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LM BWHKBEVHIBQ VF IOB NHKI IOHI IOB EBGHILXB C BCDEF GHIBJKF LJKEBHMBM VF HVDSI YZ[ PBE FBHE T \J IOB DIOBE OHJQ ]
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PEBMBJIM IOB A_`\Uab IDDGMBI ] H MBI DN IDDGM IOHI HEB VSLGQ ID OBGP IOB PEDREHCCBEM ID ISJB IOBLE HPPGLKHILDJM
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qprst� {pt�str m~np uv � pnsr u~y m~ ur{st|m~| �s||�p~pn� u~ n�ttp~| r unts{ts npvvstv � �uy~u� nm~| tpvpmtno p�st| omv
�pp~ �p�s|p� |s {ts{svp ~s�p� |pno~u��pv |s ur{ts�p u|v {pt�str m~np � �sr p s� |opvp |pno~u��pv tp��utp s~�� omt��mtp
v�{{st| �ou�p s|optv tp�� utp vsr p v�{{st| s� |op {tsytmrrpt�nsr{u�pt � ��mr{�pv s� |op �m||pt mtp {tp�p|nou~y w
��sn�u~y w ns{�u~y w p|n �

�ouv |�{ p s� s{|ur u}m|us~v tp��utp vsr p �~s� �p�yp s� |op � pom�us�t s� |op {tsytmr m~� |op mtno u|pn|�tp � �~
m��u|us~ m {tsytmrrpt �spv ~s| �~s� �om| { pt�strm~np ur{ts�pr p~| op�vop r uyo| p�{pn| �tsr s{|ur u}u~y m ns�p �
�op vu|�mnus~ yp|v �stvp ��p |s |op �mn� s� |ss�v |om| m��s� |op {tsytmrrpt |s �vp p� uv|u~y r prst� s{|ur u}m|us~v �

�op q��z��� xts� pn|  q prst� �uptmno� �~m��vuv m~� z{|ur u}m|us~ �ss�v �st |op �~�¡� vpt¢ mur v m| �p�p�s{u~y
m vp| s� |ss�v |om| � u�� op�{ {tsytmr �p�p�s{ ptv |s |�~p |oput m{{�unm|us~v �st m �p||pt �vp s� |op r prst� ouptmtno�� �op
{�t{svp s� |o uv {ts� pn| uv |s ��u�� m vp| s� m~m��vuv |ss�v m~� m vp| s� s{|ur u}m|us~ |ss�v �ouno m��tpvv |op m�s�p uvv�pv
m~� mtp {tmn|unm� p~s�yo |s �p p�{�su|p� u~ m~ u~��v|tum� p~�uts~r p~| � �op �s n�v s� |op |ss�v mtp £st|tm~ ~�rptunm�
m{{ �unm|us~v �st vu~y�p {tsnpvvst { �m|�str v �

¤ u�ptp~| m~m��vuv |pno~u��pv om�p � pp~ �p�p�s{ p� � �opvp |pno~u��pv {ts�u�p �u�ptp~| �m�v s� m~m��}u~y rprst�
ouptmtno� �pom�us�t � �op� tm~yp �tsr �pt� mnn�tm|p ��| v�s� m~m��vuv |s p�|tpr p�� �mv| ��| ~s| vs mnn�tm|p m~m��vuv �
�s yu�p v�{{st| |s |op m~m��vuv |ss�v �p om�p m�vs �p�p�s{ p� m vp| s� u~ v|t�r p~|m|us~ |ss�v � �op |ss�vp| m�vs ur{�pr p~|v
r m~� ns�p |tm~v�str m|us~v m~� s{|ur u}m|us~v � �opvp |tm~v�str m|us~v mtp { pt�str p� m�|sr m|unm��� �~�pt |op ns~|ts�
s� |op �vpt �
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�op tpv| s� |op {m{pt uv stym~u}p� mv �s��s� v � �op ~p�| vpn|us~ {tpvp~|v s�t m{{tsmno |s u~|pytm|p |op �u�ptp~|
nsr{s~p~|v u~ m vu~y�p |ss� � �op �s��s� u~y vpn|us~v u~|ts��np |op �u�ptp~| nsr{s~p~|v |om| nsr{svp |op |ss� � �pn|us~
� {tpvp~|v |op u~v|t�rp~|m|us~ rs���pv � �pn|us~ 	 s�pt�up� v |op �u�ptp~| m~m��vuv m{{tsmnopv � �op |tm~v�strm|us~
rs���p uv {tpvp~|p� u~ �pn|us~ 
 m~� m vs�|�mtp {tp�p|nou~y rs���p uv �pvntu�p� u~ �pn|us~ � � £u~m���w �pn|us~ � vos� v
|op r mu~ ns~n��vus~v s� s�t �st� �

 �� ��� ��� ���� ��������

�op qoms|p� |ss� � pym~ mv m �u�ptvp vp| s� nsr{s~p~|v s~ r m~� {�m|�str v m~� tp��utp� m nsst�u~m|p� �tu�p |s�mt�v
u~|pytm|us~ � �op s�� pn|u�p �mv |s m��s� |op |ss�v |s u~|pts{ptm|p s~ |op �vptv {ts� �pr �

�op stuyu~m� u~|p~|us~ �mv |s {ts��np m vu~y�p m��¡p~nsr{mvvu~y |ss� �mvp� s~ l� � m~� rs|u� ytm{ounv � �om|
�mv nsr{�p|p�� �~tpm�uv|un �st |ss�v s� v�no �u�ptvp stuyu~ m~� m tpvpmtno ���yp| � �~ v|pm� �p �pnu�p� |s �vp rs�pt~
{tu~nu{ �pv s� n�up~| vpt�pt p~yu~pptu~y � �op |ss�v �s��� �p yts�{p� s~ vpt�ptv w � tm{{p� � u|o m v|m~�mt� u~|pt�mnp
m~� nsrr�~unm|p mntsvv m �s nm� ~p|�st� � �op nsrrm~� m~� ytm{oun u~|pt�mnpv �s��� �p �tu||p~ u~ �m�m �st v{pp� s�
ur{�pr p~|m|us~ m~� {ts�u�p ��q� ytm{ounv �um ���x |s m {s|p~|um��� tprs|p �ts� vpt mv |op �vpt u~|pt�mnp � �s� �p
�ptp �ss�u~y m| m v�v|pr s� nsr{s~p~|v |om| ns��� � p s~ s~p rmnou~p st v{tpm� mts�~� m ~p|�st� � �op �vpt ns���
�p �s nm� st tprs|p �

�p�m|p� nsr{s~p~|v �ptp yts�{p� u~ �vpt�ptv� � �opvp �ptp tpv{s~vu��p �st ur{�pr p~|u~y m v|m~�mt� nsrrm~�
�m~y�myp w nsrr�~unm|u~y �um �lx��x vsn�p|v mntsvv |op ~p|�st� m~� s{ptm|u~y |oput nsr{s~p~|v �

lp~|tm� |s |op s�ptm�� �pvuy~ uv |op �m|m�mvp u~ �ouno mtp v|stp� |op {s|p~|um��� �mtyp { pt�str m~np v|m|uv|unv � �op
�m|m u~ |op �m|m�mvp uv p�|tmn|p� st � �|ptp� �� m �¤�l ��� ��pt� m~� �uv{�m�p� u~ ��q� �

� �m�m {tsytmr �~s�~ mv lsst�u~m|st �ts�p |op |ss�v m~� |op �m|m�mvp mv �p�� mv {ts� pn|u~y m ytm{ounm� � vpt
u~|pt�mnp u~ |op �str s� m �m�m m{{�p| |s m �vptv �ts� vpt � lsst�u~m|st w �m|m�mvp w |ss�v m~� �vpt u~|pt�mnp �ptp m��
vp{mtm� �p mntsvv m ~p|�st� � �op s~�� nsr{tsr uvp r m�p �mv |s mvv�r p �st |op rsrp~| |om| ���� �m|m p�nom~ypv
�p|�pp~ |op |ss�v �s��� |m�p {�mnp �um m vomtp� ��pv|stp v�v|pr �

� vuy~u�nm~| {mt| s� |op u~|pytm|u�p |mv� �mv |s �p�~p m~� p~�stnp nsrrs~ �p�~u|us~v �st �m|m u~|ptnom~yp �p|�pp~
|op |ss�v w �op|opt �um vomtp� ��pv|stp st �m|m�mvp |m��pv �

�op lsst�u~m|st {tpvp~|v m lsrrm~� � u~�s� |s |op �vpt � �ss�v mtp vp�pn|p� m~� u~v|t�n|p� |ots�yo nsrrm~�
�um�syv m~� |op {tsytmr uv {tpvp~|p� u~ m |tpp �u�p �str |s mu� ~m�uym|us~ � �optp uv m {ts� pn| v�v|pr |s r m~myp |op
�ptvus~v s� vs�tnp � �pv mv |op� mtp p�{ptur p~|m��� |tm~v�str p� u~|s m rstp ouyo�� s{|ur uvp� v|m|p � �op vs�tnp s�
|op {tsytmr uv {tpvp~|p� u~ ��q� |ots�yo m �ts� vpt � u~�s� � u|o �u~�v |s tp�m|p� {pt�strm~np u~�str m|us~ � �op
u~|p~|us~ uv |s �s n�v |op �vpt s~ |op |mv� m~� mv �mt mv {svvu��p �uvy� uvp |op �u�ptvp stuyu~v m~� ~m|�tp s� |op |ss�
nsr{s~p~|v �
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�op {�t{svp s� |op �~v|t�r p~|m|us~ nsr{s~p~| uv |s p�|tmn| t�~¡|ur p u~�str m|us~ �tsr |op m{{�unm|us~v |s s{|ur u}p �
�ouv u~�str m|us~ nm~ �p �vp� pu|opt �� |op �vpt u~ st�pt |s v|��� |op � pom�us�t s� m~ m{{�unm|us~ w st �� s|opt |ss�
nsr{s~p~|v u~ st�pt |s ur{ts�p |oput mnn�tmn� st |s s�|mu~ |tmnpv s� |op p�pn�|us~ �

�ouv nsr{s~p~| omv mv u~{�| |op m{{�unm|us~ vs�tnp ns�p |s v|���w m~� mv s�|{�| |op vs�tnp ns�p u~v|t�r p~|p�
� u|o nm��v |s {mt|un��mt v��ts�|u~pv |om| ns��pn| |op t�~¡|ur p u~�str m|us~ � �op u~v|t�r p~|p� ns�p omv |s � p �u~�p�
� u|o m q��z��� �u�tmt� |om| ns~|mu~ v |op v��ts�|u~pv m~� w p�pn�|p� |s s�|mu~ |op �pvutp� u~�str m|us~ �

�~�pt |op q��z��� |ss�vp| �p om�p �p�p�s{ p� |otpp �u�ptp~| |�{ pv s� u~v|t�r p~|m|us~ � �op� �vp |op �l����z
p�{ptur p~|m� nsr{u�pt  Í! �

" #$% &d'd ( )*j+h,- d*+.+#g* uv |op |ss� � vp� �� |op ¤�~mr un �~m��vuv m~� |op / �0  �! � �| u~v|t�rp~|v |op vs�tnp
ns�p u~ st�pt |s s�|mu~ r prst� |tmnpv s� |op p�pn�|us~ m~� u~�str m|us~ m�s�| |op ~s~¡vnm�mt r prst� tp�ptp~npv � £st
u~ v|m~np w �st pmno r prst� u~v|t�n|us~ s~p r m� s�|mu~ |op �mvp m��tpvv m~� |op s� vp| �

1 hg2 (dh uv |op u~v|t�rp~|m|us~ �vp� �� |op �x��� |ss�  �! u~ st�pt |s ur{ts�p |op mnn�tmn� s� |op v|m|un rprst�
m~m��vuv � �ouv nsr{s~p~| u~v|t�r p~|v |op vs�tnp ns�p u~ st�pt |s s�|mu~ |op ~�r�pt s� u|ptm|us~v { pt �ss{ w m~� |op
~�r�pt s� p�pn�|us~v { pt r prst� u~v|t�n|us~ �
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Program 102.swim, Procedure name=calc2 

Cache 
level

Num. of 
accesses

Total misses Load misses Write misses Num. of conflicts Num. of capacity Num. of
compulsory 

0 36,797,600 20,063,043 - 54.52% 9,540,733 - 47.55% 10,522,310 - 52.44% 4,256,620 - 21.21% 15,806,423 - 78.78% 0 - 00.0%

1 20,067,513 1,173,725 - 05.84% 504,865 - 43.01% 668,860 - 56.98% 0 - 00.0% 1,173,725 - 100.0% 0 - 00.0%

TLB 36,797,600 14,200 - 00.03% 6,461 - 045.5% 7,739 - 054.5% 0 - 00.0% 0 - 00.0% 0 - 00.0%

Loop misses (and miss ratio)

Loop 0 1 TLB

0 (src) 1 - 04.98% 1 - 08.51% 0 - 00.0%

1 (src) 20,003,412 - 99.70% 1,149,354 - 97.92% 9,010 - 63.45%

2 (src) 36,500 - 00.18% 21,790 - 01.85% 5,150 - 36.26%

3 (src) 23,050 - 00.11% 2,550 - 00.21% 30 - 00.21%

Loop hierarchy and execution time

Depth Loop Nr. Begin End Exec. time

0 0 (src) 515 578 0

1 1 (src) 526 575 0

0 2 (src) 585 602 0

0 3 (src) 610 627 0

£uy�tp Í � xts��pt £uy�tp � � ¤p��yypt

&gg� � #- #*$ uv |op u~v|t�r p~|m|us~ |ss� |s s�|mu~ |op p�pn�|us~ |ur p v{ p~| �� |op m{{�unm|us~ u~ pmno �ss{ � �ouv
u~�strm|us~ uv ~s| tp��utp� �� s|opt nsr{s~p~|v ��| w uv �pt� �vp��� �st |op p~� �vpt u~ st�pt |s �s n�v |op s{|ur u}m|us~v
u~ |op tp�p�m~| {mt|v s� |op m{{�unm|us~ �
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�op {�t{svp s� |ouv nsr{s~p~| uv |s {ts�u�p m r prst�¡� uvp {tsytmr p�pn�|us~ {ts� �p � �op |ss� uv �s n�vp� s~ ns��pn|u~y
nmnop { pt�str m~np u~�str m|us~ � �ouv r prst� v�v|pr {ts��pt {ts�u�pv ou|�r uvv tm|us m~� mvvsnum|p� v|m�� n�n�pv �st
vp�ptm� nsr{s~p~|v s� |op rprst� v�v|pr � m�� nmnop �p�p�v m~� ��� �st m yu�p~ r prst� v�v|pr mtnou|pn|�tp � �ouv |ss�
nm~ �p ns~~pn|p� |s �n|u~ps  u~ |op q��z��� {�m|�str ¢ �ouno {ts�u�pv vs�tnp¡ns�p |tmnpv st m~ s�� pn|¡ns�p |tmnpt
�tsr |op {���un �sr mu~ �u�p ��zq �st � �{om {ts npvvstv � �opvp {ts� �u~y �mnu�u| upv mtp �vp� |s p�m��m|p |op ~m|�tp
s� r uvvpv � v{m|um� w |pr{stm� w nm{mnu|�w ns~� un| w nsr{��vst� � � � |s op�{ �~�u~y |op ~m|�tp s� { pt�strm~np �pytm�m|us~v w
p|n �  vpp £uy�tp Í �st m~ p�mr{�p vos� u~y |op v|m|uv|unv �uv{�m�p�¢ � �~�u�p n�ttp~| m~m��vuv |ss�v w |op vns{ p s� {ts� �u~y
uv ~s| s~ �� |op �os�p ns�p ��| m�vs {ts np��tp st �ss{ ~pv| ns~v|t�n|v vu~np s{|ur u}m|us~v mtp �v�m��� { pt�strp� m|
|om| �p�p� �

� �� 
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0 ou�p {ts� �u~y nm~ �p �vp� |s v�rrmtu}p |op � pom�ust s� �u�ptp~| ns�p ns~v|t�n|v  ts�|u~pv w �ss{ ~pv|v w v|m|prp~|v w
tp�ptp~npv � � � ¢ m~� �s nm|p r prst� �s||�p~pn�v w u| {ts�u�pv �u||�p mvvuv|m~np |s p�{�mu~ |op s nn�ttp~np s� |opvp �s||�p~pn�v
m~� |o�v |s �~� vs��|us~v � �ouv {ts� �pr nm~ �p nsr{mtp� |s {tsytmr s{|ur u}m|us~ � {ts� �u~y uv �vp� |s �~� |ur p¡
ns~v�r u~y ns�p vpn|us~v w ��| u� |op nm�vp s� {pt�str m~np �pytm�m|us~v �spv ~s| n�pmt�� m{{pmt u~ |op vs�tnp ns�p w
�p��yyu~y r�v| |op~ �p �vp� |s p�pn�|p |op {tsytmr v|p{ m~� �� v|p{ m~� |s �~�ptv|m~� |op �st�u~yv s� |op �s||�p~pn� �
�op !"!# $ % $&' (&) "*!$ +$,-.. $& vpt�pv |op vmr p {�t{svp �st r prst� {pt�str m~np p�m��m|us~ � �| uv m ytm{ounm� |ss�
�mvp� s~ �m�m |om| vos� v w tp�ptp~np �� tp�ptp~np w |op u~~pt �st�u~yv s� m nmnop �st vrm�� ns�p vpn|us~v w mv �p�� mv
~�r pts�v v|m|uv|unv |s y�u�p |op m~m��vuv  vpp £uy�tp � �st m �up� s� |op |ss�¢ � �ouv nsr{s~p~| nm~ |op~ �p �vp� |s
�~�ptv|m~� |op �st�u~yv s� r prst� �s||�p~pn�v �

� �/ ��012
�op �x��� |ss� ns~vuv|v s� m v|m|un �s nm�u|� m~m��vuv p~om~np� � u|o �pt� vur{�p {ts� �u~y �m|m w �ouno tpv��|v u~ m
~py�uyu��p v�s��s�~ � �ouv �pm|�tp m��s� v |op |ss� |s �p �vp� �st ouyo�� |ur p¡ns~v�r u~y m{{�unm|us~v m~� |s u~n���p u|
mv m v|p{ u~ m |�{unm� u|ptm|u�p m~m��vuv¡s{|ur u}m|us~ {ts npvv �

�op v|m|un u~�str m|us~ uv mur p� m| nsr{�|u~y |op �u�ptp~| |�{pv s� r uvvpv |om| � u�� om{{p~ ��tu~y |op p�pn�|us~ �
lsr{��vst� r uvvpv tp��utp |s nsr{�|p |op u~|tu~vun tp�vp s� �m|m � lm{mnu|� r uvvpv tp��utp u~ m��u|us~ |s nsr{�|p
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