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Inter−instruction power overhead

Instruction base power

Operator variation power

Power consumption

of
a single intruction
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RTOSs

Applications Statistics:
Power data
Jitter data
Delay data

SimBed

Desktop: Linux
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long update_timeoutq( long then )
{
  struct event *ep;
  long tnow = now();
  long delta = then − tnow;

  ep=(struct event *)LL_HEAD(timeoutq);
  ep−>timeout += delta;
  return tnow;
}

int main()
{
    struct event *ep,*tp;
    unsigned long time, timeout,tnow;

    LL_INIT(timeoutq); LL_INIT(freelist);
    init_tasks(); time = now();
    
    while (1) {

        /* Handle high−priority tasks */
      LL_EACH(timeoutq, ep) {
        if (ep−>timeout > 0)  break;
        if (ep−>priority == HARD_DEADLINE) {
              tp=(struct event *)ep−>prev;
              ep−>go(ep, time);
                    /*accumulate the negative timeout */
              if (ep−>timeout < 0){
                 struct event * p=(struct event *)LL_NEXT(timeoutq,ep);
                 p−>timeout += ep−>timeout;
              }
              ep = (struct event *)LL_DETACH(timeoutq, ep);
              LL_PUSH(freelist, ep);
              time = update_timeoutq(time);
              ep=tp; /* Keep doing high−priority tasks */
        }
      }

        /* Handle high−priority interrupts*/
      if (Byte(MEM_IO_INTSRC)==HIGH_PRIORITY) {
            handle_interrupt(Byte(MEM_IO_READ));
            time = update_timeoutq(time);
            continue;
      }

        /* Handle low−priority tasks*/
      ep = (struct event *)LL_HEAD(timeoutq);
      if (ep && ep−>timeout <= 0) {
            ep−>go(ep, time);
                    /*accumulate the negative timeout */
            if (ep−>timeout < 0){
                 struct event * p=(struct event *)LL_NEXT(timeoutq,ep);
                 p−>timeout += ep−>timeout;
            }
            ep = (struct event *)LL_DETACH(timeoutq, ep);
            LL_PUSH(freelist, ep);
            time = update_timeoutq(time);

            continue;
      }
        /* Handle low−priority interrupt */
      if (Byte(MEM_IO_INTSRC)==LOW_PRIORITY) {
            handle_interrupt(Byte(MEM_IO_READ));
            time = update_timeoutq(time);
            continue;
      }
    time = update_timeoutq(time);
    }
    return (0);
}
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uC/OS, 1ms period IPC, without background noise^
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uC/OS, 16ms period IPC, without background noise^
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uC/OS, 1ms period IPC, with background noise^
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NOS, 1ms period IPC, without background noise
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NOS, 1ms period IPC, with background noise

-6 -4 -2 0 2 4 6

Expected Arrival Time in ms from Target Arrival Time

-0.10

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

P
ro

ba
bi

lit
y 

of
 A

rr
iv

al
 T

im
e

NOS, 16ms period IPC, with background noise
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�|{�c � }K{3c � t � }Kcnj,s h¡o m�v4c � }:{ q ��{§��cryÔ��y�e � ���3qx� ��½��PÕ qu��� }�c o m hrg �P�4� or� }K{�cA} o e���c¦}
} o���� �¬sxc¦}´¼ � c È3o j qx� c�}�{ qx�A�nh j�b o e qu��h���o � orqu� y��Ãsuc or� c � cOc�½ q � � ekc°¿�yÖË gih e�}K{3c�c È bTcne q f
j�c � }²e�c � � su} � y
½ q e � }O��v q }K{ h � }�� or��� ��e h � � m�s h¡o m=�B� h }K{ � t � }�cOj � bTcne gih ekjlcnm¢e�cns o } qu� cOsut�v4cOsusdvM{3c �

}K{3c qu� }KcOe ��o sÊv o�� s h�� �V P�ÅÄrj � ¥�y°¤ � }K{�c qu� }�cOe �ro sÊm�c � e�c or� cnm=� � ��o ��sxc�} h Â ��qx� { o sus�}K{3c
} o����B�Ah�� } q jlc��=����` �k� � }Ab � � {�cnm o sus�}�{�c � t � }KcOj×v h e � s o }Kc� i}K{3c�¼ È ¼ qx� ½ q � � ekc�¿�yÖË¡¥¦y
� h }Kcl}�{ o }�}K{�cle � �3��qx� �'} q jlc hrgMÇ ½��PÕ�} or�k�B�°qx� j h e�c�}K{ or� ��j � � ��q j�b�s�t%�Tc �´o � � c
}K{3cAe � ���3qx� �°} q j�c hrg �a½��PÕ|} or�k��qu� j h e�c�}�{ or� �·Ø Ç j � y�� �'h }K{�cne¨v h e�m � ��}K{�c � t � }Kcnj
qx�²hÅ� cne�s h�o m�cOm'vM{�c � e � ����qu� � Ç ½��PÕÙ} o����B��qu� ��j �²qx� }Kcne ��o sÚy��Z�a`T¼ � bdcOe gih e�j or��� c qu�
� cnekt � } o �3sxc or� m?b3e�cOm qx� } o ��sucry�� � }K{�c h }�{�cOeA{ or� m=� ª=«Ar®°¯#� � �O� c ���	g � sxs�t ��� {3cOm � sucOm
b o e	} hrg }�{�c Ç } o����B��h�� } q jlc���v q }�{Í}K{3c�b�e qu� c h�g }�{�c¢ekc � } h�g }K{�c¢} or���B� �dc qx� ��s o }�cry
��{�c � c o e�c �k� � }�}1v h m quÁ cOekc � }�v o t ��hrg m�c o s qx� ��v q }K{Î}�{�c � t � }�cOjÛ�Tc qx� � hÅ� cne�s h�o m�cOm§y
» or� { hrg }�{�cOj o b�b�s q c � } h��kh j�c � bdc �Oq Â ����q } � o } qxh���� y
�|{�c � � or��� ��e h � � m�s h¡o mwv or��o m�m�cnm=� g e h jÜ}�{�c�c È bTcne q c ��� c hrg �P�����Vv¨c�c È bdc � }�cOm

��h jlc�m qu� } � e�� o���� c�yÝ¤ � m¹}K{ o }�{ o b�bdc � cnm=y¹��{�c%�ÅÄrj ��qx� }Kcne ��o s¨} or���B� v4cOe�c'��ekc o }�sut
o�Á c � }KcOm§��� h }K{&�Z�a` or� m ª¬«Zr®°¯ y¹�|{�c � v¨c�s h�h�� cnm o }�}�{�cÎ�´Ärj ��qu� }�cOe �ro sM�Z�a`
��e o b�{=��}K{3c � t � }Kcnj×bdcOe gih e�j or��� cAv or�M� cnekt'� o m§�V}�{ h � �r{'}�{�c � t � }Kcnj � { h � sum��dc o ��sxc
} h m h�o �dcn}k}Kcne � h �§y��²c q }�{�cOe � t � }KcnjÞb�ekcOm qu� } o � q s q }1t ��h eA}K{3clekc o sßf�} q jlc g c o } � e�c�v or�
}K{3cOe�c�yà� � sut!{ o s gahrg }K{3c/} q jlcw}K{ o }�} o����B� { o b�bdc � cOm h�� } q j�cryá��{3c�� or��� ��e h � � m
s h�o m or�O�nh � � } �agih eAj h�� } hrg }�{ qx� � o mÎbdcOe gih e�j or��� cry°¤ � }K{�c qx� }�cOe ��o s�m�c � e�c o�� cOm§�¾}K{3c
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uC/OS, 1 ms period FIR, without background noiseâ
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uC/OS, 16 ms period FIR, without background noiseâ
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uC/OS, 1 ms period FIR, with background noiseâ
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uC/OS, 16ms period FIR, with background noiseâ
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NOS, 1ms period FIR, without background noise
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NOS, 1ms period FIR, with background noise
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NOS, 16ms period FIR, with background noise

½ q � � e�c�¿�yÖË3ãÝä q }�}Kcne¢��e o b�{ � ãÎ�|{�c �D� t � }Kcnj s h¡o m qx� ekcOs o } q�� cOs�t!{ q ��{ h e � cnekt#{ q ��{=�
ª¬«A�®°¯¹or� m��Z�a`w�dcO{ oÅ� c�m quÁ cOe�c � }Ksutry
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bdcOe gih e�j or��� cA� h }M�Tc¦}�}�cOeOy

Ý:å1æ�å�ç 
~èZé3ê1Þ	âÃë�ì�í	î4ïZé

��{�c gih sxs h v qx� ��}K{ qu� � � v¨cne�c h � � cOe � cOm qx� }K{ qu� c È bdcOe q jlc � }´ã
��y�� q }�{ h � }�� or��� ��e h � � m¹s h�o m or� mÏv q }K{Íe�c o���h���o ��sxc � t � }Kcnjðs h¡o mñ�Ê� h }�{¹�Z�a`

or� m ª¬«Zr®°¯ bdcOe gih e�j�cOm gporq e�sutav4cOsusÚ�rv q }K{�� h�h m�b�e�cnm qx� } o � q s q }1t o�� m�e�c o s�f�} q j�c g c o } � e�cry
º³y��|{�c � �dc qu� ��m�e q�� c � v q }K{%{ q �r{�s h¡o m§� ª¬«Ar®�¯ }�e q c � } h j orqx� } orqx� b o ek} hrg }K{3c

} o����B��hr� } q j�cr�=vM{ q sxc��Z�a` � cncOb ��o sxs h�g }�{�c�} or���B� s o }�c°vM{ q suc�b�e hÅ��q m qx� � � cnekt%� h�h m
b�ekcOm qu� } o � q s q }1t�y
Ë3y�ò or��� ��e h � � mÎs h¡o m�v q sxs �Oh � b�sxc°v q }K{�}K{�c o b3b�s qu�´o } qxh�� } or����or� m?��e�c o }Ks�t o�Á c � }

}K{3c�bdcOe gih e�j or��� c hrg }K{�c � t � }�cOj'y���{�c o�Á c � }�v q susÃ�Tc�v h e � }�vM{�c � }K{�cl� or��� ��e h � � m
��h�qu� cA{ o��²�kq j q s o e g ekcOó � c �3� t or� }K{3c o b�b�s qu�´o } qxh�� } or�k��� y

ô�õ�ö ÷ÛøAùOú�û

ü cOs o t qx�4or��h }�{�cOe qx� m qu�´o } qxh���hrg¬o e�c o s�ýÚ} q j�c � t � }KcOj'þ � bTcne gih ekj o���� c�ÿ±� � e¨m�cns o t � � j�ý
�dcOe � e�cnb�e�c � c � }�}K{�c�} q j�cA�dcn}1v4cOc �%o�� ¤Z��ý��P�4� qu� }KcOeke � b³} or� m�}K{3c�j h j�c � }M}K{ o }²}K{3c
�	Ø�� � t � }KcOj � cnc � }�{�c �nh e�ekc � b h�� m qx� � h � }Kb � } g e h j¸}K{�cl¤Z��ý1�P���6} or�k�%qx�¡��h�� cOm or��o
e�c � � s�} hrg }�{�c qu� }KcOeke � b³}´ÿÊ��{ � � ��}�{�c:m3cOs o t�j�c o�� � ekc � }K{�c²e�c � b h���� c²} q jlc hrg }K{3c � t � }Kcnj
qx� }�cOe�j ��hrg vM{�c � }K{�cAÂ�e � }²e�c or� } qxh�� } or� c � b�s or� c�ÿ
��{�c ª¬«Ar®�¯Ï� cOe � cOs�{ o�� m�sxc ��qx� }�cOe�e � b3} � b3e�cOcnjlb³} qu� cOs�t��³vM{ q sxcZ�Z�a` � � c o b h sxs qx� �

}Kc � { ��q ó � crÿ/�|{ o }��Z�a`Ím h c ��qx� }K{ o }�}K{�cl{ o ekm³ý�} q j�c�} or��� { or� { q �r{�c � }°b�e qxh e q }1t�ÿ'� g
}K{3cOe�c qx� { o e�m³ýÚ} q jlca} or�k� e�c o m3t/} h e � � �T}K{3c������ o suv o t � e � �3� }K{ o }�Â�e � }´ÿ���{�c�{ q �r{
b�e qxh e q }1t qu� }KcOeke � b³}²v q sxs=�dc�{ or� m�sucOmwvM{�c � }K{�cne�c qx�M��h { o e�m�ý�} q jlcZ} or��� ekc o m³t�} h e � � ÿ
��{ � � �±vM{�c � }�{�cw����� qx� {�c o´� t¡ý1s h¡o m�cnm¹v q }K{Ï{ o e�m³ýÚ} q jlc�} or�k�B� �±}K{�c¢ekc � b h��3� c¢} q jlc
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uC/OS heavy load, 4 FIR tasks with 1ms period
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uC/OS light load, 1 IPC task with 16ms period
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NOS heavy load, 4 FIR tasks with 2ms period
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NOS light load, 1 IPC task with 16ms period

½ q � � e�c�¿�ÿÖ¿3ã ü cOs o tÍ��e o b3{ � ã ª¬«Zr®°¯)�Oh��3��qx� }Kc � }�sutÝ{ o m o Â È cnm qu� }�cOeke � b3}�ekc � b h���� c
m�cns o t¢} q jlc��³vM{�cne�c or� ���a`Tþ � ekc � b h���� c�m3cOs o t¢} q j�c qx� m3cObdc � m�c � } h�� }K{3c � t � }Kcnj s h¡o m
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j q ��{¡}��dc � cOe	tw� o m=ÿ±��{ qu���´or� �dc � sxc o e�s�t � cnc �'qx� ½ q � � e�cA¿3ÿÖ¿�ÿ
½ q � � e�cA¿�ÿÔ¿ qx� }�{�cam�cOs o t�} q j�c �4gih eM� h }�{ ª¬«Ar®�¯!or� m/����`dÿ���{�c � c�ekcOb�ekc � c � }�}K{3c

e o�� ��c hrg �����,s h�o m g e h j � cOe	t¹s q ��{¡}· 	���P���É} or�k� �:�ÅÄrj � bTcne quh m���} h�� cOe	t!{�c o´� t§ p¿
½��PÕñ} o����B� �d�´j � bdcOe qxh m��¦ÿ¾¤ � c È bTc � }Kcnm hrg¬o b�e�cncOj�b3} q�� c��a`T� ª¬«Ar®�¯Î� cne � cns§{ or� m�sxc �
qx� }�cOe�e � b3} � v q }K{ o � �kh s � }Kc�b�ekc �Oqu��quh�� }K{ o } qu�Aqx� m3cObdc � m�c � } hrg4o b3b�s qu�´o } qxh�� s h¡o m=ÿ���{�c
�Z�a`Tþ � bTcne gih ekj or�3� c qx��qx� }Kcne�c � } qu� �?{�cOekcrÿ~�|{�c � }�{�c � t � }Kcnj s h¡o m qx� s q ��{¡}´� q }�{ o��
� cnekt gpo�� }°ekc � b h��3� c�} q jlc��Êc � c �Ýgpor� }�cOe°}�{ or� }K{3c¢b�e�cncOj�b3} q�� c ª¬«Zr®°¯á� cOe � cOsÚÿ?��{ qu�
qx� �dc �´o � � c����a` qx�:ol�nh³h bTcne o } qu� c°�a` or� m�vM{�c ��o } or�k�w� v q } � {�c � �§}K{3cOe�c qx�²��h¢� } o }�c
}K{ o } � cOcnm � } h �dc �Ko´� cnm=ÿ�¤ � }�{�c � t � }�cOj,s h¡o m qx��� e�c o�� c � �d}�{�c o´� cOe o ��c�e�c � b h���� ca} q jlc
hrg }�{�c°����` � t � }�cOj qu��� ekc or� c � � or� m�}�{�c�ekc � b h���� c°} q jlc � b�ekc o m �Zh � } o s h�� �l}K{3c�} q jlc
oÈ³qx� e or� m h j�sutrÿ��|{3c � }�{�c � t � }�cOj s h�o m�� h c �Ê� cnekt�{ q �r{=� or�±� { h v �lqx� ½ q � � e�c�¿�ÿÔ¿��¡}K{3c
e�c � b h���� c�} q j�cZ�Tc �Oh j�c � � � b�e�cnm qx� } o ��suc or� m�}K{ � � � ��or�n� cnb3} o �3sxcrÿ
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!"!!"!#"##"# The CPU is busy with applications

The CPU is stopped

The CPU is busy doing nothing 
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