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Lecture schedule

1. Combinational & Sequential Logic:
«  Basics of electronics; logic gates, muxes, decoders
¢+ clocks and data storage

2. ALU design
¢+ Building an adding circuit

3. State Machines
¢ Building a simple processor
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Review - ALU
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Review - 8-bit Ripple Carry Adder
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Unfortunately this has a very large propagation time for 32 or 64 bit adds
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8-bit Carry Look-ahead Adder
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Single Bit Carry Generate

Generate: Do these two bits generate a carry?
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Single Bit Carry Propagate

Propagate: Do these two bits let a carry-in propagate?
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Generate for 2 Bit Range

Example:
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Generate for General Bit Ranges

n-bit m-bit
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Propagate for 2 Bit Range
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Propagate for General Bit Ranges

? n-bit m-bit
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Pi+m+1+n,i = Pi+m+1+n,i+m+1&Pi+m,i
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So, What is My Carry?

Given a carry-in to a bit range and the generate and propagate
signals associated with that bit range, how do we compute the
carry-out?
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Carry Look-Ahead Adder

| > Full

»| adder
EECS 370: Introduction to The University of Michigan 13/23
Computer Organization © T. Austin & M. Papaefthymiou — 2009

8-bit Carry Look-ahead Adder

00111101

+10010101

11010010
Carry
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Multiplier

01001101 ( 77y)
x10110011 (179,

01001101 x 1
010011010 x 1
010011010000 x 1
01001101000°0T0 x 1

010011010000O0O0OO0OSFPO x 1

011010111010111 (13,783,)
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Floating Point Representation
|
10.625 1010.101,
N
10
1.010101 x 23
Exponent (3)
8 bits
So don't store it. T bt 73 Dits
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|IEEE Floating point format

|
a Sign bit: (0 is positive, 1 is negative)
O Mantissa: (store 23 most significant bits after the decimal point)
O Exponent: used biased base 127 encoding

«  Add 127 to the value of the exponent to encode:

+ -127 00000000 1 -> 10000000

+  -126— 00000001 2 —> 10000001

. 0— 01111111 128 — 11111111

O How do you represent zero ? Special convention:
+  Exponent: -127 (all zeroes ), Mantissa 0 (all zeroes), Sign + or -
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Floating Point Representation

10625 [C—» 1010.101,

=

1.010101 x 23

‘ Exponent (3)
8 bits

This must be a 1! +/- | | Mantissa (1010101)
So don't store it. Thit 53 DItS

10.625,, = 0 10000010 01010100000000000000000

EECS 370: Introduction to The University of Michigan 18/23
Computer Organization © T. Austin & M. Papaefthymiou — 2009




Class Problem

O What is the value (in decimal) of the following IEEE 754 floating
point encoded number?

110000101 | 01011001000000000000000
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Floating Point Multiply

10.625 0= 1010_1012:> o| 10000010] 01010100000000000000000
+ X
10 0= 10102 :> 0| 10000010 01000000000000000000000

-127

1010101
X 101

1010101 1101010.01,

101010100

110101001 :106-2510

0 10000101 10101001000000000000000
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Floating point Addition sz il
I xpanent wauld match the lagar sxpenidl

1. Shift smaller exponent right to
match larger.
3. Narmalize the sum, either shitting right and

2. Add significands
3. Normalize and update exponent T e .
4. Check for “out of range”

See page 200 (Figure 3.16) Yus
<
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Class Problem

Show how to add the following 2 numbers using IEEE
floating point addition: 100.125 + 13.75
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In the next episode of EECS370...

O Learn how to design a vending machine!

On a side note:
Q Project 1 due this Friday (Feb 6)
O Project 2 to be released this week
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