&$;+4*3F'&)&'R$$W&$
+*&$39'B$(9:&*&>:&2$(9$:A&$:+>I$C+*+''&'(>;$:A+:$W(''$+''3W$:A&$C+*+''&'$&M&4@:(39$37$;@':(C'&$:+>I>$39$
2(77&*&9:$C*34&>>3*>R$:+I(96$(9:3$+443@9:$:A&$2+:+$2&C&92&94(&>$+;396$:A&$:+>I>/$$

T9$3*2&*$:3$+MC'3(:&$:A&$3:A&*$:BC&>$37$C+*+''&'(>;R$+22(:(39+'$(973*;+:(39$(>$9&&2&2/$SA(>$(973*;+:(39$
(>$ 39'B$ +)+('+,'&$ +:$;(4*3F'&)&'D$ :A&$;(4*3F'&)&'$%"P$W(''$ 734@>$ 39$ :A&$ C+*+''&'(>;$ 439:+(9&2$W(:A(9$
&+4A$:+>I$N%L5R$QL5$+92$TL5O$+92$A3W$:3$@>&$(:$:3$4@>:3;(\&$+92$2&>(69$&+4A$!"T5$C*34&>>3*/$

!443*2(96$:3$:A&>&$439>(2&*+:(39>$+92$:A&$9&&2$+:$;+4*3F'&)&'$:3$(2&9:(7B$:+>I$:A+:$4+9$,&$;+CC&2$
39$2(77&*&9:$C*34&>>3*>$+92$:A&$43;;@9(4+:(39$N2+:+$2&C&92&94(&>O$,&:W&&9$:A&;R$W&$2&4(2&2$:3$
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SA&$ J3;C++9$ 43;C('&*$ (>$ +,'&$ :3$ 439)&*:$ +$ JF432&$ C(&4&$ (9:3$ +$ [+A9$ 5*34&>>$ b&:W3*I$ N[5bO/$ S3$
&MC'+(9$WA+:$:A(>$[5b$'33I>$'(I&R$(:$(>$,&>:$:3$73''3W$+9$&M+;C'&$(9$WA(4A$W&$439)&*:$+$>(;C'&$JF432&$
&M+;C'&$(9:3$+$[5b/$SA&$&M+;C'&$432&$(>D$$

#define MAX_I 100 
#pragma compaan_procedure parallelization_example 
void parallelization_example(int data_in[MAX_I], int data_out[MAX_I]) { 

int i; 
int j; 

const int P = 4; //parallelization factor 
const int MAX_IP = MAX_I / P; 

int a[MAX_IP][P]; 
int b[MAX_IP][P]; 

for (i = 0; i < MAX_IP; i = i + 1) { 
for (j = 0; j < P; j = j + 1) { 
 a[i][j] = data_in[P * i + j]; 
      } 
} 

for (i = 0; i < MAX_IP; i = i + 1) { 
      b[i][0] = Transform(a[i][0]); 
      b[i][1] = Transform(a[i][1]); 
      b[i][2] = Transform(a[i][2]); 
      b[i][3] = Transform(a[i][3]); 
} 

 for (i = 0; i < MAX_IP; i = i + 1) { 
                       for (j = 0; j < P; j = j + 1) { 
                             data_out[P * i + j] = b[i][j]; 
                       } 
                 } 
} 

SA&$432&$>:+*:>$,B$2&7(9(96$:A&$>B;,3'$MAX_I$WA(4A$(92(4+:&>$A3W$;+9B$:3I&9>$+9$+**+B$439:+(9>/$
SA&9$:A&$9&:W3*I$7@94:(39$parallelization_example$(>$4*&+:&2$WA(4A$C*3)(2&>$:A&$&M:&*9+'$
2+:+$ +**+B>$ data_in[MAX_I]$ +92$ data_out[MAX_I]/$ !7:&*$ (9(:(+'(\(96$ >3;&$ )+*(+,'&>R$ :A&$
)+*(+,'&$P=4$(>$2&7(9&2/$SA(>$)+*(+,'&$(>$@>&2$:3$2&7(9&$:A&$cC+*+''&'(\+:(39d$7+4:3*/$SA&$C+*+''&'(\+:(39$
7+4:3$ 2&7(9&>$ A3W$ :A&$ MAX_I$ :3I&9>$ +*&$ C*34&>>&2$ 3)&*$ 5$ >:*&+;>/$ SA&$ 9@;,&*$ 37$ :3I&9>$ C&*$
>:*&+;$+*&$2&7(9&2$,B$)+*(+,'&$MAX_IP$+92$(>$@>&2$:3$2&7(9&$:A&$+**+B>$a[]$+92$b[]/$$

H>(96$:A&$'(9&+*(\+:(39$7@94:(39$P*i+jR$2+:+$7*3;$+**+B$data_in[]$(>$C@:$(9$73@*$2(77&*&9:$+**+B>$
a[][]/$ SA&9$ :A&$ 7@94:(39$ c:*+9>73*;d$ (>$ &M&4@:&2$ (9$ C+*+''&'$ 39$ :A&$ 5$ >:*&+;>/$ "(94&$ P=4R$ :A&$
:*+9>73*;$ 7@94:(39$ (>$ @9*3''&2$ ^$ :(;&>/$ !**+B$a[i][0]$ (>$ :A&$ 7(*>:$ >:*&+;R$a[i][1]$ :A&$ >&4392$
>:*&+;$&:4/$SA&$*&>@':$37$+CC'B(96$:A&$7@94:(39$:*+9>73*;$(>$>:3*&2$(9$+**+B$b[][]$73*$&+4A$>:*&+;/$
V(9+''BR$:A&$73@*$2(77&*&9:$)&*>(39>$37$,]_]_$+*&$;&*6&2$,+4I$(9:3$:A&$>(96'&$0F%$+**+B$data_out[]$
:A+:$ (>$>:*&+;&2$3@:/$!6+(9$+$ '(9&+*(\+:(39$:&4A9(Z@&$(>$@>&2$:3$;3)&2$+$.F%$+**+B$(9:3$+$0F%$@>(96$
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SA&$9&M:$>:&C$(>$:3$A+)&$+$'33I$(9>(2&$>3;&$37$:A&$932&>$37$:A&$[5b/$SA&$;3>:$(9:&*&>:(96$932&>$+*&$
b%-0$+92$b%-<$+>$:A&B$2(>:*(,@:&$+92$;&*6&$2+:+$>:*&+;/$"(94&$:A&$>:*@4:@*&$37$,3:A$(>$)&*B$>(;('+*R$
W&$ 39'B$ '33I$ +:$b%-0/$U&$ +'>3$ '33I$ +:$ 932&$b%-=R$WA(4A$ (>$ +9$ &M+;C'&$ 37$ :A&$ >(;C'&>:$ 73*;/$ T9$$
S+,&'$0R$W&$>A3W$:A&$C*34&>>&>$(9$+$#+:'+,$'(I&$C>&@23$'+96@+6&/$$

A3B);"*"C0<)"DE3F2;)":(04)55"GHI*"3J<"GHI>"

7,B)'N([0' 7,B)'N([W'

for i=0 : 1 : i : 2, 

  for j=0 : 1 : j : 3, 

 

    [ out_0 ] =  

        compaan_outlinedproc0(                                             

            data_in[4*i+j] ); 

     

    if j == 0, 

      % link ED_2 

      ed_2.write( out_0  ); 

    end 

     

    if j-1 == 0, 

      % link ED_3 

      ed_3.write(  out_0 ); 

    end 

     

    if j-2 == 0, 

      % link ED_4 

      ed_4.write(  out_0 ); 

    end 

for i=0 : 1 : i : 2, 

   

  % link ED_5 

  [ in_0 ]  = ed_5.read(); 

 

  [ out_0 ] = transform( in_0 ); 

   

  % link ED_9 

  ed_9.write(  out_0  ); 

 

end // for i$
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    if j-3 == 0, 

      % link ED_5 

      ed_5.write(  out_0 ); 

    end 

 

  end // for i 

end // for j$

$

T9$4+>&$37$b%-0R$ :W3$73*F'33C>$+*&$2&7(9&2$W(:A$ (:&*+:3*>$ ($+92$ ?/$Y+>&2$39$:A&$)+'@&$37$ (:&*+:3*>$ ?R$
2+:+$ :A+:$ (>$ 4*&+:&2$ ,B$ 7@94:(39$ ccompaan_outlinedproc0d$ (>$ 2(>:*(,@:&2$ 3)&*$ ^$ 2(77&*&9:$
&26&>/$UA&9$?jjhR$2+:+$(>$>&9:$:3$&26&$P%-=$:A+:$(>$4399&4:&2$:3$C*34&>>$b%-=/$T9$:A&$43'@;9$73*$
b%-=R$(>$>A3W9$:A+:$73*$&+4A$)+'@&$37$73*F'33C$($2+:+$(>$*&+2$7*3;$&26&-=$@>(96$:A&$7@94:(39$get()/$$
!$W*(:&$:3$+$&26&$(>$,'34I(96/$SA(>$;&+9>$:A+:$WA&9$:A&*&$(>$93$>C+4&$:3$W*(:&$2+:+R$:A&$C*34&>>$W(''$
43;C'&:&'B$>:+''$@9:('$*33;$,&43;&>$+)+('+,'&/$!$*&+2$7*3;$+9$&26&$(>$+'>3$,'34I(96/$SA(>$;&+9>$:A+:$
WA&9$:A&*&$(>$93$2+:+$:3$*&+2R$:A&$C*34&>>$W(''$43;C'&:&'B$>:+''$@9:('$2+:+$,&43;&>$+)+('+,'&/$

SA&$ 7@94:(39$ 9+;&$ compaan_outlinedproc0$ +CC&+*>$ +>$ :A&$ 3*(6(9+'$ >:+:&;&9:$ (>$ +9$
+>>(69;&9:/$SA&$'(9&$ka[i][j] = data_in[P * i + j]lR$4+993:$,&$(9:&*C*&:&2$2(*&4:'B$,B$
J3;C++9R$+>$J3;C++9$&MC&4:>$+$7@94:(39/$T9>(2&$:A&$J3;C++9$43;C('&*$:A(>$>:+:&;&9:$(>$:A&*&73*&$
439)&*:&2$+@:3;+:(4+''B$(9:3$:A&$7@94:(39$compaan_outlinedproc0/$

SA&$ cC+*+''&'d$&M+;C'&$ (>$Z@(:&$>(;C'&/$!$;3*&$43;C'&M$4+>&$ (>$>A3W9$ (9$V(6@*&$h/$ T:$2&>4*(,&$932&$
b%-h$ 7*3;$ +$ [5b$ 2&>4*(,(96$ mE$ 2&43;C3>(:(39/$ SA(>$ &M+;C'&$ >A3W9>$ WA+:$ +$ C*34&>>$ (9$ +$ [5b$
6&9&*+:&2$,B$J3;C++9$'33I$'(I&/$!$C*34&>>$+'W+B>$>:+*:>$W(:A$73*F'33C>$>C+99(96$:A&$>3F4+''&2$932&$
23;+(9$37$+$C*34&>>/$SA&9$:A*&&$CA+>&>$4+9$,&$(2&9:(7(&2n$*&+2R$&M&4@:&$+92$W*(:&/$T9$:A&$*&+2FCA+>&$
N:A&$6*&&9$,3MOR$2+:+$ (>$ *&+2$ 7*3;$&26&>$2&C&92(96$39$WA&:A&*$ :A&$ (7F>:+:&;&9:$ (>$ :+I&9/$P+4A$ (7F
>:+:&;&9:$ (9$ :A&$ C*34&>>$ (>$ +'W+B>$ &MC*&>>&2$ +>$ +9$ +77(9&$ &MC*&>>(39$ 37$ :A&$ '33C$ (:&*+:3*>/$ T9$ :A&$
&M&4@:&FCA+>&$ N:A&$ *&+2$ ,3MOR$ :A&$ (9C@:$ )+'@&>$ (9-1$ +92$ (9-0$ +*&$ C+>>&2$ 39$ :3$ :A&$ 7@94:(39$
c`&4:3*(\&d$:A+:$&M&4@:&>$+92$C*32@4&>$:A&$+*6@;&9:>$3@:-1R$3@:-0$+92$3@:-./$ $ T9$:A&$W*(:&FCA+>&$
N:A&$C@*C'&$,3MOR$:A&>&$+*6@;&9:>$+*&$2(>:*(,@:&2$3)&*$:A&$&26&>$:A+:$4399&4:$:3$:A&$C3*:/$

SA&$*(6A:FA+92$>(2&$37$V(6@*&$h$>A3W>$+6+(9$:A&$c`&4:3*(\&d$7@94:(39$+>$(:$W+>$2&7(9&2$(9$:A&$3*(6(9+'$
JF432&/$SA&$7@94:(39$A+>$:W3$(9C@:$+*6@;&9:>$+92$h$3@:C@:$*&>@':>/$P+4A$(9C@:$+*6@;&9:$A+>$(9$:A(>$
4+>&$:W3$C3*:>$:3$*&+2$2+:+$7*3;/$SA&$3@:C@:$*&>@':>$&(:A&*$A+)&$39&R$39&$3*$;@':(C'&$C3*:>$:3$W*(:&$
:3/$SA&>&$C3*:>$4399&4:$:3$:A&$&26&>$(9$+$[5b/$!9$(9C@:$3*$3@:C@:$+*6@;&9:$4+9$A+)&$;@':(C'&$C3*:>$
2@&$:3$:A&$2+:+7'3W$+9+'B>(>$239&$,B$J3;C++9/$T9$]0_$(>$&MC'+(9&2$A3W$:A(>$C*34&>>$:+I&>$C'+4&/$$

SA&$I(92$37$2+:+7'3W$;32&'$J3;C++9$4+C:@*&>$ (>$4'3>&$:3$JB4'3$":+:(4$%+:+7'3W$NJ"%VO/$ T9:@(:()&'BR$
:A&$ 73*F'33C>$ (9$+$C*36*+;$ '&+2$ :3$ :A&$2&7(9(:(39$37$ 4B4'&>/$ L33I(96$+6+(9$+:$ :A&$ *(6A:FA+92$>(2&$37$
V(6@*&$hR$:A&$7@94:(39$`&4:3*(\&$(>$7(*&2$*&C&+:&2'B$+92$39$&+4A$7(*(96$+$>(96'&$:3I&9$(>$*&+2$73*$&+4A$
(9C@:$+*6@;&9:$+92$2+:+$(>$C*32@4&2$73*$&+4A$3@:C@:$)+'@&/$a3W&)&*R$7*3;$WA&*&$:A(>$:3I&9$(>$*&+2$
3*$ W*(::&9$ 2&C&92>$ 39$ A3W$ '396$ +$ 4B4'&$ (>/$ T9$ +$ [5b$ 6&9&*+:&2$ ,B$ J3;C++9R$ :A&>&$ 4B4'&>$ +*&$
&9432&2$(9$:A&$>:+:(4$+77(9&$'(9&+*$&MC*&>>(39$@>&$(9$:A&$(7F>:+:&;&9:>$(9$V(6@*&$h/$
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!9$+':&*9+:()&$)(&W$4+9$,&$6()&9$73*$:A&$C*34&>>$)(&W$(9$V(6@*&$h/$SA(>$)(&W$(>$4+''&2$c":*&+;F,+>&2$
V@94:(39>d$+92$(>$2&>4*(,&2$(9$]._/$SA(>$;32&'$(>$4'3>&*$:3$:A&$W+B$2+:+7'3W$;32&'>$+*&$&MC*&>>&2/$
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7 @2'1',%;&C11$3>"+3'*&:';%$&
SA&$[+A9$C*34&>>$9&:W3*I$N[5bO$][5b_$@>&2$,B$J3;C++9R$(>$+$>C&4(+'$4+>&$37$+$;3*&$6&9&*+'$4'+>>$37$
C*34&>>$9&:W3*I>/$[5b>$+*&$43;;@9(4+:(96$:A*3@6A$,@77&*>$NVTVQ$Z@&@&>O$@>(96$939F,'34I(96$W*(:&$
+92$ ,'34I(96$ *&+2$ 3C&*+:(39>/$ Q9'B$ +$ >(96'&$ C*34&>>(96$ (>$ +''3W&2$ :3$ *&+2$ 7*3;$ +$ >C&4(7(4$ Z@&@&R$
WA(4A$;&+9>$:A+:$(7$2+:+$A+>$:3$,&$>&9:$:3$;@':(C'&$C*34&>>&>R$2+:+$A+>$:3$,&$23@,'(4+:&2$(9>(2&$:A&$
C*34&>>/$ T9$6&9&*+'R$[5b>$+*&$2(77(4@':$ :3$>:+:(4+''B$>4A&2@'&R$+>$ (:$ (>$2(77(4@':$ :3$C*&2(4:$:A&(*$C*&4(>&$
,&A+)(3@*$3)&*$:(;&/$

U&$ C*3C3>&$ :3$ @>&$ :A&$;3*&$ 6&9&*+'$ C*34&>>$ 9&:W3*I$;32&'R$ +'>3$ *&7&**&2$ :3$ +>$ :A&$ :+>I$ 6*+CA$
;32&'R$WA(4A$(>$C+*:(4@'+*'B$>@(:&2$73*$>3')(96$:A&$:+>I$>4A&2@'(96$C*3,'&;n$(9$:A&$73''3W(96$>&4:(39$
W&$W(''$C*&>&9:$:A&$:+>I$6*+CA$;32&'$+92$2&>4*(,&$A3W$(:$W(''$7(:$(9:3$:A&$;+4*3F'&)&'$;+CC(96$+92$
>4A&2@'(96$%"P/$$

7./ !6%&!",8&92"16&:';%$&

Y&73*&$C*3)(2&$+$;3*&$73*;+'$2&>4*(C:(39$37$:A&$S+>I$8*+CA$73*$+CC'(4+:(39$;32&'(96R$W&$(9:*32@4&$+$
6&9&*+'$2&7(9(:(39$37$*&C*&>&9:(96$C+*+''&'$43;C@:+:(39$+>$+$8*+CA$#32&'$]h_D$

()-%:%+%,:'0'V'\/*9@'2,B)$'*1'9/,]/*8'8,B)$'o$,"L(328".0<);"43J"B)"'5)<"70"()2()5)J7"78)"
40F2'737%0J"3J<"78)"40FF'J%437%0J"%J5%<)"3"2(0&(3FQ"A8)"6)(7%4)5"F0<);"78)"40F2'737%0JR"
/8%;)"78)")<&)5"F0<);"78)"40FF'J%437%0JQ"D348"6)(7)E" %<)J7%M%)5"3"932&" 70"/8%48"3"7351" %5"
35504%37)<Q" A8)" 7351" ()2()5)J75" 78)" 40F2'737%0J" %J5%<)" 78)" J0<)" 3J<" 40J73%J5" 5)S')J7%3;"
40F2'737%0J"37"<%MM)()J7";)6);5"0M"&(3J';3(%7T"U370F%4"%J57('47%0JV02)(37%0JR"3"78()3<R"3"B35%4"
B;041"0("3"5)S')J4)"0M"78)5)WQ","J0<)"43J"2)(M0(F")%78)("40FF'J%437%0J"0("40F2'737%0JR"B'7"
X'57"0J)"347%6%7T"37"3"7%F)Q"

":+*:(96$7*3;$:A(>$6&9&*+'$2&>4*(C:(39R$W&$4+9$2&7(9&$:A&$*&C*&>&9:+:(39$37$+$6*+CA$+>$+$S+>I$8*+CA$
+>$73''3W>$]h_D"

()-%:%+%,:'5'V'G*1R'\/*9@$F$,"A351"L(328"%5"3"<%()47)<"34T4;%4"&(328"L"j$U^R$SR$/R$4W"7837"43J"
B)"'5)<"35"2(0&(3F"F0<);Q"^'%5"3"5)7"0M"J0<)5"7837'()2()5)J7"78)"73515"0M"78)"2(0&(3FR"/8%;)"
S"%5"78)"5)7"0M")<&)5"7837"F0<);"78)"40FF'J%437%0J5"B)7/))J"78)"73515Q","205%7%6)"/)%&87"/R"
()2()5)J7%J&"40F2'737%0J"4057R"%5"35504%37)<"/%78")348"J0<)"J""$^Q",J")<&)")%X""$S'M(0F"J0<)"
J%" 70" JXR$ J%R$ JX""$^R$ ()2()5)J75" 78)" 40FF'J%437%0J" M(0F" J0<)" J%" 70" J0<)" JXQ" ," J0JJ)&37%6)"
/)%&87"4R"()2()5)J7%J&"78)"40FF'J%437%0J"4057R"%5"35504%37)<"/%78")348Q"

a&94&R$ +$ :+>I$6*+CA$ (>$ +9$+4B4'(4$ 6*+CA$ (9$WA(4A$&)&*B$ )&*:&M$ *&C*&>&9:>$ +$ :+>I$ :A+:$ (>$C+*:$37$ :A&$
+CC'(4+:(39/$ SA&$ &26&>$ ,&:W&&9$ )&*:(4&>$ >A3W$ :A&$ 2&C&92&94&>$ ,&:W&&9$ :A&$ 2(77&*&9:$ :+>I>$ +92$
(;C3>&$+$C+*:(+'$3*2&*$37$932&>/$SA(>$C+*:(+'$3*2&*$>A3@'2$,&$:+I&9$(9:3$+443@9:$(9$3*2&*$:3$+4A(&)&$
+9$ &77(4(&9:$ +92$ &77&4:()&$ ;+CC(96$ +92$ >4A&2@'(96/$ T9$ C+*:(4@'+*R$ :A&$ &26&>$ 4A+*+4:&*(\&$ :A&$ 2+:+$
2&C&92&94&>D$ +$ :+>I$ 4+9$ >:+*:$ (:>$ &M&4@:(39$ 39'B$ WA&9$ :A&$ 2+:+$ C*3)(2&2$ ,B$ (:>$ (9C@:$ &26&>$ (>$
+)+('+,'&/$

V*3;$+$73*;+'$C3(9:$37$)(&WR$&+4A$:+>I$)&*:&M$*&C*&>&9:>$+$@9(:$37$W3*I$:A+:$4+9$,&$C&*73*;&2$]=_R$(:$
;&+9>$ :A+:$ 2(77&*&9:$ '&)&'>$ 37$ 6*+9@'+*(:B$ 4+9$ ,&$ 2&C(4:&2$ N>(96'&$ (9>:*@4:(39R$ >&:$ 37$ (9>:*@4:(39>R$
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&:4/O/$T9$3@*$4+>&R$&+4A$)&*:&M$*&C*&>&9:>$+$C(&4&$37$>&Z@&9:(+'$432&$:A+:$43;C3>&>$3@*$+CC'(4+:(39/$
SA&$ 2(77&*&9:$ :+>I>$ 4+9$ (9>:&+2$ ,&$ &M&4@:&2$ (9$ C+*+''&'$ N3,)(3@>'B$ +443*2(96$ :3$ :A&$ 2+:+$
2&C&92&94(&>O/$

!>$C*&)(3@>'B$;&9:(39&2$+$S+>I$8*+CA$ (>$+,'&$ :3$ 4+C:@*&$ :A&$2+:+$2&C&92&94(&>$+;396$ :A&$ :+>I>R$
,@:$ :A&*&$ (>$93$ (973*;+:(39$+,3@:$ :A&$439:*3'$2&C&92&94(&>R$ (9$ 7+4:$ (:$ 4+993:$ 43)&*$ :A&$,*+94A(96$
4394&C:$N&/6/$ (7p&'>&$>:+:&;&9:>O/$#3*&3)&*$(:$ (>$93:$>@(:+,'&$73*$*&C*&>&9:(96$(:&*+:(39>$+92$'33C>D$
4B4'&>$ +*&$ 93:$ +''3W&2$ +92$ +$ '33C$ 4+9$ 39'B$ ,&$ 2&>4*(,&2$ ,B$ &MC*&>>(96$ &)&*B$ >(96'&$ (:&*+:(39/$
H':(;+:&'BR$ :A(>$;&+9>$ :A+:$ (7$ :A&$ (:&*+:(39$9@;,&*$ (>$ 6&9&*+:&2$+:$&M&4@:(39$ :(;&R$ :A&$ :+>I$6*+CA$
4+993:$ ,&$ @>&2/$ a3W&)&*R$ (9$ :A(>$ (9(:(+'$ +CC'(4+:(39$;32&'R$ W&$W(''$ +>>@;&$ :A+:$ :A&>&$ '(;(:+:(39>$
A+)&$ 93$ (97'@&94&R$ +>$ W&$ 39'B$ 9&&2$ :3$ *&C*&>&9:$ 43+*>&$ 6*+(9&2R$ 939F(:&*+:()&$ 43;C@:+:(39>/$ T9$
V(6@*&$^$+9$&M+;C'&$37$+$:+>I$6*+CA$(>$>A3W9/$

P)&9:3@6A$:A&$43;C@:+:(39$+92$43;;@9(4+:(39$43>:>$+*&$C+*:$37$:A&$2&7(9(:(39$37$+$:+>I$6*+CA/$SA&$
&M+4:$)+'@&>$+*&$93:$I93W9$@9:('$:A&$:+>I$6*+CA$A+>$,&&9$;+CC&2$39:3$+$C'+:73*;/$T/&/R$+:$:A(>$'&)&'$
37$+,>:*+4:(39$:A&*&$(>$93$93:(39$37$:(;&R$*&>3@*4&>$3*$3:A&*$Z@+9:(:+:()&$C&*73*;+94&$&>:(;+:&>/$T9$
3*2&*$:3$3,:+(9$:A&>&R$ :A&$+CC'(4+:(39$;32&'$;@>:$,&$;+CC&2$:3$:A&$C'+:73*;$;32&'$+92$:A&$:+>I$
>4A&2@'(96$;@>:$,&$2&7(9&2$]^_/$

SA&$(973*;+:(39$:A+:$(>$+)+('+,'&$73*$&+4A$:+>I$,&73*&$;+CC(96$(>$:A&$+;3@9:$37$2+:+$:A+:$+$:+>I$4+9$
6&9&*+:&$+:$ (:>$ 3@:C@:$&26&>/$ SA(>$ :BC&$37$ (973*;+:(39$ 4+9$ (97'@&94&$ :A&$ (9:&*4399&4:(39>$ +92$ :A&$
;+CC(96$2&4(>(39>/$V3*$&M+;C'&R$ (7$:W3$:+>I>$A+>$+$)&*B$A(6A$43;;@9(4+:(39$43>:R$ (92(4+:(96$:A+:$+$
'+*6&$+;3@9:$37$2+:+$A+>$:3$,&$&M4A+96&2$,&:W&&9$:A&$:W3R$(:$43@'2$(92(4+:&$:A+:$+$6332$>3'@:(39$
W3@'2$,&$:3$;+C$,3:A$:+>I>$39$:A&$>+;&$C*34&>>(96$@9(:R$+92$A&94&R$*&2@4(96$:A&$'+:&94(&>$2@&$:3$
:A&$:*+9>;(>>(39$:A*3@6A$:A&$(9:&*4399&4:(39$9&:W3*I/$

4.2 The Proposed Application Model 

!>$+'*&+2B$2&>4*(,&2R$+9$(;C3*:+9:$*&+>39$73*$4A33>(96$+$:+>I$6*+CA$73*$:A&$+CC'(4+:(39$;32&''(96R$(>$
(:>$43;C+:(,('(:B$W(:A$:A&$[5b$;32&'$6&9&*+:&2$,B$:A&$J3;C++9$43;C('&*/$SA&$J3;C++9$43;C('&*$

#$ #% 

#& #' 

#( 

#) 

#* 

#+ 
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C*3)(2&>$ :A&$ :*+9>'+:(39$ 7*3;$ J$ 432&$ :3$ +$ ;32&'$ :A+:$ (>$ +,'&$ :3$ 4+C:@*&$ 2(77&*&9:$ 2&6*&&>$ 37$
C+*+''&'(>;$ C*&>&9:$ (9$ :A&$ +CC'(4+:(39/$ SA&$ J3;C++9$ 43;C('&*$ 4+9$ 6&9&*+:&$ +9$ '+*6&$ 9@;,&*$ 37$
2(77&*&9:$ [5b>$ W(:A$ :A&$ >+;&$ (9C@:X3@:C@:$ ,&A+)(3@*R$ &+4A$ C*&C*&>&9:(96$ 2(77&*&9:$ 2&6*&&>$ 37$
C+*+''&'(>;/$$

SA&$;+(9$2(77&*&94&$,&:W&&9$:A&$:W3$;32&'>$(>$:A&$W+B$:A&$43;;@9(4+:(39$,&:W&&9$2(77&*&9:$:+>I>$
(>$(9:&*C*&:&2/$T9$:A&$4+>&$37$[5b$:A&$&M4A+96&$37$2+:+$N:3I&9O$(>$239&$@>(96$VTVQ>$NV(*>:$T9$V(*>:$Q@:$
,@77&*>O$ ]^_/$ T9$ :A&$:+>I>$6*+CA$;32&'$ :A&$43;;@9(4+:(39$ (>$239&$:A*3@6A$:A&$&M4A+96&$37$>&*)(4&$
*&Z@&>:>R$ ;+I(96$ 43;;@9(4+:(39$ &MC'(4(:$ +92$ (;C'&;&9:+:(39$ (92&C&92&9:/$ T9$ >&4:(39$ =$ W&$ W(''$
&'+,3*+:&$39$A3W$+$[5b$;32&'$4+9$,&$:*+9>73*;&2$(9:3$+$:+>I$6*+CA/$

Y&>(2&>$,&(96$+$ >@(:+,'&$;32&'$ 73*$ :A&$,&A+)(3*$37$+9$&M(>:(96$C*36*+;R$ :A&$ :+>I$6*+CA$;32&'$4+9$
+'>3$,&$@>&2$:3$4+C:@*&$:A&$,&A+)(3@*$37$+9$+CC'(4+:(39$+:$+9$&)&9$A(6A&*$'&)&'$37$+,>:*+4:(39R$(/&/R$+:$
:A&$ '&)&'$ WA&*&$ :A&$ +CC'(4+:(39$ (>$ ,&(96$ >C&4(7(&2/$ !$ 2&>(69&*$ 4+9$ @>&$ +$ 7@94:(39+'$ ,'34I$
*&C*&>&9:+:(39$ 37$ A(>XA&*$ +CC'(4+:(39$ +92$ :A&$ :+>I$ 6*+CA$ 4+9$ ,&$ @>&2$ :3$ 4+C:@*&$ :A&$ +CC'(4+:(39$
C+*+''&'(>;$+92$:A&$2&C&92&94(&>$,&:W&&9$7@94:(39+'$,'34I>/$

T9$3*2&*$ :3$,@('2$+9$+CC'(4+:(39$;32&'$ :A+:$4+9$>@CC3*:$ :A&$>4A&2@'(96$+92$;+CC(96$%"PR$ :A&$:+>I$
6*+CA$(>$&M:&92&2$W(:A$+93:A&*$:BC&$37$932&D$:A&$;&>>+6&$:+>I$N#SOR$WA(4A$(>$>(;('+*$:3$:A&$;32&'$
@>&2$(9$:A&$%QL$7*+;&W3*I$7*3;$PSaq$]g_/$V(6@*&$=$>A3W>$+9$&M+;C'&$37$+9$&M:&92&2$)&*>(39$37$:A&$
:+>I$ 6*+CA$ 7*3;$ V(6@*&$ ^/$ SA&$;&>>+6&$ :+>I$ (>$ @>&2$ :3$;32&'$ :A&$;&>>+6&$ C+>>(96$ ,&:W&&9$ :W3$
:+>I>R$(/&/R$43;;@9(4+:(39$4+9$39'B$,&$239&$:A*3@6A$;&>>+6&$:+>I>/$SA&$;3:()+:(39$73*$(9:*32@4(96$
:A(>$:BC&$37$932&$(>$:3$&+>&$:A&$;+CC(96$C*34&>>$37$:A&$+CC'(4+:(39$39$:A&$5JH$;32&'$*&C*&>&9:(96$
:A&$aU$C'+:73*;/$UA&9$:W3$43;;@9(4+:(96$:+>I>$+*&$;+CC&2$:3$2(77&*&9:$C*34&>>(96$@9(:>$37$:A&$
C'+:73*;R$:A&$2+:+$:3$,&$:*+9>7&**&2R$(/&/$:A&$;&>>+6&$:+>IR$A+>$:3$,&$;+CC&2$:3$:A&$43;;@9(4+:(39$
(97*+>:*@4:@*&$37$ :A&$C'+:73*;/$SA(>$;+B$,&$+$;+CC(96$:3$+$>(96'&$,@>R$+$>A+*&2$;&;3*B$@9(:R$3*$+$

;3*&$

#$ #% 

#& #' 

#( 

#) 

#* 

#+ 

,# ,# ,# ,# 

,# ,# ,# 

,# ,# 

$%&'()">"+"DE3F2;)"0M"A351"L(328"/%78".)553&)"A351 
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&'+,3*+:&$C+:A$ (94'@2(96$;@':(C'&$,@>>&>X'(9I>$+92$>W(:4A&>/$SA&$>&C+*+:(39$,&:W&&9$43;C@:+:(39$
+92$43;;@9(4+:(39$+''3W>$@>$:3$734@>$39$:A&$43>:$37$:A&$43;;@9(4+:(39$,&:W&&9$:+>I>$;+CC&2$39$
2(77&*&9:$ C*34&>>(96$ @9(:>/$ Q9$ :A&$ 3:A&*$ A+92R$ 394&$ +$;+CC(96$ (>$ &>:+,'(>A&2R$ :A&$;&>>+6&$ :+>I>$
,&:W&&9$ :+>I>$;+CC&2$39$ :A&$>+;&$C*34&>>3*$43@'2$,&$ *&;3)&2R$439>(2&*(96$ :A&$43;;@9(4+:(39$
:(;&$:3$,&$\&*3$N+:$'&+>:$+>$+$7(*>:$+CC*3M(;+:(39O/$

4.3 Possible Extensions to the Application Model  

Q9&$ 37$ :A&$ ;+(9$ 4A+''&96&>$ (9$ :A&$ +CC'(4+:(39$ ;32&'(96$ (>$ 93:$ 39'B$ :3$ 4+C:@*&$ :A&$ :+>I$ '&)&'$
C+*+''&'(>;$+92$:A&$2+:+$2&C&92&94(&>$+;396$:A&;R$,@:$+'>3$:3$(2&9:(7B$(973*;+:(39$:A+:$43@'2$A&'C$
:A&$;+CC(96$+92$>4A&2@'(96$%"PD$

• SA&$2&>(69$>A3@'2$,&$+,'&$:3$>C&4(7B$+CC'(4+:(39$*&Z@(*&;&9:>$:A+:$;@>:$,&$7@'7(''&2$,B$
:A&$ C'+:73*;/$ SA(>$ 43@'2$ ,&$ +44&>>$ :3$ >C&4(7(4$ *&>3@*4&>$ *&Z@(*&2$ ,B$ +$ C+*:(4@'+*$ :+>I/$
"@4A$(973*;+:(39$43@'2$A&'C$:A&$;+CC(96$C*34&>>$,B$(2&9:(7B(96$:A&$,&>:$+)+('+,'&$!"T5$
C*34&>>3*>$73*$+$6()&9$:+>I/$$

• SA&$ +CC'(4+:(39$ ;32&'$ >A3@'2$ ,&$ &9A+94&2$ >@4A$ :A+:$ &>:(;+:(39$ +,3@:$ :A&$ :BC&$ 37$
C+*+''&'(>;$C*&>&9:$(9$&+4A$>(96'&$:+>I$4+9$,&$(97&**&2$7*3;$:A&$;32&'/$SA(>$W3@'2$+''3W$
+$;3*&$+44@*+:&$;+CC(96$+:$:A&$;+4*3F'&)&'R$(9$C+*:(4@'+*$(9$:A&$7(*>:$>:+6&>R$WA&*&$:A&$
+4:@+'$!"T5$+*4A(:&4:@*&$(>$93:$B&:$I93W9R$,@:$WA&*&$:A&$;+4*3F'&)&'$%"P$A+>$:3$&MC'3*&$
:A&$439>&Z@&94&>$37$C3>>(,'&$!"T5$+*4A(:&4:@*&>/$SA(>$43@'2$+'>3$+4:$+>$+$>:+*:(96$C3(9:$
73*$:A&$;(4*3F'&)&'$%"P/$

• !93:A&*$ C3>>(,'&$ &M:&9>(39$37$ :A&$ +CC'(4+:(39$;32&'$ (>$ :A&$ (9:*32@4:(39$37$ 932&>$ :A+:$
+*&$+,'&$ :3$A+92'&$439:*3'$2&C&92&94(&>/$SA(>$&M:&9>(39$4+9$+'>3$,&$)&*B$@>&7@'$+:$ :A&$
;(4*3F'&)&'$%"P/$
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D E%$"+3'*,&+'&F@G&"*;&43>2'B$%H%$&I?J&
T9$:A&$!"!#$2&>(69$7'3WR$:A&$+CC'(4+:(39$;32&'$A+>$:3$,&$&M:*+4:&2$7*3;$:A&$[5b$C*32@4&2$,B$:A&$
J3;C++9$43;C('&*/$Y&>(2&>$,&(96$@>&2$73*$;+4*3F'&)&'$%"PR$:A&$+CC'(4+:(39$;32&'$A+>$:3$W3*I$+>$+9$
(9:&*7+4&$ :3$ :A&$ ;(4*3F'&)&'$ %"P/$ SA(>$ >&4:(39$ 2(>4@>>&>$ :A&$ *&'+:(39$ 37$ :A&$ C*3C3>&2$ +CC'(4+:(39$
;32&'$:3$,3:A$:A&$[5b$+92$:A&$J%V8$NJ39:*3'$%+:+$V'3W$8*+CAO$37$:A&$;(4*3F'&)&'$%"P/$

5.1 Relation to KPN 

SA&$J3;C++9$43;C('&*$+44&C:>$:A&$+CC'(4+:(39$JF432&$+>$(:>$(9C@:$+92$+''3W>$:A&$2&>(69&*$:3$&MC*&>>$
:A&$+CC'(4+:(39$,&A+)(3*$(9$:A&$73*;+:$37$[5b$*&C*&>&9:+:(39/$J3;C++9$S&4A93'36B$:*+9>'+:&>$:A&$JF
432&$ (9:3$ (:>$ 43**&>C392(96$ [5b$ *&C*&>&9:+:(39$ @>(96$ ;+:A&;+:(4+'$ :&4A9(Z@&>$ ,+>&2$ 39$ :A&$
C3'B:3C&$;32&'/$J3;C++9$%&>(69$:33'>$734@>$39$:A&$:+>IF'&)&'$C+*+''&'(>;$:A+:$4+9$7@*:A&*$,&$>@,F
2()(2&2$ (9:3$ V3*IXG3(9$ :BC&$ C+*+''&'(>;$ +92$ C(C&'(9&$ C+*+''&'(>;$ F$ +>$ >A3W9$ (9$ V(6@*&$ </$ J3;C++9$
43;C('&*$4+9$6&9&*+:&$+9$(92&7(9(:&$9@;,&*$37$2(77&*&9:$[5b>$W(:A$:A&$>+;&$(9C@:F3@:C@:$,&A+)(3*/$
P+4A$[5b$W(''$A+)&$2(77&*&9:$4A+*+4:&*(>:(4>$ (/&/$9@;,&*>$37$4A+99&'>$+92$C*34&>>&>/$Q9&$4+9$)(&W$
:A(>$ +>$ &MC*&>>(96$ :A&$ J$ 432&$ N:A&$ 7@94:(39+'$ 2&>4*(C:(39O$ (9$ 2(77&*&9:$ 2&6*&&>$ 37$ C+*+''&'(>;$ o$ +>$
>A3W9$(9$V(6@*&$g/$ $"(94&$J3;C++9$a3:"C3:$5+*+''&'(\&*$*&+'(\&>$[5b$(;C'&;&9:+:(39$+@:3;+:(4+''B$
7*3;$ J$ 432&R$ (:$ 4+9$ ,&$ @>&2$ :3$ (;C'&;&9:$ :A&$ C+*:(:(39(96$ 2&4(>(39>$ :A+:$ +*&$ *&C*&>&9:&2$ (9$ +9$
+CC'(4+:(39$;32&'$+:$:A&$;+4*3F'&)&'/$SA&$+CC'(4+:(39$;32&'$+:$:A&$;+4*3F'&)&'$4+9$@>&$+9$(9:&*7+4&$
W(:A$J3;C++9$:33'$(9$3*2&*$:3$:*+9>7&*$:A&$C+*:(:(39(96$2&4(>(39>/$SA&9$J3;C++9$:33'$4+9$6&9&*+:&$
:A&$ [5b$ 439>(2&*(96$ :A&$ 2&4(>(39$ C*3)(2&2$ ,B$ :A&$ ;+4*3F'&)&'/$ SA&$ C+*:(:(39(96R$ ;+CC(96$ +92$
>4A&2@'(96$ 37$ :A&$ +CC'(4+:(39$ >C&4(7(4+:(39$ 43;C@:&2$W(:A$ *&>C&4:$ :3$ :A&$ +*4A(:&4:@*+'$ 439>:*+(9:>$
+*&$*&Z@(*&2$2@*(96$:A&$>(;@'+:(39$+92$&;@'+:(39/$
!

!

$%&'()"?Q"$0(1VY0%J"7T2)"23(3;;);%5F"3J<"2%2);%J)"23(3;;);%5F"()2()5)J7)<"/%78"C0F233J"700;"
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!>$ :A&$ J3;C++9$ 43;C('&*$ 4+9$ C*3)(2&$ 2(77&*&9:$ '&)&'>$ 37$ C+*+''&'(>;$ 7*3;$ :A&$ >+;&$ J$ 432&R$ +9$
(;C3*:+9:$2&4(>(39$ (>$ :3$ (2&9:(7B$WA(4A$2&6*&&$37$ C+*+''&'(>;$ (>$ ,&$ >@(:&2$ 73*$ :A&$;+4*3F'&)&'$%"P/$
Q9&$C3>>(,('(:B$:A+:$>A3@'2$,&$(9)&>:(6+:&2$(>$:3$+>>@;&$:A&$A(6A&>:$2&6*&&$37$C+*+''&'(>;$N:A&$[5b$
W(:A$:A&$A(6A&>:$9@;,&*$37$932&>O$+92$:A&9$4'@>:&*$932&>$37$:A&$[5b$(9:3$932&>$37$:A&$:+>I$6*+CA/$
SA(>$2&4(>(39$4+9$,&$3,:+(9&2$7*3;$:A&$;+CC(96$+92$,&(96$C+*:$37$:A&$2&>(69$>C+4&$&MC'3*+:(39$3*$
4+9$ ,&$ +$ 2&4(>(39$ :+I&9$ >:+:(4+''B$ +443*2(96$ :3$ :A&$ C'+:73*;$ +92$ :A&$ :BC&$ 37$ +CC'(4+:(39>/$ SA(>$
+CC*3+4A$ 43@'2$ +'>3$ ,&$ (9:&6*+:&2$ W(:A$ :A&$ ;(4*3F'&)&'$ %"PR$ (/&/R$ :A&$ ;(4*3F$ +92$ ;+4*3F'&)&'$
3C:(;(\+:(39>$4+9$43''+,3*+:&$(9$3*2&*$:3$&>:+,'(>A$:A&$,&>:$'&)&'$37$C+*+''&'(>;$:A+:$4+9$,&$&MC'3(:&2$
,B$&+4A$37$:A&;/$$

T9$+$[5b$:A&$;(9(;@;$@9(:$37$43;;@9(4+:(39$,&:W&&9$2(77&*&9:$932&>$ (>$+$ :3I&9/$SA&$9@;,&*$37$
:3I&9>$ (9$ :A&$ J3;C++9$ [5b$ 4+9$ ,&$ 2(77&*&9:$ N2&C&92(96$ 39$ :A&$ C+*+''&'(>;O/$#3*&3)&*R$ :A&B$ 4+9$
A+)&$2(77&*&9:$>(\&>/$Q9&$C3>>(,'&$W+B$:3$*&C*&>&9:$:A&$:3I&9>$(9>(2&$:A&$:+>I$6*+CA$(>$:3$+>>34(+:&$
39&$3*$;3*&$37$:A&;$:3$:A&$;&>>+6&$:+>I/$!9$+22(:(39+'$439>(2&*+:(39$73*$7@:@*&$(9)&>:(6+:(39$(>$(7$(:$
(>$ C3>>(,'&$ :3$ @>&$ :A&$ :3I&9X;&>>+6&$ :+>I$ +>$ +$ *&7&*&94&$ 73*$ :A&$ C+*+''&'(>;$ '&)&'R$ (/&/R$ 394&$ +$
;(9(;@;$>(\&$37$:A&$:3I&9X;&>>+6&$:+>I$(>$4A3>&9R$:A&$C+*+''&'(>;$37$:A&$+CC'(4+:(39$43@'2$,&$,+>&2$
39$:A(>/$

5.2 Relation to micro-level DSE 

T:$(>$(;C3*:+9:$:3$439>(2&*$A3W$:A&$+CC'(4+:(39$;32&'$4+9$,&$&M:&92&2$7*3;$:A&$;+4*3F'&)&'$(9$3*2&*$
:3$C*3)(2&$@>&7@'$(973*;+:(39$:3$:A&$;(4*3F'&)&'$%"P/$!:$;(4*3F'&)&'$:A&$;32&'$(>$*&Z@(*&2$:3$+,'&$:3$
4+C:@*&$ 4392(:(39+'$ +92$ '33C$ >:+:&;&9:>/$ SA(>$ 43@'2$ ,&$ A+92'&2$ ,B$ +$ 9&>:&2$ 6*+CA$ ;32&'$ :A+:$
*&C*&>&9:>$:A&$4A+*+4:&*(>:(4$37$&)&*B$>(96'&$:+>I$932&$+:$+$'3W&*$'&)&'$37$2&:+('/$!:$:A&$;(4*3F'&)&'$(:$
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(>$ 9&4&>>+*B$ :3$ W3*I$ 39$ +$ 7(9&*$ '&)&'$ 37$ 6*+9@'+*(:BR$ >@4A$ +>$ 3C&*+:(39$ +92$ (9>:*@4:(39$ '&)&'/$
T9>:*@4:(39$'&)&'$C+*+''&'(>;$(>$C+*:(4@'+*'B$W&''$7(:&2$:A&$`LTU$+*4A(:&4:@*&$37$"('(439$a()&$!"T5$43*&>/$
!:$:A&$(99&*$'&)&'$%"PR$(973*;+:(39$>@4A$+>$'33C$C+*+''&'(\+:(39R$4392(:(39+'$>:+:&;&9:>R$(2&9:(7(4+:(39$
37$*&4@**&9:$43;,(9+:(39$37$3C&*+:(39>$73*$4@>:3;$(9>:*@4:(39R$9&&2$:3$,&$4+C:@*&2/$

SA&$;(4*3F+*4A(:&4:@*&$2&>(69$7'3W$37$:A&$!"!#$C*3?&4:$A+>$:A&$73''3W(96$:A*&&$&MC'3*+:(39$CA+>&>D$
:A&$ 7(*>:$ CA+>&R$ 2@*(96$ WA(4A$ :A&$ +CC'(4+:(39$ ,3::'&9&4I>$ +92$ +CC'(4+:(39$ (9:*(9>(4$ C+*+''&'(>;$ +*&$
&MC'3*&2n$ :A&$ >&4392$ CA+>&R$ 2@*(96$ WA(4A$ :A&$ C+*+''&'(>;$ (>$ +4:@+''B$ &MC'3*&2$ +92$ &MC'3(:&2$ :3$
439>:*@4:$ +$ 43+*>&$ C+*+''&'$ !"T5$ +*4A(:&4:@*&$ (9$ +443*2+94&$ W(:A$ :A&$ ;(4*3F+*4A(:&4:@*&$ (9$
+443*2+94&$W(:A$ :A&$;(4*3F+*4A(:&4:@*&$ (>>@&$2&4(>(39$;32&'n$+92$ :A&$CA+>&$37$;(4*3F+*4A(:&4:@*&$
*&7(9&;&9:R$ 2@*(96$ WA(4A$ 3C:(;(\&2$ +CC'(4+:(39F>C&4(7(4$ (9>:*@4:(39$ >&:$ 37$ :A&$ (>>@&$ >'3:>$ +*&$
>&'&4:&2/$!7:&*$&+4A$CA+>&R$:A&$;(4*3F'&)&'$%"P$6()&>$+$7&&2,+4I$39$:A&$*&'&)+9:$C+*+;&:&*>$:3$:A&$
;+4*3F'&)&'$ %"P/$ SA&$ ;+4*3F'&)&'$ %"P$ A+>$ :A&$ C3>>(,('(:B$ :3$ +>I$ :A&$ ;(4*3F'&)&'$ %"P$ 73*$ >C&4(7(4$
>&*)(4&>R$ (/&/$:3$439:*3'$WA(4A$CA+>&$+92$A3W$(:$A+>$:3$,&$&M&4@:&2/$V3*$ (9>:+94&R$:3$2&4(2&$(7$+7:&*$
:A&$ 7(*>:$ >:&C$ :A&$;(4*3F'&)&'$%"P$A+>$ :3$439:(9@&$3*$ :3$ >:3C$+92$6()&$ 7&&2,+4I$ :3$ :A&$;+4*3F'&)&'$
%"P/$$

"(94&$:A&$;3>:$&M:&*9+'$:33'>$:A+:$+*&$@>&2R$2@*(96$:A&$7(*>:$CA+>&R$73*$:A&$+CC'(4+:(39$+9+'B>(>$+92$
C+*+''&'(\+:(39$+44&C:$+>$(:>$(9C@:$J$432&R$:A&$WA3'&$;(4*3F+*4A(:&4:@*+'$&MC'3*+:(39$:+I&>$+>$(9C@:$+$
J$432&$37$:A&$+CC'(4+:(39$C+*:$+>>(69&2$:3$+$>(96'&$C*34&>>3*/$SA&$;(4*3F+*4A(:&4:@*&$&MC'3*+:(39$W(''$
+'>3$*&4&()&$+>$(:>$(9C@:$7*3;$:A&$;+4*3F+*4A(:&4:@*&$&MC'3*+:(39$:A&$I(92$37$:A&$C*34&>>3*$(:>&'7$+92$
:A&$ 2&4(>(39$;32&'$ 9&&2&2$ ,B$ :A(>$ +CC'(4+:(39$ C+*:$ +92$ C*34&>>3*$ C+(*/$#3*&3)&*R$ (9:&*9+''BR$ :A&$
;(4*3F'&)&'$%"P$W(''$ @>&$+$ NA(&*+*4A(4+'O$ 439:*3'$2+:+F7'3W$6*+CA$ NJ%V8O$+CC'(4+:(39$ *&C*&>&9:+:(39$
+993:+:&2$ W(:A$ >3;&$ +22(:(39+'$ (973*;+:(39$ 39$ :A&$ 2+:+$ +44&>>$ C+::&*9>$ +92$ 2+:+$ 2&C&92&94&>/$
T92&&2$:A&$2(77&*&9:$CA+>&>$37$:A&$+9+'B>(>$9&&2$>C&4(7(4$N+22(:(39+'$3*$C+*:(+'O$(973*;+:(39$:3$Z@(4I'B$
&MC'3*&$ >C&4(7(4$ I(92$ 37$ C+*+''&'(>;$ +92$ C*3)(2&$ :36&:A&*$ +$ 7*+;&W3*I$ +,'&$ :3$ &77&4:()&'B$ +92$
&77(4(&9:'B$+9+'B\&$+92$&MC'3(:$+''$I(92>$37$C+*+''&'(>;R$&M4&C:$73*$:A&$:+>IF'&)&'$C+*+''&'(>;/$

"@;;(96$ @CR$ :A&$ ;(4*3F'&)&'$ %"P$ A+>$ :3$ 6&:$ 7*3;$ :A&$ ;+4*3F'&)&'$ >B9:A&>(>$ +$ J$ 432&$ 37$ :A&$
+CC'(4+:(39$ C+*:$ +>>(69&2$ :3$ +$ >(96'&$ C*34&>>3*R$ :A&$ 2&4(>(39$ ;32&'$ N(/&/$ C+*+;&:*(4$ 439>:*+(9:>R$
3,?&4:()&>$+92$:*+2&377$ (973*;+:(39O$ 73*$:A&$+CC'(4+:(39$C+*:$+92$:A&$>(96'&$C*34&>>3*R$+92$ (9$;3>:$
4+>&>$ :A&$ :BC&$37$ :A&$>(96'&$C*34&>>3*/$ T9$+$>C&4(7(4$4+>&$37$+$)&*B$ (9(:(+'$&MC'3*+:(39$ :A&$C*34&>>3*$
:BC&$;+B$93:$,&$>C&4(7(&2/$#3*&3)&*R$>3;&$439:*3'$>(69+'>$C*&4(>&'B$>C&4(7B(96$:A&$>&*)(4&>$*&Z@(*&2$
,B$:A&$;+4*3F+*4A(:&4:@*&$%"P$7*3;$:A&$;(4*3F'&)&'$%"P$73*$:A&$6()&9$(9C@:$+*&$*&Z@(*&2R$(92&&2$:A&$
&+*'B$ &MC'3*+:(39$ (:&*+:(39>$ W(''$ 4&*:+(9'B$ 2(77&*$ 7*3;$ :A&$ '+>:$ 7(9&F:@9(96$ (:&*+:(39>R$ +92$
439>&Z@&9:'BR$W(:A$ :A&$%"P$C*36*&>>$2(77&*&9:$439:*3'$ >(69+'>$W(''$,&$9&&2&2$ 73*$+$;3*&$+92$;3*&$
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