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64 32 16 8 4 2 1

0 01 1 1011

-128

64 32 16 8 4 2 1

0 01 1 1011

-127

64 32 16 8 4 2 1

0 01 1 1011

+/-

128 64 32 16 8 4 2 1

1 0 01 1 101

-128 = 58

= -70

= -69

-58=

= 186

128 64 32 16 8 4 2 1

1 0 01 1 101

Sign Magnitude

‘1’s complement

-127 to +127

-127 to +127

-128 to +127

‘2’s complement

-128 to +127

(+/- zero)

(+/- zero)

Unsigned

0 to 255

Biased (bias =128)
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1 0 01 1 101

01101011

000110 10

00 0 0 1 1 01

+

Unsigned

+
186

28

214

‘2’s complement

+
-70

+28

-42
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A
B

S

C

+S = A B

C = A B
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HA

A B

S C

HA

A B

S C

HA

A B

S C

HA

A B

S C

X[0] X[1] X[2] X[3]

Y[0] Y[1] Y{2] Y[3]

INC

Y[4]

Y[ ] = X[ ] + INC

Ä
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A
B

S

C
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B
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A
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Cin

Cout

S
B
A

Cout = A.B + A.Cin + B.Cin

CinBS = A ++
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Cin

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[0] B[0]

BA

S

CoutCin
FA

A[1] B[1] A[2] B[2] A[3] B[3]

S[0]

S[ ] = A[ ] + B[ ] + Cin

S[1] S[2] S[3]

Cout
(S[4])
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B
Cin

A
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B
A

S
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C[i] = G[i] + P[i].C[i-1]

P[i] = A[i] + B[i]

G[i] = A[i].B[i]

P[i]

C[i]

C[i-1]

A[i]
B[i]

A[i]
B[i]

G[i]

B[i]

C[i-1]
S[i]

A[i]
C[i-1]B[i]S[i] = A[i] ++
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Cin

C[3]C[2]C[1]C[0]

P[3]G[3]P[2]G[2]P[1]G[1]P[0]G[0]

1

0

1

0

1

0

1

0

A[i]
B[i]

G[i]

S[i]
P[i]

C[i-1]

B[i]
A[i]

P[i]

+ C[i-1]P[i]S[i] =

G[i] P[i]+P[i]C[i-1]C[i] =

+ B[i]A[i]P[i] =

B[i]A[i]G[i] =

N



O�PRQ�SRTVUISRQXW Y Y Z�[�\

] ^ _
`�a�b�c�d�e�c�f�g�_�f�f�h i j�j c�f
k l _�f&m7n9o�dpmrq s�t7c�q cu`'e(_?e5m7n8`'dvcBwxm1d�e@q _?y3m7`'z o�d+c nF{@{2_?d�e3q o�t1e5m1s�t7c�w|n}f~d
� _?d+cuj _�f�n9o `�j s�_?d�dve"f�_
`'d�m1d�e(n}f~d�n}fpe"f�_
`'d�q m1d�d�m7n8` z@_?e(c,d,�

k _�t7n8`'z f%o�` n9{�e"b�c�d�c�z@_?e�c�d�f�c��@o/mrf�c,d � o�{"{2c�f&m7`'z e(n q _?m7`'e(_?m7` s�c�f&{Rn}fV�
q _
`�a$c��

P[3]P[2]P[1]P[0]

C[3]C[2]C[1]C[0]

G[3]G[2]G[1]G[0]

P[3]P[2] C[3]C[i-1] P[0] P[1]

G[i]

C[i]

C[i-1]

P[i]

P[i]

P[i]

P[0] P[1] P[2] P[3]
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C[i-1]

B[i]
A[i]+ +S[i] = A[i] B[i] C[i-1]

G[i]
B[i]
A[i]G[i] = A[i].B[i]

P[i] = A[i] + B[i]

C[i] = G[i] + P[i].C[i-1]

S[i]

P[i]
A[i]
B[i]
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P[2]

P[0]
Cin

P[1]

G[3]

G[2]

G[1]

G[0]

Cin

P[3]

P[2]

P[1]

P[0]

P[3]

P[3]

P[3]

P[2]

P[2]
P[1]

C[3]

G[0]

C[2] = G[2] + P[2].G[1] + P[2].P[1].G[0] + P[2].P[1].P[0].Cin

C[3] = G[3] + P[3].G[2] + P[3].P[2].G[1] + P[3].P[2].P[1].G[0] + P[3].P[2].P[1].P[0].Cin

C[1] = G[1] + P[1].G[0] + P[1].P[0].Cin

C[0] = G[0] + P[0].Cin

G[0]
P[0]
Cin

C[0]

P[0]
Cin

P[1]
G[0]
P[1]
G[1]

C[1]

C[2]

G[2]
P[2]
G[1]
P[2]
P[1]

ÌMÍ
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C[3]

Cin

P[1]

P[2]

P[3]
G[3]

G[2]

G[1]

G[0]
P[0]

C[0] = G[0] + P[0].Cin

C[1] = G[1] + P[1].(G[0] + P[0].Cin)

C[2] = G[2] + P[2].(G[1] + P[1].(G[0] + P[0].Cin))

C[3] = G[3] + P[3].(G[2] + P[2].(G[1] + P[1].(G[0] + P[0].Cin)))
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Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Lookahead
Unit

Ripple

Sum
A B

Cin Cout

Ripple

A[0:3] A[4:7] A[8:11] A[12:15]B[0:3] B[4:7] B[8:11] B[12:15]

Sum[0:3] Sum[4:7] Sum[8:11] Sum[12:15]
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S[0] S[4] S[8] S[12]

Cin Cout

A[15]
B[15]

A[0]
B[0]

A[4]

A[4]

A[8]

A[8]

A[12]

A[12]

1

0 0 0

1 1
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00 11 1 00 1

1 0 01 101 0

00011110

1
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+

0110000
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00 11 1 00 1

1 0 01 101 0

00011110

1
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0110000

120

Overflow!

-78

-58

‘2’s complement

00 11 00 10

01 101 00 1

0

+ +

011000
Overflow!

1

114

70

0001111 0 -72

‘2’s complement
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BA

S

CoutCin
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BA

S

CoutCin
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BA

S

CoutCin
FA

A[0] B[0]

BA

S

CoutCin
FA

A[1] B[1] A[2] B[2] A[3] B[3]

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

B[7]A[7]B[6]A[6]B[5]A[5]B[4]A[4]

S[4] S[5] S[6] S[7]

0

V

C
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A[7]A[6]A[5]A[4]A[0] A[1] A[2] A[3]

S[]  = -A[] = A[] + 1

S[0] S[1] S[2] S[3]

S

Cout

S

Cout

S

Cout

S

Cout

S[4] S[5] S[6] S[7]

V

S

Cout

S

Cout

S

Cout

S

Cout1
HA HA HA HA HA HA HA HA

AAAAAAAA

Ò Ç�ÓNË�ÔQÕ^Ç
Ö ÇØ×§×eÙNÔ�Å+Ú¤Ç
ÔFÛÝÜÞÛàß�Ãâáâã�Å`Ñ=Ìb×�Ë¹Í�ä;Ë'Ì@ÙUÈ åUË�ÔDÅçæ@ÅVÍ�Ë�È ×�ÐaÌbÌbÇYÍèÔ�ËcÉNÛ
ÔZË[ÅTËLÌ@ÍDéDß�Ãêá
ÛbÛ+Ç
ÓUË�Ô�Õ^Ç
Ö ëDËcÍ�ËL×eÍGÑ=ÇHÌ Ù;ÅTËcÅì×�Ð�Ô�Ô�æ È ÇHÌ@Ñ�Í�Ç
Ô�Ñ=Ì@Ï¿í
Ð£Å5Ú¤Ç
Ô�ÐaëDëFÑ�ÍGÑ=ÇHÌ

î[ï



ð­ñFò�ó ô õ³ö ÷\ø$ù"ö ùBú¹û»ü ýLþ�ûZÿ ö ù¿û�þ��

� �����	��

��� ������� ������� �������! #"�$&%'�(�*),+-�.���
B[7]B[6]B[5]B[4]B[0] B[1] B[2] B[3]

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[7]A[6]A[5]A[4]

S[4] S[5] S[6] S[7]

V

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[0]

BA

S

CoutCin
FA

A[1] A[2] A[3]

Sub/Add

/ 0 ���2143���1 �(5��6)����738�93��#� ),�:� �:�;1�)<�93��#� $=��38�9�>1?3A@B�;�>)6�C3���14���6),�=�����; #�C$&%'�(�*),+-�.���
$���38�
D:DFEHG:I-J K LML �*381��:)<�M38�>$7�N��� �.� �N�!����+O�P%B�!�RQ �S��� �C$&%'�(�*),+-�T3��U� ),�:� ),� D

�738�93��#�

V*V



W XZYM[�\FX6]�^ _ `�[badc6e ]4ad[�f

g h i�jCk8l�i:mSn o�p:q:r(sCt�u-r9k�v#i

1 0 01 101 0

00 11 00 10

00110100

-

00110000

Unsigned

178
-

134

44

00 11 1 00 1

1 0 01 101 0

1

00110111

-

0011001

Unsigned

178

198

Overflow!

-

236

w r(x�m y=i:t<z�q{v|sdsdv�} k�i:n7k�u~t<r�m!j t,i v��{m�s���v�} j*k�i:u~m } m u~t�i:i:v�rHsdm;�Bsdm��
jOm�i�r�i:m!l�t�r9kA�Bm�i�p{� q{m�s�j

�*�



� �Z�M���F�6��� � ���b�d�6� �4�d���

� �4���8�����&�' (¡*¢,£- �¤|¡

BA

S

CoutCin
FA

BORROWin BORROWout

X Y

S

X Y Bin BoutS

0

0

0

0

1

1

1

1

0 0

0

1

1 1

1

0

0 0

0

1

1 1

1

0

0 0

1 1

1 1

10

1 0

0 0

0 0

1 1

¥ ¢ ¦§���8��¨C�&�' (¡*¢,£- �¤|¡6�=©�ª8 {« ¢�¬ �{­ £~¤#©�¨C (¡®�=£- �­�¯ ¦9¡d¤�« ¢,© ­�°�ª8¨C Tª�©�± ¦.���8�
¢,¯�¯�­�¡²��©�ª8 

³µ´



¶�·b¸d¹bº¼»Z¹b¸6½H¶6»Z¸d¾�¿�À|¸µÁÂ¾

Ã Ä Å�Æ8Ç9ÈAÉTÊ'È8Ç�Ë�Å:Ê:Ç(ÌCÍ�Î-Ç.Ï�ÌFÐÑÏ�Ì>Ò Ó�Ô*È8Õ�Ó:Ö�× Ø Å{Ù Ê{Ö�Ì�Ô

B[7]B[6]B[5]B[4]B[0] B[1] B[2] B[3] A[7]A[6]A[5]A[4]A[0] A[1] A[2] A[3]

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

S[4] S[5] S[6] S[7]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BORROW1

Ú È�Ó Í Ù Å�Æ8Ç9ÈAÉTÊ'È8ÇÛÔCÅ&Ê'Ç(Ì*Í,Î-Ç�Ï|Ì Ü Ö Ó:Ö�ÖS× Ó:Ï�Ç�È�Ó4ÝBÖ�ÌÞÇßÇ(à�Ö Î~ÍSÌ®Ìdá ÔCÈ8Õ�Ó:Í<Æ8Ô
ÊBÖ!Ç(Ü ÖSÖ�Ó Ð§Å�Æ8ÆâÍ,×�×�Ö�ÌÞÔ

ã*ä



å�æbçdèbé®ê�å�ë�ì íÂî�ï ð ñ ñ ïâëâòFóHå6ôZçdë�õ�ö|çµíÂë

÷ ø ù{ú�û�ü�ý�þ ÿ�ú��.ú��������
	 �,ÿ�ÿ=ú�û
���������(û������.ý�û��bý�û����
����	��:úSÿ ���:ÿ ���! "�#�~ý%$ &
')( ú*$ ú��
�+���
�.ú�	'ú�û,�

B[7]B[6]B[5]B[4]B[0] B[1] B[2] B[3]

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[7]A[6]A[5]A[4]

S[4] S[5] S[6] S[7]

V

BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

A[0]

BA

S

CoutCin
FA

A[1] A[2] A[3]

Sub/Add

C

÷ ø ù{ú�û�ü�ý�þ -
. / ���:ÿ0���1�2��ú��3��� ý�ù{ú�û�ü�ý�þ �Ñý�û4���
����	��:ú�ÿ ��û,���65+$ ú
�����
. 7 ���:ÿ0���8�2�.ú��9��� ý|ù{ú�û�ü=ý�þ �Ñý�û����� ��3�~ý%$ '0( ú:$ ú��
�;��û<���=5+$ ú��>���

?A@



B CED F)G G HJI K LNMPO

Q R SUT V�W
XZY
[�Y*\^]�_`_`Y:\ba`W
V�Xdc

S[0] S[1] S[2] S[3]

BA

S

CoutCin
FA

BA

S

FA
BA

S

CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

C

C in

Sub/Add

MultiWord

Cin CoutCin
FA

BA

S

CoutCin
FA

BA

S

CoutCin
FA

S[4] S[5] S[6] S[7]

V

BA

S

Cout

A[1] A[2] A[3]A[0] B[7]B[6]B[5]B[4]B[0] B[1] B[2] B[3] A[7]A[6]A[5]A[4]

e f gih XjR SUT hkgil6l Y*\`X6m)Y3n1]2o�]
p�V�q�V�X6r gilif a)q�X�Vtsvu g \w_ ]�_`_0V�X>V g W`x h a�p�X6\�]�n�X�V g W`y
X6m)Y�n1]z\w\{r�xAp g \{\ g u y g a)X h V�[�W+]2q�V hkh X g \{Y�_ ] l X|Y*\}Yz]�n�m g o`Y:\�]~X�V g W h a`n�m
X6m)]2X}V�X f ]zr l Yz_ pU]�n�� V�W
X g X6m)Y W+Y*�%X g o`Y:\�]~X�V g W ] h n1]z\w\wr`xAp g \w\ g u y
V�W`c
s+s4�}�+��� � ��� h V�[�W+]2q�n g W
X6\ g q h�g o�Y*\�]2X�V g W ] h p;Y l�g \wY
s+s4� �����v��� �*�~� h V�[�W+]2q}Y�W+]
p�q�Y h ����� l�g \ ]2q�q�p�a)XkX6m)Y �;\ h X6�)q�Yz] h X h V�[�s

W
V���n1]�W
X6��u g \{_ gil ] f a)q�X�VtsZu g \w_ g o�Y*\�]2X�V g W

�8�



��� �9 J¡ ¢¤£¦¥�§, J� ¥ ¨ ©  �ªU«P¥

0101 0 1 11

8 4 2 116

8 4 2 116

=

= 186

1/2 1/4 1/8

/

0101 0 1 11

x2
2 14

23 x2
2

8

Fixed point

0 to 31.875

Floating Point

0 to 3968

¬ ­J®t¯j°z± ²�³i®�´
µ
¶ ·z¸ ®�µ=¹+º °�µ>®�» ·2¼ ° ·2¼,½ ·~¼ ®�´
µZ°�¾�° ¸�·�¸ ®�µ6¹+º °�µ�®�»
¶ ¿ ®tº ®�µZ°�± ·2À)À0¿ ®�» · µ�®�³Á´ ±0Â�°Ãµ|³ ¼ º ·2¿�¿Á¸�· ´
¾�° Ä6°:ÅU°�´ Æ ®�µ=¹ Ç�È É�®�µ ¼AÊ

¬ ­ ¿ ³ · µ�®�´
¾ ²�³i®�´
µ
¶ ·z¸ ®�µ=¹+º °�µ>®�»Ë±0®�Ì6Í�»�Â ¿ µ
¶ À ³iµZ°�´
µ�® ·2¿�¿t½ Å;° ¸w½ ¿�·�¸ ¾�° ¸�· ´
¾�°
¶ º · ´ ½ ±0®�Ì6Ì�° ¸ °z´
µ+Ì�³ ¸ º · µ À ³ ¼�¼ ®ÎÉ�® ¿ ®�µ�®�° ¼

ÏAÐ



Ñ¦ÒÔÓbÕUÖw×ÔØ�Ù Ú ÓÛ×ÔØNÖ�Ñ^ÓkÜzÝ ÕUÖwÞ

ß à�á%â{ã ä2å�æ�ç)áiè�æ1é�ê

x28 4 2 1
12

111 0 0101 -11 x2
+2

=

+/-
+/-

Range: -120 ... +120

x28 4 2 1
12

111 0 0101
+2

=

-16
-4

-5 x2

Range: -128 ... +120

8 4 2 1
12

111 0 0101
+2

=

x4

-11 x4

+/-
+/-

Range: -960 ... +960

12

11 0101 =

x24 2 1

01 -5 x2
-2

+/-
4+/-

Range: -896 ... +896

ë ì ä!í0ètî
ï+ïbð�ñ�ðAò�ñUówô

ë õ è�ö�÷ øPá%âwã ä2å�ê^øPá%âkã ä!÷
å�è�ê�êùä ä�÷+í é*î%ú�á�÷+é�÷
å
ï+ï õ è�ö�÷ ã ä~ö�÷
è�å�û�í`é ñ�ü�ý�þ ê3æ1á%ã ú0ÿ�é:ã é�÷
å ñ
ü��:þ ê3æ1á%ã ú)ÿ�é:ã éz÷
å ñ�� è�ä~êAézí

ë � è�å�ê�ú�é*â���é
ÿ�í
ï+ï ì ä�÷
ö�é���	¦ä�æ1æAûUâ�ä�æ�


��




��������������� � �����������! #" ����$

% & ')(+*-,+.)(0/21�/3.41�/356/#78*:9;*-,0<=785�>?<@1A*CB)/D5�9#E / 78'4E F�/G1

x28 4 2 1
12

1 001 =

+/-
+/-

0000 -8 x2
+0

= -8

= -8

x28 4 2 1
12

1 0 =

+/-
+/-

000 110 -4 x2
+1

= -8

x28 4 2 1
12

1 00 =

+/-
+/-

0 10 1 1 -1 x2
+3

H I 9;5�*:/J5�9K(LE <M5�*ONPFQ,+*R<M>S,078>?<@1�E 9K*-,0<=7
T�U



V�W�X�Y�Z�[�\�] ^ X�[�\�Z�V�X!_#` Y�Z�a

b c dfe�g h;i+jLk@l#m n8o4g p�lGerq

1

+/- x28 4 2 1
12

001

+/-

001

16

1 1 =

M.S.B. Implicit

+2
-26 x2

s h#eteuh�n8vwl�x?d@e!g dMquySq�j+vwn8j+z|{}h�n8yQpQj+ywy:d p4l ~��G�
s q�j0nS{}l�g ��qJ��p��@j+q�hKiLg dMq�y)h;iL� h��8q�~��G�=j+ySnSl�l#m nSdMy�p�l2q�y�dfe�l�m
s k@l�e�d g o)quy�p�l2y�e�l#hKy:l�m hKq�h�n lG�M{}lJ�)y-j0d=n

�J�



��� � � ���4� ��������  �R¡¢ 

£ ¤@¥0¦8§©¨0ªD«4¬�ª#­®¥+¯u¥0°=¦
31

Sign

1 1 0 1 0 1 0 0 0 01 1 1 1 1 0 1 0 0 0 1 0 0 1

22 0

Fraction Field

-
1 1 0 1 0 0 0 1

1 0 1 0 1 0 0 0 01 1 1 1 1 0 1 0 0 0 1 0 0 11
2 x 2 2

-127

1 1 0 1 0 0 0 1

30 23

Biased Exponent Field

± ²�³ ´ ¥+µ-¯�¶·¤@¥+§w¦ ¸º¹3» ´ ¥+µ�¼¾½À¿�¥0ÁK¯6ª#Â Ã)Ä@«O°=¦Sª�¦8µO¸ÆÅ;» ´ ¥+µ:¼�½�Ç=¬uÁ�­®µ-¥0°=¦ ¸ ³È² » ´ ¥+µ:¼ÊÉ
± Ë ÁÈÂ�¥LÄ Ì ³
± Í °@¬�Î ÁK¨+¥LÏÐª#Â�½·§�¥LÑQ¥0¦8§ ³;Ò ´ ¥+µ-¯�°MÓ�«4¬�ª#­�¥+¯�¥0°=¦
± Ô Î «�¨+¥0­�¥+µwÎ É�¯JÉ ´ ÉÕÁ�¦SÂ ´ ¥0¦SÁ#¬�Ö «O°M¥0¦8µ
± ×#Ø Ù�Ú·ÛJÜGÝ·Þ ßÀà©áGâ)Ü®â4ã�ä å æ;ÚÀç�ãºÙ�á�â ä è;é ¬�ª3«4¬�ª3¯6ª#¦8µ-¯PêëÃ Ëíì
± ¤@¥+§w¦ Î ÁK§w¦8¥+µïîOÂ|ª ¸ñð)ª#¦S­òª ó!ôÕ»SÏ@ª�¬�°=¼
± ¿�¥0ÁK¯�ª�Â ª�Ä@«|°õ¦Sª�¦8µSö|ª3¨0Â�¶ ´ ¥0ÁK¯2Ì ¹ ³M÷

øuù



ú�û û û ü�ý4þ ÿ�������� �	�
� � û ��
��������������

� ������ !#"%$�&('*) +,�#-. /�(0 13254

+ 0

31

Sign

0

30 23

Biased Exponent Field

0 0 0 00 000

22 0

Fraction Field

0 0 0 0 0 01 1 1 1 1 0 1 0 0 0 1 0 0 100 1

0 0 0 0 0000
0 0 0 0 0 01 1 1 1 1 0 1 0 0 0 1 0 0 10 0 1 x 2 2

+1-127
2

6 7 ���� 854�1 4:9,�#;<8=132>;?134@�  BAC1 +D�#-. /��0 132�-FEC0 GH�I�(J
8LKM�NKO1 -FEC0 GH�I��PRQS13P.854TPL O 4U0 13252OPL GC�V-. /��0 13258 7 �#+�K

6 +D�#-. /��0 132W-FEC0 GH�I�X4YQS1#ZH��1[- 8\0 9�258=;<85P.2=�#1[+�8=-F] 7 �I�( .K
6 1�G^8=134<�_+ �I`a9, O-.�#-FPb BA 7 ���� 8=-.+�8=;?13PL�c4�1 +D�_-. a��0 1d2e-FEC0 GH���fK
6 PRQS� 1[;gPhED1d2e�I`a9, O-.�#-FP.854 ikjIl/0 8=-FES4TPRQS� ��`/9D O-.�_-FP>G^8=134_m

non



pUq q q rWsCt u�v�w�x�y w	z
y { q |�}�~���v�����x��

� ���F�,�F�5�R� �_�������
� �=�F�D�F�5��� � �#� �H� �L�d�>�#� �L� �=�.���=���3�L� ���e� �F�C� �H�I� �L�O� �=�#�f >� �L� �H�
�(�c¡C�(�c¢<�_�F�L�#��£
�#£¥¤f£�¦/�I�(� ���c¡H���c¢<�#�F�h¢ �3�5���F�C� �H�I�X¢ �L�O� ¢�� �3�5�D�§� �H� �(�c¡C�(�c¢<�_�F�L�#� ¨© �#�.�?� � © �V�S¢<�c¤ª�S�=�.�c¢:¢«�¬¤S�%���L¦/�����

� �=�F�D�F�5��� �5¢ �=�.�S�=�?�3�L�_� �F� � ¦/����� ¤­�o�[�g�h�=�®� �,�¯�=� �[�.� � � �#°/�\� �3�^�^�\�
�3¢<�_� ��°/¡D�O�.�_�F�H�,�¯�=��£

31

Sign

1
0

22 0

Fraction Field

0 0 0 0 0 0 0 0 0 0 0 000 0 0 0 0 0 0 0 0 0

30 23

Biased Exponent Field

1 1 1 1 1 1 1 1

� ± �#± ² ³c´Oµ�² ¶O· ¸?¹fº
» �e� �F�C� �H���D���c¡H���c¢<�#�F�§�#� �F� �¼� �#°/�\� �d���^�=�3¢<�_� ��°/¡D�O�.�_�F�e�,�¯�=� �[�.�
� �.�O� ¦/�I��� ¤h�:�[�<�­�=�O� �,�¯�=� �5¢ � ² ³c´�µ ² ¶O· ¸?¹fºf½�¢o�,� © �d¢ � �#� ���¯¢o�S�5�
¤­���/� ¾ ¿À�/�TÁÃÂ Ád£

Ä�Å



Æ Ç#È�É�Ê�Ë ÌeÉ�È�Í Î È�É(Ê Ï%Ç#Ë ÐHÑ�È�Ò,Ì>Ó ÔVË Õ�Ì�Ç_Ö

×DØcÙ�Ú/Û�Ø
Ü Ý ÞFßDà�ágâ Ú ß Ø�Û à[Þ.ã�ä

å æ à3â Ø æ Ú äoç�ä:è5é^ÞFè5êDá�à[ÞFç�ë^è5ç ØIì ßSí5è=ágè5ç�îTïñð¯ò ÙóÚaÛ Þ Ú/Û æ à3í�ÞFô æ ë ØIÛ ä�õ�ï÷ö#ò
Ù�Ú/Û ã Ø Þ ÚaÛ æ àdí5ä

å ä Ø ç^ë^è=à3ä Ø ã Ø�ì ß Ú Þ Ø ÞFçHç Ú ïkðIò Ù�Ú/Û ã Ø Þ ÚaÛ æ àdí5ä
ø Ù ç Ø�Û
Ü ù ÚaÛ æ àdí5è\ú Ø

å äUûHè Ù ç�í ØcÙ ç æ à[ÞFçhè5ä:ä<à à[Þ.ã ã Ø á Û(Ø æ Ø ÞFç Ø�ì ß Ú Þ Ø ÞFçSô�ß ç Ú çRû Ø í5è æ è5çSè æ ü
ß Ú ä Ø ã ëFý çRû Ø ØIì ß Ú Þ Ø ÞFç Û à[ÞFé Ø

Ü þ,à[ágâ Û�Ø äoô�í5ç
å è Ù æ ÿ ä ÿ ë ÿ�� ú Ø�Û�Ú ä Ø çWë^è=à3ä Ø ã Ø�ì ß Ú Þ Ø ÞFç.ç Ú ú Ø�Û�Ú
å ã�è5ä<á?à Û ã æ ÿ ä ÿ ë ÿ

���



���	��

���	��� � ���	����� � �������	���

� � � �"! # � �%$'& ( � �*)

Mantissa

Adder

Exponent

max(p,q)

mantissa

min(p,q)

with
max(p,q)

with
mantissa

Exponent

Mantissa

Selector
Leading

Zero
Counter

|p-q|

p>q

Shifter

Left

Right

Shifter

p

a

q

b

d

s

Compare
Subtractor

+-,/.�021436587 9;:�<=.�9>5;?A@�.�0CB�36?D.�0FE <G9 ,/H
9>?IE 5I9J@�@K9>1L,M7 7N3L.�,M7PORQ
SUTWVXVXVZYA[]\�^`_X\Gab_L_XcedX^`ceY [gfP\G[`[gfPchabciYAjPkl[�YAfPmnjPko_qprcM\GY2sltPu=\GkvuIj�kv\G[WcG_
ciwx\�uI[yklz�\�^`_{aDm|jN^`_XcG_{sv^Zm%^`c}mntP\^�jP~�prcea�m|t��
\Gz%Y

�X�



���	���
���	��� � ���	��� ���������-���	�>�
���	���

� � �*��� ��� � ��� ��� ��� � �*�x��� ��� � �/ ¡��¢>�e£
¤ ¥§¦D¨ ©6ªI«­¬ ªA®{¯§°`¦A±=²Z¨

³ ´ µ ªA±e¦A©6ªD¶ ¨ ·M¸�±i¦A¹P¹X·h¹ � � � � �
¹P¦A®{¸ ¨ ·h®{¸�¦A± µ»º «�¦I¸�±G«2®{«C°�¨ µ ªA±e¦A©6ªA¦I¼ ·}±i¦I¯½¸;¾

³ ¬ º»º «�¿À©»¯;¸Z«F¸�±e¹ Á � Â Ã Ä
Å ¦I·}¹X« º · ºÆº ¦A±i¦I¯½¸ Ç Á Ã ��È	� ÁXÉ � Ç Â Ã ��È	� ÁXÉ Ã Ç Ä�Ã ��ÈÊ� ÁXÉ Ë ��È	� Á

ÌÎÍ`Ï|ÐWÑ8ÐyÒPÓGÐFÓGÔlÔoÏ|Õ
Ó�Í`Ö=Ñ;×ÆØ�ÙAÐ�ÚrÑR×�Ó�ÛNÑÝÜÞÏ|ßàÐgÒPÑ8ßbÑeÙAØ�ÔlÐ2ÕZÒ`ávÖIÒ"ÒPÓGÙ§ÐgÕZáoÖâÑ8ÐgÒPÑZÏ|ßbáoã|áoÍ`ÓGÔXäPßDÑ4ÖIálÙAáoÏ�Í�ÕZálÐyÒÐgÕ
ÏåÚ�álÐyÙæÚrÑiÜÞÏ|ßbÑ/ÐyÒPÑçÚ�áoÍ`ÓGßDèRäNÏ|áoÍ�Ð
é*ê


