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A Technique to Speedup MP3 Encodeing with Tolerant Reuse
TAKEMURA, Naohiro

Abstract

Recently, the real-timecommunication becomesimportanton small and portable

computers,sotherequirementfor high-speedcomputationof compressing� decompressing

imageandaudiodatagrows moreandmore. On theotherhand,region reusetech-

niquehasbeenproposedto speedup generalpurposecomputers.Region reuseis a

techniquewhich memorizesthe input andthe outputof region while executingthe

seriesof instructions, andreusestheresultlater.

Whenthe programcounterencountersthe sameregion with the sameinput as

memorizedbefore,thecorrectresultis retrievedimmediatelywithout actualexecu-

tion. Moreover, tolerantreusehasbeenproposedthat is moreaggressive technique

to speedtheprogramsbasedon region reuse.Tolerantreusegainsthee� ectiveness

of region reuseby reducingthe precisionof the region input values,becausethe

reductionof theinputpatternsresultsin higherhit ratioof reusebu� er.

Especially, the imageandaudiodataareconsideredthat the similar valuesare

producedrepeatedlywithin local region,soit will bepossibleto applyregion reuse

techniqueagainstsuchregionandwill beableto speedthecompressing anddecom-

pressingprocess.

For example,a researchthatappliesregion reuseto theJPEGencoderreported

that maximum 40% of instructionswerereducedby tolerantreusetechnique.The

researchexploits the fact that theslight di� erencesof input valueshave litt le a� ect

on theoutputvalues,andthefeaturethattheslight di� erencesof outputvalueshave

smalla� ectonhuman.

In this paper, I expectedthetolerantreuseon MP3 encoderis e� ective asin the

caseof imagecompressingprocess,becausedi� erencesof the outputvalueshave

littl e a� ect on the ears. I describehow to apply tolerantreuseagainstMP3 audio

encoder, andevaluatethee� ectivenessquantitatively.

Thoughvariousimplementationsof region reuseareproposed,in this paper, I

assumetherecentlyproposedhardwarewhichcanextractthefunction� loopfrom tra-

ditional loadmodulesandreusetheregionautomatically withoutany specialinstruc-

tionscontrolledby compiler. And by rewriting thesourceprogramof MP3 encoder,
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I try to generateloadmoduleswhichcanbee� ectively reused.To gainthemaximum

e� ectiveness,I payattentionto (A): thenumberof memoryaddressesaccessedin the

region;(B): thenumberof possibleinput� outputpatterns;(C): thenumberof possible

reuseregions. Also, I try to speeduptheMP3encoderby applyingtolerantreuseex-

ploiting (1): thefunctionextractionto detecte� ectivereuseregion;(2): thebu� ering

techniquein orderto reducethe number of referencedmemoryaddresses;(3): the

unrolling techniqueto reducetheoverheadof thefunctioncall; (4): thereductionof

theprecisionof theinputvalesin orderto reducethenumberof theinputpatterns.

I usedanMP3encodersocalled’bladeenc’to analyzeandevaluateMP3encoder.

First,I analyzedMP3encoderdeeply, andinvestigatedtheprobabilityof regionreuse

andhow to apply region� tolerantreuseon MP3 encoder. As the result, I found 6

regionsin which I canexpectthatthee� ectivenessof region reusewill beenhanced

by improving thesourceprogram.Next, againsttheextractedregion,I applieddown

precision,bu� eringandsoon. Finally I designed20methodsto applyregion� tolerant

reuseagainstthefound6 region.

In performanceevaluation, firstly, I measuredthee� ectivenessof region� tolerant

reusein thecaseof usingeachsinglemethod.Secondary, I measuredit in thecaseof

usingmultiple methods. In theevaluation of thecaseusingsinglemethod,compared

to thecasethatnoregionreuseareappliedthebladeenc,25%instructionstepsin the

maximum couldbe reduced.And also,by applyingtolerantreusein spiteof using

thetablewith which bladeencspeedsup quantizeprocess,I achievedspeedup it at

thesamelevel asbladeenc.But, on the otherhand,thereweresomecasesthat the

numberof reducedinstructionstepswereo� setby overheadsto applymethods.

In theevaluation of thecaseusingmultiple methods,we evaluatedmachinecy-

clesincluding overheadsof reusemachine.Also weevaluatedthee� ectof changing

parametersof reusemachineandthe e� ect of changinginput audio. As the result,

we foundthatabout75%of machinecyclescanbereducedcomparedto thecaseof

usingthehugetablein quantizeprocess,20to 25%of machinecyclescanbereduced

comparedto bladeencwithout reuse.On the otherhand,therewereno acceptable

di� erencebetweenthecasesof usingdi� erentparametersof reusemachine,andalso

notbetweenthecaseof usingdi� erentinputaudiodata.
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¢�¬ c�q�£�­ S �2�®��¯�°®�2±4²\_>�6� [��4��³µ´·¶ h6^¹¸�º ¶ � [�x'»4¼ ]^½�#�1c4�¾�¿�!r6_{À:Á ���-�VU�Â `�Ã Y ]�^ �bÄ MP3 Å:Æ'Ç�È�É _�Ê u½w §¨�Ë W4X:U
Ì�X �¥Á [ �6�¡��� [>x.Í4Î�Ï � y c'Ð X�Ñ�Ò6U
Ó�© ^ u2� h!Ë W
X
Ô�Õ:U*Ö4× ^ u c¥Ø È
Ù¡Ç2ÈÛÚµU{Ü Á�Ý:� [ ]�_�`baÞc�§�¨�Ë W�X:U
ß À¿à_
á Xâu�¢ j�ã TVU2äb[>xå

2 æ � y c X h [ §�¨�Ë W4X ~��ç�2è ©¡Â `�éHê�ë Y
ì Á>í�_Hî®h w�ïZì
[>x å 3 æ � y c MP3 Å\Æ'Ç2È�É �2ð4ñ Â `2éHË W4X � Ì�X
|-ò
ó _�îZh wHï
ì c å 4 æ � y c-ô�õ¡ö � j�ã T4÷
øVU�ù�ú4Y\[
x å 5 æ � y c�û�ü¿ö¾ý4þ Uÿ h2c-��� U�� � [�x
�

2 � � � � 	 
 � �
2.1 
��������
Í�� � y c�§�¨4Ë W�X �����
ö�~����#� [�� °'Ë W�X _2îZh w è ©6U�ï¿ìV[�x
� °'Ë W4X:U{s�t�Y:[�¢�¬ _ y c-�¡�¾� U�� û��¥Á [�� ° U�����Y\[0Ó�© �¿�
[>x.t! �×#"¥¶ � w h [ � y c�Ë W4X$� °Z�&%!' Â `2é)(+* U-,/.:[ Ð X�Ñ�Ò
U�Ç�Æ1032$4 ���65 u c Ú½È�Ú87:9�;{È=< _?> ¬A@3B � Â·Ä ]�^*_
`DC w&E�È ÚF�G-H _�Ë W.X3� ° UI�!�V¶J.V[LK-ø �®� [�xNM=K c ÍPO-Ï � y c SPARC ABI[5 ]_�Q�C wSR�ï·¶ � ¢UT>ÈÛÚV7W9=;�È&< � s ÿ+X _
�#�¾� U�� û��·Á [0Ñ�Ò/� °
U ¤JY®ö�_ �+�vu c � °�Ë W�X:U ÿ i Ô4Õ [3] U�Z û Y¥[
x'»�[ � y c Í Ë W
X�Ô-ÕbUS� °�¤IY�\ ,#] (AutomaticRegionDetect:ARD)

Ë W�X�Ô-Õ6 �¢�y�^ _Ë W�X�Ô.Õ ^`_#a¥]�^�_ Y:[�x ARD
Ë W�X�Ô-Õ � W í y c Ç
ÆL0/2b4 _�` [ Ð

X�Ñ�Ò �c> ¬d@fe®U>Ó�© ^ u�� h ¢�¬ cPg�h#� T>È Úi7W9=;�È&<çU�j �  � {W
X �\Á [ ]�^2_'� [�x&� _!c Ñ�Ò/� ° U)k&l3m�<¿Èbn ^{h3C ¢3nfT)o�4qp � Õr ^ Ê�s ¶�.:[ ]�^!_¿`badc�Ë W�X
Ô�Õ:U�t�u öç_ X h [!n$T)o+4wvHÆqo � |
ò ^ ��[>x
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RF

RB

V LRU Start Read Write

Addr. Addr.
... ...

#1 #1#n #n

V SP Read Write

Mask ... ...
#1 #1#n #n

Args.
Implicit %i0 %i5

V V Mask VVal. Val. Val.

Return Values
%i0 %i1 %f0 %f1LRU

(1) (2) (3) (5) (5)

(1)

MUX MUX

1word 1word
Cache(Addr.) Cache(Addr.)

1word
Cache

6words
Registers

(4) (5)

MUX MUX

1word 1word
Cache(Value) Cache(Value)

1word 6words

...

(2)

F/L End

Regs.,CC Regs.,CC
V V Val.Val.

... ... ............

...

others

Registers
others

Registers Registers

taken/not
Loop cond.

Addr.
Instr.

Value Value... ...

DataData

ä 1:
Ë W4X#x � Õ 5

k=l Ë W4XbU
s�t�Y:[�¢-¬ _*c k&l�y6z�x { RF|�Â `Hé2���.� R�}�x { RB|
U�~��¿[ ]�^2_ Y\[�x�� î¿� k&l�� Ë�������� ¢�¬3��Ó�©V�)E®È Ú FPGqH Õ 5
�2ä 1 �-� � {�� � �J� ð y���ï3| x)��l � k=l:� Ë��!� |-ò�� �W� �-yA��Í�Õ5 �J�!l�� �4ë+�W� xS�Px � V Â�� é LRU yA�&�f���d�6�¿Å:Æ��-� � x6�¿Â��é Å:Æ���� �
�¾Ýb�¾��� Æ�� �#�$� x RF yc�&k=l �c�6� H Ú¡ 2Ù { Start|'Â��é)¢6£#� ì Á¡¤ R�¥ H Ú¡ �Ù { Read¦ Write |��I§#¨ª©?� RB «c�Pkql _�é�� ©Nt
Ö � %sp { SP|¬��­Pl { V: �#�®Å·Æ®�A� ,Val.:̄3|°� ¤ R�¥�¯ { Mask:Read¦ Write±�²  D³6´S�#��µb¶·� ,Value:̄$|¸�P¹ º»¯ ¼ V: �#�/½®¾®�A� ,Val.:̄3¿fÀ�§�¨ ��JÁ ¹ ºÂ¯U«c� %i0Ã 1 ¼Ä��ÈfÅ-Æ=Ç#ÈÉ« %o0Ã 1 ÊJË$Ì#Í3Î�Ï�¿+Ð!Ñ�« %f0Ã 1

ÊIÒ�Ó�Ô�Õ6Ö %f2Ã 3 À-×PØÚÙWÏÛ¹ ºÂ¯ ¼ÝÜ�Þ=ß6à6á6â�ã!ä6Ç+å&Ç3¿#æ�ç�è�é/êë+ìDí Ê!æAî6ï�ð)ñ�ò�óA´Wô`õ#ö�Ù�Ï Á Read
±÷²Jø ³ ¼úùû¿/æ RF ü=ý!þ�ÿ��

ð¡Ö��3³����	��
S¯ ¼
�Û¿/æ RB üDÿ��ÚÙWÏ��Úô�Ê��Wº°Ö Read
±÷²¡ø ³!´����

ô RB ´���Ç/½�¾����AÀ CAM Ê���º»ý!áWÊ����ÚÙ�Ï�� �:À"!$#÷ô&ð"%3ò$Ï Á& ýf´&ÆPÇ�À('$)6Ø3Ù�Ï&Ê!ædÖÉÐ+*=Ö#Æ&Ç�,�-�.UÊ�Ö0/�1�2�Ç�À4365ªð)ñ=ü7 Ö�8=ÇÚÖP¹ º8¯+Ö$9;:�2#Ç��<��
+=�>3Æ&Ç�´+/�1�26ÇWÊcÆ6Ù�Ï@?�ACB6D�E�ÀF;G ðH%ÚòJI Á Ë/Ì$AÉðJü+K$- ðcÑ�8DÇ ø�L ³�M&æ�ÆqÇf´�? B ôqðH%=Ö6Ð�Ñ�Ö-¹
º8¯ ø L ³NM+O�´�P�QSRfÌ/æ)Æ&Ç�´�ACB ô&ð"% F�G ÙWÏ ÁUT ´+VÉ´ ø�L ³NM"WX æ F�G Ù�ÏSY�Z$ü�ñ�ò Á$[$\�] W X ó(^+_�Ê�ÖPËbÌ�Awð�ü`K�-�ð)Ñ ±÷²Iø ³
Ê�a3òC%/æ(?NB6Ö0P�QSRfÌ/æ6A6B�ô&ðb% F�G Ù�Ï Á Æ=Ç�Í 7dc�e Ù�ÏDÐ�È:Ê"f
´=Æ&Ç�À�g�
�Awð)Ñªº¬Ö F�G Ù hiQ@?�A6B+üC?�A6B;jb´+��kwÀblWÎ6Ñ)Ö 8=Ç�´m

7 nHÈ ² À"o	Awð)Ñ)ÖqpfÏDò#ædÖ$rqsSÈutq³�v íUw È0x�yCz º{RbÌ6ü`|�}�ð
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Ñ�ñq~A´+� �/ü`|�}ªð)ñ�Íq�=Ñ����ÚÖ c e���� À", - ð)Ñ�.�å!È+Ö F$G s�´�?
A6B6j3½�¾��"�cÀ"����ÊAÙ�Ï Á6��� Ö�Æ&Ç�À�g�
�A=Ù$�:ÊAÖ:¼ 1 ¿�Æ&Ç�K�� ±÷²ø ³�Àbo�� ð¡Öw¼ 2 ¿$8&Ç/ü�����Ê�ý$��ÙWÏ�½�¾u����À���� ð¡ÖU¼ 3 ¿�Æ6�ÚÙ�Ï [\�] ± ²¡ø ³)Ùfñ0���b�UñiI�ô&ó	��a+´ Mask ü�����Èqp$Ï Read

±�²Iø ³�À�Ù
h %�W X ð"%�ÖU¼ 4 ¿&ý0������À(-�� Á Ù h %�´4?�B+ü=ý0��ðSÑ����WÊ�Ö:¼ 5 ¿ FG�� ´�A6B ¼Ý¹ º���Ö�9;: 2�ÇÚÖN�<�+
=Ö��!´+/�1�26Ç/¿fÀ�P QH¡+Ù �ÚôcÊ��
º°Ö#Æ&Çb´+, -:À"¢ £�ÙWÏ��Úô?ü=È�Q�Ï Á
Ô�%=Ö�fwÊ�x�È/éS';)�Ø�Ê�a+ò`%=Ù�Ï Á ÆDÇ:ÊH¤UÐ�Õ:Ï ��� æAÖ Call

��� ´�¥¦ KbÍ 7 Return
��� ÐAÈ�ÈqpfÏ Á ^�_�ÊAÖ�x¿È$éIÈUæcÖ ��§ ¥ ¦ ��� ´�¥ ¦ K

Í 7 Ö¨^ª© ��§ ¥ ¦ ��� ÐcÈ�È	pfÏ Á ðSÑ=ü<��%PÖ«��´C¬3´�?�A;B�À F�G ð"%
�«IC�ÚôcÊN��º°Ö#Æ&Ç ôH^+_�Ê+xZÈféPÀ('$)�Ø�Ù�Ï��Úô¡ü=È�Q#Ï Á Ñ�­bð¡Ö#Æ
Ç�ÈÉæ�/�1�2#Ç�´ F$G À�3;5+Ù�Ï��ÚôNü&È�Q#Ï+óA´#´DÖ x¿ÈféJÈwæ43C5+Ù�Ï��
ô?üqÈ�Qqñ�ò Á �?ÕbædÖ xZÈfé��#´+/�1�2�Ç$üC®�ö�Ô�Õbñ�ò�Ñ$¯SÈ	p$Ï Á Ùbñ
�N�AÖ x¿ÈféD´4'$)!Ø�ÊbY�Zwñ�?�A6Bfæ)Ö$W X ð)Ñ ø�L ³NM4�<�4
 [0\�] ±÷²ø ³!´&Ù�h %PÈ<pfÏ Á �A´ÚÑ�¯DÖ x®Èbé�'�)�Ø�Ê�æ)Ö 1 ´4°ÉÍ¨±�² ¥:À(³u±4%
pfÏ ÁC´�µ�¶ Ê!ædÖ RF Ê�Ö#Æ&Ç�ô·x¿ÈféS´;¸C¹ ¼ Fº L ¿��	��
6x¿ÈbéS´�»�¼ ±²Iø ³ ¼ End¿ Ö RB ÊAÖ�x¿Èfé@»�¼�.�½+¥ ¦ §�¾ ¼ takenº not¿ Ö�8=ÇNy=¹ º�� �
5q½ ø L�¿ M`�<��
�À$Á w È ² ¼ Regs,CC¿fÀ�Â�ÃÚÙ�Ï Á
x�Èfécü6��¼�Ù�Ï � �:ÊcÆ&Ç�Í 7dc�e ð)Ñ�º°Ö$�0Ä�Ê0p�Å�Ñ(� �/ü`|�}ÚÙ�Ï
ñ	~NÖ x¿Èfé`½�?�ACB F�G ü�s+Æ�Ô�Õfñ�±�Õ�ÇqÖ F�G s�½6x¿Èfé!Ê-ç�ÈÚÙ�Ï �§ ¥ ¦ ��� À"o	AwðdÑ�.�å6È�Ö F�G s�½4?�A6B;j3½�¾u����À"���WÊ/ð?Ö0ÉNx¿È
é4½ F�G À���¼�Ù�Ï Á Ô 7 Ê�Ö ��§ ¥ ¦ ��� ü���ÊÚÙWÏ����:ædÖ$fNx�ÈfécüC'
)6Ø�!$#ÉÍJ~��JÍ�À�Ë�Ì6Ù�Ï Á Ùbñ$�N�AÖ ��§ ¥ ¦ Ù�Ï@�wÊcÖU¼ 1 ¿$x¿ÈféSK��Í�²Jø`¿ À�oN��ðIÖ:¼ 2 ¿ ø�L+¿ M�?¨B0�$ü6����ÊAý���Ù ÏA½�¾Î�(�)À"� � ðIÖ
¼ 3 ¿�Æ6�ÚÙ�Ï [$\ ] Í÷²¡ø�¿ ÀdÙ h�%CW X ð�%&Ö:¼ 4 ¿=ý$�����:À(-Ï� Á Ù h %
½4?NB�ü&ý�� ðDÑ(����ÊcÖ:¼ 5 ¿ F�GN� ½�A;B ¼ ø�L4¿ M`�J�`
 [�\�] A0B0�/¿
À�P Q@¡+Ù«�ÚôcÊ���º¬Ö x¿Èfé4½�,�-:À"¢ £+Ù�Ï��Úô?ü&È�Q#Ï Á '�)6Ø ð)Ñ��
�+Ö RB Ê F$G Ô�Õ %�ò/Ï�¥ ¦ §U¾ Ê�ÐNÑ3ò�%=Ö/Ô 7 Êbf�x�È/éPÊ�ÆWðb%�^�_�½Ò ��À"Ó º8¹ÚÙ Á ý § Ö0fNx¿ÈfédüC'$)6Ø Ô�!$#+È	pSÕUÇqÖ0fNx¿Èbé4½+,�-U�
��
 RB O¨½ F�G À�Õ0Ö#Ù�Ï Á
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2.2 ×«ØÚÙ�Û Ü Ý
';)!Ø�Þ0��À+ß`à ¶ Ê�)!Øªðb%�é/ê ë�ì	á ¾ ë À"-â�ã���+Ö (1) W X Ù:Ï [0\] Í ²¡ø+¿ Ç ; (2) ä;å�Ô�ÕWÏ·?qACB;æªM�Èw¾ûÇ ; (3) ä0åWÔ�ÕWÏH'0)!ØU¸0¬N½cÇ ;

Ê�ç0è�ð)ñ�±cÕ�Ç+ñ 7 ò Ám
1 ÊAÖ RF ½`é�½�¾u�"��Ê�æcÖ ��� ¸;¬�ü�W X ðdÑ [0\�] Í ²¡ø+¿ ü F$G Ô

Õ�Ö�ý$�����<½dç#è ô�ñ$ÏqÑ$¯DÖ¨^Dý � � ¸0¬�È	pU��%�ó?Ö;,�-�Ô�ÕWÏDÑ0
3Êê Ï [$\�] Í�²Iø�¿ À(W X Ù�Ï�����Ê6ædÖ ê ñ$ÏH?�A6B0æëM¾Èw¾ÚôPð"%�Ö�éJìê ñ3Ï RB ½w¾u�b�AÊ \�] ÔJÕWÏ Á ð�ÑDü��b%qÖ�W X Ù�Ï [0\$] Í�²¡ø�¿ ½AÇ/üF$G !0#wñ READº WRITE ½&½�¾u�"� ÇwÀ�l�Î�Ñb����Ê�æ�Ö RB ½�¾u�"��ÊHí�Q
üNp���%�ó F�G Ù�Ï��3ô?ü=È�Qb*&Ö 8ªQ·î«Q F�G Ù�ÏDÑ�¯�Ê!ædÖ � �:Ê F�G Ô
ÕbÑ RB ïuð�����ñ�òN3!Ù�Ï���ôdÊ��ióÂÖ RF Ê F�G Ô�Õ�%3òfÏ READº WRITEÍ�²Jø`¿ ñ(ô 7 Ù$Y Zfü¨pÉÏ"õ�Ð�ÑSÖ [�\�] Í ²Jø4¿ üC2�öªðqñ#ò�� �N÷�ó¡ÖÍ÷²¡ø�¿�ø T ½wó(½Pü�ùUò�ô F�G Ù�Ï ��ô?üC÷�Qqñ#ò�õ �(½q����ñ�ú ûJñ+ü ý
Ñ$¯ÚÊ�Ö$'$)�Øëñ�þ0ÿ�Ù�Ï ��� ¸0¬0÷Éæ)Ö$W X Ù�Ï [0\�] Í÷²Iø4¿�ø Ê�ç$èÚÙ
Ï·Y�Z$üNpfÏ"õm

2 ÊAÖCé RF Ê�z ó�� % 7 ÕfÑ RB ïªðu�"��ñ�Ù�h�%S×Uò��i�DÑb���+ÖbÔ 7
Ê RB ï�ð �(�SO¨½ F�G ñ(- ��Ñ�¯3Ê�æ)Ö0Ô�Z�Í�ô��	�qÕ®Ï RB ïuð ����ñ�Â
ò;AqÙ;Y�Z$ü¨pfÏbõ!Ùbñ$�¨��Ö$'$)6ØU¸$¬¨½`9uQ!Ô�ô '$)6Ø�� ôb½C¬	�â� ø È²�
	� ü`} ©!Ïbõ$9ëQqñ � � ¸0¬+üC'0)�Ø�÷�Q-Õ�ÇDý�á��"ù I@½ ��� ñ�ò;ô�÷
Q#Ï¡ý § Ö ��� ¸0¬	ñ�9uQqI`Ù�Ï$ô ?�B ø ü�
������ ¾ �;p ó��0?NB0æiM�ÈJð
ü�
�Ã3Ù����Úô��N�ió�� F�G Ù�hªQ RB ï ð ��� ø ü�
 ÃÚÙ����$¯4÷<p��bõ;?
B$æiM�Èið ø ü RB ½ ��9�ï ð���� ø �ëócó�ùwò:ô!�#"%$ '�)'&)(�*��=æ+*�½
RB ïëðu�"�Nü+ÂUò6A+(,*'�4'0)-&��%��ü/.3ü0��õ�ð �qüU��%1��'0)2&U¸;¬�½49
Q2(3�#4���A`É65879��:<;$æ�=�>Jð ø �(ç$è?5�@�±A*¨Ç�@�B�@%C`õD

3 ��� RF ½A�FE ïëð�G3H ø ñ3IKJ0�,:F*��!L'MON<P+��õ�E2Q-R0@TSOU VFWX ñZY%[F\��8]'^��/_2`a�bùcb�d e-f2&+g#hKNKi�jF\��lk�e#f2&+g#hTdAmTN RF

d �FE<n�o�G�Hpm�q,r��2�3]F^<�-stC RF n�o�GuH�N LRU v1w	x0Hly XFz<{%|}/~ C�i+�3���lk�_2` z3� RF
z,�2� �3� } CT�ug#hTd'�'�tB � e1f2�K�%�TN/���� C�g-htq3�%� z�� >����-��v2N�4F�F\��<�<���/���<�	P?� � e'f'��g-h�N� m' 0i��u�)�+� �#¡K¢K£ � z e%f'�9�������/¤+d�¥F¦+g2h<N RF �§B ~ C-i

�3�a�©¨#ªK«TN�¬t­��Zk�5 ®�N | } � e-f2�%¯-° zl± 5 RF �tBud ~ C1it5/q�²
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³T´ z3µ'¶ \���¯2°+N £ �F�	P��O�·I§¸�B����,k1¹Kº'»F�0� �K¼ m�que2f'��g
h6�½\��!]%^ z�� 4K��d ¼ m+N RF �tB ~ C#i+�3�	@'C {+¾�z \��©¯2°�q,¿�¸ �
e2f2�F¨2ªF«	d�¬0Cu¥K¦Og2h�N1À z RF

z3Á2Â \�� {+¾·Ã2Ä?Å ®�kÆ'Ç �0� � Y�È zTÉ >FÊ�Ë >�� z,Ì ��\���®2Í'd�Î2Ï ´�ÐFÑ z/Ò C }�Ó'Ô qÕ Í��,k�@#Ö � Æ%Ç d 4
Ò d ÐFÑ z ÖTC } � � C�¤%� � e%f'� z<{ �©¥K¦'m�×Ø � É >FÊ�Ë�>��Ùd Ú)Û©Ü�¸ z<{ ��ÝK>�Þ�>%ß�àt��NáG�âA>���Ý0ã�d ¼1ä�z P

� � Þ�W�oAÊ<quIFJ Å,Ò'Ò2� �K��d åaC�¬%æKç ÐFÑ q3RKèF\��©LKM+NTP��lk

2.3 é�ê?ëáì�í6î§ï ð+ñ ò
ARD e-f2�%¯-°+N�e-f2��\��!¥%¦�g#h+� ¼ m+Ö { ó w<>+SZ��P+� ®-Í � e-f

�)�uô���g-htq ¼ m§­'®K��wT>�S z ­0�3Í��©L%M+N�P+�,k)��d�È �2õ-ö \F÷aÛ
���,� ��ø-ù6Å ® {+¾uz�� :+i�;�vú��âAÊ-dAm�N RF d READû WRITE d1n�o�G
Hümaq3ý Å bÙr�¸2þ'ÿ {�¾���� \������½�	P��,kKw��+S/d/_���q ¼ m � Å }	�
�·i/\)��� z�{ � ��ø-ù d ¯-°�ql�§ÿ } � RF ��
�d ~ ÿ1i Å q
���'���©N���Û
��k���
 zu� w��OS���W����/d {�¾ þ������-m�N Á#Â \��½]'^ ��� ¹ ´ z3� w��
S-q�e2fK�T\��<�<�����9Û�þ%ÿ�k���¸� � �Km i N%w!��S A d/YK[�"0� z �FçÅ�� w#�OS%$ z Ö<ÿ } i q	&§o('aà%)�Ê§�½\��+*-,�.�vc��âAÊ x(i) ql�§ÿ2®�/�0
N�[21/���½]%^ � i � A d%3�46�3þO�/®-Í � A dAY%[�� z6587 3�4FNKi�jF\��F�
�u�#þ'ÿ�k Å � Å©� x(i) ql�0ÿ'®�/�0§q � x(i) q(3�46�½\�� ¼ m F � Å }6� �·i
\9��� z<{ � � i N9��ç Å } � x(i) N6: Å�; �< �e2f'��\����<��N�¨'ªú�uþ+�,k�9=?>9@ �K¼ mc� Å }	� ��i�\1]K^a� �K¼ m�A ó i Å d<®2Í'd'Ý��/ÞB�Kß)à
� N6C�D z �K�	� � d%d � e2f'� z<{ ��¥K¦'m�× Ø d �?E�NKÝ���ÞB�'ß�àt�½qFHG �< �¬%æFç�N�¨-ª��	P��,k
w#��S A dJI-K z w��+S B N�P?� � B d%L �NM Å "	� z A N	O2�T\��P�'m z

�FçTN�þ'ÿu]%^a� � A d/e2f2��N�¨2ªF�tP+�,k9��¸� � k
GRQ d B � l

G8Q d Bz ÖFÿ } � x( j) d%S�N 5R7 ��P �� � i T j
z Ö ; � A N�e-f-�F��Û'�lkK®�U Å��

B dA¥%¦Og#hFNWV�Û�b � B dAYK[ z ÖTÿ } � m�d�e-f2��g#hFN/ �i+�u��®3]K^ �ø-ù9Å ® {+¾uz�� A
z�¼ \�� RF n�oYX(Z©N ~ ÿ1iO�3� } Å ­2ÿ � e-f2�K��Û�þ

ÿ�¨-ªF«ONTP��,k
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2.4 [ \^]`_badcYe
ARD e-f2�%¯-°F�t� � 3+i�4<d'vú��â Êa�fS�d%g�h�N�_�i Å þ'ÿ ; �# �e-f

��N/[B1��+þ'ÿAk��§¸6 � e1f-�+g1h C
z Ö�ÿ } � V�Û-� n d
j�k a d ¾ = n l mm N	n�o��3� � C d	p�L �qM Å N	n�oF\�� n l m m �srtÿ z�t þ���*-,?.�v���â

Ê��½\��,k��ud {�¾ þ3]K^ � C u�n�oK\�� n l m m d%SYv(w!u#\�÷ } : Å b } �
e2f'�T\��<�<�+u���Û�þ%ÿ/k9�udWx-yaq(z#{F\���®2Í z�� C d	p�L �NM Å d6|øaz ÖTÿ } � C u�n�oF\�� n l m m dJS§q � _�}?V�Û-� n l m d9~�d%j�k b

z(�6Å
�T¸ � C �0� b d%Saq�n�o Å }	�?� qu[ ¾ �<�Aq��a¸T�,k�g2h C u�n�oF\�� v
�Zâ ÊWu b d n l m m d�����þ6� � _�i�����d ±?� �R
�vú�Zâ/ÊFqJ�WI��������
u���ÛK�,k Æ�F dJh Ñ q�Þcà/ã��HZ#o6�t��A��)�<� z ���,kTiW4��d�J*�,?.�v
�Zâ ÊWu6���2�F® ó�z �Fç�����g2h (D ����� )

z,±6Å } � Þ à/ã��<Z#o	�2q Ì
�!�����<�+u1��ÛK�,k��	þ�1 = � D

z Ö<ÿ } iW4	q%�2��v��Zâ�Ê z(�?�?Å } Ö
Û � D �JI�� z Ö�ÿ }6� Å ÿ�*�,?.�v��Zâ/Ê z��?Å �T¸O�P����q
�%�H { ÿ/k
Þ à�ã��HZ%o-�K� øKù Å ®9� 1 Ö {�ó � 2 � õKöH��zA± Å } £ ��þ Ð�Ñ �� �uk����F�2�� !u�n�o#���(*�,#.	v �3â/Ê?�J¡Y¢ Ø 
��6�T��u1� Û � RF �

READû WRITE £�¤YX(Z¥�s¦F�d¢��§�2���¨u���Û'��©K­-® � Þ6àAãW�#ZW¤6� ø �
�-  C

z Ö�ÿ } � a �Jª �N«?�+S<u§¬ m � �¨­�®#¯-3#4��°�	�±¤²¡±³d¬ ń m µ m¶ þ�·��!¸¥¹»º+¯�¼^½�¾W�#Z	¤9�¥¿B�
À�Á�ÂRÃ9ÄR¤Å¡R³<¬ ń m
¶�ÆÈÇ ·?É ¶¥ÊdË ¯

RB £�¤§ÌsÍ��%¦#Î�¢
ÏÈÐ�É ¶+Ñ�ÒÔÓ ·�©
¼b½6¾��HÍ-¤	� Ò ³J¯�Õ�Ö?×�ØÚÙ¥ÛJÜ��JÝ±¢�Þßº Ê!à · ¶6Ó ¸6á#Ä9¼BÄ�âÈ½
Ù Ñ9ãåä ·�æ�ç�ç	¯-è�é�ê§¸#ë?·Pì?í�¡#î�ï�çJð?ñ Ñ á�Ä9¼BÄ�âÔ½�Ùòç%®?ó±ôõHö Î<÷Jø�ù�ú Ñ	û-ü�Òdý ·(þ

2.5 ÿ������ ���	�
À�Á-Â°Ã	Ä�

� Ñ��RÆ	� ¯����8¸(ø������ Ò è�é�ê���ÎY·���� (E

¶
� · ) ¸ ��!�¯�"!Ä$#&%('*),+-�/.10,28º�ç-á�Ä�3<Ä�â§½RÙÅô�î�ï � ·�4(5#¸�¯<Ø�
6 Ä�Í�
87-ô:9<;�É ¶PÑ8=8à<Ë Î°·�þ �BÆ�>/? ¯ E çA@ ÇCB º9ôED/FB¸�G ¶ 59¯H 4 Æ è�é�ê��(� ¶I� ·�þ r
ö çJ@ ÇKB º	ô�DLFd¸,G ¶ 5�·NM�®�¯�À!Á�Â�Ã�Ä


O��³ r P�¸&Q,R � ·?æ�ç�ç6¯ E ¸  LS ·�á?ÄJ¼HÄ�â°½2Ùf³ET 1U r ¶�Æ ·�þ-ØV
6 ÄYÍW
�7�¿2ç9À#Á�Â°Ã	Ä�
X� Ñ RB ¸:Y[Z[\]G<·N^[_ Ò�ý Ça`HÊ F E çcbd9ö � Ñ�ef�g` Ø�
 6 Ä§ÍW
�7:h ¶jick ¸�øV����� Ò è�é�ê���ÎY· ÆdË ÷ ` ë Ç
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ø�ù�ú � ·�É ¶+Ñ�ÒYÓ ·(þWl��sì?íL�W��m$n Ñ á�Ä6¼HÄ�â§½�Ù Ñ�o 5B·Np[q Ñ
øV�,4(5 ` Ø�
 6 Ä�ÍW
�7�çJð?ñ Ñ ør�6þ
2.6 sutwv
29Á2¸jx�y Ñ{z Î Æ �:|d}B¸  �8!JÀ�ÁBô�~(��ú � ·�É ¶ ¸?ë Ça` À?ÁWÂRÃ%Ä


�±ô(ï Ë º ` è�é�ê�ðd�±ô õr� ·�É ¶�Ñ�=±àHË Î§·�þ�À#Ádô�~d��ú � ·�Õ Æ�d� ¸�� ` ë Ç�� ½dÌ��2ç ��Æ �-��Ä�Ãj���#ç��[�6Ü`Ìa) `J�(� bit çA�*F Ê ô�[� � ·�æsç Ñ!ý ·�þ�4[�dº ` É+Î Ë çJ�,�]�1�
Ä�Ü1�%ÄÚÙ õ ¸  ��!�9�;:4
5 ` á�Ä9¼BÄ?â§½�Ù Ñ6ãåä ·�G,4 ` ��Ä�Ü��%ÄÚÙ�¸  ��! ` è�é�ê��W��çJÀ#Á
~[��ú»º-ë�; ¶ º:!°æ `*i°ä Õ�Ö?×2Ø`Ù�ÛJÜ�çJÝ Ñ�� _åæ²À#Á ¶ º:!{��ê���Î
·XMdq�� `Li±ä ~[��ú±ô � _åæ
b�9 � ·�É ¶ ¸ Æ^Ça` ~d��úBçA�d����ç8æsç Ñ�[� Òdý ·(þÔºJ4 Ñ�� ! `� [¡ ��è�é�ê$���r¢  1S*£ À#Ádô�~[�?ú � £L¤ É8¥
ô ` À#Á�ç8¦�¢ Òdý £ h(§L¨��d�dç,2�Á�ô�~[��ú � £N© Ñ ðd� Ñ ë��Jþ
ª

3 « MP3 ¬ ­ ®°¯ ± ² ³ ´ µ·¶ ¸ ¹ º » ¹ ¼ ½ ¾
 (¿�Ò � ` MP3 À]
��
Ä�Á?ô:Z[ÂuÃ ` n�çcÄ[ZÅ¢�è-é�ê°ô�Æ�ê ÒYÓ £ Ê ¢JF
�W!WÇ[È � £ þ  �É�Ê#Ò Z�Â `�Ë»Ó&ÌÔà ¢�êÅ��4 MP3 Àw
[�{ÍLÁ�� bladeenc

ver0.92.0((c) Copyright 1998,1999- TordJansson)
Ò2ý £ þ*G�4 ` MP3 çAÎ,Ï[ÐÑ ¢cFL��!L� ` [6] ô�Ò = ¢1ÃJ49þ

MP3 À	
(�cÍÓÁ[� `(Ô,Õ ôAÖ[×(� F ¢!ë]ØÚÙÅ
W#BÍW
�7LÃJ4 PCM Û,Ü°ôEÝÞ Ã ` MP3 ßdà�ôW2Wá � £ þ�����âcã	� ` (1) ä[å/æ[�$ç��W"<ç9ódè ; (2) Ù1éê 
°Ùìë�í�"rî8Í ê 
(ï ; (3)MDCT(ð�+-�(�d�Óñóò�ôw��Ù[õ]

ö Ì ); (4)
ê î�ë÷ õ�ø[è ; (5) ù(ú�ú�"�Í1# ; (6) ëdû�Í�üWýfþ:ÿ Í�ü�ç�� � ; ����� � !Ó� £ þ��

�*��çd�dÍ1î�ë 6 Í!ô�� 2 ¢
	 � þ$Gd4 ` bladeenc¢  1S*£�� ����
���çJp[q
ô�� 1 ¢�	 � þ� �d��� 1 ë�û�Í�üdG,4d� 1 7 ÷���� Í�" ¤ �];�� ��� PCM Û,Ü `  ëJ0 `� ���?ñ°ô��Óá ¤ � £ þ 1 ë�ûcÍ/ü ¤ � 1152� � ÙÅ
-#$ÿW
�7��dÍ�î ` 1 7 ÷��� Í�"�����Z � 576 � � Ù]
�#$ÿW
�78�dÍ1î! ý £ þ" ¢ ` � �[� � âAã ¤$#&%(' û-ü*) ¢cF*��!,+�-&. £�/�010 Ã ` (4)

ê î�ë ÷
õcø[è ` (6) ë[û�Í�ü(ýfþ:ÿ&Í�ü � � � ¢3254,6*� ` �[��
87:9<;=41>(?<@ #&%' �BA*C ¤ Ã<�&�EDF> /

8



Input

(1)

(2) (3) (4) (5) (6) output

� 2: MP3 GIH(J3K�L �BM:NPO�QSRUTBV KXW �ZY�[
� 1: G\H(JBK V^] H,_�`1a O�QSRUTbM*N 
*7 �3c*d

M8N c*d
e(f�g NSh:V�i5�3j8k

32%l5m�n HIoqp ]�i W,K n H&r 24%

MDCT s n W:p8t3uZv k 12%

IterationLoop 31%

p*w3K�x1y{z�|!K:x&}B~:� 1%

3.1 �������{���\���\������(�(�
1 _:t�����K i�O!A . TbM*N������ @ e(f�g NP�
�:��� > j8kPOU�� @ MDCT }Z�( U¡(@ e1f�¢(£ }Z¤ R�¥ 4�¦1§8¨1©(ª�«­¬1®�¯5G*° i�± K8}B²��j&k:³IT�´ e(f1g NXh*V�i,µ(¶IO<QXR�T ��� V K5W�· 576 ¸^}B¹1¯ �^��� @ nº � }�¹(¯59 �:��» [PT­¼1d @ �:��½ W<K�H¾¯=· n576 « ¥5T¿´S� >�95D!À,@ µÂÁÃ�Ä �:� 98ÅBÆ ³ÇTÉÈ�Ê1Ë ·�Ì Á @ e�f8g N5h1V,i<µ&¶ÇOZQUR�TÎÍ�Ï�Ð }�Ñ1ÒE·

Ì�ÓÇ« �ÇÔSÕq[IT!´ » Õ,O�Ö<×���Ø*Ù:³IT «­@ 1024Ú 256 Û FFT
Q��ZÜ

tanÝ 1y Þ x
}:ß [Sà�[�á e1f:g NSh:V&iFµ1¶ }Zâ(ã:ä^} M*N�å:æ^�:ç ?�À5Ó T�è « á ä^éT!´

1024 Û FFT
Q��ZÜ

256 Û FFT
µ(¶\OZê Ó�À5·3@ ���&½ WFK=Hë¯ á n1024

Q
�ZÜ

n256 « ¥XT�è «�é Õ @ Í(Ï1Ð } È&Ê:Ë ·�Ì�Ó ´\� é � @ FFT } ÖZ× } n W
p*tZu�v k · 6 ¸=}Zì:¯=}8í � �U� « ³îT >1?�@ Í1Ï*ÐU�ðï:TñÈ8Ê�Ë · �^T�´ò8óZô

tanÝ 1y Þ x O<ê Ó�ÀIõ ô ì8¯ 2 ¸�}8í:} �5� ���ET ó(ö,ô Í(Ï8Ð�È(Ê�Ë ·÷ ÓÇ« ��ÔSÕñ[\T!´

3.2 ø�ùPú û ü�ýÂþU�{ÿ��ðú û ����(�(�
1 _�t�����K i�O��U³îT } M:N������ ô V�� W i p ]
i WFK O��I������
	 �
32 ¸^}���
 O ä c�� ô èb[îÕZ� 1Ú 18

O L��:H l H��X|,H�_ ³PT�´ lm
n HIoqp ]
i W,K n H&r µ1¶\O,QSR5T �U� V KXW&· 512 ¸^}Z¹8¯ ����� ô ß
} ò1ò � · Í1Ï1Ð:È&Ê:Ë ·�Ì�Ó�« ��ÔXÕñ[\T!´ ß èb� ô lXm
n H\oqp ]�i W,K
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n H&r3} Ö<×P������� À*í T « ô
� 1
O���³(j8kXá ô lSm
n HIoqp ]
i W,K n

H&r µ1¶ } M:N�å*æ }Zâ 80%
�:ç ö T�è « á�� é T�´E¥�Q ô Mi� j ·��(¯ ô x j ·

ì8¯ ����� ���^T�´ � 1 } º �¿O j
O3ê ÓFÀU}��! j*k1µ8¶I��Í1Ï1Ð#"1æ « �ó ¼*d ô �U� · 64 ¸^}Zì8¯ « ¥�� ô�ò8óZô i

á
1 é Õ 32 } � ���ET�è «!é Õ ô

32 $E}%��¯ �¿Ð Ó ó �� j1k « ¥XTñ´^� ó á'& À ô x j
á

n
º � } � � « Të¼8d ô�U�(½ WFKPHÎ¯P· n64 ( 32 « ¥�� ô Í8Ï8Ð��ðï:TñÈ8Ê�Ë ·�ÌIÓ ´î� é � ô�� 1� ô

si ) si s Mi� j ( x j «+*-, � ô j
��. � � ô i ) 1/1020304/ 32

O<QXR�T
Mi� j ( x j } jkP�65Uê } Í1Ï8Ð#"(æ « ��Ô ó ¼*d ô87:9 "(æ�OFQSR5T ��� · x j }(í�« ¥ET�´

j ) 1/102030;/ 64
���^T:è «�é Õ ô è } 7�9 "&æ&�(Ð Ó T �(¯�· 64 $ ����� ô ���½ W�KÇHë¯�· n ( 64 «+<!= ³IT ó(ö�ô Í1Ï1ÐSá,È(Ê����ET « ��ÔSÕñ[\T!´

si )
64

j > 1 Mi� j ( x j(i ) 1/1020304/ 32) (1)

3.3 MDCTl5m�n H\oqp ]
i W�K n H&rZ}8Å � 1 _�t����,K i�O���³ TÉM*N:�=��� ô �M*NEQ��ZÜ@?�A J l uPHB*-C O��:T �����-	 }ED�F�G&¨ �IHKJ ´�µ8¶ « � À�}��� · 576 ¸^}�ì1¯ �^�ST õ�}(} ô 1 L:} MDCT
OM��³PT �:� · 36 ¸^}�ì1¯ ��ST ó&öZô 5�ê }�ì1¯ á@N �POðT � á n

º � } ¼1d ô ����½ W�K�H­¯=· n36 « ¥T�´ » ÕFO
MDCT } Ö�×IO<ê Ó�À Ø�Ù�³îT « ô8� 2

OI��³&j:kXá
MDCT } MNUå*æ } 90%QSR ��ç ö T�è « á�� é T�´ ó!T � ô W j, Ci� j ·��8¯ ô X j ·
ì*¯����� ���^T�´
U
V « ÃEW ô
� 2 } º ��O j

OZê Ó�À�}E�! j8k8µ1¶\�
Í(Ï8Ð"�æ « � ó ¼8d ô ��� · 36 ¸^}Bì*¯Â« ¥�� ôSò(ó3ô i
á

1 é Õ 18 } � �^�ST�è
«�é Õ ô 18 X�Y=z }%�1¯ �!Ð Ó ó �! j8k�O�¥ET�´P� ó á#& À ô x j

á
n
º � }� � « Tq¼*d ô ���1½ W,KPHë¯�· n36 ( 18 « ¥ST�´
5-Z ô US[:� õ H\& óI� }

*S, O��P� ô i ) 1/102030]/ 18
O�QSR5T

W j
( x j

( Ci� j } j1k��
Í(Ï(Ð^"&æ « ³\T « ô��� · x j }(íð« ¥�� ô�ò1ó<ô j ) 1/_02020;/ 36
���ETUè «�é Õ ô è } 7�9 "&æ&�(Ð

Ó ÕÉ[IT �&¯Ç· 36 $ « ¥�� ô �:��½ W�K=H­¯Ç· n ( 36 «`<-= ³IT ó&ö<ô Í&Ï(Ð
} È&ÊEá ÷ ò T « �ÇÔSÕ¿[îT!´

si )
36

j > 1 W j
( x j

( Ci� j(i ) 1/1030204/ 18) (2)
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3.4 a\bdc��e�gfn W�p*tZuZv k }1Å � 1 p:wBK�x O���³\TqM*N:���ET�´ e1f�¢1£ � ¤ R&¥ Ó
¦�§1¨�©&ªS}�h!i ÖUO3Q Ó�À ô Huj mank 	 ¨ å�Oml õ­Ñ-n á%o Ó
¦&§1¨Ey
pqY
� ��j8k�� ô �����-	 }<¦1§*¨ �6HKJ ´ ¦1§:¨ i�r � µ8¶ } ��� · n W�p8t3u
v k }(Å � �^�XT ì1¯ 1152̧

Q��BÜ e(f1g NXh8V�iEO���� j1k » [ ó Wts ¥ p
w r x ½ t�u r W ����T�´ ò1ó�ô Ö<×�� · Huj man p r m i��wv:x�� À Q � ô��� ¯ á�y!z�O�{ Ó ó(ö�ô ¦1§*¨ i�r � µ1¶ } Í(Ï8Ð ·6| È(Ê����#}�´ ¦1§*¨i�r � ÖZ× }E~������UÓFÀ {�Á }�~�� å:æ^�:ç ö } }U· ô ¦1§*¨
~S� (41%) «
k 	 ¨���YÇz ¯�} j1k (21%)

���#}�´
» À ô ¦�§8¨�~S� � · ô�� 3 � �:³�j1k5á%� ����� ì H »M� }�´ ó-T � ô x ·

ì1¯ ô m ·
¦(§8¨�y-p�Y��q¯�� ����� � »�� } � ô nint ·%���S� � v k*�^��}�´�
3 } �*� · x � �3Ü m }�í �E��} ó&öZô Í�Ï(Ð8È&Ê8Ë5á ÷ Ó ´ ò(ó3ô bladeenc� · ô nint(X0 � 75 � 0 � 0946) �E��� } X � ��Ü�j(k�� Ò �m���:³�} 16 �����Iz�|q}�
( QS� ô ¦1§*¨^p r��@� «��!  )

á<Ð�¡ »�� À!� � ô � } vSx � �S} ÷S¢ ¨ á
ì8Æ »�� ÀUÓ }�´�5�Z ô ¦(§8¨^p r��E�E�Iv-x*³�}¤£¥��� � nint(X0 � 75 � 0 � 0946)��¦ L�§S¨ ³©}É¼�ª:� · ô�� 3 }%§�¨���« ³©}!å*æ�á �¬�
­ r¯® ~!� µ1¶ }Zâ
70%° ç ö }!´± � ô k 	!² �:Yt³µ´¥¶E§S¨��@�UÓ,ÀS· ô�·S¸ »�� ó Huj man p r��%� °M¹º8»�¼ k 	:²!½ ¶ ª §¾��Yt³¿´�°6§!¨:À }IÁ8ÂSÃÅÄ �-Æ ¼ 2 Ç�¶�È-É ²¬ÊI�¥ËÌ r'Í °�Î�� Ì©Ï�Ð�Ñ�Ò8Ó » HuÔ man Õ-Ö �%� °I×SØ�À } ~S��Ù � ÚÛ� ÓÝÜSÞÊI��ß Á

2 Ç�¶�´�Æ�à �#á�� 0 â-ã 8206ä!å#¶�æS´!ç^è Ú ¼^é Ë ¼ Ü:êtë�ì%í
À ßÝî Æ 100 ä�å�Ù'ï Òñð�ò °�ó�ô ß@Ë ô ¼Eõ
ö ¹�÷�ø�ùúÆ�û º Òýü
þ Ê�ÿ�ß Á
à
¶��¥¶�����çtÆ ¼ ÈSÉ ²��	� ¶�

�'Ù8È�É ²�� Ö��%¶��
� ½
� ¶�� 10%°

ó�ô »�� Ú ¼�� 4
ë�� À�

�ÅÙ�� Ú�� ÓBÜ�Þ ÊIÿ�ß Á Ë
� Ó ¼ x Æ Ü ´� "! ¼ y

Æ x °6È-É ² Ó Ëwî ¼ s ÆwÈ-É ² Ñ Õ Ï � ´:ç¥è ß Á  "!^Æ x,y,s ¶	#�ç¥è ß�Ë
ô ¼�õSö ¹�ç%$ ß ÷-ø�ù�Ù�û º Á é Ë ¼ bladeencçtÆ ¼ y4& 3 ¶�
���°EÀ�' » ¶
y (y ( 0)+*,*-*.) 8206)

ë Ç º�»0/�1 ë�Ü:ÞeÓ »��32�4 Ò ¼"576 y °�¹ º Ë y4& 3 ¶


�'Ù�� Ú8� ÓÝÜ�Þ ÊIÿ©ß 4 Ò °:9<; »Åº ß Á 4 ¶>=@?BADC
E�ÆDF
G Ä ë ¼�õö ¹�H�I ëBJ
K çL$ ß�Ë ô ¼ û
M ² Ù�N	O:çL$ ß Á

y ( nint((x P m)0 Q 75 R 0 S 0946) (3)

t ( (x R y4& 3s)2 (4)
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T
2: U õ�ö ¹@V �XW ��� ½�� Ò õ�ö ¹!÷�ø:ù W é Ò ôY�Z Y�Z�[]\ ^�_�`�a�b]c

d�e�f Z
1 g0h 32(8) ij�k�l
2 FFT mDn@oqp]r:s:t�u 16(4) v
3 tanw 1y x x 16(4) yz�{ n}|�~ 4 g0h 24(6) i

p0� l o��Dn}|�� 5 j �:�0��� Mi� jy j m l ��� 20(5) i
6 i ���0��� Mi� jx j m l ��� 20(5) v

MDCT 7 g0h 12(3) i
8 j �:����� W jx jCi� j m l ��� 11(3) i
9 i �:����� W jx jCi� j m l ��� 11(3) v�0�]� l ��� 10 g0h 31(82) i
11

�0�]� Y�Z
12(72) �

12 �]� ���	�@���]� u 6(1) �
13

�����0���]� u 3(1) �
�����

MP3 �<�q �¡�¢q£�¤�¥
¦7§�¨ª©]« ��¬�­�®�¯�°�±}²�³
´¶µ�·�¸ ¤�¥�¦
§�¹@º"»¼¥�¦�½�¾q¿ �	¬�­	®�¯�°�±}²�À 2 §	Á�Â:Ã ·Ä¸�Å ¹ � ¥�¦"½�¾�Æ��<�
 �¡	Ç�Èª��É:Ê	ËÌ£�¥�¦"½�¾ ² 100 Â µ�·DÍ�Î £�Ï�ÐÌÑ�» ¸�·	Ò�µÓ� ¿	Ô�Õq¥
¦7§�¹�©0« � ¿�Ô
Õ@Öq¡�×�Ø ²:Ù�®"Ú�Û § � nint(X0 Ü 75 Ý 0 Þ 0946)

²Dß0à
á
â3µ�·
Í�Î £�¥�¦�½�¾ ² () Ð�ã�ä]Ð>©@» ¸
å

4 æ ç è é ê ë ì í î
ï	ð ÐñÆ �	ò ð §Ä¹@º"» ³�´�ó�ô §�õXö}÷ ��ø
ù�¬q­	®ú²:® © ·Dû ËXü Å�ýþ Õqÿ��}§�¨@©]«������<» ¸

4.1 tan � 1y 	 x 
���
������
3.1 ��Ð>Ñ�� ·�� tan� 1y � x ������� �"!$#&%('*),+.-0/21 ø	ù�3�4�5 �06 5 �
�07��98�:<;=1�>�? x @BADC y EGF�H 20bit ��I$J<�K�07�LME�ÿ���� (A N tol) OP�Q L�O=)R�S�07
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4.2 T�UWV X Y(Z\[<]_^W`aV X�bdc�e�f�g�h�i
3.2 j�k9l�monqpsr 1 t=u$vdwGx&y{z(|�}$~������G���\��� bladeenckB�=pGr

1 tq� ��p&�D�Bt j w=|��K���&����w��W� 64
j � 1 Mi� j � x j–(a) t=���o�$�d�M��yGp� �Bt i w=|��S���<����w<�W� (a) tG�o��� si w0 o¡.�Mz&y¢�0� 3.2 j w{£<y�z¤&¥ n¦� ��p§�q� � i wR|��K���&���¨p � �K� j w=|$�K���<���¢©ª�K�{«d�­¬�p

�q�&�<���GtG¡�®�¯d°{��±ª}W�R²(³�kK´��sn�µsp��&�¢�Gt=¶�·d�M¸�¹$�K�0���º�»�¼ p��D�Bt i w=|�� �qt��&�¢�½k�� si ¾ si ¿ Mi� j � x j (i ¾ 1ÀÂÁÃÁÃÁÄÀ 32)–(b) �
���a�­p � �<���§�½k9� j ¾ 1ÀÅÁÆÁÃÁÄÀ 64 w¦|��d�"�������Ç����È�ÉGwMp2�R�<���&�Ê�Ë �¦Ì�Í$Î<�K�sn�µ&wRpo|2}Ï©(��z{~ ���2�2��Ð¦tK©{´0p�~ ���d�DnG|2}9�
ws£�y�z (b) ���o���K�&©Ñp si Ò ¡�®�© º �sn�µsp�Ì�Í�ÎBtDÓ�ÔoÕ§¬GÖØ× º ���
�Dn{¬BÙ=z(p�|2}Ï©���z{~ �����§t�� Mi� j � x j (i ¾ 1ÀÂÁÃÁÃÁÄÀ 32) tDuov�t�Ú�©Ñ�
�,�{� º�»�¼ ps~��¨���qnD|�}��$t i ���¢�(wG£�y{z ti ¾ Mi� j � x j �����Û�Üp(|
}9t � ��kB� si ¾ si ¿ ti (i ¾ 1ÀÂÁÃÁÃÁÄÀ 32) ������� �,� Ò ¼�ÝDÞ p si � j t����¢�
w�¡a�àßdw=p 0 w0áoâoã.��zo£Û×ä�aÐ¦t9���RwM~ �����Dns|2}*tD¡�®*� x j tDå
£��Dæ{ç�} Mi� j (i ¾ 1ÀÂÁÃÁÃÁÄÀ 32)p9è$nGp<��®*� ti © º ��p�Ì�Í$Î�tDÓ$Ô�ÕW�Mé
µ*��Ð&©à¬2k�´����2êoëBt{Ì�Í$Î�ì$Îoí�îd� (S)p�~ �Ñ�d�Dn{|(}K� FUNC(S)

©�ïoðSÐ�©Rw¦� �0� (S) w��$�¦ño�Dò���ó ô9õ¨�=p(|�}�ï§æ��d�¦t�ño�Dò¢��óKô
õöp si t=á$â�ãop ti ÷ tDøoù�ú�û�£��qæ si ¾ si ¿ ti (i ¾ 1ÀÂÁÃÁÃÁÄÀ 32) t��<�¢�àü�ý
t 4 þ�k*l��0�

FUNC(S) wG£§ÿ��­¡�®�� õ����¦}d�����&© p Mi� j ¬ 2048�
	�t���
���� õ��
����������z&y���� Mi� j �Rç$}�k*l*�sn�µ{p�¡�®&ts¯ °{�d±Ñ}Kw����&�����d�� º y Ò t�tsp RF t READ � ± �"!Rw�#�$.�ª~&% º y¦Ó�ÔoÕ&¬&l¢�,��'*Ðªkop
(S) w)(��Gz2p Mi� j tDòÇô�*,+-!2±/.��M� ÙsnD�2� º�»�¼ p�~��¨���DnD|�}Ww�¡
�Üß�w¦p M 0i ¾ Mi� j t21.��34�����Byqp M 0�� FUNC(S) tq¡�®.©��0zDÎ�y§�,��Ð
tDí�îW� (S¿ buf) ©Ñï�ð�Ð<©Dw=����� (S¿ buf) w<�o�qñ��{ò9�oóKô�õ��Dp (S) t
ñ��Dò��$óSô�õ £B�qæ M 0i ¾ Mi� j t�1��534�¦kBl��0�
È�É{w¦p FUNC(S) ÷ t�6�7�Ì�Í�ÎBt=ì�ÎW�"89�<�,�/:�;�<�=�>,?$}�þA@dw��
�CB,DWÈ�%�z�y<� FUNC(S) tqç(}�k º yM¡�® xi ��E�;�<,=,>,?�}�þF@dwAG�H��
�ª�Rn½ë�k�pJIAK 20bit �
LAM��Rn=�oÐ,t26A7�ã{í�î*� (S¿ tol) £9�¦æ (S¿ buf ¿ tol)

© ïoð�Ð�©=w=�K�0�
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4.3 MDCT c�e�f�g�h�i
3.3 j$k§l�m$n=pàr 2 t¦u�v�w=x�yGz2|s}�~ � �*�D�,����� bladeenck*�Rp½r 2

t¦� ��p{�R�9t j w¦|2�W�Rt{���&�àk*� 36
j � 1 W j � x j � Ci j–(c) t¦���������0�*y=p� �9t i w¦|��W�Mt{���§�àk9� (c) tq���B� si wà �¡a�,z�y<�½� 3.3 jWwD£�ysz ¤¥ nM� ��p$�=�W� i wR|�� �=t����¢�¨p � �W� j wR|�� �=t����¢�¢© � �s«��"¬

�=�����¢�qtq¡�®(¯�°s��± }&¬D³ � � �Gn�µqp�ÐMt¢�¢�¦w½¸�¹$� �½�s� º(»�¼ p
�¦��t i w¦|��W�Mt{���§�Ük*� si ¾ si ¿ W j � x j � Ci� j–(d) �0���a�­p¢ÐN%�� � ��t
���§�2wD£�yGz j ¾ 1ÀÅÁÃÁÆÁÄÀ 36 w¦x<yszG�Ç����È�ÉGw�p2�¦�9t{���§� Ê�Ë ��Ì(Í(Î
� �qn�µ�wMp�|�}Ç©��0zs~ �¨�{�2�BÐMt ©G´½pD~�� ���qnq|�}��&wD£�y{z (d) �
���o�W�<©�p si Ò ¡�®.© º �qn(µDp¦¡�®2¯�°G�*±�}&¬�O9�Rp¦Ì(Í(Î9t=Ó(ÔoÕ<¬=Ö
× º �½�§�=ns¬&Ù,z�pq|{}Ç©{�½zG~ �¨�s�<to� W j � x j � Ci� j (i ¾ 1ÀÂÁÃÁÃÁÄÀ 18) t¦u
v§t2ÚK©��d�½�=x&èK� p�~ � �*�=n=|{}§��t i �o�§�àk�w=£�ysz ti ¾ W j � x j � Ci� j
�½���S�"p,|D}¢t � �$k�� si ¾ si ¿ ti (i ¾ 1ÀÅÁÆÁÃÁÄÀ 36) �,�(�$���Ü� Ò ¼�Ý=Þ p si �
j t����¢�(w0¡a�Üß�w¦p 0 w,á$â$ãa�0z$£a× �dÐMt��¢�¦w0~������qnD|�}9tD¡�®
� x j tqå§£*�qæDç�} W j © Ci� j (i ¾ 1ÀÅÁÃÁÆÁ À 18)p<è�nqp$��®�� ti © º ��p{Ì�Í�Î
tRÓ(Ô$Õ��0é¢µ¢�oÐ�©"¬Gk ´��½��ê�ë�t=Ì(Í�Î�ì�Î�í$îB� (M) p¦~ � �B�=nq|s}
� FUNC(M) ©�ï$ðSÐo©RwM� �½� (M) w����¦ñ$�Dò§��ó�ô¢õ¨�=ps|�}oï§æ�����t
ñ��qò§��ó�ô§õ p si tRá�â�ã$p ti ÷ tqøoù2ú2û�p{£9�=æ si ¾ si ¿ ti (i ¾ 1ÀÅÁÃÁÆÁ À 36)

t2�����½ü�ý�t 4 þ�k*l��0�
ß2jKwG£�y{zs� ÙGnRç�}QP¢tDò�ô�*�+R!2±/.(�=pWÐ�ÐªkB�¦� »oº yD�{ç�} W j

£��Dæ Ci� j t�S�}¢¬2ßQT9t Wi� j w�U ¥ z � º × p*è$nsp(¡<®¢tGòV!J�&�XWRY�±
w"�,�����Z�&� j ¬ 1 3�É 36 èRka�53 º y9Ð�©�3BÉÜp�ò�ô�*,+-!�±/.��M� »�º
×"z Ò Ì�Í�Î�tDÓ�ÔoÕ���[ov$é�yd©\89�qp�]Wwsñ��sò¢�$óSôBõ ¬43¢È�^dÐ�©R�
ûKÿ��sn�µDkBl��0�
È�É{w¦p FUNC(M) ÷ t�6�7$Ì�Í�Î*tDì�Î ���Ï�ä� FUNC(M) tGç�}�k º y¦¡
®�k9l�� xi �`_-aMò�±Wõ
*�bM�B°s�GòÛ±�c=t���®�k9l�� p`:�;�<�=�>�?�}�þA@
w<� �dBeD�È�%§z§y9��n$µ{pÛÐ�%��5E�;&<Q=e>e?o}&þ�@Kw�GRH`�f�,�Gnqë�k�p
I�K 23bit ��L�M��GnG�SÐ¦tg6�7oã�í�î�� (M ¿ tol) © ïoð�Ð<©=wR�K�0�
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4.4 hjilknmpo c�e�f�g�h�i
3.4 T�k�l�m�nGp2r 3 t(|(}o~ �Ñ���{�¦�Ï��� bladeecndkd�qp(r 3 �2q�r�ãs �4aD�9���Q���K��Ð�©=w<�W� é�toãWÈ�%�z&y¢�0�,q,roã s ��aG�<t������M�
� |s}okB�Rp x � m–(e) tqå���¡�®Û©��0z�y§�,� (e) t=�����q|{}��GkAu$�Û�Rn$«
�"¬{Ì�Í�ÎSÈ�%§n�©G´qtG²2³�v�w�}§¬/xÏ× º �Gn�µGp (e) t{|�} ÷ t5yBµ5z¢Ú&�
�SÙ�nD�aÐRtqí�îd� (Qt)pFy�µ�z�Ú�tD� » %9nG|�}W� FUNC(Qt) © ï�ð�Ð�©qw
�K�,� FUNC(Qt) w{£¢ÿ<�­¡�®9� x £��Dæ m kBl��0�
è�nDp,q�r�ã s �4aD�9�"{�ÎR|�}�w¦p�Ì�Í�ÎBtqì$Î w��W� é�t�ã���~W�sn�µ
wRp`u&��w,r 3 tD���d�"u$���K�,|2}W�,¶&�Û�DnG�KÐ¦tqíoî�� (Qp)p�¶e�.�qn
|�}K� FUNC(Qp) ©"ï�ð.Ð<©Gw=�a��� FUNC(Qp) w�£*ÿ&�½¡&®B�Gp FUNC(Qt)

©�����p x £*�qæ m k9l¢�½� (Qt) £*�qæ (Qp) w������,���d�¦ñ$�qò¢��ó�ô�õ¨�Rp
|2}�ï¢æ����=t�ñ��Dò��$ó�ôBõ k*l��,�
È�ÉDw,p FUNC(Qt) £§�¦æ FUNC(Qp)÷ t56F72Ì�Í�Î�t�ì2ÎB�à� � � FUNC(Qt)

£*�Ræ FUNC(Qp) tq¡�®2k9l¢� x � MDCT t���®A���.��p2:�;�<�=�>,?�}oþA@
��B�DKÈ"%�z§y¢�sn�µspaÐ�%B�"E�;�<�=e>�?$}�þ�@ w�G4H`���à�Gn¦ëQ��p�I�K
23bit ��L�Mn���g�aÐ��=í�î9� (Qt ¿ tol) £*�Gæ (Qp¿ tol) © ïoðaÐ�©2�R�K���
ø��e��q,r$ã s �4aq����{�Î�|�}����DÌ�Í(Î��=ì�Î����Z� é�t$ã���~d�����&�

X0 � 75–(f) ���Q� ÷ �g6�7Q�,���X�`8Z�� �% ¡��F¢ 3 �/£R¤`¥-¦�� (f) �,§A¨&�/©ª �"«X¬� )­ ¡/�,¬/� X �2®�¯9�"°�±Q²³�����e�e�p´
��µ�¶��g·�¸9¦�¹Qºe�¼»
¡-½¿¾Z�5�`À�Á�Â�Ã�Ä�Å ª4ÆFªQÇ �,È�ÉËÊ�­4¥�¤�¡ X �"© ªQÇ ��Ì&ÍÏÎ�ÐÒÑË¡Ó ½5�-���g� Ó �g°�±�²,Ô&Õ9� (PÖ tol) ½Ø×eÙ Ó ½2�5Ñ ¡��

4.5 ÚÜÛËÝ Þ³ß àâáÜãpäæånç9ènéÜêlë
3.4 ì4íXî�ïQ��ð�ñQ²pòeóôÐ ª ���Z�/£4¤F¥F�ÏõQö�÷ô��øVùûú�üRý�þX�5� 2 ÿ
�2© ª�� ���e¨p½ ÑË¡�� ª ½Ï��¥�� �¿§ÏÑ	� Ó�
 ÔQÕ
� (H) ��� �\§
����� ª �
FUNC(H) ½ ×&Ù Ó ½��2Ñ ¡�� FUNC(H) �/£���¡ 2 ÿ 
 �4¨ � ¦ Hu� man ������ ö�÷ 
����� ó"!�Î�½$#�¡"�,¬"%�°Q±��,����¦$&,�&í¼»'#�¤"�)(���% Ó$

� ª � � §*�	�,+Q¡$-.��/)��0¼ó
1 ¦2%.� ª ×�3�§4� 
 -.��/5�60¼ó
1 
�7 í
î�¡8�

FUNC(H) �`£9��¡ 2 ÿ 
 �R¨ � ¦�% 20 :.;4íôîô¡ Ó ½��)<�½�=?>�# 
 í,%
FUNC(H) �F£9�-¡8�R¨�@BAC� � ª ¦�D*#?EF%
(6�"%G� �N§��'�2ú4üXý�þp´âÅ
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ÊA¤���¬'%IH �KJ �BL �'M	
"N6O �CP�Q4íj»Q¡�½Ø¾Z�-¡�� ÓQÓ í9¦�% 2 R)H �J �BL �	M �$ST�8% 4 ÿ 
 © ª �U��¨ ½G�8% Hu� man ��� ���6V 
 öe÷4� 2 W
ø ù ú�ü-ýAþ9�2� ª ½X��¥'� �\§*����� Ó$
 ÔeÕY� (H Ö ur)%C� �\§*����� ª �
FUNC(HÖ ur) ½Ø×eÙ Ó ½2�2Ñ ¡��
4.6 Z\[lÝ^]\_Üãpäæånç9ènéÜêlë

3.4 ìeíXî,ï6��%�¢ 4 ��ÿR¤Ï¥X� ª � �\§Y����øVù`� x,y,s ���&¨p½'�a%�¢ 4



b �Gc O �Q§Ï¨p½�#-¡Nú,üRýFþ)�U� ª ½	��¥"� �\§/ÑC� Ó�
 Ô�ÕY� (N) %�� �û§
�U��� ª � FUCN(N) ½ ×�Ù Ó ½$�"Ñ�¡�� (N) �6+9�ed�feÑZ¡�-���/g�G09óg1¿¦U%
� ª?h � � 
 -���/g�G09óI1 í�î-¡�� FUNC(N) �g£I�e¡i�e¨�¦ 3 j
k6��í�îj�l%
(���%G� � §4����ú�ü-ý�þ�¦$m.n*��Å ÊA¤ 
 í.%gH �.J �oL �'M �6�p+Q¡U-.�
/��G0�ó51 
�q'r ��¾ô��¡8�Us�tT��¥�u�øËÊ�­Ë¡â¢ 4 �g£&¤Ï¥R¦$% s ¦�vQ²B��#
¤���¬�% 2 RgH �.J �wL �"M ��Sx����y�zp% x1,y1,x2,y2,s



5 j4���&¨p½ØÑË¡8�ª ��� �\§`Ñ Ó ½U��#-¡�� Ó$
 ÔeÕY� (N Ö ur)%X� �\§*����� ª � FUNC(NÖ ur)

½Ø×QÙ Ó ½2�2Ñ ¡��
¢ 4


 b�{ �g£4¤/¥C% s ¦�|�}�²XÎ��9ó$~�+Z� b�{ Ê�­Ë¡ � íXîp�e% y ¦ 8206

:6; 
 © ª íôîX¡��Cu,����¦�% y

 <�½�=o>"� 100 :6; ½$#I�2¥-¤�¡ 
 íp%G�

¨�@wAC� � ª �$�g�B��¥�¤X¡ 
 ¦ x í�î�¡�½ØÉ���¡��9(6��% x ¦ y £*+"3 s <
>�� { c O ���"·,¸����Z��#�¤���¬"%A°�±�²&ÑË¡ Ó ½
�Ïí¼»�¡�� x ¦ MDCT



§F¨�í�în��%AÀ�Á�Â�ÃeÄ�Å ª4Æ�Ç í�È�É Ê"­�¥R¤�¡"�,¬'%G��Á�Â�ÃeÄ�Å ª4Æ�Ç
��Ì�Í/Î Ð������Qí6%�;�� 23bit ��¹�ºeÑË¡
°�±�²9��ø��"��� Ó�
 °�±�²FÔQÕY�
(N Ö tol) £9+�3 (N Ö ur Ö tol) ½Ø×eÙ Ó ½2��Ñ ¡��
Ê5¥C% bladeencí�¦2%�¢ 4 � 
 y4� 3–(g)


2��� �U%)~ J2M.�"�X
2��� ���6�x�
��õ
�"ö�÷QÑ�¡ Ó ½U�.+Z������²\��¥�¤R¡8� 3.4 ìw�g£4¤/¥C% Ó�
 õ�ö�÷�¦��G�
�o�p+����l»a�Ë�R¡ Ó ½
�Fí¼»Q¡-½��K 5����Ñ)#�¡I¢$%�~ J�Mp�	�G
2��� �"£¤C¥

y4� 3 
 õ 
 �p�4¦�øY¡"§	%9(6��%�õeöQ÷*��øo� ¥I¤5¨ �p� � y4� 3 ��©j»��ª ¨ � Ó$
 Ô&Õ*� (T) ½�×eÙ Ó ½2�5Ñ ¨ �
«

5 ¬ ­ ® ¯ °
±C² �X¦U%��C�X³�´Xµ*��¶6·?�U����ú�üXd,ø 
 SPARC-V8 H��QÌX�g!$¸�ÍC¹»º¼8½.¾ �IA��8³ ¤ ���9º ¼8½.¾ �IA 
"¿ @ �CÀ �IAG�"õ 3 ��ÁeÑC��Â�ÃGÄ�ÅY¦2%

16



õ 3: º ¼�½,¾ �)ºgÆ ��Çg
 @ �XÀ �gA
D-CacheÈ,| 64Kbytes�2�4��É6�.Ê

64bytesËGÌ ��Í
4

Cache
¼ ÎGÎ�Ï � ��Ð 20cycles

Register-Window 6 sets

Window
¼ ÎGÎ�Ï � ��Ð 20cyclesÑ setJ �Ò1 ¾ � � � º 2 cyclesÓ Í�Ô { ¾ � � � º 8 cyclesÓ ÍgÕ { ¾ � � � º 70cycles

Ã�Ä�Å Í ÆXÖ r6Ô { ¾ � � � º 4 cycles

��Á�ÂQÃQÄ�Å Í Æ Õ { ¾ � � � º 16cycles

À�Á�ÂQÃQÄ�Å Í Æ Õ { ¾ � � � º 19cycles

RW

��p×�Ø Ê 4

RB(
¾,Ù Î,A ) - Register Ú6Û 1 cycle

RB(READ) - CacheÚ6Û 4 bytesÑ cycle

RW(WRITE) Ü Cache©l»aÝ 7 4 bytesÑ cycle

RB(
¾,Ù ÎKA ) Ü Register ©l»aÝ 7 1 cycle
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õ 4:
±�² Ä6ÅV½�# ¨ ����³6&�³QÔ&ÕÞ`ß àFá`â ãåä æ

2 çéè
(B) êéëéìîí bladeenc(ïñðFòîó áõô÷ö�øñù )

(P) ïñð`òúó áõô÷öúûüùiý»þ�ÿ�� 3
û����������	�
�� ö

(A 
 tol) (B) or (P) tan� 1y � x í����éò ( ��� 20bit ê�� 3� ô������
(S) (B) or (P) i

ÿ��� �!
Mi " jx j í ö á$# í �&%�')(+*-, 5.�/ ö10eá����&2

(S
 buf) (B) or (P) (S) 
 M í �43 .�576 �98 6

(S
 tol) (B) or (P) (S) 
:���éò ( ��� 20bit ê�� ) 6

(S
 buf 
 tol) (B) or (P) (S) 
 M í �43 .�5�6 �98 
����éò ( ��� 20bit ê�� ) 6

MDCT (M) (B) or (P) i
ÿ��� �!

W jx jCi " j í ö á$# í �;%�')(<*-, 9

(M 
 tol) (B) or (P) (M) 
=���éò ( ��� 23bit ê�� ) 9ïñðFò ö á$# (Qt) (B) ïñðFòîó áõô÷ö;>�? í �;%�'@(+*-, 11

(Qt
 tol) (B) (Qt) 
=���Fò ( ��� 23bit ê�� ) 11

(Qp) (P)
�

3 í �;%�'A(+*-, 11

(Qp
 tol) (P) (Qp) 
=���éò ( ��� 20bit ê�� ) 11

(P
 tol) (P) X0 B 75 í����éò ( C�D�E %�F�û�G�% ò ) 11

(H) (B) or (P) HuH man ó áõô÷ö;>�?�û��4I<�;% í 'A(+*-, 12

(H 
 ur) (B) or (P) (H) 
 2 J$K �MLüá 6 �98 12

(N) (B) or (P)
�

4 í �;%�'A(+*-, 13

(N 
 ur) (B) or (P) (N) 
 2 J$K �MLüá 6 �98 13

(N 
 tol) (B) or (P) (N) 
����éò ( ��� 32bit ê�� ) 13

(N 
 ur
 tol) (B) or (P) (N) 
 2 J$K �MLüá 6 �98 
����éò ( ��� 32bit ê�� ) 13

(T) (B) or (P) N�O�P�QMR�S í=T�U 13

V)WYX)Z\[^]`_
bladeenca bladeencbdcfedgih^j\k`l Wnmporqtsvu bxw 3

qzy
{}|�~n� _ anc`�@�p�����������A�^��� s���sY�Y��qz��� � � _fq gcc-3.0.2(-

msupersparc-O2) b����x�\�-�v� o�� a X}� l� x¡£¢n¤¥�i¢dbY���§¦�¨ � �r© Wª�«­¬@® W¯o �±° ~�²Y³ cda¯�´�´� s��\�`qt��sµ� � � _�¶¸·�¹�ºz» ~ �´¼}b4aZ�[´]±_
bladeenc

q
(B) a¯h´j^k±l W}m)o�q�s e u b y {Y|�~Y� _}q (P)

¶$½\¾
¿ ¶ b |�~t²À �)aAÁ^Â­b s e ~ÄÃ´Å)ÆÇÃiÈ±É Wf�±¶¯� g¥a CLASSIC,POPS,VOICE

_
3 ÊË q�s\Ì�� � ²

5.1 Í�ÎÐÏ�ÑÓÒ ÔÖÕ�Ï�×ÙØ
�´�Y��Ú � � bladeenc

_ � �\��_)Û^Ü�q {ÞÝ¸² Û�Ü^·\ßà¶ ³�~ �Y�`qzá 4 bÀ ¶ ¼dg@Ú � a À �£aA� �\�v_£á 2
¶â_ã·�¹}ä¯å b£ænepg � Ú � � ²´ç)èféAè _�Y�­qzê�ë b ��sì� �ví�©Aî}ï¯ð}bAæ�edg´a���� sYñ�ò\ó � _�ô­õ ®}ö W±ô�÷

� q { eAa´��� s`_Aø\ù`q Á\Â |ú~t² ¿^¿ �`û)a RF ü��úýz¤7þ�a RB ü���ýz¤
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þ�a READ cr�£� WRITE
_ ü���ýx¤ÿþ��¥a çAèvé@è a 32,1024,1024,256��° ~

��� s}á�qxs eY� ² ��� � a (S) b¯cvedg�ûAa 2048 � _ Â�þ q����Ù� gfe ~ �
¼@a READ

_ ü���ýx¤ÿþ q 2048
¶d� � ² À �)a
	�� Ã´Å b)æfe¯gfû POPS

q�

sì� � ²
� �^�rq í}©ãî\ï)ð^b �¥sµ� � � _ ûza������v��� ª _�������� b)c�� ~�� �
� ¶d� g¥a (B)

q� "! ¶¥� � � _�¶ (P)
q� "!à¶d� � � _ b�#$�&% è�~t² ¿�¿ �

û£a (Qp),(Qp' tol) cr�)� (P' tol) û (P)
q� "! ¶d� a çAè)(�* _£�\� û (B)

q� 
!à¶d� gfe ~x²À u a (P)

q� �! ¶´� g¥�^� súqz�^sà� � � _ b@æ�e¥g�a Û^Üúq {ÖÝ¸² (Qp),

(Qp' tol), (P' tol) c �)� (P)
_)�\�`qx��s � �A��ív©AîYï¯ðYb ·µ� g´ad��� s�q��s�� � ¶
� a�cr�)� ��s�� ³)+-, � ¶
�)_£y {/."0 ��l�¡£í�þ q21 3 b�Ú |¥²³ cda^�43�î}ï"5ib@cnedg76"8 ����Ú º è gfe ~ _ û£a^� �Y� b¯cne¯gia����s _£·\ßà¶ |ú~ ��¼}bãa49 �;: � c �)�
	�� _
<"= k qx��sì� � ä þ�a |±³/>?

FUNC(Qp) c �¯� X0 @ 75 A .�0 y { �Yl�¡Aíx� ° ~x²�ç¯è�é¥è �7BDC�b ø�ùE bz�^� sÓº è a 3 F ( ó A .�0 �Yl�¡AíâþDG4H�b4¨"I � gve ~ ¿ ¶ �7J�K^�� ~�²
L b (B)

q� �!à¶´� gi� ����qx��s � �ví�©@î�ï¯ðnbAæ�e¥g ��M2N bãa����s­q��´sµ� � � A a¯c±�£� � ³O+�, � � A bAcD� ~ y {4./0 ��lr¡xí�þ q�1 4 b
Ú |i² ¿�¿ � � a)� �^� bAcYepgdaã�i� s A ·�ß ¶ |�~ �i¼Ybza�9 �P: � c±�ã�
	�� A <"= k qx��s�� � ä þ A .�0 y { �^l�¡Aí q 6�8 ����Ú � gfe ~t²�|±³> ? a ç@è�épè A �Y� bpc&� ~ a tanQ 1y R x, FUNC(S), FUNC(S' buf), FUNC(M),

FUNC(H),FUNC(H' ur), FUNC(N),FUNC(N' ur), y4S 3 A .40 ��l�¡ íÄ��° ~â² eu è A2TDU�V b¯cfedg � a <"= ��� s b}���;a bladeencb T�U q�WX�Au bz���s ³ � � y { � ��Y"Z A y {�.�0 �^l�¡píÄþ ���\[ ³ e .�0 �^l�¡AíÄþY� y {
� � ~ ¿ ¶ �]# +r~�²_^ b4a (S),(M)

(�* A�T�U qx�µ� ��Y"Z�b@c}edgfû£a
`�ab A bladeencb ·�� gd�´� s�qx�^s�� � ¶]� ��� ��c�d k º è gfe ~t² � + �³ �e%�a (H) c­�@� (N) A
T�U�V b¯cve¥g�ûAa49 �f: � � .�0&g/h A �^� s �i�j A ."0 �^l�¡AíÄþ�GOHúb ø\ù`q�kmlr� gne ~2> �x�`û ³enpo MDCT A :7�q�<"= k |ú~ ¿ ¶�q ��� o h�j\k o ��í q]r � ~ts�u � i�j E q ��� sÓº è�v|wnâ³�, �}� Ý ��° ~�² À � o (H ' ur)
r �£� (N ' ur)

q
r � ~�x �Y©y��¤¥�pî q
û o{z ¶}|e~ ø\ù � ³"� ¿ ¶ ��# +r~�²¶ ¿]� � o 1 3,4 A ~ ? % q
r �����}o (B)

q
r �7� �´� s�qx��sn»�u�qty {
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[ steps ]

�y�_�y�O�;�\�O���������
– (B) �}�����2� �f�������y�_���O�;�\�7� 1 �t��������  –¡�¢�£y¤]¥§¦©¨yª �;��« �­¬{®°¯��;±;² �_³§´yµ_�y�O�;�\�

RF ¶ 32,RB ¶ 1024, READ· WRITE ¶ 1024· 256¸�¹}º}»
: POPS1

3: (P) ¼  �!à¶O½_¾_¿OÀ�Á A ê�ë�Â A ø\ù
½Ã¾ Y�Z AÃÄ�Å ./0 �4Æ{Çtí�þ�¼ 1 È ½ ����É�Ê æ�Ë�Ì o (Qp' tol)

rmÍ�Î
(P' tol)A <�=�Ï4Ð�Ñeq�Í Ì oOÒ/Ó"Ô Æ/��Õ2Ö{¼ Ñ ��×en­�XØ�o]Ù 3

rÚÍ2Î
X0 @ 75 q
r �É­Û4Ü ¼�Ý/# q c)d�Ô"ÞßÉ�à Èt� Âe� É"à È­�
# +mÉ�Ê bladeenc

Â A Ò)Ó/Ô Æ7�
Õ_Ö�û�á�â E qyã�äå½_¾ Ø A ÂÚæ , ¾ � o Ï/Ð�Ñ�ç�è�Â�é Û"Ü ç �Úê�ë E q�ì
¼ ã�ä�Âí� É ¾/î o$ï&ð_ñ�ò�ó A À h ¼�ô n7à È}õ Â�ö É�Ê

5.2 ÷ùøûú�üþý ÿ����������
	���
��������� ¼��&Ë�������� À�Á��! #"�$�%'& ��( Ñ*)�+ ï&ð_ñ�ò',.-0/ ) �Ï4Ð)Ñ � ( Ñ1�32#" É�Ê54�6#�5798:-�;=< � �9�>�5?A@�×�BDC + (S)
;FEHG

(M)-HI=< � é0J.KML B�NPO ö � (1): (A Q tol) (QtQ tol) (H Q ur Q tol) (N Q ur Q tol) (T); (2):

(A Q tol) (QpQ tol) (P) (C Q ur Q tol) (N Q ur Q tol) (T);
�  R"S$�%�&UT9)�+SV IFW*X �

(1) õ (B)
�0Y�Z[TS)H+]\9^9_ ( _ ï-ð2ñ�ò', � (2) õ (P)

�0Y�Z[TS)H+]\9^9_ (_ ï-ð_ñ�ò�,5` æbacV �d�e` é � (A), (H), (N), (T)
é � (B)

�3Y.ZfTS)�+hg�i `
æFabTkjblb+ õd�nmDo éHp�q Ô�r�s Õ
Ö TÃé't�u �D×.<5vewß×���` � (P)

�]Y
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 1.4
(B) no reuse

(B) reuse   

(A+tol) no reuse
(A+tol) reuse   

(S) no reuse
(S) reuse   

(S+buf) no reuse
(S+buf) reuse   

(S+tol) no reuse
(S+tol) reuse   

(S+buf+tol) no reuse
(S+buf+tol) reuse   

(M) no reuse
(M) reuse   

(M+tol) no reuse
(M+tol) reuse   

(Qt) no reuse
(Qt) reuse   

(Qt+tol) no reuse
(Qt+tol) reuse   

(H) no reuse
(H) reuse   

(H+ur) no reuse
(H+ur) reuse   

(N) no reuse
(N) reuse   

(N+ur) no reuse
(N+ur) reuse   

(N+tol) no reuse
(N+tol) reuse   

(N+ur+tol) no reuse
(N+ur+tol) reuse   

(T) no reuse
(T) reuse   

[ steps ]

xzyH{z|�}k~��S�3�P�����
– (B) ���P���5� ���]�!��xzyH{z|�}�~��'� 1 �������z�z� –�z���c�� k¡�¢c£ ���h¤ ��¥R¦¨§'��©kª ��«k¬c­�{c|n}�~��

RF ® 32,RB ® 1024, READ̄ WRITE ® 1024̄256°3±P²P³
: POPS´

4: (B)
�!Y�ZfTS)�+ � g.i ��µ9¶.`R��·��
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Z[TS) �¹¸ºm�» `½¼ a¾g.i `R¿ a0V W + � RF, RB, READÀ WRITE
�SÁÃÂÃÄ3Å�Æ

� �>Ç�ÈRÉ�È�� (a): 32, 512,128À 4; (b): 32, 1024,128À 4; (c): 32, 1024,1024À 256;T�J�Ê:Ëh& �SÌ�Í )H+�V�Ë N'- � \9^9_ �'Î#sÐÏ�Ñ9Ò�Ó ¸�Ô.Õ -!Ö È + 7M8 �× a�+9Ø - �dÙ�Ú�Û r:Ü�ÝPÆb;�E�G \d^�_.Þ9ß �9àes�ábs�â½Ü�Ï �3ãFØ.+hä måçæMèRécê�Æ�-.E�X ÌMÍ )5+HV!\�^d_�Þnß ��à�sHáDs9â�Ü>Ï T0ë �!ì 3
`9í )]+

RB( î=ï5Û#ð ) - Registerñ�ò ;�E�G RB(READ) - Cacheñ.ò=� RB( îçï5ÛDð ) ó
Registerô ¼¾õ " ;REHG RW(WRITE) ó Cacheô ¼�õ " �eö�÷ Ü]ønù�ú Û��bî�ï
Ûçð Ñ9ûçÂ:ÏzÑ�ú Û -�;>ü a æ�è�é3ê'Æe`F¿ a0V W + � Ö=ýD��þ�<e-eE a�ÿ�����½a�+nØ - � CLASSIC, POPS,VOICE

� ÇHÈDÉHÈ � Ö.ý T�)5+ ÌMÍ � å�C +HV
Ì�Í ����� �

´
5,6,7

-!í × V
(1)
-';D< � ë � (B)

�5\M^M_��F) ` m å )�+� $AT ñ l � 20� 25%�
	 ��æ.è�éhênÆ���
 -���� ) � < ahV W + � (2)
-';

< �n� (P)
�!\d^9_��b) ` m å )H+ � $fT ñ l ��� 4 � ����� Ê�� m�» ) � Ë N- � pdq�Ê r�s��Hê ���9_�) � < � <.- ¸ B9B % N�� � (B)

- \�^9_¹� ( _*)]+� $ - ñ l � � 20%��	 �!�"� Ê -��"� ) � < a3VW + � \d^M_ ì �dÁÃÂÃÄ!Å�ÆR��#�$Ã-=E1X ��Ì�Í ��� ë�%"&('�)*)�++* � (c)ë
(a)
� � 20 � �-,1¼ Ë `R¿ a - ¸ B9B % N.� ��/�0 ë�% �DB=- 5% 1(2 )"3 )+ 4�" `b¿�C +HV

(a)
4�\�^d_ ì -�;Dü a RF1

Á:Â¹Ä0Åc¿ + X 4
RB
4 ,¹¼ ËSë �pMq�Ê rds���ê T65 �
	 `F¿�X � p9q�Ê r9s���ê � RF1

ÁÃÂÃÄ!Åk`87 _*)�+�)
` �:9 4 RF

ÁÃÂ½Ä!Å]-=E:X � �"� Ê1� m�» ) � < a#T Ô�; a=<çT.* `½¼ a0VW + � (2)
-�;bü a Ù�Ú�Û r¹Ü�Ý��>
�Æ ë � % �#BD- (1)

�@?�A�) � < a0V -
¸ B�B % N6� � \9^�_.Þ9ßB4 à.s�ábs�â Ü�Ï�-çE:X �=C øçÂ!æ�è�é3ê îED ê 4�"� Ê ` ë

(1)
-EF a3V�< È ë � G 3

-';#ü a.H�I�J�KML m å × a oONQP RB N% Æ 4 ÁÃÂ½ÄhÅ *+R8S½Ë È
P Ö=ý 4-T�U N�VXW Y àes�ábs�â½Ü�Ï * #�$ × a�ZØ `>¿ acV ì 3
`dí\[ Z E^] NEP RB

4
READ

4`_[T
Cache

4�_(4 ñMò ë P 1
æ

è�é3ê9`
4byte

TE��a Y�W a!V�\M^�_=Þ9ß N ü a Á Â½ÄhÅ ñ�ò 4 �"� Ê^* m�»`Ã¼ È�b�P (2)
4(c ] N Á:ÂÃÄ0Å ñMò *-d å8� 	eN ,:¼ �hÿ8��L�f ;-YXWXg � UL�h�i"j ¼ g@k

l
6 m n oqp
r8s"t j�ë P MP3

Á:Â>u`v�w N@x [ Y>P Ýzy�{�|�} 4B~ v Û u`vAÏ L ô ¼��
;�g <�� N c����"���8����L@��� [ P �
�
� L!� g.�
� L@�
� [ Z k �8�����
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�

RB=512
READ/WRITE=128/4

RB=1024
READ/WRITE=124/4

RB=1024
READ/WRITE=1024/256

simulator’s
overhead

instruction
steps

3.89

(1): (A � tol) (Qt� tol) (H � ur � tol) (N � ur� tol) (T)

(2): (A � tol) (Qp� tol) (P) (H � ur� tol) (N � ur � tol) (T)�
5: �^� UB�+��Z ���MN�V^��gQ�
���@� ��N c g��8  –CLASSIC–
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�

RB=512
READ/WRITE=128/4

RB=1024
READ/WRITE=128/4

RB=1024
READ/WRITE=1024/256

simulator’s
overhead

instruction
steps

3.68

(1): (A � tol) (Qt� tol) (H � ur � tol) (N � ur� tol) (T)

(2): (A � tol) (Qp� tol) (P) (H � ur� tol) (N � ur � tol) (T)�
6: �^� UB� �^Z ���M¡�V(�XgE�
�B�@�:��¡ c g���  –POPS–
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�

RB=512
READ/WRITE=128/4

RB=1024
READ/WRITE=124/4

RB=1024
READ/WRITE=1024/256

simulator’s
overhead

instruction
steps

4.14

(1): (A � tol) (Qt� tol) (H � ur � tol) (N � ur� tol) (T)

(2): (A � tol) (Qp� tol) (P) (H � ur� tol) (N � ur � tol) (T)�
7: �^�-¢ ���(£ ���M¡�¤^��g`�
�B�@� ��¡ c g���  –VOICE–

¥�¦z§+¨O© �«ª���¬ g.­
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