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n�oF]D[^]eu<iDZEi�gPWIu±gpu«Z/iDZEVeXY]ei"oGZEu)XIl@ZIXY] �²�-gpu¶�"��U6U@b�~"� � �D¤
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characteristics

  Esterel
Front End

HIPPCO

applications
requirements

integrated
automaton

#include <tcp.h>
main()
{...

    profiling
information

prob(data) = 45%
prob(frame) = 20%
prob(alarm) = 1%

(a) HIPPARCH Compiler

   protocol
mechanisms
   library

communication
module
specification

communication
module
implementation

     

HIPPCO

integrated
automaton

#include <tcp.h>
main()
{...

#include <tcp.h>
main(){ ...}

#include <ip.h>
main(){ ...}

#include <stdio.h>
main(){ ... }

Transport Protocol
    "C"   code

Network Protocol
    "C" code

Application 
 "C" code

Automaton
Generator

communication
module
implementation

    profiling
information

configurator

(b) Alternative Use of HIPPCO
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�®u-i�f>]��"��U�U@b�~�� � d�WI[¢n�gjoP]eVIrz�"��U6Uz�"� iDZE¯�]�m�ZIm$gpuhnhlhi
ZEu2ZElhi3WI[
ZEi3WIu¸th]�m�dDV�gjn�¡
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oQZEu>XIl@ZIXY]0ZEu)t
th]�m�deV�gjs�]�i�f)]�XY]Du)]eVkZEi3]ktÄZElhi3WI[
ZEi3WIu¶�ßWIV�[
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ZIdei�gj¾�ZEie]kt s<x©gju�nhlhi^]e¾�]Du<i3m �:myl)d�f2ZIm\gju)d�WI[\gju>XÀn@ZId�¯�]Di3m �\ZEu)t�V3]�ZIdei�gju)X«s<x©nhV3W<t{l)dDgju>X
WIlhi�nhl�i�]e¾�]Du<i3m#�:myl)d�f«ZIm�WIlhieXYWIgju)X\n@ZId�¯�]Di3m �D¤���i�f)]eV myx{m�i3]e[^m�]O¤ XM¤"¨"gpu)thWk¨Èm�]eV�¾�]DV3m�myl>d�f
ZIm���r=<�]DÃ2m/ZEu)t��«Â�Ã-gpu)thW�¨�m�r�d�ZEuªs�]0d�WIu)mygPth]DV3]�t«ZIm V3]�ZIdDi�gj¾�]�myx{m�i3]e[^maZEu)t­[
Zex­s�]
myn�]kdDgp½)]kt^l)mygpu)X0myx<u)d�fhVeWIu)WIl)m¥oGZEu)XIl@ZIXY]�m�¤
� f)]���m�i3]eVe]eoµoQZEu)XIl�ZIXY]0¨"ZIm�d�f)WYm�]Du�ZIm�i�f)]0myn�]�degp½)d�ZEi�gPWIu¶oQZEu>XIl@ZIXY]/¨"gpi�fhgpu­i�f)]*�"�yU5¡

U@b�~"� �	nhV3W�}�]�deiw; >¹¤
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myx<u)d�fhV3WIuhgP£�]�l>mygju>X�mygPXIu@ZEoPm�¤ � f)]\WIlhi�nhlhi*mygPXIu@ZEozWI��Z�[^WBtMlhoF]0gPm¦s�V3W�ZIthd�ZImyi/¨"gpi�fhgpu,i�f)]
¨"f)WIoP]"nhV3WYXIVDZE[ ZEu)t±d�ZEu�s�]"i3]�myi3]�t$�:WIVznhV3]�m�]eu>dk]�ZEu>t¢¾�ZEopl)]"s<x^ZEuBx^WIi�f>]eVz[^WBt{l�oF]O¤ � fhgFm
dkWI[\[0l�uhgFd�ZEi�gPWIu�[^]�d�f@ZEuhgPmy[ nhV3W�¾BgPth]�m�Z0oFWIi�WI��th]km�gFXIu � ]ew<gjs�gjopgji®xBr�s�]�dEZEl>m�]�[±W<t{lhoP]�m d�ZEu
s�]/ZItht�]kt�rhV3]D[±W�¾�]ktÄWIV�]ewMd�f@ZEu)XY]�t¶¨"gpi�f)WIlhi´n�]DV�i�l�V�shgpu)X/i�f)]aWk¾�]DVDZEopo%myxMmyi3]D[À¤¥b	[±W<t{lhoP]
gFm6th]D½hu)]�t0s<x0gjiem|gpuhnhl�i3m �Qi�f>] mygPXIu@ZEoPm|i�f@ZEi´ZIdei�gp¾�ZEi3]zgjiIrÐi�f)]Dx0d�ZEu\n�WIie]eu<i�gGZEojopx/s�] [^W<t{gj½>]kt
sBx¸i�f)]¶[^W<t{lhoP]��kr´m�]Du)m�WIVem �Qgpuhnhl�i�mygPXIu@ZEoPm±l)m�]kt¸WIuhopx-�:WIVÄdkWIu>mylhopiDZEi�gPWIuµrzi�f)]ex�d�ZEu�u>WIi
s�]¶[±W<t{gp½)]�t4�$ZEu)t¸WIlhi�nhlhiem��ßmygFXIu�ZEoFm^]e[\gpi�i3]�t4�D¤ � f)]¶gpuhnhl�i3m\WI�0Zª[^W<t{lhoP]¶d�ZEu�]Dgji�f)]eV
s�]0i�f)]\WIlhi�nhl�i3m�WI��ZEu)WIi�f>]eV*WIu)] �Q[^WBtMlhoF]�m�]ewM]�delhie]kt«m�]�¬Ol>]eu<i�gGZEojopx7��WIV�]ew<i3]DV�u@ZEo6mygPXIu@ZEoPm
�:myl)d�f-ZIm/gju>dkWI[\gpu)X�n@ZId�¯�]Di3m �D¤ � f)]^th]km�gFXIu'WI��ZEu��6myi3]DV3]eo6nhVeWYXIVDZE[ gFm/i�f)]eu�n�]eV��ßWIV�[^]kt
sBx\d�WI[0shgpuhgpu)X*ZEu)t±m�xBu)d�f�V3WIuhgP£egpu)X�i�f)]�t{gp¼@]DV3]eu<iz]eoP]D[±]Du<iDZEV�x/[^W<t{lhoP]km5l)m�gju)X�i�f)]DgpV�gpuhnhl�i�r
m�]Du)m�WIV�ZEu)tÄWIlhi�nhlhi´mygPXIu@ZEoPm�¤
ÂBx<u)d�fhV3WIu>WIl)m%oQZEu>XIl@ZIXY]km´ZEV3] l>m�]kt$i3W�gp[¢n�oF]D[^]eu<i%i�f)]´dkWIu<i�V3WIo�n@ZEV�izWI�µZ nhV3WYXIVkZE[­rYi�f)]

dkWI[\nhl�iDZEi�gPWIu@ZEo<ZEu)t/t>ZEiDZ¥[
ZEuhgpnhlhoGZEi�gFWIuan@ZEV�iem�ZEV3]6n�]eV��:WIV�[^]kt�s<x��Qlhu)dDi�gPWIu)m>gp[\nhoP]e[^]DuBi3]�t
gju'ZEu)WIi�f>]eVaoQZEu>XIl@ZIXY]��²�	�:WIV/]Dw�ZE[¢n�oF] �D¤0�¦ZEikZ�th]�deoGZEVDZEi�gPWIu)maZEV3]\]eu>dEZEn)m�lhoQZEie]kt�r@m�W�i�f@ZEi
WIuhopxÀi�f)]0¾BgPmygpshoP]0gju<i3]DV��²ZId�]$th]kdDoGZEVDZEi�gPWIu)m/ZEVe]�n�V3Wk¾<gFt�]kt«gju��6myi3]DV3]Do �Gg²¤ ]Y¤$i¹x<n�]Yr�d�WIu)myiDZEu<i�r
�Qlhu)dDi�gPWIu
ZEu)t±nhVeWBd�]ktMlhV3] u@ZE[^]�m �D¤ � f)]�m�]�th]�deoGZEVDZEi�gPWIu)mzdEZEu
i�f)]Du±s�]"�QVe]k]Dojx$gp[\nhoP]e[^]DuBi3]�t
gju>th]en�]Du)th]DuBi�ojx�WI�Bi�f>]5��m�i3]eVe]eoIn�V3WYXIVDZE[	th]�mygPXIuµ¤ � f)]Dx�¨"gpojoIs�]%opgju�¯�]kt�¨"gpi�f�i�f)]6ZElhi3WI[
ZEi3WIu
XY]eu>]eVDZEie]kt^gju¶i�f)]�oQZImyi�nhf@ZIm�]Or<¨�f)]euÄ]ewM]�delhikZEshoF]�d�WBt�]�gPm nhVeWBt{l>dk]�t�¤
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#include <stdio.h>
main(){ ...
}
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� f)]�nhV3WIn�WYm�]�t¶WInhi�gj[\gP£EZEi�gPWIu�Ve]kmyi�V�l)dDi�lhV3]�m�i�f)]�i3]km�i"u)W<th]km´gju¶i�f)]¦t�]kdDgFm�gFWIu¶i�V3]k]�myl>d�f

i�f@ZEi�i�f)]a[^WYmyi��QV3]�¬Ol)]Du<i�ojx
WIlhi3d�WI[^]kmaZEV3]�WIuÀi�f)]/oP]e�Qi�s�VDZEu)d�f«WI�zi�f)]¦i�V3]k] ; U6���IÅ'>²¤ � fhgFm
i�VDZEu)m��:WIV�[
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dkWI[\[^WIu'ZEu)t­lhu)d�WI[¢[^WIu«n@ZEi�fI� ZEu>tÀs<x­V3]D¾�]eV3m�gju)XÄZEojo5i�f)]/i3]�myi3m�¨"f)WYm�]0[±WYm�i¦�QVe]k¬�l)]DuBi
WIlhi3d�WI[^]km�ZEV3]�WIu¶i�f)]��:WIV�¨�ZEV3t �:]eoPm�] �|s�VDZEu)d�fµ¤ � f)]�i3]�myi¥Ve]e¾�]DV3m�]�WIn�]eVkZEi�gFWIu
gFmzn�]eV��ßWIV�[^]kt
sBx^u)]�X�ZEi�gpu)X0i�f)]�i3]�myi�ZEu)t^gju<i3]DV3d�f@ZEu)XIgpu)X0i�f>]�s�ZId�¯B¨�ZEV3t­ZEu)t
�:WIV�¨�ZEV3t±shVkZEu)d�fµ¤
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gj¡²d�ZId�f)]"lhi�gjopgF£�ZEi�gPWIu$sBx\m�i�V�l)dDi�lhV�gpu)X"i�f>]"dkW<th]�myl>d�f¢i�f@ZEi6i�f)]"d�WI[\[±WIu\n@ZEi�f¢gPm6dkWI[\nhoP]Di3]eopx
m�]Dn@ZEVDZEi3]�tª�QVeWI[ i�f)]0lhu)d�WI[\[^WIu¿n@ZEi�f%¤ � f)]$gj¡²d�ZId�f)]\lhi�gpojgP£EZEi�gFWIu,gFmai�f)]Du¿[
ZEw<gj[0l�[­r�gp¡
dEZId�f>]¶n�WIopoplhi�gPWIu gPm$i�f)]Du�[¢gpuhgP£k]�t�¤ � f)]
s�]Du)]D½hi^WIu-i�f)]�gp¡²dEZId�f)]¶l�i�gjopgP£EZEi�gPWIu gPm¢shgPXYXY]DV
gj�´i�fhgPm/WInhi�gj[\gP£EZEi�gPWIu,gFm*dkWIuY}�lhu)dDi�ojx«]DwM]kdDlhi3]�tª¨"gpi�f,i�f)]^� WI[\[^WIu©ÁzVDZEu)d�f)]�m/�5w<i3]eu>mygFWIu
WInhi�gp[\gF£�ZEi�gPWIuµrO¨"fhgPd�f­]Du)mylhV3]�m¥i�f@ZEi i�f>] d�W<th]¦WIuÄi�f)]adkWI[\[^WIu�n@ZEi�f�gPm"myi�VDZEgPXIfhopgju>]kt�¤
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ZE¯�]�m nhVe]kt{gPdDi�gFWIu>m"WIuªi�f)]¦i3]�myi3m �>WIlhi3d�WI[^]¦i3W^gju)dDV3]�ZIm�]
i�f)]znhgjn�]Dojgpuhgpu)X�X�ZEgpuµ¤ � f>]ex*l)myl@ZEopojx*nhV3]�t{gPdei%i�f@ZEi5i�f)]z�:WIV�¨�ZEV3t0shVDZEu)d�f$gPm5u)WIi5iDZE¯�]Duµ¤ � fhgFm
~�]km�d�f)]ktMlhojgpu)X¶WIn�i�gj[\gP£EZEi�gFWIu�gju)dDV3]�ZIm�]�m¦i�f)]\nhV3W<d�]km�m�WIV0nhV3]�t{gPdei�gPWIu�dkWIV�Ve]kdDi�u)]�m�m¦VkZEi3]�ZEu>t
dkWIu>m�]k¬�l)]DuBi�ojx\i�f)]�nhgpn�]eopgpuhgju>X/X�ZEgpuµ¤
Ó%gPXIlhV3]z_Y_¥gpojopl)myi�VkZEi3]km)i�f�gFmµWInhi�gp[¢gP£�ZEi�gFWIuaWIu*i�f)]6WIlhi�opgju>]kt�i�V3]�]5WI�{i�f)]5nhV3]D¾BgPWIl)m�m�]kdDi�gPWIuµ¤

�¹u,i�f)]�]ew�ZE[\nhoF]Or>i�f)]0[^WYmyi��QVe]k¬�l)]DuBi�opx­WIlhiedkWI[^]0WI�zgju�nhlhi �³gPm¦WIu�gjiem��ßWIV�¨"ZEVetÀshVkZEu)d�fµ¤
� f)]¶i�VkZEu)my�:WIV�[
ZEi�gPWIu¸dkWIu<¾�]DV�i3m±i�f)]eu�gpuhnhlhi � gpuBieW�
�gpuhnhlhi � ZEu)t¸gju<i3]DV3d�f@ZEu)XY]�m\i�f)]
s@ZId�¯<¨"ZEV3tÀZEu)t±�:WIV�¨"ZEV3t\shVDZEu>d�f)]kmE¤ � f)]�m3ZE[^]�i�VDZEu>my�:WIV�[
ZEi�gPWIu\gFmzn�]DV��:WIV�[±]�t\WIu�i�f>]�ie]kmyi
WI�%gpuhnhlhi �\¤�b�m�Z/Ve]kmyl�oji�WI��i�fhgPm¥i�VDZEu)my�:WIV�[�ZEi�gFWIuµr{ZEopo�i�f)]�i3]�myi3m´ZEoFWIu)X$i�f>] d�WI[\[^WIu�n@ZEi�f
f@Ze¾�]ai�f)]DgjV´[^WYmyi �QVe]k¬�l)]DuBi�opx\l)m�]�t�WIlhiedkWI[^]�WIu¶i�f)]�s@ZId�¯<¨"ZEVet�shVDZEu)d�f �QoP]e�Qi´shVDZEu)d�fI�D¤
Ó%gPXIlhV3]\_I�^myf)Wk¨ m i�f>]/gj[\n@ZIdDi�WI�zi�fhgPm WIn�i�gj[\gP£EZEi�gFWIu«WIu«i�f)]*gj¡²d�ZId�f)]0oGZex�WIlhi�¤0b"opo5i�f)]

gju>myi�V�l)dDi�gPWIu)m0WI��i�f)]
dkWI[\[^WIu n@ZEi�f �ßmyf@ZIth]�t4�$ZEV3]¶d�WIu<i�gFXIl>WIl)m0gju�i�f>]±[^]e[^WIV�x�oQZDx�WIlhi�¤
� f)]"lhu>dkWI[\[^WIu±n�ZEi�f2�Ggju)dDopl)th]�t0i�f)]"V3]D�:]DV3]eu>dk] ieW/i�f)]"lhu>dkWI[\[^WIu^mylhshi�Ve]k]�m �%gFmz[
ZEnhn�]kt
ZE�Qi3]DV gpi�¤
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(a) Initial Tree

input A

input B

input C

act1 act2

act3act4

act5act6

act7 act8 act9

act10

T1

T2
T3

act11

inputC

T3

ref1()

ref2()

ref3()

ref4()act11

inputA

inputB

(b) Outcome Rescheduled and Outlined Tree

Ó%gPXIlhV3]*_Y_�º|i�Ve]k]�i�VDZEu)m��:WIV�[
ZEi�gPWIu

(a) Initial Tree

act1

act4...

act10

act9

act2

input B

act3

input C
T3

act11

input A

act10

act9

act2

act3

input C
T3

act11

act1

input B

act4...

input A

(b) Outcome Rescheduled and Outlined Tree

Ó%gPXIlhV3]*_I�<º�gp¡²dEZId�f)]�oGZex�WIlhi

� f)]ad�WIV�V3]�myn�WIu)t{gpu)X/d�WBt�] i�VkZEu)my�:WIV�[
ZEi�gPWIu^gFm"m�f)Wk¨"uÄsBx^½)XIlhV3]�_�5 �Qi�f>] m�f@ZIth]�t�n@ZEV�i3m
myf)W�¨§i�f)]adkWI[\[^WIu�n�ZEi�f��D¤
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if(!inputA)
 act2;
 if(!inputB){
  act3;
  if(inputC){
   if(T3)
    act11;
   else
    ref4();
   }
   ref3();
  }
  else
  ref2();
 }
else
 ref1();
 }
}

(b) Outcome Rescheduled Code

if(inputA)
 ref1();
else{
 act2;
 if(inputB){
   ref2();
 }
 else{
  act3;
  if(inputC){
   if(T3){
    act11;
   }
   else
    ref4();
 }
 else
  ref3();
 }
}

(a) Outlined Code

Ó%gPXIlhV3]*_�5<º¥� W<th] � VDZEu)m��:WIV�[
ZEi�gPWIu

� � � � � E ���{��Ê����HGµ�Ð�
�QÎ1G����^Ê<�k�'IµÊBÏ � ���TG-�
� fhgPm$WInhi�gp[\gF£�ZEi�gPWIu¿gPm0¾�]eV�x'mygp[¢gpoGZEV0i3W­i�f)]
WIlhi�opgjuhgpu)X­WInhi�gj[\gP£EZEi�gPWIuµr�shlhi0¨´WIV�¯Mm^ZEi$i�f)]
�Qlhu)dDi�gPWIu\oF]D¾�]eo)gpu)myie]EZIt^WI��i�f)]"gju>myi�V�l)dDi�gPWIu$oF]D¾�]Do²¤5�"�yU6Uz�"�	XY]eu>]eVDZEie]kt^dkW<th]"gPm¥d�WI[\n�WYm�]kt
WI�6m�]D¾�]eVDZEoµ�Qlhu)dDi�gPWIu)m�¤5�¥ZId�f,WI�%i�f)]e[ gp[\nhoF]D[^]eu<i3mzWIu)]/WI�5i�f)]/ZEl�i3WI[
ZEi3WIu­myiDZEie]km�¤ � f)WYm�]
�Qlhu)dDi�gPWIu)mzZEV3]�m�d�f)]�t{lhoP]kt\gpu�i�f)]�meZE[±]�WIV3t�]eVzgju
¨"fhgPd�f±i�f)]ex^ZEVe] t�]e½hu>]kt\sBx\i�f>]�ZElhi3WI[
ZE¡
i3WIuµ¤ � f)]/�Glhu)dDi�gFWIu­gp[\nhoP]e[^]DuBi�gpu)X$myikZEi3] �¢gPm6}yl)myi�s�]e�ßWIV3]¦i�f>]/�Qlhu)dDi�gPWIu«dkW<t{gpu)X�m�iDZEi3] �<r
¨"fhgPd�f¶gPm%}yl)myi´s�]e�:WIVe] i�f>]¦myikZEi3] �*�Glhu)dDi�gFWIuÀZEu)t¶m�W\WIuµ¤ � fhgFm�WIV3th]DV"gFm´l)myl@ZEopojx
d�WIu)m�]DV�¾�]kt
sBx^i�f)]�oPWk¨"¡:oP]e¾�]DoµdkWI[\nhgpoF]DV3m�¤
� f)] � &(�'&(� �����! �&��v��� � ��� �  ����",
� *f�����¢WInhi�gj[\gP£EZEi�gPWIu©gpu)dDV3]EZIm�]km/i�f)]±d�W<th]±oPWBd�ZEopgji®x�r5sBx

V3]�ZEV�VDZEu)XIgpu)XMrEgjuai�f)]5nhV3WIieWBd�WIo�dkW<th]Or�i�f)WYm�]%�Qlhu>dei�gPWIu)m)�QV3WI[Ni�f)]5oF]�m�m@i3W i�f>]%[±WYm�i��QV3]�¬�l)]eu<i�opx
]ewM]�delhie]kt�¤�b�maZ�V3]�mylhopi�i�f)]a[^WYmyi�]ewM]�delhie]kt­myikZEi3]km�ZEVe]/XIV3WIlhn�]�t«ZEu)t­i�f)]anhV3WYXIVDZE[ dkW<th]
oFW<d�ZEojgpi¹x^gPm gj[\nhVeWk¾�]�t�¤|Á´]ei�ie]eV´gj¡²d�ZId�f)]�lhi�gpojgP£EZEi�gFWIu^gFm ZId�fhgF]D¾�]�t�¤
� f)]*[±WIi�gj¾�ZEi�gFWIu«�:WIV�i�fhgPm�WInhi�gp[\gF£�ZEi�gPWIu­gFm�i�f)]Du,m3ZE[^]/i�f@ZEu«�:WIV�i�f>]$��l�i�ojgpuhgpu)X\WInhi�gp¡

[\gF£�ZEi�gPWIuµ¤´�®�´ZEojoµi�f)]/[^WYmyi��QVe]k¬�l)]DuBi�opx
]ewM]kdDlhi3]�t��Ql�u)dei�gFWIu)m ZEV3]0myn@ZEi�gQZEopojxÀXIV3WIlhn�]kt�rMi�f)]Dx
thW\u)WIi�gju<i3]DVDZIdDi"i3W<W¢[0l>d�fµ¤ � f)]/myx<u)d�fhVeWIuhgF£�ZEi�gPWIu¶nhV3WIs�oF]D[ ]ew<nhV3]�m�m�]�t�gpu«m�]kdDi�gPWIuB5<¤ �$gPm
i�f)]Du0[\gju�gj[\gP£k]�t�¤ � f)]zs�]eu)]D½hi5WI�)i�f)]�n�V3WIn�WYm�]kt�WInhi�gp[¢gP£�ZEi�gFWIu�gFm%shgPXYXY]DV5gj�)gpi5gFm6ZIm�m�WBdDgGZEi3]kt
¨"gpi�f�i�f>]¦��lhi�opgpuhgju>X/WInhi�gp[\gF£�ZEi�gPWIuµ¤��¹u¶�¹ZIdei�rBgpu�i�f�gFm´dEZIm�]Or{i�f)]��QV3]�¬Ol>]eu<i�opx\]ewM]kdDlhi3]�t�m�iDZEi3]
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�Qlhu)dDi�gPWIu)m�ZEV3]0m�[�ZEopoP]eV�r)s�]�d�ZEl)m�]0ZEopo%i�f>]/lhu)d�WI[\[±WIuÀmylhshi�Ve]k]�m"f@Ze¾�]0s�]�]eu«WIl�i�ojgpu)]�t�r>ZEu>t
f@Ze¾�]�Z/oQZEVeXY]eV"n�V3WIs@ZEshgpojgpi®x¢ieW$]eu<i�gpV3]eopx\½hi"gpu�i�f>] gpu)myi�V�l)dei�gFWIu
dEZId�f>]Y¤
b"oPm�W�gpu¿XY]Du)]DVDZEo²r�i�f>]/ojgpuh¯�]DV¦n�V3]km�]eV�¾�]�m�i�f)]$WIV3t�]eVagju,¨"fhgPd�f«i�f)]0½hoP]�m¦ZEVe]�n�V3]km�]eu<i3]�t�¤

Ó)WIV$]DwhZE[\nhoP]Yr�gp� i®¨ W¶½hoP]�m0ZEV3]\ojgpuh¯�]�tªi3WYXY]Di�f)]DV^r%i�f)]$s@ZImygPd\shoFW<d�¯Mm/WI�"i�f>]�½�V3myi/½�oF]^ZEV3]
WIV3th]DV3]�tªs�]e�ßWIV3]0i�f)]$s@ZImygPd\shoFW<d�¯Mm/WI� i�f)]\m�]kd�WIu)t�WIu)]¢gpu¿i�f)]$½hu@ZEozdkW<th]O¤ � f)]\WIV3th]DV/gpu
¨"fhgPd�f�i�f)]±½�oF]�m^ZEV3]�opgjuh¯�]�t f@ZIm$i�f)]DV3]D�:WIV3]¶Z,t{gpV3]kdDi$gp[¢n�ZIdei\WIu�i�f)]
nhV3WYXIVDZE[ [±]D[^WIV�x
oQZDx�WIlhiaZEu)t^i�f)]DV3]e�ßWIV3]�WIu¶i�f)]�gp¡²dEZId�f)]an�]eV��ßWIV�[
ZEu)dk]O¤
� W�iDZE¯�]�ZIt{¾�ZEu<iDZIXY]¥WI��i�fhgPm�nhV3WIn�]DV�i¹xBrE¨ ]zm�d�f)]�t{lhoP]�i�f)]�[^WYmyiµ�QV3]�¬Ol>]eu<i�opx ¾<gPmygjie]kt*myiDZEi3]D¡

�Qlhu)dDi�gPWIu)m"ZEi�i�f)] s�WIi�ieWI[ WI�|i�f)]¦n�V3WIi3W<dkWIoµdkW<th]Or�ZEu>t¶ojgpuh¯^gji�¨"gpi�f
i�f)]0ZEn�nhojgPd�ZEi�gFWIuÄdkW<th]
gju­i�f)]/WIV3t�]eV�º nhV3WIieWBd�WIoj¡®ZEn�nhojgPd�ZEi�gFWIu%¤ � f>]¦[^]e[^WIV�xÄX�ZEn«s�]Di®¨ ]�]euÄi�f)]¦n�V3WIi3W<dkWIo�ZEu)t­i�f)]
ZEnhnhopgFd�ZEi�gPWIuµr{m�WIlhV3d�]aWI�%gj¡²d�ZId�f)]�n�WIojoplhi�gPWIuµrOgPm i�f)]Du�[\gpuhgj[\gP£k]�t�¤
Ó%gPXIlhV3]�_E�¢gpojopl)myi�VDZEi3]�m¥i�fhgPm"WInhi�gj[\gP£EZEi�gPWIuµ¤ ÂBikZEi3] �\ZEu)t¶m�iDZEi3]��<rh¨"fhgPd�f«ZEV3]ai�f)]¦[^WYmyi

�QV3]�¬Ol>]eu<i�opx©]Dw{]�del�i3]kt�r¥ZEV3]­m�d�f)]�t{lhoP]�t ZEi±i�f)]±s�WIi�i3WI[ WI��i�f)]�n�V3WYXIVDZE[Àr�gju>deV3]�ZImygpu)X«i�f)]
dkW<th]"oPWBd�ZEopgji®x�¤5b"oFm�W/i�f)]"gp¡²dEZId�f>]�n�WIopojl�i�gFWIu\s�]Di¹¨´]k]Du\i�f)]"nhVeWIi3WBd�WIo�ZEu)t\i�f)]�ZEnhn�ojgPdEZEi�gFWIu\gPm
V3]�t{l)d�]kt^sBx^V3]DoFW<dEZEi�gju)X�myiDZEi3]��M¤

(a)  Initial Code (b) Optimized Code

state1

state2

application

state3

state4

state1

application

state3

state4

state2

Ó%gPXIlhV3]*_E�Mº �­]e[^WIV�x^Ò|Zex�WIlhi
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�¹u�i�fhgPm�m�]�dDi�gFWIu%r�¨´]�n�V3]km�]eu<i%ZEu¢]e¾�ZEopl@ZEi�gPWIu0WI�Mi�f)]6WInhi�gp[\gF£�ZEi�gPWIu¦ie]kd�fhu�gF¬�l)]�m�i�f@ZEi�f@ZIm�s�]�]eu
th]�m�deV�gjs�]�t�gpu^i�f)]�nhV3]D¾BgPWIl)mzm�]�dei�gPWIu)m�¤ � f)]"ie]kmyi´d�ZIm�]aZEu)t±i�f>]�]ew<n�]eV�gp[^]eu<iDZEo)]Du<¾BgpV3WIuh[^]DuBi
ZEV3]�½hV3myi�th]km�deV�gps�]kt�rOi�f)]�V3]km�lhojiem ZEV3]ai�f)]Du¶d�ZEV3]D�Qlhopojx^ZEu@ZEopxMm�]kt�¤

�-,/. �<17>�? � 8�> 1�� �	�EA�:�1
�<6 8	35>�� 1 6 � � � :�A � 84?@A�BC3
� f)]"]Dw<n�]DV�gp[^]eu<i3m�¨´]eVe] n�]eV��ßWIV�[^]kt/¨�gji�f
Z�½hoF]´i�VDZEu)my�ß]eV6ZEn�nhojgPd�ZEi�gFWIu%¤ � f�gFmzZEnhnhopgPdEZEi�gPWIu$gPm
dkWI[\n�WYm�]�t\WI��ZadeopgP]eu<i´ZEu)t^Z¦m�]DV�¾�]DV�¤ � fhgFmzZEnhn�ojgPdEZEi�gFWIu\gPm|¾�]DV�x\mygp[\nhoP]YrIgjizd�ZEu±s�] i�f>WIl)XIfBi
WI¼,ZIm�Z/s@ZId�¯<lhnÄZEnhnhopgFd�ZEi�gPWIuµºµi�f>]�deopgF]Du<i"d�WIuhu)]�dei3m6gpi3m�]Doj��i3W$Z0m�]DV�¾�]DV i3W*i�VDZEu)my[\gpi´Z0� �ÄÁ
½hoP]Y¤ � f)]
t)ZEiDZE¡:i�VDZEu>my�:]DV0gFm$lhu�gFt{gpV3]�dei�gFWIu@ZEo¹º�i�f>]�m�]DV�¾�]DV$V3]kd�]Dgj¾�]�m0nhlhV3]^t)ZEiDZ,ZEu)t m�]Du)thm
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module CHECKSUM:

int  User_Input_Prob                =  0.45
int  Input_Frame_Prob             =  0.45
int  Alarm_Prob                         =  0.02
int  End_Of_Input_Prob            =  0.01
int  Close_Connection_Prob    =  0.01

int  User_Input_Prob                =  0.0
int  Input_Frame_Prob             =  0.97
int  Alarm_Prob                         =  0.02
int  End_Of_Input_Prob            =  0.0
int  Close_Connection_Prob    =  0.01

(a) Input Frequency (b) Tests’ Outcomes Frequency

/*     Server      */

/*     Client       */

loop
 await Input_Frame
  if (TCPCksu(?Input_Frame) ==
       Get_Cksu(?Input_Frame))
  then
     P = 0.99;
      emit Frame_Valid;
  end_if
 end_await
end_loop
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Transmission
    Buffer

Client

UNIX Process

Application   Client−
Protocol

Input_Frame(Data_Packet)Input_Frame(Ack_Packet)

Send(Data_Packet)

Server

Application  Server−
Protocol

Send(Ack_Packet)

Deliver
 (Data)

    User_
Input(Data)
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1

2

5 4

10

13

18

7

user_input&
no space in buff.

ack

end_of_input

ackalarm
ack

N_S

ack

ack

user_input&
no space in buff alarmN_S

ack
N_S

end_of_input
+ N_S

N_S

N_S:

ack: a packet with an ack. 
is received

14
1.877/ 1.82

96.24/ 20.32

0.0/ 16.410.0/ 7.45

0.0/ 51.96

0.0/ 0.054

0.0/ 0.0002

0.0/ 0.003

0.0/ 0.000011

8

0.0/ 0.14

alarm

a packet with sequence number
N_S is sent
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¨"gji�f¶i�f)]adkWI[\[^WIu­n@ZEi�f
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myiDZEi3] VDZe¨ th]D�²ZElhopi m�]DV�¾�]DV"nhV3WI½hoP] dDopgF]DuBi´nhV3WI½hoP]
Å _E�M¤ ��_ _�¤ �Y� _�¤ �Y�Y� _�¤ �Y�
_ _E�M¤ ��_ _�¤ �Y� _�¤ �Y�Y� _�¤ �Y�
� �'5<¤ �Y� �Y�<¤ �I� �Y�<¤ �I� �IÅM¤h5Y�
� �Y�<¤f5I� _�5<¤ � ÅM¤ Å _I�<¤ �<_
� �'5<¤ � _Y_�¤h5I� ÅM¤ Å �<¤ ���
� _�¤Ü_I� �<_�¤ �Y� ÅM¤ Å ��_�¤ �Y�
� ÅM¤ ��_I� ÅM¤ _E�-5 ÅM¤ Å ÅM¤ Å��I�
_EÅ �M¤Ü_I� ÅM¤ Å��Y� ÅM¤ Å ÅM¤ ÅYÅYÅ��
_�5 ÅM¤ ÅY��� ÅM¤ ��_I� ÅM¤ Å ÅM¤ _E�
_E� ÅM¤Ü_Y_I� ÅM¤ �Y� ÅM¤ Å ÅM¤ ÅYÅ-5
_I� ÅM¤ ÅYÅ��'5 ÅM¤ ÅYÅY� ÅM¤ Å ÅM¤ ÅYÅYÅYÅ<_Y_
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ZEojo�gpu)myi�V�l)dei�gFWIu)m�ZEV3]6shV3WI¯�]Du/gpu<i3W ½h¾�]6myiDZIXY]�m ������&( �� � ,-�" "�Q,J� � � �-�" � &(� � ����������� �`�J " "� � � ZEu>t
�t����&(� �M�%� � � *h& � �DrE¨"fhgPd�f
ZEV3] l)myl�ZEojopx/nhgpn�]eopgpu)]kt�¤ � f)]¥½hVemyi6myiDZIXY]OrO�:]Di3d�f)]�m%i�f)]¥gpu)myi�V�l)dDi�gFWIu�i3W
s�]¥]Dw{]�dDlhi3]�t¦shlhi¥ZEoFm�W"gpu)dDV3]�ZIm�]kmµi�f)]zU¥�,sBx��M¤ � f�gFm�u>]e¨ Uz�ªgPm%l)m�]�t¦ieW��ß]ei3d�f%r�gpu0i�f)]6u)]DwBi
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thW<]km0u)WIi�[±W<t{gp�Qx«i�f)]^Uz��¤µÃ¸f)]Du i�f)]^delhV�V3]eu<i/gpu)myi�V�l)dDi�gFWIu�[^WBt{gp½)]�m¦i�f>]±Uz��i3W\}ylh[\n
m�WI[^]e¨�f)]eVe] gpu¶i�f)]ad�WBth] �Q¨"f�gFd�f¶gPm ¨"f�ZEi"f@ZEnhn�]Du)m ¨"f)]Du«Z0�Qlhu>dei�gPWIu¶d�ZEopo�gPm"n�]eV��ßWIV�[^]kt4�kr
i�f)]�Uz��WI�%i�f>]�u>]ew<i gpu)myi�V�l)dei�gFWIu^d�ZEu¶u)WIi s�]a]e¾BZEojl@ZEie]�s�]D�:WIV3]"i�f>] dDlhV�Ve]eu<i gpu)myi�V�l)dei�gFWIu\gPm
th]�dkW<th]�t¶ZEu)t¶]DwM]kdDlhi3]�t�¤ � fhgPm"XY]eu>]eVDZEie]kmzi�fhV3]�]�[±]D[^WIV�x^myiDZEopoFmE¤
Ã¸f)]eu^i�f)]´�Qlhu)dDi�gPWIu$gFm5gpuhojgpu)]�t�rÐu)W´}ylh[\n$gPm�n�]DV��:WIV�[^]�t�¤ � f)]"gpu)myi�V�l)dei�gFWIu)mµi3W/]Dw{]�dDlhi3]

ZEV3]"myi�VDZEgFXIf<i�opgju>]kt$ZEu>t�u>W¦myikZEojohgPm6XY]eu>]eVDZEie]kt�¤ � f>] ½)XIlhV3]���_ myf>Wk¨�m5i�f)]znhgpn�]Dopgjuhgpu)X"s�]D�:WIV3]
ZEu)t­ZE�Qie]eV´i�f)]�gjuhopgpuhgju>X¦f@ZIm s�]�]eu
n�]eV��ßWIV�[^]kt�¤

(a) Before Inlining

(b) After Inlining

Branch instruction

Instruction i+1

IF ID EX MEM WB

IF ID EX MEM WBstall stall stall stall

cycles j j+1 j+2 j+3 j+4 j+5 j+6 j+7 j+8 j+9

Instruction i+1

IF ID EX MEM WB

IF ID EX MEM WB

cycles j j+1 j+2 j+3 j+4 j+5 j+6 j+7 j+8 j+9

Instruction i

stall

Ó%gFXIlhVe]¦��_�º6U|gpn�]eopgpuhgju>X
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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