
����� ���	�
����
����	�������
�
�	���
�����	 "!
#%$%&%')(�*
+-,	.�/-0�1 ��24365

7 8 9
† :<;>= ?4@ †† A B C D †††

E F G H
††† I J K H

††

LNMPORQTSVUXWVY[Z[\^]`_badcfehgji^k^l`monbpbq^r^s`t[uwvPxzy|{^}|~��h���|�jO��j�[�X�f�[}xzy|{[}P~
DVS

qw�d���^�`�h�j�PZ��b������ewgNiNk^l�mPn[p[�[�[\hO��[�[�bZN\^���o�j�wq�eP�ZP�^~��j�h�j�b�N�o�[q��^ wZw�`¡�{`k[l`monbpb¢`�^£b¤jt^ew��¥¦~���§P¨�©`ª¦«�\N�`�h�`�PZ��b����N}N¬jpo­j®|¯�°o±[²R³�m¦q�ewgjiNkNl�mwn[p[�N�dc´��{
VSP µ�¶^· �´{^}P~�� VSP

\`¸h�^Z�¹º Q¼» ºb½´¾^¿ µ �^Àw�´{NÁjÂhÃbÄ µ ¢��j¥¼~bc´Å`Ã^Z^O LDS-cell
c�Æ�Ç[È`É µ �b}j{oÊ`®jp^ËNÌjÍÃ[ZjÎ�Ïh¥¼~RÐNÍ^ÑoÒNÓPÔjqNÕXÖ�Wf° µ�×bØ ��{[}w~`�[���|�^¨Vy¦Ù�©hq�Ú^Ûo©b\�Ü ¿[Ý^Þ CPU

qß µ`à[á c���{[âäãzO FPU µ´å[æ ���¦�|ãç�bÁh�[��QTSRUTWRY^©oq`Ú^Ûw\jÂoè�y|{[}^�^��¡��b�[§¨�©hO�é^êbëh©^\
VSP ì^í�µ �b}^� FPU µ´îhï �jO�Ú^Û µ Â|¡`�h�N§[qjð^ñwO�Ü ¿bÝ[Þ CPU

©\[O
VSP
\

DVS
cVòNó|��{^]�_[a^�NôNebgNiNkNl�mPn^p^©oõ[¡´�`twO

FPU
©^\[O

VSP
\

DVS
cö�÷ Å[ø�gNi[k^l�mPnbp[©Nù

1.6 ú q�_hab©wõ[¡��b�

Implementation and Evaluation of Low Energy Floating Point Unit
by Variable Stages Pipeline Technique

Takuro Tsuji,† Takahiro Sasaki,†† Yuji Ichikawa,†††

Tetsuo Hironaka††† and Toshio Kondo††

Recently, in the field of mobile computing, the achievement of low energy computing and
high performance computing is required simultaneously. DVS (Dynamic Voltage Scaling) is
one current major technique to realize it. However, the lower the supply voltage becomes
in the future, the less energy saving we get. So we propose VSP (Variable Stages Pipeline)
technique which unifying pipeline stages in the use of a special D-flip flop cell called LDS-Cell
which has an ability to act as a latch. We showed that the VSP processor can achieve lower
energy computing and higher performance computing than the DVS processor. However,
former evaluation was performed with only integer CPU. Therefore this paper designs the
core modules of FPU with VSP technique, and evaluates its effectiveness. According to our
evaluation results, the FPU with VSP technique can achieve 1.6 times higher performance
with the almost same energy consumption as DVS.
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