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&KDSWHU�)RXU
$ULWKPHWLF�IRU�&RPSXWHUV
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$ULWKPHWLF
• :KHUH�ZH
YH�EHHQ�

– 3HUIRUPDQFH��VHFRQGV��F\FOHV��LQVWUXFWLRQV�
– $EVWUDFWLRQV�

,QVWUXFWLRQ�6HW�$UFKLWHFWXUH
$VVHPEO\�/DQJXDJH�DQG�0DFKLQH�/DQJXDJH

• :KDW
V�XS�DKHDG�
– ,PSOHPHQWLQJ�WKH�$UFKLWHFWXUH
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• %LWV�DUH�MXVW�ELWV��QR�LQKHUHQW�PHDQLQJ�
² FRQYHQWLRQV�GHILQH�UHODWLRQVKLS�EHWZHHQ�ELWV�DQG�QXPEHUV

• %LQDU\�QXPEHUV��EDVH���
����������������������������������������������������
GHFLPDO��������Q��

• 2I�FRXUVH�LW�JHWV�PRUH�FRPSOLFDWHG�
QXPEHUV�DUH�ILQLWH��RYHUIORZ�
IUDFWLRQV�DQG�UHDO�QXPEHUV
QHJDWLYH�QXPEHUV
H�J���QR�0,36�VXEL�LQVWUXFWLRQ��DGGL�FDQ�DGG�D�QHJDWLYH�QXPEHU�

• +RZ�GR�ZH��UHSUHVHQW�QHJDWLYH�QXPEHUV"
L�H���ZKLFK�ELW�SDWWHUQV�ZLOO�UHSUHVHQW�ZKLFK�QXPEHUV"

1XPEHUV
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• 6LJQ�0DJQLWXGH����������2QH
V�&RPSOHPHQW�����7ZR
V�&RPSOHPHQW
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���
���� ��� ���� ��� ���� ���

• ,VVXHV���EDODQFH��QXPEHU�RI�]HURV��HDVH�RI�RSHUDWLRQV
• :KLFK�RQH�LV�EHVW"��:K\"�

3RVVLEOH�5HSUHVHQWDWLRQV
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• ���ELW�VLJQHG�QXPEHUV�
���������������������������������������WZR  ��WHQ
���������������������������������������WZR  ����WHQ
���������������������������������������WZR  ����WHQ
���
���������������������������������������WZR  ����������������WHQ
���������������������������������������WZR  ����������������WHQ
���������������������������������������WZR  �± �������������WHQ
���������������������������������������WZR  �± �������������WHQ
���������������������������������������WZR  �± �������������WHQ
���
���������������������������������������WZR  �± �WHQ
���������������������������������������WZR  �± �WHQ
���������������������������������������WZR  �± �WHQ

PD[LQW

PLQLQW

0,36
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• 1HJDWLQJ�D�WZR
V�FRPSOHPHQW�QXPEHU���LQYHUW�DOO�ELWV�DQG�DGG��
– UHPHPEHU���³QHJDWH´�DQG�³LQYHUW´�DUH�TXLWH�GLIIHUHQW�

• &RQYHUWLQJ�Q�ELW�QXPEHUV�LQWR�QXPEHUV�ZLWK�PRUH�WKDQ�Q�ELWV�
– 0,36����ELW�LPPHGLDWH�JHWV�FRQYHUWHG�WR����ELWV�IRU�DULWKPHWLF
– FRS\�WKH�PRVW�VLJQLILFDQW�ELW��WKH�VLJQ�ELW��LQWR�WKH�RWKHU�ELWV

�������!����������
�������!����������

– �VLJQ�H[WHQVLRQ�����OEX��YV���OE�

7ZR
V�&RPSOHPHQW�2SHUDWLRQV
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1RYDV LQVWUXo}HV
• LQVWUXo}HV ³XQVLJQHG´���H[HPSOR GH DSOLFDomR� FiOFXOR GH PHPyULD�
• VOWX �W����W����W�������������������� GLIHUHQoD p�³VHP�VLQDO´
• VOWL H VOWLX � HQYROYH�LPHGLDWR��FRP RX�VHP�VLQDO

• ([HPSOR�SDJ �����VXSRU��V�� �))�))�))�))�H��V�� ������������

VOW �W����V����V�
FRPR��V������H��V��!���� �V���V��� �W�� ��

VOWX �W����V����V�
FRPR��V��H��V��QmR�WHP�VLQDO�� �V�!�V��� �W�� ��
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&XLGDGRV FRP H[WHQVmR ���ELWV
• EHT �V����V�� QQQ � VDOWD�SDUD 3&�� QQQ VH WHVWH 2.
• QQQ WHP����ELWV�H�3&�WHP����ELWV

– HVWHQGHU GH��� SDUD ���ELWV�DQWHV GDRSHUDomR�DULWPpWLFD
• VH QQQ !��

– SUHHQFKHU FRP�]HURV�j HVTXHUGD
• VH QQQ ������������&8,'$'2

– SUHHQFKHU FRP���V�j HVTXHUGD
– YHULILFDU

• SRU�HVWH�PRWLYR�RSHUDomR p FKDPDGD GH�
– (;7(162�'(�6,1$/
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• -XVW�OLNH�LQ�JUDGH�VFKRRO���FDUU\�ERUURZ��V�
���� ���� ����

� ���� � ���� � ����

• 7ZR
V�FRPSOHPHQW�RSHUDWLRQV�HDV\
– VXEWUDFWLRQ�XVLQJ�DGGLWLRQ�RI�QHJDWLYH�QXPEHUV

����
� ����

• 2YHUIORZ���UHVXOW�WRR�ODUJH�IRU�ILQLWH�FRPSXWHU�ZRUG��
– H�J����DGGLQJ�WZR�Q�ELW�QXPEHUV�GRHV�QRW�\LHOG�DQ�Q�ELW�QXPEHU

����
� ���� QRWH�WKDW�RYHUIORZ�WHUP�LV�VRPHZKDW�PLVOHDGLQJ�

���� LW�GRHV�QRW�PHDQ�D�FDUU\�³RYHUIORZHG´

$GGLWLRQ�	�6XEWUDFWLRQ
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• 1R�RYHUIORZ�ZKHQ�DGGLQJ�D�SRVLWLYH�DQG�D�QHJDWLYH�QXPEHU
• 1R�RYHUIORZ�ZKHQ�VLJQV�DUH�WKH�VDPH�IRU�VXEWUDFWLRQ
• &21',d®(6�'(�29(5)/2:

'HWHFWLQJ�2YHUIORZ

RS $ % UHVXOWDGR
$�% � � �
$�% � � �
$�% � � �
$�% � � �

(P�KDUGZDUH��FRPSDUDU�R�³YDL�XP´�H�R�
³YHP�XP´�FRP�UHODomR�DR�ELW�GH�VLQDO
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• $Q�H[FHSWLRQ��LQWHUUXSW��RFFXUV
– &RQWURO�MXPSV�WR�SUHGHILQHG�DGGUHVV�IRU�H[FHSWLRQ��(3&�²

(;&(37,21�352*5$0�&2817(5�
– ,QWHUUXSWHG�DGGUHVV�LV�VDYHG�IRU�SRVVLEOH�UHVXPSWLRQ

• mfc0 (move from system control): copia endereço do EPC para 
qualquer registrador

• 'RQ
W�DOZD\V�ZDQW�WR�GHWHFW�RYHUIORZ² QHZ�0,36�LQVWUXFWLRQV� DGGX� DGGLX� VXEX

QRWH� DGGLX VWLOO�VLJQ�H[WHQGV�
QRWH����VOWX���VOWLX IRU�XQVLJQHG�FRPSDULVRQV

(IIHFWV�RI�2YHUIORZ
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,QVWUXo}HV �ILJ������� SDJ �����
add add R multiply mult R

add immediate addi I multiply unsigned multu R
add unsigned addu R divide div R

add immediate unsigned addiu I divide unsigned divu R

subtract sub R move from Hi mfhi R
subtract unsigned subu R move from Lo mflo R
and and R move from system control (EPC) mfc0 R

and immediate andi I fp add single add.s R

or or R fp add doublr add.d R
or immediate ori I fp subtract single sub.s R

shift left logical sll R fp subtract double sub.d R
shift right logical srl R fp multiply single mul.s R
load upper immediate lui I fp multiply double mul.d R

load word lw I fp divide single div.s R
store word sw I fp divide double div.d R
load byte unsigned lbu I load word to fp single lwc1 I

store byte sb I store word to fp single swc1 I
branch on equal beq I branch on fp true bclt I

branch on not equal bne I branch on fp false bclf I

jump j J fp compare single c.x.s R
jump and link jal J (x= eq,neq,lt,le,gt,ge)
jump register jr R fp compare double c.x.d R

set less than slt R (x= eq,neq,lt,le,gt,ge)

set less than immediate slti I
set less than unsigned sltu R

set less than immediate unsigned sltiu I
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• 3UREOHP���&RQVLGHU�D�ORJLF�IXQFWLRQ�ZLWK�WKUHH�LQSXWV���$��%��DQG�&�
2XWSXW�'�LV�WUXH�LI�DW�OHDVW�RQH�LQSXW�LV�WUXH
2XWSXW�(�LV�WUXH�LI�H[DFWO\�WZR�LQSXWV�DUH�WUXH
2XWSXW�)�LV�WUXH�RQO\�LI�DOO�WKUHH�LQSXWV�DUH�WUXH

• 6KRZ�WKH�WUXWK�WDEOH�IRU�WKHVH�WKUHH�IXQFWLRQV�
• 6KRZ�WKH�%RROHDQ�HTXDWLRQV�IRU�WKHVH�WKUHH�IXQFWLRQV�
• 6KRZ�DQ�LPSOHPHQWDWLRQ�FRQVLVWLQJ�RI�LQYHUWHUV��$1'��DQG�25�JDWHV�

5HYLHZ���%RROHDQ�$OJHEUD�	�*DWHV



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch4-14

• /HW
V�EXLOG�DQ�$/8�WR�VXSSRUW�WKH�DQGL DQG�RUL LQVWUXFWLRQV
– ZH
OO�MXVW�EXLOG�D���ELW�$/8��DQG�XVH����RI�WKHP

• 3RVVLEOH�,PSOHPHQWDWLRQ��VXP�RI�SURGXFWV��

E
D

RSHUDWLRQ

UHVXOW

RS D E UHV

$Q�$/8��DULWKPHWLF�ORJLF�XQLW�
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• 6HOHFWV�RQH�RI�WKH��LQSXWV�WR�EH�WKH�RXWSXW��EDVHG�RQ�D�FRQWURO�LQSXW

• /HWV�EXLOG�RXU�$/8�XVLQJ�D�08;�

6

&$
%

0

1

5HYLHZ���7KH 0XOWLSOH[RU

QRWH� ZH�FDOO�WKLV D���LQSXW�PX[
HYHQ�WKRXJK�LW�KDV � LQSXWV�
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• 1RW�HDV\�WR�GHFLGH�WKH�³EHVW´�ZD\�WR�EXLOG�VRPHWKLQJ
– 'RQ
W�ZDQW�WRR�PDQ\�LQSXWV�WR�D�VLQJOH�JDWH
– 'RQW�ZDQW�WR�KDYH�WR�JR�WKURXJK�WRR�PDQ\�JDWHV
– IRU�RXU�SXUSRVHV��HDVH�RI�FRPSUHKHQVLRQ�LV�LPSRUWDQW

• /HW
V�ORRN�DW�D���ELW�$/8�IRU�DGGLWLRQ�

• +RZ�FRXOG�ZH�EXLOG�D���ELW�$/8�IRU�DGG��DQG��DQG�RU"
• +RZ�FRXOG�ZH�EXLOG�D����ELW�$/8"

'LIIHUHQW�,PSOHPHQWDWLRQV

FRXW  �D�E���D FLQ ��E FLQ
VXP  �D [RU E [RU�FLQSum

CarryIn

CarryOut

a

b
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%XLOGLQJ�D����ELW�$/8

b

0

2

Result

Operation

a

1

CarryIn

CarryOut

Result31
a31

b31

Result0

CarryIn

a0

b0

Result1
a1

b1

Result2
a2

b2

Operation

ALU0

CarryIn

CarryOut

ALU1

CarryIn

CarryOut

ALU2

CarryIn

CarryOut

ALU31

CarryIn
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• 7ZR
V�FRPSOHPHQW�DSSURFK���MXVW�QHJDWH�E�DQG�DGG�
D�� E�� �D����� E�

• +RZ�GR�ZH�QHJDWH"
�� D��� ��FRPS��D�� �FRPS��D�����

• $�YHU\�FOHYHU�VROXWLRQ�

:KDW�DERXW�VXEWUDFWLRQ���D�± E���"

0

2

Result

Operation

a

1

CarryIn

CarryOut

0

1

Binvert

b
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6XEWUDWRU

0
1

Binv

B
~B

equivalente à        ⊕
B

Binv

Binv

+

⊕

+

⊕

+
⊕

+

⊕
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• 1HHG�WR�VXSSRUW�WKH�VHW�RQ�OHVV�WKDQ�LQVWUXFWLRQ��VOW�
– UHPHPEHU���VOW�LV�DQ�DULWKPHWLF�LQVWUXFWLRQ
– SURGXFHV�D���LI�UV���UW�DQG���RWKHUZLVH
– XVH�VXEWUDFWLRQ����D�E������LPSOLHV�D���E

• 1HHG�WR�VXSSRUW�WHVW�IRU�HTXDOLW\��EHT��W����W����W��
– XVH�VXEWUDFWLRQ����D�E�� ���LPSOLHV�D� �E

7DLORULQJ�WKH�$/8�WR�WKH�0,36



6XSSRUWLQJ VOW
• &DQ�ZH�ILJXUH�RXW�WKH�LGHD" 0

3

Result

Operation

a

1

CarryIn

CarryOut

0

1

Binvert

b 2

Less

0

3

Result

Operation

a

1

CarryIn

0

1

Binvert

b 2

Less

Set

Overflowı
detection Overflow

a.

b.

0Rs

Rt
Rd

bit de sinal

subtração
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Set
a31

0

ALU0 Result0

CarryIn

a0

Result1
a1

0

Result2
a2

0

Operation

b31

b0

b1

b2

Result31

Overflow

Binvert

CarryIn

Less

CarryIn

CarryOut

ALU1
Less

CarryIn

CarryOut

ALU2
Less

CarryIn

CarryOut

ALU31
Less

CarryIn
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7HVW�IRU�HTXDOLW\
• 1RWLFH�FRQWURO�OLQHV�

���� �DQG
���� �RU
���� �DGG
���� �VXEWUDFW
���� �VOW

•1RWH���]HUR LV D�� ZKHQ�WKH�UHVXOW�LV ]HUR�

Set
a31

0

Result0a0

Result1a1

0

Result2a2

0

Operation

b31

b0

b1

b2

Result31

Overflow

Bnegate

Zero

ALU0
Less

CarryIn

CarryOut

ALU1
Less

CarryIn

CarryOut

ALU2
Less

CarryIn

CarryOut

ALU31
Less

CarryIn
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$/8

Overflow

ALUop

A

B

Zero
Result

32 bits: A, B, result

1 bit: Zero, Overflow

3 bits: ALUop

$/8RS
%LQY�23 ,QVWUXomR
����� DQG
����� RU
����� DGG
����� VXE
����� VOW
���� EHT
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&RQFOXVLRQ
• :H�FDQ�EXLOG�DQ�$/8�WR�VXSSRUW�WKH�0,36�LQVWUXFWLRQ�VHW

– NH\�LGHD���XVH�PXOWLSOH[RU�WR�VHOHFW�WKH�RXWSXW�ZH�ZDQW
– ZH�FDQ�HIILFLHQWO\�SHUIRUP�VXEWUDFWLRQ�XVLQJ�WZR¶V�FRPSOHPHQW
– ZH�FDQ�UHSOLFDWH�D���ELW�$/8�WR�SURGXFH�D����ELW�$/8

• ,PSRUWDQW�SRLQWV�DERXW�KDUGZDUH
– DOO�RI�WKH�JDWHV�DUH�DOZD\V�ZRUNLQJ
– WKH�VSHHG�RI�D�JDWH�LV�DIIHFWHG�E\�WKH�QXPEHU�RI�LQSXWV�WR�WKH�JDWH
– WKH�VSHHG�RI�D�FLUFXLW�LV�DIIHFWHG�E\�WKH�QXPEHU�RI�JDWHV�LQ�VHULHV

�RQ�WKH�³FULWLFDO�SDWK´�RU�WKH�³GHHSHVW�OHYHO�RI�ORJLF´�
• 2XU�SULPDU\�IRFXV���FRPSUHKHQVLRQ���KRZHYHU�

– &OHYHU�FKDQJHV�WR�RUJDQL]DWLRQ�FDQ�LPSURYH�SHUIRUPDQFH
�VLPLODU�WR�XVLQJ�EHWWHU�DOJRULWKPV�LQ�VRIWZDUH�

– ZH¶OO�ORRN�DW�WZR�H[DPSOHV�IRU�DGGLWLRQ�DQG�PXOWLSOLFDWLRQ
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• ,V�D����ELW�$/8�DV�IDVW�DV�D���ELW�$/8"
DWUDVR �HQW � VRPD RX FDUU\� ��*�
Q HVWiJLRV����Q*

• ,V�WKHUH�PRUH�WKDQ�RQH�ZD\�WR�GR�DGGLWLRQ"
– WZR�H[WUHPHV���

ULSSOH�FDUU\���Q*��
VXP�RI�SURGXFWV���*�

&DQ�\RX�VHH�WKH�ULSSOH"��+RZ�FRXOG�\RX�JHW�ULG�RI�LW"
F�  �E�F� ��D�F��� D�E�
F�  �E�F� ��D�F��� D�E� F�  �
F�  �E�F� ��D�F��� D�E�� F�  �
F�  �E�F� ��D�F��� D�E�� F�  �

1RW�IHDVLEOH���:K\"

3UREOHP���ULSSOH�FDUU\�DGGHU�LV�VORZ

Result31
a31

b31

Result0

CarryIn

a0

b0

Result1
a1

b1

Result2
a2

b2

Operation

ALU0

CarryIn

CarryOut

ALU1

CarryIn

CarryOut

ALU2

CarryIn

CarryOut

ALU31

CarryIn
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• $Q�DSSURDFK�LQ�EHWZHHQ�RXU�WZR�H[WUHPHV
• 0RWLYDWLRQ��

– ,I�ZH�GLGQ
W�NQRZ�WKH�YDOXH�RI�FDUU\�LQ��ZKDW�FRXOG�ZH�GR"
– :KHQ�ZRXOG�ZH�DOZD\V�JHQHUDWH�D�FDUU\"� JL  �DL�EL�
– :KHQ�ZRXOG�ZH�SURSDJDWH�WKH�FDUU\"����������������SL  �DL���EL

• 'LG�ZH�JHW�ULG�RI�WKH�ULSSOH"
F�  �J� ��S�F��
F�  �J� ��S�F���� F�  �
F�  �J� ��S�F��� F�  �
F�  �J� ��S�F��� F�  

)HDVLEOH���:K\"
• DWUDVR� HQW � JL SL���*�

JL SL � FDUU\���*�
FDUU\�� VDtGDV ��*�

&DUU\�ORRNDKHDG DGGHU

WRWDO���*�LQGHSHQGHQWH�GH�Q
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• &DQ¶W�EXLOG�D����ELW�DGGHU�WKLV�ZD\�����WRR�ELJ�
• &RXOG�XVH�ULSSOH�FDUU\�RI���ELW�&/$�DGGHUV
• %HWWHU���XVH�WKH�&/$�SULQFLSOH�DJDLQ�

– VXSHU�SURSDJDWH��YHU SDJ ����
– VXSHU�JHQHUDWH��YHU SDJ �����
– YHU H[HUFtFLRV ���������H�����QmR�VHUi�

FREUDGR�

8VH�SULQFLSOH�WR�EXLOG�ELJJHU�DGGHUV
CarryIn

Result0--3

ALU0

CarryIn

Result4--7

ALU1

CarryIn

Result8--11

ALU2

CarryIn

CarryOut

Result12--15

ALU3

CarryIn

C1

C2

C3

C4

P0
G0

P1
G1

P2
G2

P3
G3

pi
gi

pi + 1
gi + 1

ci + 1

ci + 2

ci + 3

ci + 4

pi + 2
gi + 2

pi + 3
gi + 3

a0ı
b0ı
a1ı
b1ı
a2ı
b2ı
a3ı
b3

a4ı
b4ı
a5ı
b5ı
a6ı
b6ı
a7ı
b7

a8ı
b8ı
a9ı
b9ı

a10ı
b10ı
a11ı
b11

a12ı
b12ı
a13ı
b13ı
a14ı
b14ı
a15ı
b15

Carry-lookahead unit
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• 0RUH�FRPSOLFDWHG�WKDQ�DGGLWLRQ
– DFFRPSOLVKHG�YLD�VKLIWLQJ�DQG�DGGLWLRQ

• 0RUH�WLPH�DQG�PRUH�DUHD
• /HW
V�ORRN�DW���YHUVLRQV�EDVHG�RQ�JUDGHVFKRRO�DOJRULWKP

• 1HJDWLYH�QXPEHUV���FRQYHUW�DQG�PXOWLSO\
– WKHUH�DUH�EHWWHU�WHFKQLTXHV��ZH�ZRQ¶W�ORRN�DW�WKHP

0XOWLSOLFDWLRQ

������
����������
����������

PXOWLSOLFDQGR
PXOWLSOLFDGRU

����������
��������
������
����

SURGXWRV�SDUFLDLV

���� ������� PD[ ����±������±���� ����
����!���������ELWV
�������ELWV������ELWV
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0XOWLSOLFDWLRQ���,PSOHPHQWDWLRQ

Done

1. Testı
Multiplier0

1a. Add multiplicand to product andı
place the result in Product register

2. Shift the Multiplicand register left 1 bit

3. Shift the Multiplier register right 1 bit

32nd repetition?

Start

Multiplier0 = 0Multiplier0 = 1

No:  < 32 repetitions

Yes:  32 repetitions

64-bit ALU

Control test

Multiplier
Shift right

Product
Write

Multiplicand
Shift left

64 bits

64 bits

32 bits
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6HFRQG�9HUVLRQ

Multiplier
Shift right

Write

32 bits

64 bits

32 bits

Shift right

Multiplicand

32-bit ALU

Product Control test

Done

1. Testı
Multiplier0

1a. Add multiplicand to the left half ofı
the product and place the result inı
the left half of the Product register

2. Shift the Product register right 1 bit

3. Shift the Multiplier register right 1 bit

32nd repetition?

Start

Multiplier0 = 0Multiplier0 = 1

No:  < 32 repetitions

Yes:  32 repetitions



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch4-32

)LQDO�9HUVLRQ

Controlı
testWrite

32 bits

64 bits

Shift rightProduct

Multiplicand

32-bit ALU

Done

1. Testı
Product0

1a. Add multiplicand to the left half ofı
the product and place the result inı
the left half of the Product register

2. Shift the Product register right 1 bit

32nd repetition?

Start

Product0 = 0Product0 = 1

No:  < 32 repetitions

Yes:  32 repetitions

• 1R�0,36�
• GRLV�QRYRV�UHJLVWUDGRUHV�GH�XVR�GHGLFDGR�SDUD�
PXOWLSOLFDomR� +L H /R ����ELWV�FDGD�
• PXOW �W����W����������� +L�/R� �W����W�
• PIKL �W��������������������W��� +L�
• PIOR �W��������������������W��� /R�
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$OJRULWPR GH�%RRWK��YLVmR�JHUDO�
• ,GpLD��³DFHOHUDU´�PXOWLSOLFDomR�QR�FDVR�GH�FDGHLD�GH�³��V´�QR�PXOWLSOLFDGRU�

������������PXOWLSOLFDQGR��� ����
�����������������PXOWLSOLFDQGR�
� ������������PXOWLSOLFDQGR�

• 2OKDQGR�ELWV�GR�PXOWLSOLFDGRU���D��
– �����QDGD
– �����VRPD��ILQDO�
– ����VXEWUDL��FRPHoR�
– ����QDGD���PHLR�GD�FDGHLD�GH�XQV�

• )XQFLRQD�WDPEpP�SDUD�Q~PHURV�QHJDWLYRV
• 3DUD�R�FXUVR��Vy�RV�FRQFHLWRV�EiVLFRV
• $OJRULWPR�GH %RRWK HVWHQGLGR

– YDUUH�RV�ELWV�GR�PXOWLSOLFDGRU�GH���HP��
• 9DQWDJHQV�

– �SHQVDYD�VH� VKLIW p�PDLV�UiSLGR�GR�TXH�VRPD�
– JHUD�PHWDGH�GRV�SURGXWRV�SDUFLDLV��PHWDGH�GRV�FLFORV
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*HUDomR�UiSLGD GRV SURGXWRV�SDUFLDLV
<� <� <�
;� ;� ;�

;��<� ;��<� ;��<�
;��<� ;��<� ;��<�

;��<� ;��<� ;�<�

<� <� <�;�

;�

;�

;��<� ;��<� ;��<�

;��<�;��<�;��<�

;��<� ;��<� ;��<�
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&DUU\�6DYH�$GGHUV��VRPD�GH SURGXWRV�SDUFLDLV�

s4 s3 s2 s1 s0

f0e0b0f1e1b1f2e2b2f3e3b3

a0a1a2a3

s5

c’3 s’3s’4 c’2 s’2 c’1 s’1 c’0 s’0

Carry save adder

E FBA

Carry save adder

Traditional adder

S

C’ S’

s5 s0

b0a0

e0

f0

s1

b1a1

e1

f1

s2

b2a2

e2

f2

s3

b3a3

e3

f3

s4

E F

S

BA

Traditional adder

Traditional adder

Traditional adder
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'LYLVmR
���y ��� ����� ���������4�������5�� �����������������

dividendo

divisor

quociente

resto

����  ���������������������  ����

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

���
���

4� �������5� ��

&RPR�LPSOHPHQWDU�HP�KDUGZDUH"
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$OWHUQDWLYD �� GLYLVmR FRP UHVWDXUDomR

����±�������� ���� T�� ��
������������ ����� T�� �� 5HVWDXUDomR
����±������� ����� T�� ��
�����±������� ����� T�� ��
������������� ����� T�� �� 5HVWDXUDomR
�����±������� ����� T�� ��
������������� ����� T�� �� 5HVWDXUDomR
�����±������� ����� T�� ��

T�T�T�T�T�  ������� ��5� ���� ��

• KDUGZDUH�QmR�VDEH�VH�³YDL�FDEHU�RX�QmR´
• UHJLVWUDGRU�SDUD�JXDUGDU�UHVWR�SDUFLDO
• YHULILFDomR�GR�VLQDO�GR�UHVWR�SDUFLDO
• FDVR�QHJDWLYR�� UHVWDXUDomR



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch4-38

$OWHUQDWLYD �� GLYLVmR�VHP�UHVWDXUDomR

����±�������� �������� SUy[� �620$ T�� ��
������������ ������!�� SUy[� �68% T�� ��
�����±������� ��������� SUy[� �620$ T�� ��
������������� ��������� SUy[� �620$ T�� ��
������������� ����� T�� ��

5HVWR� �� 4XRFLHQWH� �����  ""

VH�UHVWR�SDUFLDO !�� SUy[LPD�RSHUDomR VRPD
VH�UHVWR�SDUFLDO ��� SUy[LPD�RSHUDomR VXEWUDomR

REMHWLYR
5�o��

VH�RSHUDomR�FRUUHQWH � TL�� �
VH�RSHUDomR�FRUUHQWH � TL�� �

5HJUDV
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$OWHUQDWLYD����FRQYHUVmR�GR�UHVXOWDGR

)22222(11111 01234 −−+−=

������ ���������� ����� �

)1()1()1( 2)12(222...11... −−− =−=−= QQQQ

11111
11010
10

• 1��GH�VRPDV���
• 1��GH�VXEWUDo}HV��
• 7RWDO���
• 2%6��VH�UHVWR�����GHYH�KDYHU�FRUUHomR�
GH�XP�GLYLVRU�SDUD�TXH�UHVWR�!��
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&RPSDUDomR�GDV�DOWHUQDWLYDV

29

-19

29

-1
5 2

29

-19

5
5 5

-7
2

-1

-7

com
sem
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+DUGZDUH�SDUD�GLYLVmR��WHUFHLUD�DOWHUQDWLYD

Write

32 bits

64 bits

Shift left
Shift right

Remainder

32-bit ALU

Divisor

Controlı
test

Done. Shift left half of Remainder right 1 bit

Test Remainder

3a. Shift the Remainder register to theı
 left, setting the new rightmost bit to 1

32nd repetition?

Start

Remainder < 0

No:  < 32 repetitions

Yes:  32 repetitions

3b. Restore the original value by addingı
the Divisor register to the left half of theı
Remainder register and place the sumı

 in the left half of the Remainder register.ı
Also shift the Remainder register to theı
left, setting the new rightmost bit to 0

2. Subtract the Divisor register from theı
left half of the Remainder register andı
place the result in the left half of theı

Remainder register

Remainder  0

1. Shift the Remainder register left 1 bit

–>
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,QVWUXo}HV

• 1R�0,36�
• GRLV�QRYRV�UHJLVWUDGRUHV�GH�XVR�GHGLFDGR�SDUD�
PXOWLSOLFDomR� +L H /R ����ELWV�FDGD�
• PXOW �W����W����������� +L�/R� �W����W�
• PIKL �W��������������������W��� +L�
• PIOR �W��������������������W��� /R�

• 3DUD�GLYLVmR�
• GLY��V����V�������������/R�� �V������������V�

+L��� �V��PRG��V�
• GLYX��V����V��������������LGHP�SDUD�³XQVLJQHG´
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3RQWR�)OXWXDQWH
• 2EMHWLYRV��

– UHSUHVHQWDomR�GH�Q~PHURV�QmR�LQWHLURV
– DXPHQWDU�D�FDSDFLGDGH�GH�UHSUHVHQWDomR��PDLRUHV�RX�PHQRUHV�

• )RUPDWR�SDGURQL]DGR
��;;;;;;;;;�����������\\\���������QR�FDVR�JHUDO�%\\\�

• 1R�0,36�
6 H[S PDQWLVVD�RX�VLJQLILFDQGR

� ��

VLQDO�PDJQLWXGH����������������6 )�����(

n H[S
n PDQWLVVD

n IDL[D
n SUHFLVmR
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3RQWR�)OXWXDQWH�H�SDGUmR�,(((����

6 H[S PDQWLVVD�RX�VLJQLILFDQGR
� ��

H[SRHQWH�� >����������@�������������������������VH���� | ���
���� ��������������������
����  ��������������  ��� ���������� | �������
RYHUIORZ���� 1� !�����
XQGHUIORZ�� 1� �������

3$'52�,(((����
��;;;;;;;;;;;

XP�LPSOtFLWR

PDQWLVVD��SUHFLVmR�VLPSOHV�����ELWV�����
SUHFLVmR�GXSOD���������ELWV�����
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3DGUmR�,(((�����ELDV
1�� �����6 �����0DQWLVVD������(
3DUD�VLPSOLILFDU�D�RUGHQDomR��VRUWLQJ���%,$6

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

H[S��������%LDV�����H[S
1R�SDGUmR������Q(�� �� � �� ����
(;3� ��&$032(;3 � %,$6�

([HPSOR��UHSUHVHQWDU�� ������  �� �����������
� ������� �� �����  �����������
PDQWLVVD� ���������������������������ELWV�
FDPSR�H[SRHQWH��� �������� ������  �����������

� ��������� ����������������������������
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7DEHOD�GH�IDL[DV�GH�UHSUHVHQWDomR�GR�,(((����

3UHFLVmR�VLPSOHV 3UHFLVmR�GXSOD
([SRHQWH 0DQWLVVD ([SRHQWH 0DQWLVVD 6LJQLILFDGR

� � � � �
� z�� � z�� 1~PHUR�QmR�QRUPDOL]DGR

��±���� TTXHU ��±����� TTXHU 1~PHUR�QRUPDOL]DGR
���� � ����� � LQILQLWR
��� z�� ���� z�� 1D1��QRW�D�QXPEHU�
�ELWV ������ �� ������
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6RPD�HP�SRQWR�IOXWXDQWH

Done

2. Add the significands

4. Round the significand to the appropriateı
number of bits

Still normalized?

Start

Yes

No

No

YesOverflow orı
underflow?

Exception

3. Normalize the sum, either shifting right andı
incrementing the exponent or shifting leftı

and decrementing the exponent

1. Compare the exponents of the two numbers.ı
Shift the smaller number to the right until itsı
exponent would match the larger exponent
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8/$�SDUD�VRPD�HP�SRQWR�IOXWXDQWH

0 10 1 0 1

Control

Small ALU

Big ALU

Sign Exponent Significand Sign Exponent Significand

Exponentı
difference

Shift right

Shift left or right

Rounding hardware

Sign Exponent Significand

Increment orı
decrement

0 10 1

Shift smallerı
number right ı
ı

Compareı
exponents ı
ı

Add

Normalize

Round
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0XOWLSOLFDomR�HP�SRQWR�IOXWXDQWH

2. Multiply the significands

4. Round the significand to the appropriateı
number of bits

Still normalized?

Start

Yes

No

No

YesOverflow orı
underflow?

Exception

3. Normalize the product if necessary, shiftingı
it right and incrementing the exponent

1. Add the biased exponents of the twoı
numbers, subtracting the bias from the sumı

to get the new biased exponent

Done

5. Set the sign of the product to positive if theı
signs of the original operands are the same;ı

if they differ make the sign negative
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&RQMXQWR�GH�LQVWUXo}HV�GR�0,36�SDUD�IS
)LJ��������������3DJ����
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)ORDWLQJ�3RLQW�&RPSOH[LWLHV
• 2SHUDWLRQV�DUH�VRPHZKDW�PRUH�FRPSOLFDWHG��VHH�WH[W�
• ,Q�DGGLWLRQ�WR�RYHUIORZ�ZH�FDQ�KDYH�³XQGHUIORZ´
• $FFXUDF\�FDQ�EH�D�ELJ�SUREOHP

– ,(((�����NHHSV�WZR�H[WUD�ELWV��JXDUG�DQG�URXQG
– IRXU�URXQGLQJ�PRGHV
– SRVLWLYH�GLYLGHG�E\�]HUR�\LHOGV�³LQILQLW\´
– ]HUR�GLYLGH�E\�]HUR�\LHOGV�³QRW�D�QXPEHU´
– RWKHU�FRPSOH[LWLHV

• ,PSOHPHQWLQJ�WKH�VWDQGDUG�FDQ�EH�WULFN\
• 1RW�XVLQJ�WKH�VWDQGDUG�FDQ�EH�HYHQ�ZRUVH

– VHH�WH[W�IRU�GHVFULSWLRQ�RI���[���DQG�3HQWLXP�EXJ�
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&KDSWHU�)RXU�6XPPDU\
• &RPSXWHU�DULWKPHWLF�LV�FRQVWUDLQHG�E\�OLPLWHG�SUHFLVLRQ
• %LW�SDWWHUQV�KDYH�QR�LQKHUHQW�PHDQLQJ�EXW�VWDQGDUGV�GR�H[LVW

– WZR¶V�FRPSOHPHQW
– ,(((�����IORDWLQJ�SRLQW

• &RPSXWHU�LQVWUXFWLRQV�GHWHUPLQH�³PHDQLQJ´�RI��WKH�ELW�SDWWHUQV
• 3HUIRUPDQFH�DQG�DFFXUDF\�DUH�LPSRUWDQW�VR�WKHUH�DUH�PDQ\

FRPSOH[LWLHV�LQ�UHDO�PDFKLQHV��L�H���DOJRULWKPV�DQG�
LPSOHPHQWDWLRQ��

• :H�DUH�UHDG\�WR�PRYH�RQ��DQG�LPSOHPHQW�WKH�SURFHVVRU�
\RX�PD\�ZDQW�WR�ORRN�EDFN��6HFWLRQ������LV�JUHDW�UHDGLQJ��


