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External Memory Algorithms and Data Structures Project 1
Course Webpage: http://www.ti.inf.ethz.ch/ew/courses/EMADS04/

Topic: Identifying Memory Hierarchies

Due Date: LEMGNPORQTS�U9VRW<X�VRY YRZ\[5N]N_^;SE`aS�M�N_b<U)S
Organization: c2ORUPdBeaf;ghQ<i�g�UPO b<jAk,ORl8V�m$nojAS�U)k_O�f�k
Format: p$b<Q�qresN_N�eaf;g�[tU)S�jTO�U_Nru<OvM�b�q�S�f$N_ewf�gxN_^�Sxy�O�U_dzu<O�f�SRX8NP^;S{QTS�^�[�| eaORUrO�Q�k_S�U)|�S�u�X�[5f�u}NP^;S~jTO kPk�ewQ;`aS
S��$j�`a[5f�[�N�eaO�f�k(O5l�N_^<e�k�QTS�^�[�| eaORU��
Goal
� ^;S�j;U)O���S�MGN�eak(M�S�f$N_S�UPS�ur[�UPO b;f�uoe�u<S�f$N�esl�iBewf�g6N_^�S9uvew�AS�U)S�f$N,q�S�q�ORU)iF`�[�i S�UGk�O�f�U)S�[5`�q�[RM)^;ewf�S�k�X [5f�u�S�k�N�eaq�[�N�eaf;g
N_^�Shj�[�UG[5q�S�N_S�UGk]ORl(S�[�M)^#O5l(N_^�Shq�S�q�O�UPi�`a[�i�S�U)k�� � ^�S�g�O [5`�e�k ���$� NPOxu<O~q�[5��O�U9eaqrj;`aS�q�S�f$NP[�N_ewO fty(ORUPd�XTQ�b<N
UG[�N_^�S�U�N_O

� g [�eaf>S��$jAS�U_eaS�f�M�SEeafxq�S�[Rk_b<UPeaf;g-NP^;SFjTS�U_l�ORU)q�[5f�M�S�ORl�[RM�N_b�[5`�j;U)O�g�U)[5q>k�X� q�[�d SrO�Q�k_S�U)|5[�N�eaO�f�ko[�QTO�b;NoNP^;S>ewf;�;b;S�f�M�S>O5l�NP^;S~q�S�q�O�UPi#^<eaS�UG[�U)M)^vi�O�f0N_^�S�U)b;f;f;ewf�gxN�eaq�S>O5lE[x| S�U)i
k�eaqrj;`aS>j;U)O�gRUG[5q���k�jAS�MGew��M�[5`s`ai0NPO�k�S�S~y]^�S�NP^;S�U�eaf�u<ew|Be�u<b�[5`.M�O qrjTO�f;S�f$NPkoO5l.NP^;S{q�S�q�ORU)i2^;ewS�U)[5U)M)^vi
k�^�O5y�N_^�S�q�k_S�`a|�S�k�y]^�S�f~N_^�SFewf;j�b;N]k�ea��S-gRU)O5y�k��

Task 1.1

ctUPewN_S.[-k�eaqrj;`aSE�0ORU��]�-��j�UPO gRUG[5q�NP^�[�N8N)[�d S�k,[�U)g�b�q�S�f$N)k���X<�<Xv[5f�uh�h[5f�ur[�`w`aO$M�[�N_S�k�[Rf�[�U_UG[�ioORl�k�ea��S���[5f�u
M�ivM�`se�MhUPb�f�k.N_^;UPO b;g ^tN_^�Sr[�U_UG[�it[5f�u�[RM�M�S�kPk_S�kES�f$N_U_eaS�kFYv�)�<�GVR�;���������)���� $¡�¢£¥¤ X�eaf�N_O�NP[�`,|Be�k�ewN�eaf;g{�xS�f$N�UPewS�k�� � ^;S
j;U)O�g�U)[Rq¦k�^�O�b<`�u>f;ORN]g S�f;S�U)[5N_SF[5fvirO�b;N�j�b;N��
L.f;S8jAOBk_k�ewQ;`aS�[�j�j;U)O [RM)^Ee�k�NPO9b�k_S8NP^;S([�`s`aOvM�[�NPS�u\[�U_UG[�i�NPO.k�N_ORU)S8NP^;S�f;S��$N§jAOBk�ewN�eaO�f�kTNPO9|Beak�ewN�X�e¨� SR�wX�©6ª «���¬A­¯®�«P�\°�±��
[5f�u>©6ª ���G $¡�¢£ ¤ ¬A­�Y<�
Task 1.2
² [�dBSF[�k�ewq�es`�[�U�j;U)O�g�U)[5q³NP^�[�N�[RM�M�S�k_k_S�k�N_^�S6[�UPU)[�irS�f$N_U_eaS�k(eaf ��" ��1<��! O�U)u;S�U��
Task 1.3
´ b�f>i O�b<U(j;U)O�g�U)[Rq�k�l�ORU�u<es�AS�U)S�f$N�|5[�`wb�S�k�ORl§�}[5f�u~�;X;[5f�u>q�S�[�k�b;UPS]NP^;S.N�eaq�SFb�k_S�u�Q<irN_^�S9j�UPO gRUG[5qx����^�OBOBk�S
��k�b�M)^�NP^�[�N]U)b;f�f<eaf;goN�eaq�SEQAS�M�O q�S�k([RM�M�S�j�NP[�Q�`wS��
µ u<S�f$N�esl�ixN_^�S\j�UPO�jTS�UPN�eaS�kEO5l(N_^;S�q�S�[Rk_b<U)S�u~U)S�k_b<`wNPk-[5f�utN_UPixNPO{gRea|�Sr[5f�S��$j;`�[5f�[5N�eaO�f�O5l�NP^;S�q�S�[Rk�b;UPS�u~N�eaq�S�k�X
S�k�jTS�M�ea[�`w`ai>^�O5y@NP^;S-q�S�q�ORU)i�^<eaS�UG[�U)M)^vi�eaf<��b;S�f�M�S�k(N_^;S-g�UPO5y�NP^~ewfxNP^;SFU)b;f�f<eaf;g\N�eaq�S-y]^;S�f{N_^;SFj�UPO�Q;`aS�q¶k�ea��S
��eaf�MGU)S�[�k�S�k��
· U)O�q¶i�O�b;U�UPS�k�b;`sN)k(N�U)i�N_O�e�u<S�f$N�esl�i�NP^;S.l�OR`w`wO5y�eaf;g�jA[�UG[5q�S�NPS�UGk8ORl�NP^;SFq�[RM)^;ewf�S�k�¸

� pBew��S-O5l ´]¹9² [5f�u{M�[�M)^;S\®	º�°6[5f�u~º�V\e»l�jTO kPk�ewQ;`aS�±GX�D¼ `aOvMPd~k�ew��S-O5l ´�¹9² [Rf�u~M�[RM)^�S\®&º�°6[5f�u~º�V\esl�jAOBk_k�ewQ;`aS�±)X� ´ S�`�[�N�ea|�S6[�M�M�S�k_k�N_ewq�SEQTS�N�y(S�S�f~N_^;S-u<es�AS�U)S�f$N]`aS�| S�`�k]O5l�N_^;S-q�S�q�O�UPih^<eaS�UG[�UGM)^viR�
´ S�jAS�[�N]i�O b<U]S��$jTS�UPewq�S�f$NPk(O f�N�y(OrORU]q�O�UPSFuvew��S�UPS�f$N]q�[RM)^<eaf;SE[�UGM)^<ewN_S�M�N_b;UPS�k�[5f�u~ORjTS�UG[�N�eaf;g�k_i$k�N_S�q�k��



Hints

� � ^;S�U)S\[5UPSh½ b;esNPSh[�fvb;qhQTS�U9ORl�¾�¿ µ�À M�O q�q�[5f�u;k�N_O>N�eaq�S\N_^;ShS��vS�M�b<N_ewO f#ORl([rj�UPO gRUG[5qxX�[5q�O�f;g�NP^;S�k�S
time [5f�u timex � ´ S�[Ru>N_^�S6q�[5f~jA[5g�SEl�O�U9b�kP[5g�SFORl�NP^;S�k�S�� µ ftk_O�q�S-k_^;S�`s`�k-®¨SR� g<�wX�M�k_^�±GX;NP^;S�U)SFe�k.[�`�k_O�[
Q�b<ew`wN�Á¨ewf{|�S�U)k�eaO�f�ORl time �ÂUPS�[Ru�N_^;SEq�[5f�j�[5g S]l�O�U(NP^;S-k_^;S�`w`Al�ORU�eafvl�O�UPq�[5N�eaO�f�O f�NP^<e�k�� � ^�S�U)S.[�U)SE[5`ak_O
M�ORUPU)S�k�jAO f�u<ewf�g{�¯`sewQ;UG[�U)itU)O�b<N_ewf�S�k6M�[�`w`wS�u times X getrusage X�[5f�u gettimeofday ®¨y]^<e�M)^0[�`�k�Ox^�[�| S
q�[5f\j�[5g S�k)±)� � ^�S�[�|�[5es`�[�Q;ew`wesN�irq�[�i6u<es�AS�U,lÃUPO qÄq�[�M)^<eaf;S�N_O-q�[RM)^;ewf�SRX5NP^;O�b�g�^�� µ N8e�k�j�[5U_N�O5lTNP^;S�j;U)O���S�MGN
N_OrM�O f�k�eau;S�U]^;O5y@N_OhQTS�k�N]N�eaq�SEN_^;SFS��$S�M�b;N�eaO�f{O5l�i�O b<U�j;U)O�g�U)[5q>k��� µ l�N_^�S�U)SF[5UPS.N_O$O�q�[5fvihj;U)O�g�U)[RqÄeaf�k�N�U)b�M�N�eaO�f�k,jTS�U�q�S�q�O�UPi�[RM�M�S�kPk�ewf{i�O b<U�j;U)O�g�U)[RqxXRN_^�S-M�O k�N]O5l�g�OReaf;g
lÃUPO q¶M�[RM)^�S9NPO ´]¹9² q�[�i�QTSE^�[�UGu�NPO�k_S�SFeaf~N_^�SFUPb�f;f<eaf;goN�eaq�S�k���Å�O�b<U]j�UPO gRUG[5q�k8k_^;O b<`�u>N_^;S�UPS�l�ORU)S9QTS
[RkFORj�N�eaqrew��S�u�[RkFjTOBk_k�esQ�`wS�X�S�|�S�f�[5N6N_^�S�M�O k�N6O5l]f;O�UPq>[�`�j;U)O�gRUG[5q�q�ewf�g�M�O�fv| S�f$N_ewO f�k�� ² [5d S�l�b�f�MGN_ewO f�k
ewf;Á�`wewf�SRXvb�k_S�g�`wO�Q�[�`�|�[5U_e�[�Q;`aS�k�Xvqreaf<eaqrew��S�N_^�S9fvb;qhQTS�U8ORl if/else Æ k�S�NPMR� ¹ `ak_O<Xvk_S�N(N_^;SEM�O qrj;ew`wS�U,ORj�N�eaO�f�k
l�ORU�q�[��$eaq�[�`AORj�N�eaqrew��[�N�eaO�f��� p$ivk�NPS�qÇM�[�`w`ak�[Rf�u>U)[Rf�u<O qÈfvb;qhQTS�U(g�S�f�S�UG[�N�eaO�f~[�U)SES��$jAS�f�k�ew| SR�� ² [�d S�gRUG[�j�^�kEO5l�N_^�S\U)S�k_b<`wNPk�X§S�� g;�sX�b�k�ewf�g gnuplot ORU MS Excel � ¹ k_S�f�k�ewQ;`aSr|�[5`wb�S�N_O{j;`aORNoM�O�b;`au2QTS
UPb�f;f<eaf;g9N�eaq�S�uvea|Beau;S�uhQ<io[�k�i$qrj�N_ORN_eaM�M�O�qrj�`wS��BewN�ir®¨SR� g<�wX��tORU��o`wO g8��±GXBy�ewN_^��tO�fr[.`wO g [�UPesNP^;qre�M(É<Á&[��$eak��� ´ b;f�N_^;SEj�UPO gRUG[5qÊ[\k�b;esN)[�Q;`aSFfvb;qhQTS�U,ORl§N_ewq�S9l�ORU]S�[RM)^�eaf<j�b<N]k�ea��S-[5f�u�b�k�S.N_^�SE[�|�S�U)[Rg�S�U)b;f�f<eaf;g-N_ewq�SR�� ^<e�k]k�^�O�b<`�u�`wS�|�S�`�O�b;N(��b�MGNPb�[�N_ewO f�k�u<b�SEN_OrORNP^;S�U(j�UPOvM�S�kPk�S�k��� +������$�r��
��¦��Ë�ÌA������!#���§�	�D����Í�Îa�}������Ïv���5��ÐÄ´ [�N_^�S�U�X�N_UPiDN_O���f�u�[�q�[RM)^;ewf�S~y�ewN_^@f;O�ORNP^;S�U�b�k_S�U
j;U)O$M�S�kPk�S�k,S��vS�M�b;N�eaf;g;�� p$O�q�S�N�eaq�S�k,ewN9qreag�^$N(QAS-b�k�S�l�b<`TNPO�`wO$ORd{[�N]N_^�S6[RkPk�S�q\Q�`wS�U�M�Ovu<SFg�S�f;S�UG[�NPS�u�Q<irN_^�S6M�O�q�j;ew`wS�U(NPO�M)^;S�MPd�e»l
N_^;S6M�Ovu<SFg�S�f;S�UG[�NPS�u�Q<i�N_^�S6M�O qrj;ew`wS�U�eak�[�k]S��$jTS�M�N_S�u�®	M�O qrj;ew`wS�U�M�[5fxO�j;N�eaqrea��S-[�y([�i�b�f;S��BjTS�MGN_S�u>j�[�UPNPk
O5l§NP^;S6M�O$u;S�±G�� cz^�S�f�M�OR`w`aS�MGN_ewf�g~UPS�k�b;`sN)k�lÃU)O�qÑq>[5fvi~u<es�AS�U)S�f$NFS��vS�M�b<N_ewO f�k�XTesNFe�kEb�k_SGl�b<`�NPO~[Rf;f;O�NP[�NPS-N_^�S�O�b<N_j�b;N.y�ewN_^
k�b;ÒrM�ewS�f$N9eafvl�O�UPq�[5N�eaO�f#k_b�M)^#N_^�[5N.ewNF`a[�NPS�UFe�kEM�`wS�[�U-y]^�[�NFS��vS�M�b<N_ewO f2g S�f�S�UG[�N_S�uxy]^�[�NFO�b;N�j�b<N��oÓ§O kPk�esQ�`wS
ewf<l�ORU)q�[�N�eaO�f~[�U)SR¸�q�[RM)^;ewf�S�e�uTX<j�UPO gRUG[5qÊeau�®¨SR� g<�A��Ô.p>| S�UGk�eaO�f>eau�±)X�[Rf�u>UPb�f<Á¨N�eaq�S.[5UPg b;q�S�f$NPk��� � OEjTS�U_l�ORU)qÄk_S�| S�UG[�`�uvew�AS�U)S�f$N�S��vS�M�b<N_ewO f�k�X�ewN8eak,b�k_SGl�b;`<N_O-^�[�| S][EkPMGUPewj;N8ORU8q�S�NP[5Á�j�UPO gRUG[5q@NP^�[�N�jTS�U�l�O�UPq�k
[�`s`TNP^;SFS��vS�M�b<N_ewO f�k�� � ^<e�k][�`ak_O�[�`s`aO5y�k�S��vS�M�b<N_ewO f�k(NPO\QTS.jTS�U_l�ORU)q�S�urO fxuvew��S�UPS�f$N(q�[�M)^<eaf;S�k�½Bb<ewN_S-S�[�k�ew`wi��
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