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&KDSWHU �
,QVWUXFWLRQV��/DQJXDJH�RI�WKH�0DFKLQH
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,QVWUXFWLRQV�
• /DQJXDJH�RI�WKH�0DFKLQH
• 0RUH�SULPLWLYH�WKDQ�KLJKHU�OHYHO�ODQJXDJHV

H�J���QR�VRSKLVWLFDWHG�FRQWURO�IORZ
• 9HU\�UHVWULFWLYH

H�J���0,36�$ULWKPHWLF�,QVWUXFWLRQV

• :H¶OO�EH�ZRUNLQJ�ZLWK�WKH�0,36�LQVWUXFWLRQ�VHW�DUFKLWHFWXUH
– VLPLODU�WR�RWKHU�DUFKLWHFWXUHV�GHYHORSHG�VLQFH�WKH�����
V
– XVHG�E\�1(&��1LQWHQGR��6LOLFRQ�*UDSKLFV��6RQ\

'HVLJQ�JRDOV���PD[LPL]H�SHUIRUPDQFH�DQG�PLQLPL]H�FRVW���UHGXFH�GHVLJQ�WLPH
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����0,36�DULWKPHWLF
• $OO�LQVWUXFWLRQV�KDYH���RSHUDQGV
• 2SHUDQG�RUGHU�LV�IL[HG��GHVWLQDWLRQ�ILUVW�

([DPSOH�
&�FRGH��� $� �%���&

0,36�FRGH� DGG��V����V����V���

�DVVRFLDWHG�ZLWK�YDULDEOHV�E\�FRPSLOHU�
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0,36 DULWKPHWLF
• 'HVLJQ�3ULQFLSOH���VLPSOLFLW\�IDYRUV�UHJXODULW\�����:K\"
• 2I�FRXUVH�WKLV�FRPSOLFDWHV�VRPH�WKLQJV���

&�FRGH� $� �%���&���'�
(� �)�� $�

0,36�FRGH� DGG��W����V����V�
DGG��V����W����V�
VXE��V����V����V�

• 2SHUDQGV�PXVW�EH�UHJLVWHUV��RQO\����UHJLVWHUV�SURYLGHG
• 'HVLJQ�3ULQFLSOH���VPDOOHU�LV�IDVWHU�������:K\"
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5HJLVWHUV�YV��0HPRU\ �����

3URFHVVRU ,�2

&RQWURO

'DWDSDWK
0HPRU\

,QSXW

2XWSXW

• $ULWKPHWLF�LQVWUXFWLRQV�RSHUDQGV�PXVW�EH�UHJLVWHUV��
² RQO\����UHJLVWHUV�SURYLGHG ����ELWV�

• &RPSLOHU�DVVRFLDWHV�YDULDEOHV�ZLWK�UHJLVWHUV
• :KDW�DERXW�SURJUDPV�ZLWK�ORWV�RI�YDULDEOHV
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0HPRU\ 2UJDQL]DWLRQ
• 9LHZHG�DV�D�ODUJH��VLQJOH�GLPHQVLRQ�DUUD\��ZLWK�DQ�DGGUHVV�
• $�PHPRU\�DGGUHVV�LV�DQ�LQGH[�LQWR�WKH�DUUD\
• �%\WH�DGGUHVVLQJ��PHDQV�WKDW�WKH�LQGH[�SRLQWV�WR�D�E\WH�RI�PHPRU\�
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��ELWV RI GDWD
��ELWV RI GDWD
��ELWV RI GDWD
��ELWV RI GDWD
��ELWV RI GDWD
��ELWV RI GDWD
��ELWV RI GDWD
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0HPRU\ 2UJDQL]DWLRQ
• %\WHV�DUH�QLFH��EXW�PRVW�GDWD�LWHPV�XVH�ODUJHU��ZRUGV�
• )RU�0,36��D�ZRUG�LV����ELWV�RU���E\WHV�

• ��� E\WHV�ZLWK�E\WH�DGGUHVVHV�IURP���WR������
• ��� ZRUGV�ZLWK�E\WH�DGGUHVVHV�������������������
• :RUGV�DUH�DOLJQHG

L�H���ZKDW�DUH�WKH��OHDVW���VLJQLILFDQW�ELWV�RI�D�ZRUG�DGGUHVV"

0
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���ELWV RI GDWD
���ELWV RI GDWD
���ELWV RI GDWD
���ELWV RI GDWD

5HJLVWHUV�KROG ���ELWV RI GDWD



Mario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch3-81998 Morgan Kaufmann Publishers

,QVWUXFWLRQV
• /RDG�DQG�VWRUH�LQVWUXFWLRQV
• ([DPSOH�

&�FRGH� $>�@� �K���$>�@�

0,36�FRGH� OZ��W�������V��
DGG��W����V����W�
VZ��W�������V��

• 6WRUH�ZRUG�KDV�GHVWLQDWLRQ�ODVW
• 5HPHPEHU�DULWKPHWLF�RSHUDQGV�DUH�UHJLVWHUV��QRW�PHPRU\�

�LVWR�p�FKDPDGR�GH�DUTXLWHWXUD�³ORDG�VWRUH´�
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([HPSOR�FRP DUUD\ �SDJ������
• 6HMD��������J� �K���$>L@��

RQGH�$�p�XP DUUD\ GH�����SDODYUDV�FRP�EDVH�DSRQWDGD�SRU��V� H�R�
FRPSLODGRU�DVVRFLD�DV�YDULiYHLV�J��K�H�L�FRP�RV�UHJLVWUDGRUHV�
– J���V�
– K���V�
– L���V�

• $QWHV�GH��W��� $>L@�p�QHFHVViULR�FDOFXODU�R�HQGHUHoR�GR�
HOHPHQWR��$��
L��

�PXOWLSO\���W����V����YDORU���
DGG �W����V����W�

• $JRUD�p�SRVVtYHO�OHU�R�HQGHUHoR�DSRQWDGR�SRU��W��H�H[HFXWDU�D�VRPD
OZ �W������W�� �WHPS �W��� $>L@
DGG �V����V����W��� ��J�� K���$>L@
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2XU�)LUVW�([DPSOH
• &DQ�ZH�ILJXUH�RXW�WKH�FRGH"

VZDS�LQW Y>@� LQW N��
^ LQW�WHPS�

WHPS  �Y>N@
Y>N@� �Y>N��@�
Y>N��@� WHPS�

` VZDS�
PXOL ���������
DGG ����������
OZ ����������
OZ ����������
VZ ����������
VZ ����������
MU ���
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6R�IDU�ZH¶YH�OHDUQHG�
• 0,36

² ORDGLQJ�ZRUGV�EXW�DGGUHVVLQJ�E\WHV
² DULWKPHWLF�RQ�UHJLVWHUV�RQO\

• ,QVWUXFWLRQ 0HDQLQJ
DGG��V����V����V� �V�� ��V�����V�
VXE��V����V����V� �V�� ��V��± �V�
OZ��V��������V�� �V�� �0HPRU\>�V�����@�
VZ��V��������V�� 0HPRU\>�V�����@� ��V�
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• ,QVWUXFWLRQV��OLNH�UHJLVWHUV�DQG�ZRUGV�RI�GDWD��DUH�DOVR����ELWV ORQJ
– ([DPSOH����DGG��W����V����V�
– UHJLVWHUV�KDYH�QXPEHUV���W� ����V� �����V� ��

• ,QVWUXFWLRQ�)RUPDW �7,32�5��
������ ����� ����� ����� ����� ������

RS UV UW UG VKDPW IXQFW

• &DQ�\RX�JXHVV�ZKDW�WKH�ILHOG�QDPHV�VWDQG�IRU"
– UV� VRXUFH�UHJLVWHU
– UW� WDUJHW�UHJLVWHU
– UG� GHVWLQDWLRQ�UHJLVWHU
– RS � IXQFW��GHILQHP�D�LQVWUXomR

0DFKLQH�/DQJXDJH �����
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• &RQVLGHU�WKH�ORDG�ZRUG�DQG�VWRUH�ZRUG�LQVWUXFWLRQV�
– :KDW�ZRXOG�WKH�UHJXODULW\�SULQFLSOH�KDYH�XV�GR"
– 1HZ�SULQFLSOH���*RRG�GHVLJQ�GHPDQGV�D�FRPSURPLVH

• ,QWURGXFH�D�QHZ�W\SH�RI�LQVWUXFWLRQ�IRUPDW
– ,�W\SH�IRU�GDWD�WUDQVIHU�LQVWUXFWLRQV
– RWKHU�IRUPDW�ZDV�5�W\SH�IRU�UHJLVWHU

• ([DPSOH���OZ��W�������V��
�� �� � ��
RS UV UW ���ELW�QXPEHU

• :KHUH
V�WKH�FRPSURPLVH"

0DFKLQH�/DQJXDJH
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)RUPDWRV�GH�LQVWUXomR�Mi�YLVWRV

,QVWUXomR )RUPDWR RS UV UW UG VKDPW IXQFW DGGUHVV
DGG R 0 reg reg reg 0 32 -

VXE R 0 reg reg reg 0 42 -

OZ I 35 reg reg - - - address

VZ I 45 reg reg - - - address
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([HPSOR��SDJ ����
& FRGH� $>���@� �K���$>���@�

0,36 FRGH� OZ �W���������W��
DGG �W����V����W�
VZ �W���������W��

RS UV UW UG DGGUHVV�VKDPW DGGUHVV�IXQFW
35 9 8 1200

0 18 8 8 0 32

43 9 8 1200
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,QVWUXo}HV�YLVWDV�DWp�DJRUD

Form. Exemplo #
add R 0 18 19 17 0 32 add $s1, $s2, $s3

sub R 0 18 19 17 0 34 sub $s1, $s2, $s3

lw I 35 8 17 100 lw $s1, 100($s2)

sw I 43 8 17 100 sw $s1, 100($s2)

bits 6 5 5 5 5 6 todas com 32 bits
Form R op rs rt rd shamt funct aritmética
Form I op rs rt address trans. dados
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• ,QVWUXFWLRQV�DUH�ELWV
• 3URJUDPV�DUH�VWRUHG�LQ�PHPRU\�

² WR�EH�UHDG�RU�ZULWWHQ�MXVW�OLNH�GDWD

• )HWFK�	�([HFXWH�&\FOH
– ,QVWUXFWLRQV�DUH�IHWFKHG�DQG�SXW�LQWR�D�VSHFLDO�UHJLVWHU
– %LWV�LQ�WKH�UHJLVWHU��FRQWURO��WKH�VXEVHTXHQW�DFWLRQV
– )HWFK�WKH�³QH[W´�LQVWUXFWLRQ�DQG�FRQWLQXH

3URFHVVRU 0HPRU\
PHPRU\ IRU�GDWD� SURJUDPV�

FRPSLOHUV� HGLWRUV� HWF�

6WRUHG�3URJUDP�&RQFHSW
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• 'HFLVLRQ�PDNLQJ�LQVWUXFWLRQV
– DOWHU�WKH�FRQWURO�IORZ�
– L�H���FKDQJH�WKH��QH[W��LQVWUXFWLRQ�WR�EH�H[HFXWHG

• 0,36�FRQGLWLRQDO�EUDQFK�LQVWUXFWLRQV�
EQH��W����W���/DEHO�
EHT��W����W���/DEHO�

&RQWURO �����
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([DPSOH �SDJ �����
• �DVVXPLU�I�J�K�L�M�� �V���!��V��

LI��L� � �M��JRWR�/��
I� �J���K��

/������������I� �I�� L�
EHT �V����V�� /DEHO ��JRWR ODEHO�LI L�z M
DGG��V����V����V���������ID]�D�VRPD�

/DEHO� VXE �V����V���V��

• H�VH�QmR�Ki ODEHO H[SOtFLWR�QR�FyGLJR�&"

LI �L�� �M��I� �J���K��
I� �I�� L�
DVVHPEOHU FULD ODEHO�
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• 0,36�XQFRQGLWLRQDO�EUDQFK�LQVWUXFWLRQV�
M��ODEHO

• ([DPSOH�
LI��L� M�� EHT��V����V���/DE�

K L�M� DGG��V����V����V�
HOVH� M�/DE�

K L�M� /DE�� VXE��V����V����V�
/DE�� ���

• &DQ�\RX�EXLOG�D�VLPSOH�IRU�ORRS"�

IRU��L ���L���Q��L� �L�����

L��� �
ODEHO��FRUSR�GR�IRU�

L� �L�����
WHVWH��XVDQGR EHT RX EQH��! ODEHO

&RQWURO
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6R�IDU�
• ,QVWUXFWLRQ 0HDQLQJ

DGG��V���V���V� �V�� ��V�����V�
VXE��V���V���V� �V�� ��V��± �V�
OZ��V�������V�� �V�� �0HPRU\>�V�����@�
VZ��V�������V�� 0HPRU\>�V�����@� ��V�
EQH��V���V��/ 1H[W�LQVWU��LV�DW�/DEHO�LI��V�����V�
EHT��V���V��/ 1H[W�LQVWU��LV�DW�/DEHO�LI��V�� ��V�
M�/DEHO 1H[W�LQVWU��LV�DW�/DEHO

• )RUPDWV�
RS UV UW UG VKDPW IXQFW
RS UV UW ���ELW DGGUHVV
RS ���ELW DGGUHVV

5
,
-
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LI �L�  �M��������I� �J���K�� HOVH I� �J�� K�
�V����V��������V����V���V�

EQH �V����V�� (OVH ��JRWR (OVH�LI L�z M
DGG �V����V����V� ��I� �J���K�
M ([LW

(OVH� VXE �V����V����V� ��I� �J�� K
([LW� �����

&RQWURO�)ORZ �LI�WKHQ�HOVH�
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&RQWURO�)ORZ �VOW�
• VOW �VHW�RQ�OHVV�WKDQ��

LI���V�����V��WKHQ
�W�� ��

VOW��W����V����V�� HOVH�
�W�� ��

• &DQ�XVH�WKLV�LQVWUXFWLRQ�WR�EXLOG���EOW��V����V���/DEHO��
² FDQ�QRZ�EXLOG�JHQHUDO�FRQWURO�VWUXFWXUHV

• 1RWH�WKDW�WKH�DVVHPEOHU�QHHGV�D�UHJLVWHU�WR�GR�WKLV�
² WKHUH�DUH�SROLF\�RI�XVH�FRQYHQWLRQV�IRU�UHJLVWHUV
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3ROLF\�RI 8VH�&RQYHQWLRQV
1DPH 5HJLVWHU�QXPEHU 8VDJH

$zero 0 the constant value 0
$v0-$v1 2-3 values for results and expression evaluation
$a0-$a3 4-7 arguments
$t0-$t7 8-15 temporaries
$s0-$s7 16-23 saved
$t8-$t9 24-25 more temporaries
$gp 28 global pointer
$sp 29 stack pointer
$fp 30 frame pointer
$ra 31 return address

$1 = $at: reservado para o assembler
$26-27 = $k0-$k1: reservados para o sistema operacional
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8VR�GR��]HUR
• =HUR�p�XP��YDORU�~WLO
• &XVWR�HP�KDUGZDUH�p��TXDVH��QXOR
• ÒWLO��SRU�H[HPSOR��SDUD�LPSOHPHQWDU

– PRY �V����V� ����V��� �V�
– FOHDU �V� ���V��� �
– EOW �V����V�� /DEHO � EUDQFK�RQ�OHVV�WKDQ
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([HPSOR� ORRS FRP DUUD\ �SDJ ����
/RRS� J� �J���$>L@� ���J�����������K��������L���������M�������$��

L� �L���M� ����V�������V������V�����V�����V��
LI �L�� �K��JRWR /RRS�

/RRS� DGG �W����V����]HUR ����W��� L
PXOWL �W����W���� ����W��� L�
�����LQVWUXomR�DGLDQWH�
DGG �W����W����V� ���W��� L�
�����$��SRVLomR�GR�HOHPHQWR�
OZ �W������W�� ���W��� $>L@
DGG �V����V����W� ��J�� J���$>L@
DGG �V����V����V� ��L� �L���M
EQH �V����V�� /RRS ��JRWR /RRS�LI L�z K
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([HPSOR� ZKLOH�ORRS �SDJ ����
/RRS� ZKLOH �VDYH>L@� � �N� ���L�����������M��������N VDYH��

L� �L���M� ����V������V�����V���������V��

/RRS� DGG �W����V����]HUR ����W��� L
PXOWL �W����W���� ����W��� L�
�����LQVWUXomR�DGLDQWH�
DGG �W����W����V� ���W��� L�
���� VDYH
OZ �W������W�� ���W��� VDYH>L@
EQH �W����V�� ([LW ��JRWR ([LW��LI�VDYH>L@�z N
DGG �V����V����V� ��L� �L���M�
M /RRS

([LW� ����
�YHU�H[HUFtFLR�����SDUD�RWLPL]DomR��UHGX]LQGR�SDUD�XPD�LQVWUXomR GH�GHVYLR�
SRU�FLFOR�
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&DVH�� VZLWFK H MU �SDJ ����
switch (k) { # (f          g        h        i         j       k) 

case 0: f=i+j; break; # ($s0    $s1     $s2    $s3   $s4   $s5) 
case 1: f=g+h; break; # ($t2 contém o valor 4) 
case 2: f=g-h; break; # ($t4 contém base de JumpTable) 
case 3: f=i-j; break;

}

(testar primeiro se k dentro de 0-3)
add $t1, $s5, $zero #  $t1 ⇐ k

multi $t1, $t1, 4 #  $t1 ⇐ i * 4

add $t1, $t1, $t4 # $t1 ⇐ k * 4 + JumpTable

lw $t0, 0($t1) # $t0 ⇐ endereço a ser saltado

jr $t0 # salta para o endereço

...

L0: add $s0, $s3, $s4 # f = i + j

j Exit # break

L1: add $s0, $s1, $s2 # f = g + h

j Exit # break

...

• ifs aninhados? 
• quem é melhor?
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&KDPDGD�GH�SURFHGLPHQWRV
• 'HVYLR��SDVVDU�SDUkPHWURV��H[HFXWDU��VDOYDU�FRQWH[WR���UHWRUQDU�

�UHFXSHUDU�FRQWH[WR�
• ,QVWUXomR�6,03/(6�GR�0,36�� MDO HQGHUHoR

– GHVYLD�SDUD�HQGHUHoR
– VDOYD�³DXWRPDWLFDPHQWH´�HQGHUHoR�GD�SUy[LPD�LQVWUXomR�HP��UD

�����
• 2�TXH�DFRQWHFH�FRP MDO DQLQKDGRV"
• 6ROXomR��SLOKD

– 0,36��LPSOHPHQWDGD�QD�PHPyULD��FRP��VS �����
– YHU�H[HPSORV SDJ ����� ���

SXVK �UD
addi $sp, $sp, -4
sw $ra, 0($sp)

SRS �UD
lw    $ra, 0($sp)
addi $sp, $sp, 4
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&KDPDGD�GH�SURFHGLPHQWRV
• FRQWH[WR�

– HQGHUHoR�GH�UHWRUQR
– UHJLVWUDGRUHV�WLSR��VQ �GHYHP�VHU�VDOYRV��QmR�SRGHP�VHU�

DOWHUDGRV�
• VDOYDPHQWR�GR�FRQWH[WR

– SHOR�³FDOOHU´
– SHOR�³FDOOHH´

• DUJXPHQWRV�SDVVDGRV�HQWUH�R FKDPDGRU H�R�FKDPDGR
– XVDU�RV�UHJLVWUDGRUHV��D�� ��D�

• WHPSRUiULRV�QmR�SUHFLVDP�VHU�VDOYRV
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• 6PDOO�FRQVWDQWV�DUH�XVHG�TXLWH�IUHTXHQWO\������RI�RSHUDQGV��
H�J��� $� �$�����

%� �%�����
&� �&�� ���

• 6ROXWLRQV"��:K\�QRW"
– SXW�
W\SLFDO�FRQVWDQWV
�LQ�PHPRU\�DQG�ORDG�WKHP���
– FUHDWH�KDUG�ZLUHG�UHJLVWHUV��OLNH��]HUR��IRU�FRQVWDQWV�OLNH�RQH�

• 0,36�,QVWUXFWLRQV�
DGGL������������
VOWL������������
DQGL������������
RUL������������

• +RZ�GR�ZH�PDNH�WKLV�ZRUN"

&RQVWDQWV
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• :H
G�OLNH�WR�EH�DEOH�WR�ORDG�D����ELW�FRQVWDQW�LQWR�D�UHJLVWHU
• 0XVW�XVH�WZR�LQVWUXFWLRQV��QHZ��ORDG�XSSHU�LPPHGLDWH��LQVWUXFWLRQ

OXL��W�������������������

• 7KHQ�PXVW�JHW�WKH�ORZHU�RUGHU�ELWV�ULJKW��L�H��
RUL��W����W�������������������

���������������� ����������������
���������������� ����������������

���������������� ����������������
RUL

���������������� ����������������

ILOOHG�ZLWK ]HURV

+RZ�DERXW�ODUJHU�FRQVWDQWV"
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• $VVHPEO\�SURYLGHV�FRQYHQLHQW�V\PEROLF�UHSUHVHQWDWLRQ
– PXFK�HDVLHU�WKDQ�ZULWLQJ�GRZQ�QXPEHUV
– H�J���GHVWLQDWLRQ�ILUVW

• 0DFKLQH�ODQJXDJH�LV�WKH�XQGHUO\LQJ�UHDOLW\
– H�J���GHVWLQDWLRQ�LV�QR�ORQJHU�ILUVW

• $VVHPEO\�FDQ�SURYLGH�
SVHXGRLQVWUXFWLRQV

– H�J���³PRYH��W����W�´�H[LVWV�RQO\�LQ�$VVHPEO\�
– ZRXOG�EH�LPSOHPHQWHG�XVLQJ�³DGG��W���W���]HUR´�

• :KHQ�FRQVLGHULQJ�SHUIRUPDQFH�\RX�VKRXOG�FRXQW�UHDO�LQVWUXFWLRQV

$VVHPEO\�/DQJXDJH�YV� 0DFKLQH�/DQJXDJH
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• 7KLQJV�ZH�DUH�QRW�JRLQJ�WR�FRYHU
OLQNHUV� ORDGHUV� PHPRU\�OD\RXW
VWDFNV��IUDPHV��UHFXUVLRQ
PDQLSXODWLQJ�VWULQJV�DQG�SRLQWHUV
LQWHUUXSWV�DQG�H[FHSWLRQV
V\VWHP�FDOOV�DQG�FRQYHQWLRQV

• 6RPH�RI�WKHVH�ZH
OO�WDON�DERXW�ODWHU
• :H
YH�IRFXVHG�RQ�DUFKLWHFWXUDO�LVVXHV

– EDVLFV�RI�0,36�DVVHPEO\�ODQJXDJH�DQG�PDFKLQH�FRGH
– ZH¶OO�EXLOG�D�SURFHVVRU�WR�H[HFXWH�WKHVH�LQVWUXFWLRQV�

2WKHU�,VVXHV
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• VLPSOH�LQVWUXFWLRQV�DOO����ELWV�ZLGH
• YHU\�VWUXFWXUHG��QR�XQQHFHVVDU\�EDJJDJH
• RQO\�WKUHH��LQVWUXFWLRQ�IRUPDWV

• UHO\�RQ�FRPSLOHU�WR�DFKLHYH�SHUIRUPDQFH
² ZKDW�DUH��WKH�FRPSLOHU
V�JRDOV"

• KHOS�FRPSLOHU�ZKHUH�ZH�FDQ

RS UV UW UG VKDPW IXQFW
RS UV UW ���ELW DGGUHVV
RS ���ELW DGGUHVV

5
,
-

2YHUYLHZ�RI 0,36
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• ,QVWUXFWLRQV�
EQH��W���W��/DEHO 1H[W�LQVWUXFWLRQ�LV�DW�/DEHO�LI �W��z �W�
EHT��W���W��/DEHO 1H[W�LQVWUXFWLRQ�LV�DW�/DEHO�LI���W�� ��W�
M�/DEHO 1H[W�LQVWUXFWLRQ�LV�DW�/DEHO�

• )RUPDWV�

• $GGUHVVHV�DUH�QRW����ELWV�
² +RZ�GR�ZH�KDQGOH�WKLV�ZLWK�ORDG�DQG�VWRUH�LQVWUXFWLRQV"

RS UV UW ���ELW DGGUHVV
RS ���ELW DGGUHVV

,
-

$GGUHVVHV�LQ�%UDQFKHV�DQG�-XPSV
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• ,QVWUXFWLRQV�
EQH��W���W��/DEHO 1H[W�LQVWUXFWLRQ�LV�DW�/DEHO�LI��W��z �W�
EHT��W���W��/DEHO 1H[W�LQVWUXFWLRQ�LV�DW�/DEHO�LI��W�� ��W�

• )RUPDWV�

• &RXOG�VSHFLI\�D�UHJLVWHU��OLNH�OZ�DQG�VZ��DQG�DGG�LW�WR�DGGUHVV
– XVH�,QVWUXFWLRQ�$GGUHVV�5HJLVWHU��3&� �SURJUDP�FRXQWHU�
– PRVW�EUDQFKHV�DUH�ORFDO��SULQFLSOH�RI�ORFDOLW\�

• -XPS�LQVWUXFWLRQV�MXVW�XVH�KLJK�RUGHU�ELWV�RI�3&�
– DGGUHVV�ERXQGDULHV�RI�����0%

RS UV UW ���ELW DGGUHVV,

$GGUHVVHV�LQ�%UDQFKHV
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7R VXPPDUL]H�

�� � � �� �� �	 
�

� �
 � �� �
 � � � � �
 
 �	 ��

$s0-$s7, $t0-$t9, $zero, Fast locations for data. In MIPS, data must be in registers to perform 
32 registers $a0-$a3, $v0-$v1, $gp, arithmetic.  MIPS register $zero always equals 0.  Register $at is 

$fp, $sp, $ra, $at reserved for the assembler to handle large constants.

Memory[0], Accessed only by data transfer instructions. MIPS uses byte addresses, so

230 memory Memory[4], ..., sequential words differ by 4. Memory holds data structures, such as arrays,
words Memory[4294967292] and spilled registers, such as those saved on procedure calls.

�� � �� � �� � ��� �� ��  � � �

Category Instruction Example Meaning Comments
add add $s1, $s2, $s3 $s1 = $s2 + $s3 Three operands; data in registers

Arithmetic subtract sub $s1, $s2, $s3 $s1 = $s2 - $s3 Three operands; data in registers

add immediate addi $s1, $s2, 100 $s1 = $s2 + 100 Used to add constants
load word lw  $s1, 100($s2) $s1 = Memory[$s2 + 100] Word from memory to register
store word sw  $s1, 100($s2) Memory[$s2 + 100] = $s1 Word from register to memory

Data transfer load byte lb  $s1, 100($s2) $s1 = Memory[$s2 + 100] Byte from memory to register
store byte sb  $s1, 100($s2) Memory[$s2 + 100] = $s1 Byte from register to memory
load upper immediate lui $s1, 100 $s1 = 100 * 216 Loads constant in upper 16 bits

branch on equal beq  $s1, $s2, 25 if ($s1 == $s2) go to             
PC + 4 + 100

Equal test; PC-relative branch

Conditional

branch on not equal bne  $s1, $s2, 25 if ($s1 != $s2) go to             
PC + 4 + 100

Not equal test; PC-relative

branch set on less than slt  $s1, $s2, $s3 if ($s2 < $s3)  $s1 = 1;          
else $s1 = 0

Compare less than; for beq, bne

set less than 
immediate

slti  $s1, $s2, 100 if ($s2 < 100)  $s1 = 1;          
else $s1 = 0

Compare less than constant

jump j    2500 go to 10000 Jump to target address
Uncondi- jump register jr   $ra go to $ra For switch, procedure return
tional jump jump and link jal  2500 $ra = PC + 4; go to 10000 For procedure call
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Byte Halfword Word

Registers

Memory

Memory

Word

Memory

Word

Register

Register

1. Immediate addressing

2. Register addressing

3. Base addressing

4. PC-relative addressing

5. Pseudodirect addressing

op rs rt

op rs rt

op rs rt

op

op

rs rt

Address

Address

Address

rd . . . funct

Immediate

PC

PC

+

+
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• 'HVLJQ�DOWHUQDWLYH�
– SURYLGH�PRUH�SRZHUIXO�RSHUDWLRQV
– JRDO�LV�WR�UHGXFH�QXPEHU�RI�LQVWUXFWLRQV�H[HFXWHG
– GDQJHU�LV�D�VORZHU�F\FOH�WLPH�DQG�RU�D�KLJKHU�&3,

• 6RPHWLPHV�UHIHUUHG�WR�DV�³5,6&�YV��&,6&´
– YLUWXDOO\�DOO�QHZ�LQVWUXFWLRQ�VHWV�VLQFH������KDYH�EHHQ�5,6&
– 9$;���PLQLPL]H�FRGH�VL]H��PDNH�DVVHPEO\�ODQJXDJH�HDV\

LQVWUXFWLRQV�IURP���WR����E\WHV�ORQJ�
• :H¶OO�ORRN�DW�3RZHU3&�DQG���[��

$OWHUQDWLYH�$UFKLWHFWXUHV
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8P�H[HPSOR�FRPSOHWR
• PRVWUDU�WUDQVSDUrQFLD�GR VRUW

– SDUD�LOXVWUDU�HVWUXWXUD�JHUDO
– QmR�VHUi�FREUDGR

• DUUD\ H SRLQWHU
– QmR�VHUi�FREUDGR
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3RZHU3& �0RWRUROD� $SSOH��,%0�
• ���UHJLVWUDGRUHV�GH����ELWV��LQVWUXo}HV�GH����ELWV
• ,QGH[HG�DGGUHVVLQJ

– H[DPSOH��������OZ��W���D���V�����W� 0HPRU\>�D���V�@
– :KDW�GR�ZH�KDYH�WR�GR�LQ�0,36"�

• 8SGDWH�DGGUHVVLQJ
– XSGDWH�D�UHJLVWHU�DV�SDUW�RI�ORDG��IRU�PDUFKLQJ�WKURXJK�DUUD\V�
– H[DPSOH� OZX��W�����V�����W� 0HPRU\>�V���@��V� �V���
– :KDW�GR�ZH�KDYH�WR�GR�LQ�0,36"

• 2WKHUV�
– ORDG�PXOWLSOH�VWRUH�PXOWLSOH
– D�VSHFLDO�FRXQWHU�UHJLVWHU��³EF�/RRS´��

GHFUHPHQW�FRXQWHU��LI�QRW���JRWR�ORRS
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��[��
• �������7KH�,QWHO������LV�DQQRXQFHG�����ELW�DUFKLWHFWXUH�
• �������7KH������IORDWLQJ�SRLQW�FRSURFHVVRU�LV�DGGHG
• �������7KH�������LQFUHDVHV�DGGUHVV�VSDFH�WR����ELWV���LQVWUXFWLRQV
• �������7KH�������H[WHQGV�WR����ELWV��QHZ�DGGUHVVLQJ�PRGHV
• ������������7KH��������3HQWLXP��3HQWLXP�3UR�DGG�D�IHZ��LQVWUXFWLRQV

�PRVWO\�GHVLJQHG�IRU�KLJKHU�SHUIRUPDQFH�
• �������00;�LV�DGGHG

³7KLV�KLVWRU\�LOOXVWUDWHV�WKH�LPSDFW�RI�WKH�³JROGHQ�KDQGFXIIV´�RI�FRPSDWLELOLW\

³DGGLQJ�QHZ�IHDWXUHV�DV�VRPHRQH�PLJKW�DGG�FORWKLQJ�WR�D�SDFNHG�EDJ´

³DQ�DUFKLWHFWXUH�WKDW�LV�GLIILFXOW�WR�H[SODLQ�DQG�LPSRVVLEOH�WR�ORYH´�
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$ GRPLQDQW�DUFKLWHFWXUH�����[��
• 6HH�\RXU�WH[WERRN�IRU�D�PRUH�GHWDLOHG�GHVFULSWLRQ
• &RPSOH[LW\�

– ,QVWUXFWLRQV�IURP���WR����E\WHV�ORQJ
– RQH�RSHUDQG�PXVW�DFW�DV�ERWK�D�VRXUFH�DQG�GHVWLQDWLRQ
– RQH�RSHUDQG�FDQ�FRPH�IURP�PHPRU\
– FRPSOH[�DGGUHVVLQJ�PRGHV

H�J���³EDVH�RU�VFDOHG�LQGH[�ZLWK���RU����ELW�GLVSODFHPHQW´
• 6DYLQJ�JUDFH�

– WKH�PRVW�IUHTXHQWO\�XVHG�LQVWUXFWLRQV�DUH�QRW�WRR�GLIILFXOW�WR�EXLOG
– FRPSLOHUV�DYRLG�WKH�SRUWLRQV�RI�WKH�DUFKLWHFWXUH�WKDW�DUH�VORZ

³ZKDW�WKH���[���ODFNV�LQ�VW\OH�LV�PDGH�XS�LQ�TXDQWLW\��
PDNLQJ�LW�EHDXWLIXO�IURP�WKH�ULJKW�SHUVSHFWLYH´
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&RQFOXVmR
• (UUR��LQVWUXo}HV�PDLV�SRGHURVDV�DXPHQWDP�GHVHPSHQKR
• 9$;�

– &$//��VDOYD�HQGHUHoR�GH�UHWRUQR��Q��GH�SDUkPHWURV��TXDLVTXHU�
UHJLVWURV�PRGLILFDGRV�H�YDORU�DQWLJR�GR�63

– LQVWUXomR�SDUD�DSDJDU�OLVWD�GXSODPHQWH�OLJDGD
• ,%0�����

– ���LQVWUXo}HV�PDLV�IUHT�HQWHV������GDV�RFRUUrQFLDV
– ���LQVWUXo}HV�PDLV�IUHT�HQWHV������GDV�RFRUUrQFLDV
– ���LQVWUXo}HV�PDLV�IUHT�HQWHV������GDV�RFRUUrQFLDV
– ���LQVWUXo}HV�PDLV�IUHT�HQWHV������GDV�RFRUUrQFLDV

• 0,36 FODVVH LQVWU JFF VSLFH
arit. add, sub, addi 48% 50%

transf. dados lw, sw, lb, sb, lui 33% 41%

desvio cond. beq, bne, slt, slti 17% 8%

jump j, jr, jal 2% 1%
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• ,QVWUXFWLRQ�FRPSOH[LW\�LV�RQO\�RQH�YDULDEOH
– ORZHU�LQVWUXFWLRQ�FRXQW�YV��KLJKHU�&3,���ORZHU�FORFN�UDWH

• 'HVLJQ�3ULQFLSOHV�
– VLPSOLFLW\�IDYRUV�UHJXODULW\ �IDFLOLGDGH�GH�SURMHWR�
– VPDOOHU�LV�IDVWHU
– JRRG�GHVLJQ�GHPDQGV�FRPSURPLVH
– PDNH�WKH�FRPPRQ�FDVH�IDVW �5,6&�

• ,QVWUXFWLRQ�VHW�DUFKLWHFWXUH
– D�YHU\�LPSRUWDQW�DEVWUDFWLRQ�LQGHHG�

6XPPDU\
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0iTXLQDV�GH���������H���HQGHUHoRV
;� �$�
�%���&�
�&����RQGH�;��$��%��&�VmR�HQGHUHoRV�GH�SRVLo}HV�GH��PHPyULD

MOVE T, A
MULTIPLY T, B
MOVE X, C
MULTIPLY X, C
ADD X, T

END1 ⇐ END1 op END2

'RLV�HQGHUHoRV

LOAD A
MULTIPLY B
STORE T
LOAD C
MULTIPLY C
ADD T
STORE X

8P�HQGHUHoR

AC ⇐ AC op END

MULTIPLY T, A, B 
MULTIPLY X, C, C
ADD X, X, T

END1 ⇐ END2 op END3

7UrV�HQGHUHoRV

push A
push B
mult
push C
push C
mult
add
pop X

tos ⇐ tos op tos

=HUR�HQGHUHoRV

load R1, A
load R2, B
load R3, C
mult R1, R1, R2
mult R3, R3, R3
add R1, R1, R3
store R1, X

R1 ⇐ R2 op R3

/RDG�6WRUH
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0iTXLQDV�GH���������H���HQGHUHoRV
• 4XDO�p�R�PHOKRU"

– WDPDQKR�GR�FyGLJR�IRQWH
– WDPDQKR�GR�FyGLJR�REMHWR
– WHPSR�GH�H[HFXomR
– VLPSOLFLGDGH�H�GHVHPSHQKR�GR�KDUGZDUH�SDUD�VXSRUWDU�

DUTXLWHWXUD


