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of the same type using a predictor.
3. Predict instructions for the next frame1. For each architectural configuration, A, and frame type:

(i) Measure IPC  and power, PA A
(at one common base voltage/frequency for all architectures)

4. Use the architecture chosen in
step 2.  Choose the frequency to be

Predicted Instructions
Deadline x IPCA

.

PA .
IPCA

3

2. For each frame type,
Choose the architectural configuration with the smallest

Profiling Phase Adaptation Phase

Profiling
complete

Application
starts
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On entry of instruction I
to instruction window:

At the end of each
period:

On retirement of
instruction I:

if (Counter > Threshold) {
Increase the window size
Counter=0

if (I    IWtag > 0)
if (I stalled for S cycles)

Counter += min(I    IWtag, S)

On completion of
instruction I:

J    IWtag = max(0, I    IWtag − S)

for each instruction J consuming I’s result
if (I produced the last operand of J)

if (I did not stall)

else if (I stalled for S cycles)
J    IWtag = I    IWtag

if (the operands of I are ready)
I    IWtag = MaxOverlap

Counter=0

MaxOverlap =
IPC from last period

Deactivated Entries
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Source of benefits Per-frame execution time slack Variability in resource usage within a frame
Temporal granularity of adaptation Entire frame Small intervals within a frame
Hardware features controlled Global configuration Individual (or small groups of) hardware features
Impact on execution time May increase No impact (ideally)
Basis of adaptation Profiles mostly collected at start of application Information from continuous monitoring
Implementation Hardware or software Mostly hardware
Inapplicable adaptations Adaptations that cannot be invoked on the entire frame Adaptations with high overhead or that impact execution

(e.g., shutting off all floating point units) time (e.g., DVS)
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Processor speed 1GHz
Fetch/retire rate 8 per cycle
Functional units 6 Int, 4 FP, 2 Add. gen.
Integer FU latencies 1/7/12 add/multiply/divide (pipelined)
FP FU latencies 4 default, 12 div. (all but div. pipelined)
Instruction window 128 entries
(reorder buffer) size
Register file size 192 integer and 192 FP
Memory queue size 32 entries
Branch prediction 2KB bimodal agree, 32 entry RAS� ���7	�� 	�� �����	� � 	(��������
�� � ������� 	 �)	(� �
L1 (Data) 64KB, 2-way associative,

64B line, 2 ports, 12 MSHRs
L1 (Instr) 32KB, 2-way associative
L2 (Unified) 1MB, 4-way associative,

64B line, 1 port, 12 MSHRs
Main Memory 16B/cycle, 4-way interleaved� ���7	�
 �����)	����
������
 	 ����� 	�� ����� ����� 	����(� 	 �

L1 (Data) hit time (on-chip) 2 cycles
L2 hit time (off-chip) 20 cycles
Main memory (off-chip) 102 cycles
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GSMdec Speech 20s 1000 50 B s 4.0
GSMenc codec 20s 1000 140 B s 4.8
G728dec Speech 0.63s 1000 60 B s 2.4
G728enc codec 0.63s 1000 70 B s 2.2
H263dec Video 4s 100 2.9ms 3.5
H263enc codec 4s 100 40ms 2.5
MPGdec Video 3.33s 100 6.3ms 3.8
MPGenc codec 3.33s 100 66.6ms 2.7
MP3dec Audio 13.05s 500 1.4ms 3.1
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�)����� �H/ÊÇ���,�/ ÑÒÇ Î',�/ � /ÊÇ���,./�� ÑÒÇ Î',�/

� � 8 � � 8 � � 8
GSMdec 16 2.0 1.0 117 4.4 0.0 31 2.0 0.0
GSMenc 32 2.0 1.0 83 4.7 0.0 16 1.8 0.0
G728dec 16 2.0 1.0 99 2.8 1.4 16 1.7 1.0
G728enc 16 2.0 1.0 83 2.3 1.8 16 1.5 1.0
H263dec 16 2.0 1.0 56 4.4 0.0 16 2.0 0.0
H263enc 16 2.0 1.0 50 3.6 0.4 16 2.4 0.3
MPGdec 16 2.0 1.0 62 4.9 0.0 16 2.0 0.0
MPGenc 16 2.0 1.0 43 3.5 0.1 16 1.9 0.1
MP3dec 16 2.0 1.0 92 3.7 1.1 16 1.9 0.8C?���3
������
�)����� �H/ÊÇ���,�/ ÑÒÇ Î',�/ � /ÊÇ���,./�� ÑÒÇ Î',�/

� � 8 � � 8 � � 8
GSMdec 128 6.0 1.0 117 4.4 0.0 121 4.5 0.1
GSMenc 128 6.0 1.0 83 4.7 0.0 86 4.8 0.0
G728dec 88 3.8 1.6 100 3.1 1.3 66 2.5 1.1
G728enc 80 2.5 2.5 81 2.2 1.8 58 2.0 1.7
H263dec 48 4.0 1.0 56 4.4 0.0 40 4.2 0.0
H263enc 96 4.0 2.0 51 3.6 0.5 47 3.4 0.4
MPGdec 64 6.0 1.0 63 4.9 0.0 50 4.9 0.0
MPGenc 48 4.1 1.1 43 3.5 0.1 31 3.3 0.1
MP3dec 128 4.0 2.0 92 3.7 1.1 93 3.7 1.1

����
 
 	���
§¡ ��&%3 ��3� * � ��0 *7���23L81��3�6���8  7���)���(� � ��&50 *7���%� �m\ ^� 
�6���@� &�3�6 &50 *7���%� `cbV^� �n` �  >�5#���0 * ��6 $�= · y kº¹ [zy � » k¥oh[zy � &�3�6
· y kº¹ [zy¿¾À» k¥oh[zy%81�+*�� *7����6���-/&%��#+*"6���&56f#���3��� )E
	 
���
 ��
�� ��������
 Á���E ���3
�	(� �;
qp�\�Y!k�[�\utfrNY;l3[4\-1�
��R'2�	%��-�z�����x����� ���
 L �+������
@������
���#B�3��'2�	���������0���B�����b����%���'2�	%�.0���"���	� L ���"��
=�	�!�;�����1�1�
��!���3�����;<2����������.��(�S����������5~����� L �����-u��_����� �-��57
����Ú���	� L �����%0��12�3�4���	���zIr�����=��%�%������	���0��� L �����-u��t��5 p_\�Y!k�[4\ tfrzY;l3[�\��R'(��
 rNY�Ñl3[�\��	���b���	������u0�;���!��^4Ä � �����;'(��
�������<?57��
|�����@�3��� �=
��;������� ���0�4�
p_\�Y!k�[4\2�����(���`�	�_��.�1e��
��	��
_��� rNY;l�[�\2���	������Ix�_���U��%�%������	���0��� L �-�2$�-u��S�R'(��
ap_\�Y!k�[4\��	�S�h� �!%������ Ä � ���Ó�;'(��
������oAD� �4v2�	�8.�����5� � H+I p_\�Y!k�[4\ tfrzY;l3[�\��������=����� � L �����-u��@�R'(��
 p�\	Y!k�[�\ L ������.����U����	�b� L �	�s���B���!.2�U%��R
=�h
�������.�
������G���0�4� p�\�Y!k�[�\~�;���������;<q���G��������	�)�q� L �	���?IU�_�������8�	�����	.�%��b�����s�9���*��g T .������G����%)�����8�����-�(��%���S�9�����@���bWÇAd���	�"�����2u0��.�
��4���	�������;'����	�9� L �	�U5M��
@���	� L ���q��%0��12�3��$���	���6�0��%)�4�@�	�;������^�����W@�+H+I������b� L �����	.2���b�(���	���`��
��b���?%��-���;<���R
��-'(��
�< L ���;��.����U�����b���	��1��	�b��
��3���������-��.�
��-��1����+����% L # p�\	Y!k�[�\��}~��
��	�	��������%)��1�1e�(
*��.����,���	����5M��
�57.�
*������
G��%0��12�3�������(� L #arNY;l3[4\,I���������@�(���	���|���	���!� L �=57.�
*������
t
��-%�.�����%>�	5 p�\	Y(k�[�\�
_���|�(�,'!�-�>����-'(���B�9��
�����
����-����5r�����2u0��.�
��������(����57
�����
����	�3�B���s�3���?������I
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