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1 INTRODUCTION

The propose of this assignment is to use the Altera Max2Plus package to design, analyse and prove working
a system that can perform floating point division. The floating point numbers comply with the IEEE-754
standard for 24-bit numbers (a modified version of the 32-bit standard).

e plus |l Managar workicolintalbere\assignmantiint_drida

MAX+plus |l

Figure 1.0a: Altera Max2Plus Software Application

The MAX+PLUS®II development software is a fully mtegrated programmable logic design environment. This
easy-to-use tool supports the Altera® ACEX ", FLEX® and MAX® programmable device families and works in
both PC and UNIX environments. The MAX+PLUS Il software offers unmatched flexibility and performance
and allows for seamless integration with industry-standard design entry, synthesis, and verification tools. By
giving the designer entry freedom and the ability to mix and match design entry methodologies, the
MAX+PLUS Il software minimizes re-design work.

This report includes schematic capture and other design details, as well as an English description on how
the design works. The design is partitioned into functional blocks, each block does one task that is easy to
describe. As well as the design details, the simulation details are included for most functional blocks within
the design. The simulation results are explained, this is done by annotating the waveforms produced by the
system.

The report is split into 7 sections for clarity (including this introduction): -

Introduction.

Background Information.

IEEE-754 (24-bit) Floating Point Divider.

IEEE-754 (24-bit) Floating Point Divider — Design.
IEEE-754 (24-bit) Floating Point Divider — Simulation.
Conclusions.

Appendixes.

Nogog,rowbdPE

Commercial IEEE-754 floating point divider units exist; “Digital Core Design” DFPDIV is available for
purchase and is compatible with Max2Plus (see Appendix 5, for details).

-
wln

Figure 1.0b: “Digital Core Design” DFPDIV

The CD-ROM attached to appendix 6, contains all the Max2Plus design, symbol and simulation files for the
designed IEEE-754 floating point divider (24-bit version).

EEE508J1 — Electronic Circuit Design Page 1 98425145
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2 BACKGROUND INFORMATION

2.1: IEEE 754-1990 (24-bit Version)

IEEE 754-1990 standard for binary floating point arithmetic defined what is commonly referred to as “c”
N = 1.F x 25
(N = Floating point number, F = fraction part in binary notation, E = exponent in bias 127 representation).

In the 24 bit IEEE format, 1 is allocated as the sign bit, the next 8 bits are allocated as the exponent field,
and the last 15 bits are the fractional parts of the normalised number.

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

S Exponent Mantissa

Figure 2.1a: IEEE-754 (24-bit version)

A sign bit of 0 indicates a positive number, and a 1 is negative. The exponent field is represented by ‘excess
127 notation’. The 15 fraction bits actually represent 16 bits of precisions, as a leading 1 in front of the
decimal point is implied.

There are some exceptions: -

F=0; +infinity

: F 1=0; NaN, Not a number. Overflow, error...

=0; 0

1=0; denormalised, tiny number, smaller than smallest allowed.

mmmm

With exponent field 00000000 and 11111111 reserved, the range is restricted to 272 to 2%

Example: Convert 0.085 to IEEE-754 (24-bit)

1. The first step is to look at the sign of the number.

Because 0.085 is positive, the sign bit = 0.

2. Write 0.085 in base-2 scientific notation.
This means that the number must be factored in the range [1<= n <2] and a power of 2.

0.085 = (-1)° * (1+fraction) * 27", or
0.085 / 2P°"*" = (1+fraction).

0.085/2'=0.17
0.085/2?%=0.34
0.085/2°%=0.68
0.085/2*=1.36

Therefore, 0.085 =1.36 x 2°*

3. Find the exponent.

The power of 2 is -4, and the bias is 127, hence exponent = 123;5 or 011111011,.

EEE508J1 — Electronic Circuit Design Page 2 98425145
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4. Write the fraction in binary form.

The fraction = 0.36. Unfortunately, this is not a ‘pretty’ number, like those shown in most text books.
The best that can be done is to approximate the value.

Binary fractions look like this: -
0.1=(/2)=2"
0.01 = (1/4) = 2°
0.001 = (1/8) = 2

To approximate 0.36: -

0.36 = (0/2) + (1/4) + (0/8) + (1/16) + (1/32) + ...
036=2%+2%+2%+ .

0.36,0 = 0.010111000010100,

It's important to notice that 0.36 cannot be represented exactly in the IEEE-754 format.

5. Now put the binary strings in the correct order.

1 bit for the sign, followed by 8 for the exponent, and 15 for the fraction. The answer is: -

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oJoJaJaJaJaJoJaJaJoJ1JoJaJaJaJoJoJoJoJ1JoJ1Jo]Jo
S Exponent Mantissa

Figure 2.1b: IEEE-754 representation of 0.085

Example: Convert IEEE-754 (24-bit) Figure 2.1c to a Float

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9

8 7 6 5 4 3 2 1 0
1]12]JoJoJoJoJoJoJ1]1JoJaJ1]o]JoJaJaJo]ofaJarJoJo]1

S Exponent Mantissa

Figure 2.1c: IEEE-754 (24-bit version) Number

1. First put the bits in three groups.
Bit 23 shows the sign of the number.
Bits 22-15 are the exponent.
Bits 14-0 give the fraction.

2. Now, look at the sign bit.

If this bit is a 1, the number is negative. If it is 0, the number is positive.

This bit is 1, so the number is negative.

3. Get the exponent and the correct bias.
The exponent is simply a positive binary number 10000001, = 129,,.

Remember that the bias (127) must be subtracted from this exponent to find the power of 2.

EEE508J1 — Electronic Circuit Design Page 3 98425145
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4. Convert the fraction string into base ten.

This is the trickiest step. The binary string represents a fraction, so conversion is a little different.

Binary fraction look like this: -

01=(/2)=2"
0.01 = (1/4) = 2°
0.001 = (1/8) = 27

So, for this example, multiply each digit by the corresponding power of 2.

0.1100000001101100110011001, =1 x 2  +0x 22+ 1x2%+1x2*+0x2°+0x 2°+ ...
0.1100000001101100110011001, = 1/2 + 1/8 + 1/16 + ...

Note that this number is just a approximation on some decimal number. There will most likely to be

some error. In this case the fraction is about 0.7000000476837158.

5. This i

s all the information that is required to put these numbers in the expression.
N = 1.F x 25
N = 1.7000000476837158 x 2'***" ~ 6.8

S = 1, hence the answer is approximately -6.8.

2.2: ASM (Algorithmic State Machine) Charts

ASM charts are similar to flow charts and offer several advantages over state diagrams.

Main features of ASM charts: -

Operation of a digital system represented by an ASM chart is easier to understand as compared
to its table/state diagram.

An ASM chart can be converted into several equivalent forms and each form leads directly to a
hardware realisation.

The conditions for a proper state diagram are completely satisfied by the ASM chart.

ASM chart based digital system design and representation is equivalent to software design.

The state diagram/table based design approach becomes impractical for systems with large number of

inputs: -

The number of columns for the state table doubles with every additional input.

All the inputs are not relevant at each clock pulse/transition (don't care conditions). On the other
hand, the ASM approach only shows the active inputs on the chart.

State diagrams are not flexible enough in terms of describing very complex FSMs.

State diagrams are not suitable for gradual refinement of FSM.

EEE508J1 — Electronic Circuit Design Page 4 98425145
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There are three basic elements of an ASM chart: State box, decision box and conditional output box.

State Box

Entry

State Outputs

Exit Path

It represents one state of the ASM. The
sequential machine resides in a state box
for one state time. State box has a single
exit/entry point unlike a state node in sate
diagram.

Figure: 2.2a: Typical ASM Chart

Decision Box

Input

1

The decision box takes machine inputs. It
contains Boolean variables to be tested
and give conditions that control or qualify
conditional state transition and outputs.
Single entry path and two exit paths define
the condition for true or false exit.

— S0/Za
0 1
y
S1/Zb
0 1
X
A
S2/Zc
0 1
A v

Conditional Qutput Box

Conditional
Outputs

It describes those outputs that only
become active on true conditions. It is
always connected to the exit-path of a
decision box.
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2.3: Pentium Bug

The original Intel Pentium processor had a bug with the floating point divider.

The FPU uses the most significant bits of the divisor and the dividend / remainder to guess the next 2 bits of
the quotient. This guess is taken from a lookup table: -2, -1, 0, +1, +2, if the previous guess gives a reminder
which is too large the quotient is adjusted in subsequent passes of -2. Guess is multiplied by the divisor and
subtracted from the remainder to generate a new remainder. This method is called SRT division, which is
named after the 3 people who came up with the idea.

The Pentium FPU bug was simple human error; just a few missing entries in the lookup table. The first 11
bits to the right of the decimal point are always correct, the bug can occur between bits 12 to 52 (4" to 15"
decimal digits). For example in Microsoft Excel, try: -

2195835, 3145727
3,145,727

A computer fitted with a bug free processor will calculate the answer to be 4,195,835; while a computer fitted
with the flawed Pentium will calculate the answer to be 4,195,579 (Assuming Excel doesn’t already have the
SW bug patch). Success of the IEEE standard made the discovery possible, e.g. all computers should get
the same answer.

Intel's Pentium team ran exhaustive functional simulation, but the same engineer who wrote the RTL code
for the floating-point division also wrote the simulation script.

Pentium Bug Time Line

June 1994: Intel discovers the bug and plans to produce bug free chips in January 1995; hence
4 to 5 million Pentiums would be produced with the bug.

September 1994: Scientist suspects errors and posts on Internet.
November 1994: Intel Press release: “Can make errors in 9" digit... Most engineers and financial
analysts need only 4 to 5 digits. Theoretical mathematicians should be concerned.

... So far only heard from one.”

Intel claims it happens once in 27,000 years for typical spreadsheet users (1000
divides / day X error rate assuming numbers are random).

December 1994: IBM claims it happens once per 24 days and bans Pentium sales; Intel said it
regards IBM’s decision to halt shipments of its Pentium processor-based systems as
unwarranted.

Pentium Jokes

: What's another name for the “Intel Inside” sticker they put on Pentiums?
Warning label.

: Have you heard the new name Intel has chosen for the Pentium?
The Intel inacura.

: According to Intel, the Pentium conforms to the IEEE standards for floating point arithmetic. If you fly in an
aircraft designed using a Pentium, what is the correct pronunciation of “IEEE"?

> O »0 >»O
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Pentium Conclusion: Dec. 21, 1994 $500M Write-Off

“To owners of Pentium processor-based computers and the PC community:
We at Intel wish to sincerely apologize for our handling of the recently publicised Pentium processor flaw.

The Intel Inside symbol means that your computer has a microprocessor second to none in quality and
performance. Thousands of Intel employees work very hard to ensure that this is true. But no microprocessor
is ever perfect.

What Intel continues to believe is technically an extremely minor problem has taken on a life of its own.
Although Intel firmly stands behind the quality of the current version of the Pentium processor, we recognise
that many users have concerns.

We want to resolve these concerns.
Intel will exchange the current version of the Pentium processor for an updated version, in which this

floating-point divide flaw is corrected, for any owner who requests it, free of charge anytime during the life of
their computer.

Sincerely,
Andrew S. Grove Craig R. Barrett Gordon E. Moore
President / CEO Executive Vice President & COO Chairman of the Board”

EEE508J1 — Electronic Circuit Design Page 7 98425145
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3 |IEEE-754 (24-BIT) FLOATING POINT DIVIDER

To divide 2floating point numbers, subtract the exponents and divide the mantissas. Example divide 55 x 10°
by 5x 10*: -

5 54/ _ g
>4x10° - %% —  Quot=6x107
9x10™ 5-(-2)=7
NUM DEN
Sign Exponent Mantissa Sign Exponent Mantissa

8

I8 15

Integer Divider
XOR

Subtract Exponent Divide Mantissas

I8 16

Normalize
8 15
A
Sign Exponent Mantissa
Quotient

Figure 3.0a: Floating Point Divider Core

NUM, DEN and Quotient are in the standard IEEE-754 (24-bit) format. An XOR takes care of the sign bit,
and an excess 127 subtract (e.g. a-b+127) takes care of the Exponent.

A 15-bit integer divider will not produce accurate results, hence internally the num is extend to 32-bits (bit 31
=1, bits 30 to 16 = ‘NUM mantissa’, and bits 15 to 0 = 0) and the DEN is extend to 16-bits (bit 15 = 1, bits 14
to 0 = ‘DEN mantissa’). Recall that there is always a hidden MSB ‘1’ according to the IEEE-754 standard,
this ‘1’ must be included in the calculation, hence the reason why MSB ‘1's have been hardwired into both
the num and the den. This ‘1’ must be removed during the normalising process, hence the reason why a 16-
bit mantissa is inputted into the normalize block and a 15-bit mantissa is outputted. Because MSB ‘1’s are
hardwired, the quotient is never any more than 17-bits wide, the LSB is dropped and bits 16 to 1 are sent to
the normalize block.

EEE508J1 — Electronic Circuit Design Page 8 98425145
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Base 10 examples on how padding the LSB of the NUM with zeros will produce more accurate results: -

Note an integer divider rounds down.

Example 1 (0.125/0.3 = 0.41666667)

Integer divider (no zero padding): -

% =41=0.41

Integer divider (with zero padding): -

125000

=41666 = 0.41666

Example 2 (0.21 / 0.52 = 0.403846154)

Integer divider (no zero padding): -

E:O:O.OO
52

Integer divider (with zero padding): -

21000 =403 =0.403

Integer divider (with even more zeros): -

21000000
52

= 403846 = 0.403846

Clearly the more zero’s that are padded to the LSB of the NUM the more accurate the result.

The other option is to use the remainder to generate additional digits, but the circuitry required to implement
this is much more complicated, hence the reason why the zero padding method is used.

The normalize block, normalises the exponent and mantissa if required, by shifting the mantissa left and
decrementing the exponent until MSB = ‘1. The MSB bit of the mantissa is not included in the final IEEE-754
(24-bit) result as there must be a hidden MSB bit (MSB ‘1’s are hardwired into the 32-bit NUM by 16-bit DEN
integer divider hence the result will always include at least one ‘1’).

Example normalisation (exponent = 100, mantissa = 0001 1101 1111 1111): -

MAN = 0001 1101 1111 1111 EXP = 100 (MSB = 0, shift one place left)
MAN = 0011 1011 1111 1110 EXP = 99 (MSB = 0, shift one place left)
MAN = 0111 0111 1111 1100 EXP = 98 (MSB = 0, shift one place left)
MAN = 1110 1111 1111 1000 EXP = 97 (MSB = 1, Normalisation complete)

MSB “1” not include in IEEE-754 number hence MAN = 110 1111 1111 1000.

EEE508J1 — Electronic Circuit Design Page 9 98425145
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4 |EEE-754 (24-BIT) FLOATING POINT DIVIDER — DESIGN

4.1: fp divide top.gdf (IEEE-754 Floating Point Divider)

i1 MAX+plus Il - ci\workicolinalteralassignment\fp_divide_top - [fp_divide_top.gdf - Graphic Editor]

% M&sHplus | File Edit Wiew Symbol Assign  Utilities Options  Window Help == %]
D& 0=e o e bR BE S R «8 %5 2| 2| [rera A F
o TEEE 754 (24-bit verison) Floating Point Divider .
= r
il

o .

:1— ; i IEEEL23. . B] é IEEEL23. . B]

g - / from_ieee \ from_ieee \

g S1GH ELCLT..O] HL1i4. . @] EL7. .O] HL14. . 0]

Q ...........................................................................

N

i

% T|

- a3 ELTF. .07 : NUHL14..@] DEWL14..@]
8bitsub_excl27 : :

........................... I N P
""" N
EL7..-©1 HI1S
e S wor s - (7
_— S [ — | NEFEUT”f . normalize
it S  — , HTCFEUT..E i
....................... C e § cors o1 wopen
SRS U N
Rlﬁ" EL7. .9] ﬂ[lq..7
By: Colin K McCord : to_ieee .
Date: 14-12/2081 ! se IEEEL23. . 8]

Figure 4.1a: Screen dump of fp_divide_top.gdf

Notice the design has been partitioned into a number of functional blocks, each block does one task that can
be easily described. This partitioned method of design makes the design and testing of large complex
machines easy. Each functional block is tested using simulation, then when all blocks are working as
designed the entree system is tested. Note that the design of a functional block can be made-up by other
functional blocks, which in turn may have blocks within them; this cycle continues until there are no more
functional blocks. Clearly even the most complex of designs can be simplified dramatically, using this
partition method. The symbols of the functional blocks shown in figure 4.1a have been customised to make
the circuit more user-friendly.

The functional block ‘from_ieee’ separates an IEEE-754 24-bit number into its key components: sign bit
(b23), exponent (b22-b15) and mantissa (b14 — b0). There are two ‘from_ieee’ blocks in the design, the IEEE
numerator input is fed into one (block 77), while the IEEE denominator input is fed into the other (block 78).

The functional block ‘8bitsub_exc127’ subtracts the denominator exponent from the numerator exponent and
adds 127 (numEXP — denEXP + 127). Block ‘int_divide’ divides the denominator mantissa into the numerator
mantissa (numM / denM).
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The result of the subtraction of the exponents RES[7..0] and the result of the division of the mantissas
QUOTI[15..0] is fed into the ‘normalize’ block. This block normalises, by shifting the mantissa left and
decrementing the exponent if required. Notice that there are three other inputs which are connected to input
pins: CLK should be connected to a clock, RESET will reset all flip-flops (active low), EN enables/disables
calculation (1 for enable, O for disable). Notice that there is also an additional output connected to an output
pin called ‘VAILD’ this will go high if the calculation is finished and the output data is valid else it will stay low.

A 2-input XOR gate is fed by the sign-bit of the numerator and sign-bit of the denominator.

The functional block ‘to_ieee’ merges the key components, sign, exponent and mantissa back into the IEEE-
754 24-bit format. The normalised exponent EO[7..0], normalised mantissa MO[14..0] and the output of the
XOR gate is fed into the ‘to_ieee’ block. The output is connect to the QUOT][23..0] pin, which contains the
result of the floating point division, which is in the standard IEEE-754 24-bit format (only valid when VALID
pin is high).

4.2: from ieee.gdf (Convert From IEEE)

il MAX+plus Il - c\work\colin\alteralassignment\fp_divide_top - [from_ieee_gdf - Graphic Editor]

3% M&dplus | File Edit VWiew Symbol Assign  Utilities Options  Window Help == x|
NEBal belel | v aREs 2 D5 EEel AR22 Fea T .
’E Convert From IEEE N
B o

% ¢ leEEpz.) [l ——LEEELRZ.0L tEEERs BD‘ S sien
el T

iy

S}

WADTH_IN=15
WIDTH_DUT=15:

iz

IE

BisZbE SRR
' - e s ()| :

& T|

Figure 4.2a: Screen dump of from_ieee.gdf
Separates an IEEE-754 24-bit number into its key components: sign bit (b23), exponent (b22-b15) and
mantissa (b14 — b0). Bit-23 (IEEE23) is connected to output SIGN, bits 22 to 15 (IEEE[22..15]) are

connected to output E[7..0] (exponent) and bits 14 to O (IEEE[14..0]) are connect to output M[14..0]
(mantissa).

Altera’s ‘bus2bus’ parameterized mega-function (found in mega_lpm library) is used to connect bus-lines.

4.3: 8bitsub exc127.gdf (Excess 127 — 8-bit Subtraction)

The function of this block is to subtract b[7..0] from a[7..0] and add 127: -
RES[7..0] = a[7..0] — b[7..0] + 127.

Obviously the reason for adding 127 is that IEEE exponent numbers have 127 added to them, if two of these
numbers are subtracted the 127 bias is removed and must be restored for the result to be valid.

Figure 4.3a shows the design of this block, clearly it is extremely simple. Basically an 8-bit subtraction block
is used to subtract b[7..0] from a[7..0] with the result being fed into an 8-bit addition block and added with
127 (or 01111111 in binary). The result of the addition block is fed to output pin RES[7..0].

EEE508J1 — Electronic Circuit Design Page 11 98425145



Thursday, 17 July 2003 Digital Coursework — Floating Point Division Colin K McCord

i MAX+plus Il - c:workicolintalteratassignmentfp_divide_top - [B8bitsub_exc127_gdf - Graphic Editor]
:';'ES MAXFplus I File  Edit ¥iew Symbol  Assign  Utilities  Options  Window  Help _ x|

& |58

hERE!

) o | LORE 8RL BRA HEa ARZEE (e §| [ ¢ [— FE S
Excess 127 - 8-bit Subraction 3

jolfe] SIEPARTSE

)

L]

e T|

E%E Add 8111 1111
: Gk

6 3 Excess 1287 notation

Figure 4.3a: Screen dump of 8bitsub_exc127.gdf

4.4: 8-bit sub.gdf (8-bit 2's Complement Subtraction)

i1 MAX+plus Il - c:\workicolimalteralassignment¥fp_divide_top - [8-bit_sub.gdf - Graphic Editor]

:‘ﬂ MAxtplus I File  Edit ¥iew Symbol  Assign  Uiilities  Options  Window Help = x|
DeEElal klzm o 2 bRE a8 EEE Eaa 22 E 2 [ o7 ElL— FlEEE
k . AI
’: 8-bit 2's Complement Subtractor _
a0
N . o : 8-bit_nAdder : I
| s A0 [t —RL7..@1 SUHLT. . -
l ) i wstr Y- | cou = [ Cout
Ol wera C—— —foxn :
@l S
al
B
fl_ Jee Add 1 for 2's complement

of BL7..8]

oA T|

By Colin McCord
Date: 21-11-2001

1’5 Complement of BL7,..8]1
-
4 »

Figure 4.4a: Screen dump of 8-bit_sub.gdf

The function of this block is to subtract B[7..0] from A[7..0]. The simplest way of subtracting two numbers
using logic gates is to take the 2’s complement (convert from positive to negative) of the number being
subtracted and then add them.
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Converting a positive binary number to a negative binary 2's complement number is easy, first complement
each bit e.g. convert the ‘1's to ‘0’s and ‘O’s to ‘1’s (this is known as one’s complement), then add 1 (two’s
complement). For example convert 35,4 to -35;¢ two’s complement: -

35,5, =00100011,
One's complement =11011100,
Add 1= +1,
Two's complement (-35,5) =11011101,

Example subtraction, 18 — 7 e.g. 18 + (-7): -

18,, = 00010010,
~7,0 =11111001,

sum = 00001011, =11,

Figure 4.3b shows the design of this block, A[7..0] is fed directly into the 8-bit adder. B[7..0] is inverted using
a series of NOT gates (one’s complement) then fed into the 8-bit adder. The CIN (carry in) input of the adder
is used to add 1 (two’s complement), and the result is connect to the output pin A-B[7..0].

4.5: 8-bit adder.qdf (8-bit Full Adder)

il MAX+plus Il - c:workicolimvaltera\assignment\fp_divide top - [B-bit_adder gdf - Graphic Editor]

ﬁ MAsHplus I File  Edit ¥iew Symbol  Assign  Utilities  Options  Window Help _ =] x]
DEEg fEe o e onEssds H0s daa 22228 |aee | [ ¢ [—
: - -
b 8-bit Full Adder
il
Sl (.se>x (MsB)
T ;Full_ﬂdder‘é ae ;Full_ﬂdder‘;
E sut ESUHG B7 B Sut ESUH? :
&
iy
:]a:.
=

e T|
'}

‘Full_nAdder; : r
BE -~ 1h CouT— — A couT—
B2 = sup—Sunz Bs | u suns
cIN —cIN
B B
Full_Adder ‘Full_Adder
Date: 21-11-26081 e : aa | :
. T A COoOUT| T T A COUT| T
by:!: Colin HeCord B3 = It sunz Ba o AT suna
. CIN : . CIH :
a : s

Figure 4.5a: Screen dump of 8-bit_adder.gdf

The function of this block is to add A[7..0] and B[7..0], the result of this addition is fed to the output
SUM[7..0]. Input pin Cin (carry in) and Cout (carry out) are useful, as they can be used to daisy chain a
number of 8-bit adders together to make a 16,24,32,... bit adder.

Clearly the adder is made up by daisy chaining 8 full-adders, e.g. Input pin Cin is connected to the carry-in of
the LSB full-adder and the carry-out becomes the carry-in of the next full-adder, and the carry-out of the next
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full-adder becomes the carry-in of the one following the next etc.... The carry-out of the MSB full-adder is
connected to output pin Cout.

4.6: full adder.gdf (Full Adder)

i MAX+plus Il - c:\work\colimalteratassignment¥fp_divide_top - [full_adder.gdf - Graphic Editor]

o MAX+plus | File Edit Yiew Symbol Assign  Utilities Options  Window  Help == x|
NeEsl f=s o e orEsRs 328 EEa 2FEZE Z |t 17 =
N =
L Full Adder -
il
N
]
O
&
2l pate: 2ir11s2e01
EI by: Colin HMHcCord
=
e .
i N

Figure 4.6a: Screen dump of full_adder.gdf

The operation of this block is to add A & B; a standard logic design that can be found in many text books is
used, which uses 2 XOR gates, 2 AND gates, and 1 OR gate.

Cin Sum Cout

il (ellele] )
[l (ellell gl i elle) (o)
R |IOO|Rr Ok |Fk|O
[l (el (el o] e)

POk OFR| Ok | O

Figure 4.6b: Full adder truth table

Look at the truth table (figure 4.6b); for what input condition is the sum output HIGH? The answer is that the
sum bit is HIGH whenever the three inputs (A,B.Cin) are odd. An even-parity generator produces a HIGH
output whenever the sum of the inputs is odd, hence an even-parity generator can be used to generate the
sum output bit, as shown in figure 4.6c.

)) Sum =1 for
in odd number
of HIGH
inputs

Figure 4.6¢: The sum function of the full-adder is generated from an even-parity generator.

How about the carry-out bit? What input conditions produce a HIGH at Cout? The answer is that Cout is
HIGH whenever any two of the inputs are HIGH. Therefore three ANDs and an OR can take care of Cout, as
shown in figure 4.6d.

EEE508J1 — Electronic Circuit Design Page 14 98425145



Thursday, 17 July 2003 Digital Coursework — Floating Point Division Colin K McCord

A
B
A \ \ ]E:out 1
! ] or any
Cin 4444// two
input

Figure 4.6d: Carry-out (Cout) function of the full-adder.

The two parts of the full-adder circuit shown in figures 4.6¢c and 4.6d can be combined to form the complete
full-adder circuit shown in figure 4.6a. In figure 4.6a the sum function is produced usmg the same logic as

that in figure 4.6¢ (an XOR feeding an XOR). The cout function comes from AB orCm(AB + AB)

4.7:int divide.qgdf (Integer Divider)

i MAX+plus Il - c'\work\colintalteratassignment\fp_divide_top - [int_divide.gdf - Graphic Editor]

ﬁ MAXFplus Il File  Edit Yiew Symbol  Assign  Utilities Options  Window  Help _ = x|
De@s i =g o oREsR L =5 EEal RRZ 2l |aee | [ | [— |8 LE
s o e
A Integer Divider =
] WIDTH_IN=15 -
% ............................... s g

= NUMEPE.0 oo = -
o : :
_ MABTH_IN=15
[ o 0TH 0UT=15
Q N T :IJ LI:S

LPM_DIVIDE

m-'l— r numer]
RS 01 denom]

quotient(y

remain[}

B
1 LPh_DREPRESENTATION="UNSIGNED" !
i LPM_NREPRESENTATION="UNSIGNED:
,_ i e LPh_FIFELINE=O :
— ' a7 N —
— K n31 LPW_WID THD=16
i | bis LPR_WIDTHN=32

WIDTH_IN=16
AT TH_OUT=16
Bggzbag

By @ Colin K HcCord
Date: 14127200801

\ THE DIVIDED HaNTiSSH {HUM) 15 EXTENDED TO 32-El
I EY ADDING O RE RVBHT OF THE LERST SIZRIRIGANT BIT.
| THIS DD CE SRnc N EsCRE nf o oS

4 L3

Figure 4.7a: Screen dump of int_divide.gdf

This is block is not a normal integer divider; it is specially designed for dividing the mantissas of two IEEE-
754 (24-bit) floating point numbers. The LPM_DIVIDE parameterized mega-function is used to carry out the
divide operation, notice that LPM_PIPELINE = 0 which means the divider is purely combinatorial logic. Note
that the numer[] and Quotient[] of the divider are 32-bits wide and the denom[] and remain[] are 16-bits wide.

Recall that the IEEE-754 standard removes the MSB ‘1’ of the mantissas, which must be included in the
divide calculation. That's the reason why M31 and D15 are connected to VCC.

NUM[14..0] is extended to 32-bits, by 0's to the right of the least significant bit. The bus2bus parameterized
mega-function is used to connect N[15..0] to GND and NUM[14..0] to N[30..16].

Q[16..1] is connected via bus2bus to QUOT[15..0], clearly all bits larger than Q16 will always be zero, but the
LSB QO will be lost; not important as it's the LSB.
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The largest possible quotient value: -

NUM[14..0] = 111 1111 1111 1111

DEN[14..0] = 000 0000 0000 0000

N[31..0] = 1111 1111 1111 1111 0000 0000 0000 0000 (1 hard-wired)
D[15..0] = 1000 0000 0000 0000 (1 hard-wired)

Q[31..0] = 0000 0000 0000 0001 1111 1111 1111 1110 (Bits used for QUOT)
QUOT[15..0] = 1111 1111 1111 1111

The smallest possible quotient value: -

NUM[14..0] = 000 0000 0000 0000

DEN[14..0] = 111 1111 1111 1111

N[31..0] = 1000 0000 0000 0000 0000 0000 0000 0000 (1 hard-wired)
D[15..0] = 1111 1111 1111 1111 (1 hard-wired)

Q[31..0] = 0000 0000 0000 0000 1000 0000 0000 0000 (Bits used for QUOT])
QUOT[15..0] = 0100 0000 0000 0000

4.8: normalize.gdf (Normalize Mantissa and Exponent)

i MAX+plus Il - cworkicolintalteratassignmentifp_divide top - [normalize. gdf - Graphic Editor]
ﬁ MaAX+plus Il File  Edit ¥iew Swmbol  Assign  Ltilities Options  Window Help —|= 5[

DEg e o v onEsrs BRE @aa 2R 2 [wes | [ - [— & 2=
P . -
£ M[15..0] :I

tra T Normalize Mantissa and Exponent

MADTH_IN=A5 [
WD TH_OUT=15

el [P =

i i norm_ctrl_logic E EC —ENRELE 0 99 16-bit_shiftreg !
| bl 15, . 81 MEXTSTATE— £e LK ik quf—2L | eLk LK
# , meis —Hs1s HZER UL e —RESET E BSY  _ RESET
_l e e T NosHipy—HOSHIFT : : , MOSMIFY .o, aris.. el llall 21
’: =1 vALip——=ALLE B e I
iz = : : STATE | Aty [15. . @1

ELzo.@1 | e N : By : colin K HcCord
IEL7. . 9] H H
LOAD H Date: 11712728681

Figure 4.8a: Screen dump of normalize.gdf

The operation of this block is complex as it is not made-up of purely combinational logic and cannot be easily
described. There are 4 functional blocks, ‘norm_ctrl_logic’, ‘4counter’, ‘16_bit_shiftreg’ and ‘norm_exp’.

Basically the mantissa is shifted to the left until MSB = ‘1’ and the number of shifts is subtracted from the
Exponent. The MSB of the normalised mantissa is not included in EO[14..0] as the IEEE-754 standard
requires the MSB ‘1’ to be hidden, hence the reason why the input mantissa is 16-bits wide and the output
mantissa is 15-bits wide.

The ASM (Algorithmic State Machine) method can be used in the design. There are four states 00, 01, 10
and 11, each state carries out a number of operations. Block ‘4counter’ is the state counter, and is controlled
by block ‘norm_ctrl_logic’. The state counter specifies the operation of the ‘16-bit_shiftreg’ and ‘norm_exp’.
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S0 Figure 4.8b shows the ASM chart of the
normalising process.
Initial State
VALID =0 State 00 (S0)

y

Clear 16-bit shift

Output VALID is zeroed. The 16-bit shift register

register (Mantissa used for the mantissa and the 8-bit latch (inside
a?gx%:::elriltt)‘:h the ‘norm_exp’ block) used for holding the

exponent are cleared.

0 N If EN is ‘1’ then move to the next state, else stay

here. Notice that EN and RESET are connect to a
BNOR gate, its output is connected the RESET
pins of blocks ‘4counter’, '16-bit_shiftreg’ and
o= ‘norm_exp’. Hence at any time if either becomes

2 zero the system returns to state 00.
Load mantissa
into shift register,
and load exponent

into latch State 01 (S1)

Load mantissa M[15..0] into the 16-bit shift
register and load the exponent E[7..0] into the 8-
bit latch. M[15..0] is connect to the L[15..0] input
of the '16-bit_shiftreg’ and E[7..0] is connected to
‘norm_exp’.

IF MS15 = 0 and MZERO = 0 then move to the
next state. Notice MS15 is inputted into the
‘norm_ctrl_logic’ block and MZERO is an output of

I oy this block.
e B If MS15 = 1 or MZERO = 1, the state counter stills
Zero fill LSB moves to state 01, but notice the NOSHIFT flag
1 from the ‘norm_ctrl_logic’ block. This forces
blocks ’'16-bit-shftreg’ and ‘norm_exp’ into state
DEC Exponent 11.

State 10 (S2)

Output NEXTSTATE form the ‘norm_ctrl_logic’
block will be zero if BS15 is zero. Therefore the

1 state counter will be disabled and will stay at state

10.

MS15

Block '16-bit_shiftreg’ shifts one place to the left,
1 and block ‘norm_exp’ DECs the exponent. This
cycle continues on every clock plus, until BS15 is

, S3 ‘1.

Hold shift register

Ny andlatch. |y If BS15 is ‘1’ the output NEXTSTATE of the
VALID = 1 ‘norm_ctrl_logic’ block will be ‘1. Therefore the

state counter is enabled and will move to state 11.

State 11 (S3)

Holds normalised exponent and normalised
mantissa and sets output flag VALD.

Figure 4.8b: Simplified ASM Chart for ‘normalize.gdf’
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4.9: 4counter.gdf (4-bit Synchronous Binary Up Counter)

i1 MAX+plus Il - c:\workicolinhalteralassignment\fp_divide_top - [4counter.gdf - Graphic Editor]

i’;s MAsFplus I File  Edit Miew Swmbol  Assign Litilities  Options  Window  Help _ =] =]
DelEa /e o v ARBE L4 e Jdal 222 2 |mern ~| |
Y _ _ =
All  Bxi_Se1in,Hosgrg 4-bit synchronous binary up counter s
_| __________________________ - R
O

O

°©

&

o)

Al

[ |

X T|

Figure 4.9a: Screen dump of 4counter.gdf

Ripple counters have a problem due to the accumulated propagation delay of the clock from flip-flop to flip-
flop. Synchronous counters eliminate that problem, because all the clock inputs are tied to a common clock,
so each flip-flop will be triggered at the same time (thus any Q output transitions will occur at the same time).

To design a 4-bit synchronous counter four flip-flops (JK in this case) are required. Keep in mind that,
because all the clock inputs receive a trigger at the same time, certain flip-flops must be stopped from
making output transitions until it is their turn.

To keep the appropriate flip-flops in the hold condition or toggle condition, their J and K inputs are tied
together and, through the use of additional AND gates, as shown in figure 4.9a, the J and K inputs will be
both be 0 or 1, depending on whether they are to be in the hold or toggle mode.

From figure 4.9a it is clear that the same clock input is driving all four flip-flops. The Q1 flip-flop will be in the
hold mode (J; = K; = 0) until Q0 goes HIGH (assuming ENABLE is also HIGH), which will force J; and K;
HIGH, allowing the Q1 flip-flop to toggle when the next negative clock edge comes in.

Flip-flop Q2 cannot toggle until Q0 and Q1 are both HIGH (ENABLE must also be HIGH). Flip-flop Q3 cannot
toggle until QO0, Q1 and Q2 are all HIGH (ENABLE must also be HIGH).

RESET pin is connected to the CLRN of all the flip-flops, and VCC is connected to the PRN of all the flip-
flops. If ENABLE is HIGH the counter counts up as normal, but if ENABLE is LOW all flip-flops are in the hold
condition e.g. the count has been paused. If the count reaches 1111 the counter returns to zero on the next
clock plus and starts the counting all over again.

Clearly the circuit is more complicated then a standard ripple counter, but the cumulative effect of
propagation delays through the flip-flops is not a problem because all output transitions will occur at the
same time. There is a propagation delay through the AND gates, but it will not affect the Q outputs of the flip-
flops.
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4.10: norm ctrl logic.gdf (Normalising Control Logic)

i MAX+plus Il - ciworkicolindalteralassignmentp_divide_top - [norm_ctrl_logic.gdf - Graphic Editor]
ﬁ MAXHplus Il File Edit Miew Symbol Assign  UWilities Options  Window  Help

===

=

ol [EIPIARTES

i)

. MZERO

b Tl

IF MANTISSA IS ZERO,

MO SHIFTING IS REQUIRED.

I HOSHIFT

IF IN THE HOLDIHNG STATE (S8 = 1, S1 = 13}
| NORMALIZIMG IS COMPLETE, HEMCE SET THE
VAILD FLAG

By
Date:

Colin K HcCord
1171272801

Figure 4.10a: Screen dump of norm_ctrl_logic.gdf

This functional block is spilt-up into 4 sections.

is=zero

B

MLi1S--0 - ML15..01 ZERD|—

sa

A TR

—

m=zero

S1

Ao

If mantissa is =zero-

no shifting

is requireda.

Figure 4.10b: Section 1

If mantissa M[15..0] is zero and state is 10 (shifting state) then MZERO is ‘1’, else MZERO is ‘0'.

) . NOSHIFT

Nobc
3
MSELS

Make =ure nNnot to shift one to manny

Figure 4.10c: Section 2

If state is 10 (shifting state) and MS15 (from shift register) is 1 then NOSHIFT is 1, else NOSHIFT equals SO.
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ANDZ :

Soe :
: vAaL ID

S1 :

If in the holding state (5@ = 1. S1 = 1)
Normali=zing is complete. hence set the
vaild flag

Figure 4.10d: Section 3

If in the holding state (SO = 1, S1 = 1) normalising is complete, and the VALID flag is set.

mzerog

D1 : NEXTSTATE
MS15S oo v

Figure 4.10e: Section 4

This is the state controller. If in state 00 or state 01 VCC is fed to NEXTSTATE hence the counter will move
to the next state on the next clock pulse. If in the shifting state (10) MS15 is fed to NEXTSTATE (assuming
MZERQO is ‘0’). Therefore if MS15 is ‘0’ the counter is disabled and will stay in the shifting state until MS15 is
‘1’ which enables the counter and moves to the next state. If in the holding state (11) GND is connected to
NEXTSTATE hence the counter is disabled and will stay in this state until the counter is reset. The MZERO
input to the OR gate will be HIGH if the mantissa is zero and state is 10 (shifting state), hence it will enable
the counter which will move to the holding state. MZERO should never be HIGH under normal operation (as
MSB 1's are hard-wired into the integer divider); it has been included to make sure that it is impossible to be
stuck in the shifting state.

4.11: iszero.gdf (Does M[15..0] Equal Zero ?)

il MAX+plus Il - c:\workicolin\alteravassignment\fp_divide top - [iszero_gdf - Graphic Editor]
_,,Q MAXF+plus I Eile  Edit Mew 3Symbol  Assign  Utilities Options Window Help —=2]x]

QLE;I§|éﬁhﬁ|_|_|®@ﬁ.ﬁb@ﬂg|-@z}a|ﬁil| =8 2 E| [anera -1 j

@I@llolJl/lJl:»EH

|

=

X T|

Figure 4.11a: Screen dump of iszero.gdf
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4.12: mux4.gdf (Four Line Multiplexer)

il MAX+plus Il - ciworkicolinvalteravassignmentyfp_divide_top - [mux4.gdf - Graphic Editor]
iﬁ MAXFplus I File  Edit Wiew Swymbol  Assign  Utilities  Options Window  Help _ =] %]

Deal =2l - e oREeps s HEe 2228 pea  HF | — LB

Iy B
A
3 e
N =1
;:l ................
pel
Y
a
E|
#
i
—
il
Four - Line Multiplexer
By : Colin McCord

Date:06/12/-2001

Figure 4.12a: Screen dump of mux4.gdf

A multiplexer is a device capable of funnelling several data lines into a single line for transmission to another
point. The multiplexer has two or more digital input signals connected to its input. Control signals are also
input to tell which data-input line to select for transmission.

Figure 4.12a shows a simple four-line multiplexer built from SSI logic gates. The control inputs (S1, SO) take
care of enabling the correct AND gate to pass just one of the data inputs through to the output.
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4.13: 16-bit shiftreq.gdf (16-bit Configurable Shift Left Reqgister)

il MAX+plus Il - ciworkicolinalteratassignment\fp_divide_top - [16-bit_shiftreg. gdf - Graphic Editor]

S MAYHplus I File  Edit Yiew Symbol  Assign  Utilities  Options  MWindow  Help _ =] %]
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By : Colin K HcCord Q13 a9
Date: B7/12/2601 gia gio
Q15 Q131
-
4 »

Figure 4.13a: Screen dump of 16-bit_shiftreg.gdf

Four 4-bit configurable shift left registers are daisy chained together. Input CLK is connected to the CLK of
all shift registers, and Input RESET is connected to the RESET of all shift registers.

The shift registers have four functions: Reset, Load, Shift left and Hold. If S1 = 0 and SO = 0 all of the shift
registers are reset. If S1 = 0 and S1 = 1; Shift register 1 loads L[3..0], Shift register 2 loads L[7..4], Shift
register 3 loads L[11..8] and shift register 4 load L[15.. 12]. If S1=1 and S1 = 0, all shift registers shift one
place to the left on every clock pulse. Notice that Q-1 of shift register 1 is connected to GND, e.g. zeros are
filled in, Q-1 of shift register 2 is connected to Q3, Q-1 of shift register 3 is connected to Q7 and Q-1 of shift
register 4 is connected to Q11. If S1 = 1 and S1 = 1 all shift registers are in the hold mode, e.g. the output
remains unchanged during future clock pulses.
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4.14: 4-bit shiftreqg.qdf (4-bit Configurable Shift Left Register)

i1 MAX(+plus |l - c\workicolimalteralassignmentyfp_divide_top - [4-bit_shiftreq. gdf - Graphic Editor]

% Maoctplus I File  Edit Wiew Symbol  Assign  Utilities Options  Window Help —lax]
Dzgsl 1= ol sREsRL B E Eaa BR2EZ|uree [ - [— |58
k ry
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=

=] =] Reset
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1 =] Shift
1 1 Hold
By : Colin K HceCord

Date: 877122001

=
1 13

Figure 4.14a: Screen dump of 4-bit_shiftreg.gdf

The shift register has four functions: Reset, Load, Shift left and Hold.
If S1 =0 and SO = 0 data line DO is selected and GND is fed into the D input of all the flip-flops. E.g. Reset

If S1 =0 and SO = 1 data line D1 is selected: LO is fed into flip-flop QO, L1 is fed into flip-flop Q1, L2 is fed
into flip-flop Q2 and L3 is fed into flip-flop Q3. E.g. Load

If S1 =1 and SO = 0 data line D2 is selected: Input Q-1 is fed to flip-flop QO, QO is fed into flip-flop Q1, Q1 is
fed into flip-flop Q2 and Q2 is fed into flip-flop Q3. E.g. Shift left.

If S1 =1 and SO = 1 data line D3 is selected: QO is fed to flip-flop QO, Q1 is fed into flip-flop Q1, Q2 is fed
into flip-flop Q2 and Q3 is fed into flip-flop Q3. E.g. Hold.

D-type flip-flops are used. Input pin RESET is fed to CLRN of every flip-flop, VCC is fed to PRN of every flip-
flop and input pin CLK is fed to the clock input of every flip-flop.
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4.15: norm exp.gdf (Normalize Exponent)

il MAX+plus Il - ciworkicolimalteralassignment\fp_divide_top - [norm_exp.gdf - Graphic Editor]

% M&SGplus || File  Edit Wiew Symbol  Assign  Ltiliies  Options  Window  Help el x|
DzEs sre o v oREeRs DR Haa FR2 2 |aea < [ o [— -
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Figure 4.15a: Screen dump of norm_exp.gdf

This block has been separated into three sections.

_ RST

Reset counter on master reset or
if in the reset state S0 = 6. 851 = 0@

Figure 4.15b: Section 1

If SO is LOW and S1 is LOW or RESET is LOW, RST will go LOW. RST is fed to RESET of the counter used
to count the number of shifts (in section 3).

latchi8
CLK CLK
RESET RESET :
EL7:-0] | r7..071 O[C7--0p—22EL7-:-01
(=1 B S PR, ‘
S1i S1

Figure 4.15c: Section 2

EEE508J1 — Electronic Circuit Design Page 24 98425145



Thursday, 17 July 2003 Digital Coursework — Floating Point Division Colin K McCord

Section 2 contains an 8-bit latch; this latch is used to store the original exponent. RESET, CLK, E[7..0], SO,
S1 are fed directly to the latch. If S1 = 0 and SO = 0 the latch will reset, if S1 = 0 and SO = 1 the exponent will
be loaded into the latch, if S1 =1 and SO =0, or, S1 =1 and SO = 1 the latch is in hold mode.

------------------------------------------------------------------------------------------------------------------------------------------------

|
i dcounter : 8-bit_SUEB :
- EMAELE __HOsSo b LLL - AL7..0] A-BL7..0] .

SR oLk qi——HosL — 7. . @] : .
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|

a : SUBTRACT THE NUHBER OF SHIFTS FROH

EMABLE DEG COUNTER IF T

IN THE SHFTING MODE AND COUNT THE HUMEER OF SHIFTS
MAHNTISSA IS NOT ZERO

THE EXPOHENT

=Y
.zq a__HOSAa
con

l.....] g MOSS

. HOS&E

HOS7

________________________________________________________________________________________________________________________________________________

Figure 4.15d: Section 3

If S1 =1 and SO = 0 (Shifting State) the counter is enabled (e.g. every shift is counted), else it is in the hold
mode. The number of shifts is subtracted from the original exponent that is stored in the latch using the ‘8-

bit_SUB’ block the output EO[7..0] will contain the normalised exponent and will be valid once S1 =1 and SO
=1 (holding state).

4.16: latch8.qdf (8-Bit Latch)

il MAX+plus Il - ciworkicolimalteralassignment\fp_divide_top - [latch8.gdf - Graphic Editor]

% M&SGplus || File  Edit Wiew Symbol  Assign  Ltiliies  Options  Window  Help el x|
NeEal i ta o e oRBbE RS R ARZE|aes L [ A [— B
I - .
A 8-Bit Latch

=

ol L7 L3

l L& La

l LS L1

O La LG

«f e e .....................................

all - cLK LK S R - Ao EEK ek 5918 .. Ao
H 51 58 Action A-BIT_SHIFTREG g3 AL = T

| - RESET RESET monoAd 8 g Q3 BESEL
£l 8 B Reset e va
@ 1 Load A N I A

,: 1 ® Hold a

s 1 1 Hold as

o ______ .

a7

a a Reset
a 1 Load
1 a Shift
IF 18 CHANGE TO 11, MO SHFTIHNG REQUIRED 1 1 Hold

By : Colin K HeCord
Date: 11712726801

Figure 4.16a: Screen dump of latch8.gdf

Two 4-bit shift registers are used, recall that the functional block ‘4-bit_shiftreg’ has four functions; Reset,
Load, Shift Left and Hold. Obviously the latch does not require the use of the shift function, hence the need
for additional logic gates to skip this function. For example is S1 = 1 and SO = 0 the logic circuitry will make
Al =1 and A0 = 1, else S1 and SO are fed directly to A1 and A0. CLK, RESET, are fed directly to the shift
registers. L[3..0] is fed to shift register 1 and L[7..4] is fed to shift register 2. Shift register 1 feds outputs
Q[3..0] and shift register 2 feds outputs Q[7..4].
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4.17: to ieee.qdf (Convert To IEEE)

il MAX+plus Il - c:\workicolintalteralassignment\fp_divide_top - [to_ieee.qdf - Graphic Editor]
iﬂ MAXFplus I Eile Edit Yiew Symbol Assign  Utilities Options  MWindow  Help — =] x|

DiRg 2w o v ouE e D5 @8 2RZE e [ -
N 3
A Convert To IEEE

l PP T MPI‘EM TEEEES LT L T AR .

BN | . LTSS O R A EEEREOL

i WDTH NS -

Q MIDTH_OUT=8 :

g :

Q L

= woTH-oUT-16

R e e T s

i | KT _lJ

Figure 4.17a: Screen dump of to_ieee.gdf

Merges the sign bit, exponent and mantissa back into the standard IEEE-754 24-bit number. SIGN is
connected to IEEE23, E[7..0] (exponent) is connected to IEEE[22..15], M[14..0] (mantissa) is connected to

IEEE[14..0].

Altera’s ‘bus2bus’ parameterized mega-function (found in mega_Ilpm library) is used to connect bus lines.
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5 IEEE-754 (24-BIT) FLOATING POINT DIVIDER — SIMULATION

5.1: fp divide top.qgdf (IEEE-754 Floating Point Divider)

fp_diwvide_top

;—NUM[ 23..01 _
;—DENEES..B] UﬁLID—;
—CcLK QUOTL 23 - -0 I—
;—RESET :
— EN

Figure 5.1a: fp_divide_top Symbol

It is not possible to test the system for every possible value of NUM[23..0] and DEM[23..0] (manually). So a
couple of random values will be selected and tested.

Using web based JAVA script to convert decimal floating point numbers to IEEE-754 floating point humbers
(http://babbage.cs.qc.edu/courses/cs341/IEEE-754.html, see appendix 3 for printout) and to convert IEEE-
754 floating point numbers to decimal floating point numbers (http://babbage.cs.qc.edu/courses/cs341/IEEE-
754hex32.html, see appendix 4 for printout). These JAVA scripts use the 32-bit version, in order to convert to
the 24-bit version drop the last two hex digits.

Test 1 — Divide 1000 by 10 (ANS = 100)

1000 decimal = 0x447A00 IEEE-754 (24-bit), 10 decimal = 0x412000 |IEEE-754 (24-bit)

B fp_divide top.scf - Waveform Editor
Ref (=] Time intenval =
0.0ns e
=
Marme: alue: l EDD.IDns 1.Dlus 1.E:us 2.Dlus Z.E:us S.Dlus
= RESET T ] 1
= EN ] |
s o [TV LI L LT L L LT L LT
= MUM[Z3.0]  [H 447400 447400
= DEN[23..0] [H 412000 412000
S GUOT[23..0] (H 000000 000000 X 42800
- YALID 0 | |
I 7

Figure 5.1b: Screen dump of waveform editor after simulation of test 1

QUOT[23..0] = 0x42C800 IEE-754 (24-bit) = 100 decimal. (Exactly Correct)

Clearly there is a slight glitch with the VALID flag as QUOT[23..0] changes from 000000 to 42C800. Which
may cause a problem if the detection circuitry is edged triggered. Notice no shifts took place hence
normalisation was not required in this case.

Test 2 — Divide 9.75 by 0.12 (ANS = 81.25)

9.75 decimal = 0x411CO00 IEEE-754 (24-bit), 0.12 decimal =~ 0x3DF5C2 IEEE-754 (24-bit)

EEE508J1 — Electronic Circuit Design Page 27 98425145



Thursday, 17 July 2003 Digital Coursework — Floating Point Division Colin K McCord

nfp_divide_tup.scf - Waveform Editor

R 1] Time: it B
Marne: “alue: l 200.0ns 400.0ns G00.0ns 800.0ns 1.00s 12us 1.4us 1.6us
@—RESET | 1 | |
g5 EN 1 |
= CLK 1 R s I e A s I e O s I s e N
= MNUM[23.0] |H411C00 411C00
= DEM[23..0] |H 3DF&C2 3DFEC2
S QUOT[23.0] [H 424280 0000ac X 435140 X 4242380
— VALID 1 |
KU oz

Figure 5.1c: Screen dump of waveform editor after simulation of test 2
QUOT[23..0] = 0x42A280 |IEE-754 (24-bit) = 81.25 decimal. (Exactly Correct)
Clearly this small glitch with the VALID flag has recurred. Notice that the result had to be normalised, by
shifting one place to the left and decrementing the exponent (e.g. 0x435140 before normalisation).
Test 3 — Divide 2.53 by 5.31 (ANS = 0.4764951)

2.53 decimal ~ 0x4020A3 IEEE-754 (24-bit), 5.31 decimal ~ 0x40A9EB IEEE-754 (24-bit)

nfp_divide_tup.scf - Waveform Editor

Fef L8] Time: interal =
0.0ns b
Marme: _ Walue: T ZDD.IDns ADD.IDnS EDD.IDnS BDD.IDnS 1'D.US 1.%us 1 fllus 1.6|us
g@-RESET ] 0 | [
o= EN ] |
ocw | o [ [ T 1 ] 1 ] | [ 1 [ 1 1 [
= MUM[Z3.0]  |H 402043 402043
= DEM[23.0] [H 40ASEB 40A9EB
S QUOT[Z3..0] |H 000000 0ooooo x 3F7902 X 3EF204
-5 VALID o | | [
K| H

Figure 5.1d: Screen dump of waveform editor after simulation of test 3

QUOT[23..0] = 0x3EF204 IEE-754 (24-bit) = 0.47268 decimal. (Correct to two decimal places)

Test 4 — Divide -7.29 by 1.26 (ANS = -5.785714286)
-7.29 decimal =~ OxCOE947 |IEEE-754 (24-bit), 1.26 decimal ~ 0x3FA147 |IEEE-754 (24-bit)

QUOT[23..0] = 0xC0B924 |IEE-754 (24-bit) = -5.78564 decimal. (Correct to three decimal places)
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nfp_divide_tup.scf - Waveform Editor

Ret [Ew |[ela] Tme el B
Marne: “alue: l 200.0ns 400.0ns G00.0ns 800.0ns 1.00s 12us 1.4us 1.6us
@—RESET | 1 | [
- EN 1 |
ocw | o [T [ T [T 1 ] | [ 1 [ 1 1 [ |
= MUM[23.0]  |H COEB47 COES47
i~ DEM[23..0] |H3FA147 IFA14T
S QUOT[23.0] |H COB924 800000 x CoB924
~ VALID 1 |

Figure 5.1e: Screen dump of waveform editor after simulation of test 4

Test 5 — Divide 1.2 x 10°® by 9.2 x 10°* (ANS = 1.304347826 x 107

1.2e26 decimal =~ 0x6AC685 IEEE-754 (24-bit), 9.2e21 decimal ~ 0x63F95D IEEE-754 (24-bit)

ﬂfp_divide_lup.scf - Waveform Editor

R E3] Time: iterval -
0.6ns f
Marme: _ Walue: T 2DD.IDnS 4DD.IDns BDD.IDnS BDD.‘DI’]S 1'D.US 1.2|us W.fllus 1.6|u5
g@-RESET ] 0 | [
mw=EN il |
- OLK 0 N [ S e A s e s A s R
= MUM[Z3.0]  |H BACESS GALCGES
iw= DEM[23.0) [HB3F25D B3FS5D
S QUOT[23..0] (H 000000 000000 X AEESER K 4B4BCC
—® YALID 0 | [
KN M s

Figure 5.1f: Screen dump of waveform editor after simulation of test 5

QUOT[23..0] = 0x464BCC IEE-754 (24-bit) = 1.3043 x 10" decimal. (Correct to four decimal places)

Tests 6to 10

Test Num DEC Num IEEE Den DEC Den IEEE Quot IEEE Quot DEC
6 32 0x420000 32e-15 0x29101D 0x586360 1.0000e15
7 1 0x3F8000 -1 0xBF8000 0xBF8000 -1
8 -10 0xC12000 -250 0xC37A00 0x3D23D6 3.9999e-2
9 0.1234 0x3DFCB9 0.4321 0x3EDD3C 0x3E9237 2.8558e-1
10 100e10 0x5368D4 100e-10 0x322BCC 0x60AD78 9.9998e19

Figure 5.1g: Result table for tests 6 to 10
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5.2: from ieee.qgdf (Convert From |IEEE)

1 IEEEL23. .01

from_iees
SIGN EL7.:01] ML14..01]

Figure 5.2a: from_ieee Symbol

Test 1 — Convert IEEE-754 (Figure 5.2b) into its Key Components

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6

5 4 3 2 0
oJaJaJoJoJaJaJaJaJaJofJafaJoJoJoJaJaJaJafJafa]o]1

S Exponent Mantissa

Figure 5.2b: Test IEEE Number 1

nfrum_ieee_scf - Waveform Editor 9 [m] 3
Ref €3] Time: [9999ns Interval:  [9998ns (=
Name: alue: ’L B00.0ns 900.0ns 1.C

i~ IEEE[Z3.0] - 0110011111011000117111101

=g SIGN ]

= E[7..0] B 11001111 11001111

= M[14..0] - 101100011111101 _I

A 53 7

Figure 5.2c: Screen dump of waveform editor after simulation of test 1

SIGN = 0, E[7..0] = 11001111 and M[14..0] = 101100011111101.

Test 2 — Convert IEEE-754 (Figure 5.2d) into its Key Components

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
1]oJoJoJoJaJaJaJalafJoJaJoJa]aJoJaJ1]ofJoJar]1]o]1
S Exponent Mantissa
Figure 5.2d: Test IEEE Number 2
Ret [ooome J[&[8] Time interva -
Name: alue: l 100.0ns 200.0ns
= [EEE[23..0] - 10000111110101101 1001101
5 SIGN 1
= E[7.0] B 00001111 00001111
S M14..0] - 101011011001101
I 7

Figure 5.2e: Screen dump of waveform editor after simulation of test 2

SIGN =1, E[7..0] = 00001111, M[14..0] = 101011011001101
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5.3: 8bitsub exc127.gdf (Excess 127 — 8 bit Subtraction)

Bbitsub_exclZT
RESL 7081

Figure 5.3a: 8bitbsub_exc127 Symbol

Leta=176and b =134 (ANS =176 — 134 + 127 = 169)

Stat. [DOns  |[¢]8] Ene: Interval =
MName: _ Value: l 100.0ns 200.0ns

&= a7.0] D176 178

= b[7.0] D134 134

S RES[7.0] D 169 169

KN bl

Figure 5.3b: Screen dump of waveform editor after simulation

5.4: 8-bit sub.gdf (8-bit 2's Complement Subtraction)

—BL7--01] Cout—

Figure 5.4a: 8-bit_SUB Symbol

Let A = 132 and B = 73 (ANS = 132 — 73 = 59)

B 8-bit_sub_scf - Waveform Editor 8 =] 3

Re Tine: el N
0.0ns b
=

Name: Value: l 100.0ns 200.0ns

= Al7.0] D132 132

5= B[7..0] D73 73

== A-B[7..0] D&9 59

=g Cout 1

A ol

Figure 5.4b: Screen dump of waveform editor after simulation

5.5: 8-bit adder.qgdf (8-bit Full Adder)

: 8-bit_nAdder :
g—m:?..e] sum:'r..a]-—g

— BL7--01 Coutl—

—iCcin

Figure 5.5a: 8-bit_Adder Symbol
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Let A=72and B =84 and Cin =0 (ANS =72 + 84 + 0 = 156)

B 8-bit_adder_scf - Waveform Editor P [=] 3
Ref  [BOD.Ons [=I=] Time: Interval:  [-500.0ns I
MName: Value l 100.0ns 200.0ns

- o ‘ )

5= Cin o

= 8[7.0] D84 a4

= A7.0] D72 72

S SUM[7..0] D 156 156

= Cout u]

]| b

Figure 5.5b: Screen dump of waveform editor after simulation 1

LetA=72and B=82and Cin =1 (ANS =72 + 84+ 1 = 157)

B 8-bit_adder.sci - Waveform Editor =
Ref EI2] Time: [f41.7ns Interval:  [741.7ns |
Name: Value: l 800.0ns 800.0ns 1.0

= Cin 1

= B[7..0] D 84 4

= A7.0] D72 72

= SUM[7.0] D157 157

= Cout u]

o bl

Figure 5.5c: Screen dump of waveform editor after simulation 2

Let A=255and B =1 and Cin =0 (ANS = 255 + 1 = 256 or O carry 1)

B 8-bit_adder_scf - Waveform Editor (=] E3
Ref  [B00.0ns FI2] Time: [B14.1ns Interval: =
Mame: Value l 700.0ns 500.0ns

g9 Cin o]

= A7.0] D255 255

5= B[7.0] o1 1

S SUM[7..0] Do 0

= Cout 1

1] [ b

Figure 5.5d: Screen dump of waveform editor after simulation 3

5.6: full adder.gdf (Full Adder)

Full_sAdder

—1 A Cout—
—B Sum—
—lCin

3

Figure 5.6a: Full_Adder Symbo

A = 400ns clock, B = 200ns clock, Cin = 100ns clock. This tests every possible condition.
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nfull_adder.scf - Wawveform Editor P [=] 3
Ref: Tire: [154.0ns Interval:  [-3.34Bus I
Name: \/alue:l 100.0ns 200.0ns 300.0ns 400.0ns 5000ns G00.0ns 700.0ns 800.0ns 900.0ns  1.0us 1.1us 12us  1.3us 1.4us

w—n o] | | |

m—E
= Cin

1 |
@ sm |1 L L]
0

=g Cout

|
[
—

-

N 3

Figure 5.6b: Screen dump of waveform editor after simulation
Compare figure 5.6b with the truth table (Figure 4.6b) for the full adder; it is clear that their identical. Notice

there is a slight propagation delay for the output to reflect the change of input.

5.7:int divide.gdf (Integer Divider)

NUML 14 . .81 DENLC14. .81

int_diwvide

QUOTLC15.- .81 REML15. .81

Figure 5.7a: int_divide Symbol

Recall that NUM[14..0] is convert to 32-bits and ‘1’ is hardwired to bit 31, Also DEN[14..0] is extend to 16-bits
by hardwiring a ‘1’ to its MSB. Recall that the reason for this is to reduce rounding errors.

Let NUM =111 1111 1111 1111 and DEN = 000 0000 0000 0000.

B int_divide scf - Waveform Editor

Ref [0 J[el3] Time interval A
0.0ns b
=}

Narne: Value: l 100.0ns 200.0ns

== NUM[14.0] IRRRRRRRRRERRER]

= DEM[14..0 - O00000000000000

S QUOT[15..0] - [RERRRRRRERRRRER!

= REM[15..0] - 0000000000000000 i

Al - 1P

Figure 5.7b: Screen dump of waveform editor after simulation 1

NUM[14..0] = 1111111 11111111 = OXFFFF = 65535

N[31..0] = 111117111 11111111 00000000 00000000 = OXFFFFOOO0 = 4294901760

DEN[14..0] = 0000000 00000000 = 0x0000 =0

D[15..0] = 10000000 00000000 = 0x8000 = 32768

Q[31..0] = 00000000 00000000 111112111 11111111 = OXO00OFFFF = 65535

QUOT[15..0]= 11111111 11111111 = OXFFFF = 65535

Using calculator 4294901760 / 32768 = 131070 or OX1FFFE or 1 11111111 11111110 (QUOT = OXFFFF,
recall that QUOT uses bits 16 to 1 of Q).
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Let NUM =111 0000 1111 1111 and DEN = 000 0000 1111 0000.

B int_divide. scf - Waveform Editor

Ref [@Ons  |[el8] Time: Iterval &

Narmea: “alug: l 100.0ns 200.0ns

= NUM[14.0] 1110000111111

== DEN[14..0] 000000011 110000

S QUOT[15..0] 1110111100111110

== REM[15.0] 0110101111000000 _

4 3 A
Figure 5.7c: Screen dump of waveform editor after simulation 2

NUM[14..0] = 1110000 11111111 = Ox70FF = 28927

N[31..0] = 11110000 11111111 O0OO0O0O00O0 0OOOOOOO0 = OXFOFFOO00 = 4043243520

DEN[14..0] = 0000000 11110000 = 0Ox0078 = 120

D[15..0] = 10000000 11110000 = 0Ox80FO = 33008

Q[31..0] = 00000000 00000000 11101111 00111110 = OxXOOOOEF3E = 61246

QUOT[15..0]= 11101111 00111110 = OXEF3E = 61246

Using calculator 4043243520 / 33008 =122492.84 or Ox1DE7C or 1 11011110 01111100 (QUOT = OXEF7C
= 61308, rounding errors are present).

5.8: normalize.gdf (Normalise Mantissa and Exponent)

ECL7-=9]1 ML[15..01]
CLK
RESET hnormali=e vAL ID

EN
EQLY?.-.-01 MOL14.-01

Figure 5.8a: normalize Symbol

The propose of this block is to normalise the mantissa and exponent, e.g. shift mantissa left and dec
exponent until mantissa MSB is ‘1.

Let M[15..0] = 0011011000000111 and E[7..0] = 100

n normalize.scf - Waveform Editor 9 [=] 3
Ref: Eﬂ Tirne:  |369.0ns Interval: 369.0ns ﬂ
0.0ns
=
Name: l 100.0ns  2000ns  300.0ns  4000ns  500.0ns  600.0ns  700.0ns 800.0ns  900.0ns 1.0us 1.1us 1.2us 1.2
o , . . ! . . . . . . . \
B RESET 4
5= EN ]
- CLK | | | | | | | | | | |
= M[15..0] 0011011000000111
apy MS[15.0] 0000000000000000 XDDHDHDDDDDMH XDHDHDDDDDDHWX 1101100000011100
== MO[14..0] 000000000000000 XDW 1011000000111 X 110110000001110 X 101100000011100
i E[7.0] 100
=5 EO[F..0] i X 100 K 93 K 98
=i VALID |
| v

Figure 5.8b: Screen dump of waveform editor after simulation 1
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MS[15..0] in figure 5.8a shows the output of the 16-bit shift register, clearly M[15..0] is loaded into this shift
register and shifted two places to the left. Notice that the MSB of MS[15..0] is not include in MO[14..0] (IEEE-
754 states that there must always be a hidden MSB ‘1"). Also notice that E[7..0] is DEC on every shift.

Let M[15..0] = 1111011000000111 and E[7..0] = 100

ﬂnurmalize_scf— Waveform Editor 19 [=] 3
Rl [DOns  |[e[%] Tme. Interval. -

Marne:

0.0ns
(]
l 100.0ns  200.0ns  300.0ns

400.0ns  500.0ns  600.0ns  700.0ns  B00.0ns  900.0ns 1.0us 1.1us 1.2us 1.2

g5— RESET
= EN

- CLK
= M[15.0]
& M3[15.0]
S MO[14.0]
= E7..0]

=

-
|

| | | | | |

1111011000000111

0000000000000000

1111011000000111

000000000000000

100

S EO[7.0| ] 100

— vALID
N vl

Figure 5.8c: Screen dump of waveform editor after simulation 2

X
X 1110110000001 11
’f

Let M[15..0] = 0000000000000001 and E[7..0] = 100

n normalize_scf - Waveform Editor O] x|
Ref: [*#I2] Time: [188.0ns Interval:  [188.0ns o
0.0ns
=
Narne: l 500.0ns 1.0us 1.5us 2.0us 25us 3.0us 3.5us 4L
o . . . ! . . .
g$— RESET J
5= EN B
= CLK
= M[15.0] 0000000000000001
ay ME[15.0]
= MO[14..0]
= E[7.0]
S EQ[7.0]
=g ALID
K

Figure 5.8d: Screen dump of waveform editor after simulation 3

Let M[15..0] = 0000000000000000 and E[7..0] = 100

ﬂ normalize.scf - Waveform Editor 1 [m] [
Ret. Time: interval -
0.0ns e
=}
Marme: l 200.0ns 400.0ns 500 .Ons 800.0ns 1.0us 1.2us 1.4us 16us 1.8us 2C
g9 RESET 1
= EN
- CLK e e e e e e e
= M[15..0] 0000000000000000
ay Ms[15.0] 0000000000000000
S MO[14..0] 000000000000000
= E[7.0] 100
== FO[7.0] 0 X 100
i VALID |
A 2
Figure 5.8e: Screen dump of waveform editor after simulation 4
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5.9: 4counter.gdf (4-bit Synchronous Binary Up Counter)

docounter

—ENABLE Q@—
—ICLK Q1—
—RESET Qz—

"

Figure 5.9a: 4counter Symbol

ﬁ 4counter.scf - Waveform Editor 9 [u]

Ref: (2] Time: [1.512us Interval:  [1.512us =
0.0ns b
=
Marme: walue: l 500.0ns 1.0us 1.5us 2.0us 2.5us 3.0us 3E
o o L | | | | |

iB— RESET 0 J

= ENABLE 1

= CLK 0

S 3.0 Do

I vl

Figure 5.9b: Screen dump of waveform editor after simulation

Counts from 0 — 15 — 0, notice when ENABLE went LOW the count paused at 9 until ENABLE went HIGH.

5.10: 16-bit shiftreq.qgdf (16-bit Confiqurable Shift Left Reqgister)

i 16-bit_shiftreg
—CLK

—RESET
—se QL1S5..01—

—s1

—L[15-.021

Figure 5.10a: 16-bit_shiftreg Symbol

B 16-bit_shiftreq.scf - Waveform Editor

Ref Time: iterval =
0.0ns po
=]

MName '__\a’alue: l 2DD.IDnS 4DD.IDnS EDD.IDnS BDD.IDns 1.D|us 1.2|us 1.4lus 1.6|us 1.Blus 2.Dlus 2%

— G

5 50 o | [ ] |

9= RESET ] J

- S e e s o O o O o B o

&= L[15.0] - 0000000000000001

= Q[15.0] H 0000 0000 X oot X 0002 X 0004 X 0008 X 0010 X 0020 X 0040 }’-

ki 2

Figure 5.10b: Screen dump of waveform editor after simulation
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5.11: to ieee.qdf (Convert To IEEE)

SIGN ELT7-=-01] ML14.-.0]

to_iees
2 IEEEL232--081

Figure 5.11a: to_ieee Symbol

Test 1

Sign=0
Exponent = 11001111
Mantissa = 101100011111101

Etu_ieee_scf - Waveform Editor 9 [u]
Ref  [700.0ns FI2] Tirme: [F44.8ns Interval: =
MNarne: Value: l 500.0ns 500.0ns 1

5= SIGN o]

&= E[7.0] B 11001111 11001111

= M[14.0] - 101100011111101

=5 [EEE[23.0] - 011001111101100011111101
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Figure 5.11b: Screen dump of waveform editor after simulation of test 1
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Figure 5.11c: IEEE[23..0]
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Figure 5.11d: Screen dump of waveform editor after simulation of test 2
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Figure 5.2e: IEEE[23..0]
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6 CONCLUSIONS

The purpose of this assignment was to design a floating point divider unit, that complies with the IEEE-754
standard (24-bit version) using the Altera Max2Plus package. Clearly this objective has been achieved
successfully, as it has been proven using simulation the design works, although further development is
required as there are limitations and flaws in the current design.

Evidently the IEEE-754 standard for representing floating point numbers is not perfect, it is important to be
aware rounding error’'s occur frequently. Although the 32-bit (single precision) and 64-bit (double precision)
IEEE-754 formats, will produce more accurate decimal representations than the 24-bit version, but even
these, will frequently contain rounding errors. Recall that 0.085 cannot be represented accurately using
IEEE-754, 8.4999¢e-2 (0x3DAE14) is the best for 24-bit IEEE and 8.5000001e-2 (0x3DAE147B) is the best
for 32-hit IEEE.

Clearly ASM (Algorithmic State Machine) charts are useful to the digital design engineer, as they represent
the operation of a digital system and are easier to understand than state diagrams. Another advantage of the
ASM method is that the chart can be converted into several equivalent forms, each form leads directly to a
hardware realisation. It is clear that an ASM chart contains only three elements, ‘state box’, ‘decision box’
and ‘conditional output box’, unlike flowcharts which have many more elements, which can become
confusing on what box should be use.

The ASM chart and the ‘one hot’ method can be used to design the control logic to control the system, easily
and quickly. This method was not used in the design of the floating point divider unit as it would produce over
10 states (notice the finished design only has 4 states) and the control logic would be must more complex,
although a simplified ASM chart was drawn to help explain how the system works (see figure 4.8b). The
ASM method is more useful for more complex designs (e.g. complete CPU).

Intel is one of the worlds leading microprocessor designers / manufactures, the original Pentium processor
had a bug with the floating point divider. Even through they ran exhaustive functional simulations, these
simulations were unable to detect the bug and the processor was released onto the market. Clearly if Intel
FPU had a flaw, it is unlikely that this 24-bit floating point divider is flawless. The main reason why Intel’s
exhaustive functional simulations failed to find the bug was because the same person that designed the FPU
also wrote the RTL simulation script (e.g. the RTL code also contained the bug).

Evidently to divide two floating point numbers, subtract the exponents and divide the mantissas. Clearly 127
must be added to the result of the subtraction as IEEE-754 exponents are 127-biased and if two of these
numbers are subtracted the bias is removed, which must be restored. Originally it was thought that a 16-bit
integer divider could be used to divide the mantissas, but the rounding errors were too large and the correct
result could not be obtained. Clearly conversion of the NUM mantissa to 32-bits reduces rounding errors, the
result is now almost as actuate as that can be represented in the IEEE-754 24-bit. Using a 17-bit shift
register instead of using a 16-bit, would have slightly improved the situation (actuate as that can be
represented in the IEEE-754 24-bit), but it was decide to keep the design simple and easy to describe, hence
the LSB was dropped and a 16-bit bit shift register was used. Clearly an XOR gate takes care of the Sign
bits, e.g. if either NUM or DEN sign = 1 the QUOT sign = 1, if NUM = 1 and DEN = 1 the QUOT = 0, and if
DEN =0 and DEN = 0 the QUOT =0.

IEEE-754 states that there is a hidden MSB bit in the mantissas, obviously this hidden MSB bit must be
included in the divide calculation and removed during the normalisation process. Originally this was
forgotten, during simulations it was discovered that the result was not correct. After a while, it was discovered
that these hidden MSB bits must be included in the calculation and sure enough one they were include and
the MSB bit was removed during the normalisation process the correct results were being simulated. Clearly
simulation is extremely powerful and useful to the design engineer, e.g. in this case, simulation was able to
quickly show that something was wrong with the design, and allowed the engineer to quickly rectify the
problem.

The design was partitioned into many functional blocks; each block did one task that was easily described.
Evidently this partitioned method of design made the design and testing of the system extremely easy.
Screen dumps of the design of each functional block were included in this report along with an English
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description on how the each blocked operated. Clearly each block carried out simple tasks, which are easily
understood and described. Notice comments are also included on the design files.

Notice block ‘norm_ctrl_logic’ section 1 (Figure 4.10b) detects if the mantissa is zero and in the shifting state,
MZERO becomes ‘1’. This forces the state counter to move to the holding state; hence it is not possible to be
stuck in the shifting state. Clearly this logic circuitry is not required; originally it was forgotten that MSB ‘1's
are included in the integer divider, hence in that case, it was possible that the mantissa may equal zero and
this circuitry was required to breakout of the shifting state. This circuitry can be safely remove, but because
it's not doing any harm and because of the lack of time, it was decide to leave it. Clearly removing this
circuitry will simplify the control logic.

Notice block ‘norm_ctrl_logic’ section 2 (Figure 4.10c) detects if in the shifting state and MS15 is ‘1’, the logic
output NOSHIFT is used to make sure that during the normalising process the shift register does not shift
one place too many. Originally this circuitry was not included and during simulation of this functional block it
was discovered that this bug existed, and the NOSHIFT circuitry was designed to fix this problem. Clearly all
this happen before it was understood that MSB ‘1’s were included in the integer division and the MSB ‘1’ of
QUOT had to be removed during the normalising process. Clearly the original bug of shifting one to many is
a good method of getting rid of the MSB bit; the only downside of this is that one additional shift will always
take place hence it would be slower. It was decide to leave it as it was and not include the MSB bit in the
final result. Evidently the circuitry (figure 4.10c) can be removed, as long as bits 16 to 1 are used as the
result and not bits 15 to 0. This simplifies the control logic, but increases the time it takes to normalise the
result by 1 clock pulse.

The state controller (figure 4.10e) uses a four — line multiplexer to control the state counter. It is clear that
this offers an extremely simple solution than if it was design using the ‘one hot’ method. The current state is
fed into the select line of the multiplexer, DO & D1 is connected to VCC, D2 is connected to MS15, and D3 is
connected to GND. It is extremely clear what is happening, if state = 00 (reset state) line DO is selected
hence the counter is enabled and moves to state 01 (load state) on the next clock pulse. If state = 01 (load
state) line D1 is selected hence the counter is enabled and moves to state 10 (shifting state) on the next
clock pulse. Clearly if state = 10 (shifting state) line D2 is selected and the counter will be disabled until
MSB15 = ‘1’ then move to state 11 on the next clock pulse. If state = 11 (holding state) line D3 is selected
and the counter is disabled and stays in the hold state until it is reset (e.g. RESET, or EN goes LOW).
Obviously this is a unique and easy solution.

The entire system was simulated and proven to work, although obviously it's not possible to test every
possible value of NUM[23..0] and DENJ[23..0] manually. Clearly converting decimal numbers to IEEE-754
numbers is a slow and boring process and the revise is also as tedious, chapter 2 demonstrates how to
carryout these conversions manually. During the simulation process of the entire system, web based JAVA
scripts were used to do the conversions automatically (see appendixes 3 and 4) these allow for the system
to be tested quickly and easily. 10 Tests are documented in this report, but in reality many more were carried
out. Indisputably the system works, there are rounding errors for some situations but that is expected as the
24-bit IEEE-754 is only accurate to a couple of significant digits. If more accurate results are required IEEE-
754 32-bit and 64-bit should be considered, it is easy to adapt this design to suit. For example to modify the
design of 32-bit IEEE-754, use a 48-bit by 24-bit integer divider, a 24-bit shift register, along with some minor
changes (e.g. instead of M15 connected to control logic use M23). Clearly the design works and is extremely
flexible.

Simulation results show that there is a small glitch with the VALID flag, this glitch was unexpected and may
cause problems. Figure 4.10d shows the circuitry used to activate the VALID flag, notices that SO and S1 is
connected to an AND gate, it is assumed that if SO = 1 and S1 = 1 (holding state) the normalising process is
finished and the data is valid. Notice that the glitch occurs as state moves from the reset state (00) to the
load state (01), for some reason briefly state move to 11 first then 01, but because the shift register and
normalise exponent blocks are synchronised to clock it does not affect there results. Hence the solution to
this problem is to synchronise the VALID flag with the clock, e.g. fed the output of the AND gate into a D-type
flip-flop which feds the VALID output, hence the VALID flag will only change on a clock pulse.

This solution has been implemented and proven via simulation to work see figures 6.0a and 6.0b. Notice the
flip-flop has been placed outside of the control logic block, the reason for this is the control logic does not
have a clock input and for speed (laziness) the flip-flop was connected outside the control logic, obviously
now it is clear that this repairs the bug it makes since to include the flip-flop in the control logic and add an
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additional clock input pin. Clearly using simulation it was possible to detect this bug easily and quickly, while
if simulation was not carried out this bug many have caused practical problems and would be difficult to
detect using an oscilloscope.

i MAX+plus Il - ciwork\colinlalteralassignmentinormalize_bug_fix - [normalize_bug_fix. gdf - Graphic Editor]
:'E MAxtplus I File Edit  Wiew Symbol Assign  Utilities Options  Window Help

WD TH_IN=15

WD TH_OUT=15:
D
: __ouTeuT

By @ Colin K HcCord - 5
Date:! 19/12/28801

B : —log : :
= pas..e1 ] EC : :
1 ——{H[15..8] HEXTSTATE = 1. SR
v 8 :
e , msas —|nsas nzero e Bl peser :
Y 8 : £ I S RS-

F__ a9 —] 5@ NOSHIFT HMOSHEET Vo HOSHIFY - ., QLLS. . 0 f—

— a B H i B B

= —s1 VAL I D) YALID g P 2L R :

A g : 8
i Be. ALkl | r 1= . @1

COMTROL LOGIGC

Figure 6.0a: New design of normalise block to repair VALID bug

B normalize_bug_fix scf - Waveform Editor

Ref [el2] Time: Interval: =
0.0ns o
=
Marme: l 1DD.IDnS EDD.IDnS BDD.IDnS tlDD.IDnS :SDD.IDnS EDD.IDnS ?DD.IDnS BDD.IDnS QDD.IDnS 1.Dlus 1.1lus 1.2|us
a5 RESET 1
= EM
- [ I A s A S N O R
= M[15..0] 0100000000000000
aw Ms[15.0] 0000000000000000 XD1DDDDDDDDDDDDDD X 1000000000000000
= MO[14..0] 000000000000000 X 100000000000000 X 000000000000000
= E[7.0] 100
== EO[F..0] 0 )( 100 X 99
—% VALID [
KN 1

Figure 6.0b: Clearly the VALID bug has been repaired.

It is important to note, that there is a propagation delay for the result of the Integer divider and subtraction. If
this propagation delay is longer than the system clock the floating point divider will not operate correctly, as it
would load the output of the integer division and subtraction before it has finished calculating the result.
Hence if this occurs, dummy states can be added to the ASM chart of the machine that makes use of this
FPD, for example fed NUM and DEN IEEE-754 numbers to the FPD, then wait a couple of clock pulses
before putting EN high; this would give the divider and subtraction time to calculate the correct result. It is
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possible to calculate the propagation delay of the divider and subtraction using simulation, and then calculate
the maximum system clock that can be used, before dummy states are required.

Clearly the designed floating point divider calculates its answer extremely quickly, the reason for this is that
the mantissa and exponent are normalised simultaneously using the system clock to synchronise the
process. Obviously the fastest possible calculation time occurs after 4 clock-pulses when no normalising is
required and the slowest is 5 clock-pulses because MSB ‘1’ are inserted into the integer divider the
maximum number of shifts required is 1 (e.g. 10000000000000000000000000000000 divided by
1111111121222212121 =0100000000000000). Therefore this floating point divider produces a result after 4to 5
clock pulses, extremely efficient, seen nothing that can beat it.

Clearly a floating point divider using the Altera Max2Plus software package was successfully designed,
analyses and proved. The system was successfully fitted into Altera’s EPF10K20TC144-3; Appendix 2
shows the pin layout. The system is as actuate as, possible with the IEE-754 24-bit version, and the
performance is second to none. Although because a truly combinational solution was used for the integer
divider a large percentage of the 10k20 chip is used up, which does not leave much room for anything else
(a larger chip could be used e.g. 10k50). A pipeline integer divider would use less resources but the
performance of the calculation would be much slower.
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A2 Fp_divide _top.pin

-- Copyright (C) 1988-2001 Altera Corporation

-- Any megafunction design, and related net list (encrypted or decrypted),
-- support information, device programming or simulation file, and any other
-- associated documentation or information provided by Altera or a partner
-- under Altera"s Megafunction Partnership Program may be used only to

-- program PLD devices (but not masked PLD devices) from Altera. Any other
-- use of such megafunction design, net list, support information, device

-- programming or simulation file, or any other related documentation or

-- information is prohibited for any other purpose, including, but not

-- limited to modification, reverse engineering, de-compiling, or use with
-- any other silicon devices, unless such use is explicitly licensed under
-- a separate agreement with Altera or a megafunction partner. Title to

-- the intellectual property, including patents, copyrights, trademarks,

-- trade secrets, or maskworks, embodied in any such megafunction design,

-- net list, support information, device programming or simulation file, or
-- any other related documentation or information provided by Altera or a

-- megafunction partner, remains with Altera, the megafunction partner, or
-- their respective licensors. No other licenses, including any licenses

-- needed under any third party®s intellectual property, are provided herein.

N.C. = No Connect. This pin has no internal connection to the device.

VCCINT = Dedicated power pin, which MUST be connected to VCC (5.0 volts).

VCCIO = Dedicated power pin, which MUST be connected to VCC (5.0 volts).

GNDINT = Dedicated ground pin or unused dedicated input, which MUST be connected to GND.
GNDIO = Dedicated ground pin, which MUST be connected to GND.

RESERVED = Unused 1/0 pin, which MUST be left unconnected.

CHIP "fp_divide_top"™ ASSIGNED TO AN EPF10K20TC144-3

TCK o1
CONF_DONE : 2
nCEO - 3
TDO : 4
VCCI0 : 5
VCCINT : 6
RESERVED -7
NUM23 - 8
NUM22 -9
DEN20 : 10
QUOT8 t 11
QUOT10 12
QUOT11 13
QUOT9 14
GNDIO : 15
GNDINT : 16
NUM6 : 17
NUM8 : 18
RESERVED 19
RESERVED - 20
QUOT15 : 21
NUM11 22
RESERVED - 23
VCCI0 - 24
VCCINT - 25
NUM2 26
RESERVED 27
NUM3 - 28
NUM1 - 29
QUOT3 - 30
QUOT14 - 31
QUOT2 - 32
QUOT1 : 33
T™MS - 34
nSTATUS - 35
DEN15 : 36
EN - 37
QUOT20 : 38
RESET 39
GNDIO : 40
QuUOT17 41
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QUOT16 : 42
QUOT7 : 43
DEN17 : 44
VCCI0 : 45
DENO : 46
QuUOT4 T 47
DEN16 : 48
DEN3 : 49
GNDIO : 50
NUM16 - 51
VCCINT : 52
VCCINT : 53
DEN2 : 54
CLK : 55
DEN8 : 56
GNDINT - 57
GNDINT : 58
RESERVED - 59
RESERVED : 60
VCCI0 61
RESERVED 62
RESERVED : 63
RESERVED : 64
DEN5 : 65
GNDIO : 66
RESERVED : 67
DEN14 : 68
RESERVED : 69
RESERVED - 70
VCCIO - 71
RESERVED 172
RESERVED - 73
nCONFIG 174
VCCINT 1 75
MSEL1 1 76
MSELO 277
NUM10 - 78
QUOTO - 79
QUOT6 : 80
VALID - 81
NUMO : 82
DEN6 83
GNDINT 84
GNDIO 85
NUM4 86
NUMS 87
DEN10 88
NUM14 89
NUM12 90
NUM9 - 91
RESERVED 192
VCCINT 93
VCCI0 194
NUM19 1 95
DEN18 : 96
DEN22 97
DEN21 : 98
NUM21 1 99
RESERVED : 100
NUM7 101
DEN23 - 102
GNDINT : 103
GNDIO - 104
TDI : 105
nCE : 106
DCLK - 107
DATAO - 108
RESERVED : 109
RESERVED - 110
DEN9 - 111
RESERVED : 112
DEN7 - 113
RESERVED - 114
VCCI0 - 115
RESERVED - 116
DEN13 - 117
NUM13 - 118
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RESERVED : 119
RESERVED : 120
RESERVED 121
NUM18 : 122
VCCINT : 123
DEN11 t 124
DEN12 : 125
DEN4 126
GNDINT 127
DEN1 128
GNDIO 129
NUM17 130
QuUOT12 131
DEN19 132
NUM20 133
VCCIO0 134
QUOT18 135
QuUOT19 136
QUOT5 137
QuOoT22 138
GNDIO 139
QuUOT21 140
QUOT13 141
NUM15 : 142
RESERVED : 143
QuUOT23 : 144
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A3 CONVERSION OF DECIMAL TO IEEE-754 — JAVA SCRIPT

[EEE-754 Floating-Point Conversion

From Decimal Floating-Point
To 32-hit and 64-bit Hexadecimal Representations
Along with Their Binary Equivalents

Enver a decimal Hoaring-poun number here,
then click cither the Roanded or the Mot Roanded button

| xziimal Flopning- Poim |1|:' 25 2!

Rossmling fromm Mosting-poant to 32 - repeeseniahiom uses the IEEE-754 round-so-nocaresi-value mode,

Fesulis:

Dhecimeal Yalue Emered: 1023

Smgle precissom {32 hits);

Einary;  Kratis; frormal

BlT 31 Hits Li

13 BLTE 23 i
Slgm Bir Bxpone=nt Field Eignificar
E |||'r!'l:l'.l'||[| 1Ot 00 QOO D00
% b Hecimal valus of sazponent bield and pxponmsnt | Oecipal veles of Bk plgoilacand

SR 3 137 = P {38 12500
Hexadecimal: 12400007 Decid: [ro2s0000

Dbl precision (64 bis):

dimary: M) m- [

Blr 3 Dlgw EX - 23 mikw 8L - @O

Fign @it Enporanc Fleld Signlfisand
ﬁ T0OHIDCG0 10 I'I 01000 OO O RO D O ORI O DO 00
LR Becimal value of exponent field and exponent Decimal walus of the significamd

‘ [128 1033 « [1.: 287 =c00nn0

Hevadecimal; BE280000000a Dy impd- [10. 2500000000000

Copvert IEEF-754 L2-bit Hexmlecimal Bepresenimingns o Decimal Flaaning-Poim Miumbsrs
| B
I Cowvert IFEE-T54 &2-hit Hessdecimal Hapaesentutsons o eimna] Flosnig-HPoime Mambis I
| Befergiies Mol on e TEEE-T73 Sandad, |
[ CS-34] Home Page. ]
[ Dr. Wickery's Home Mage, |

Fifruary {4
Thts paped wie cioaled by & Dissais Callege unlsrgrabiung, Cuanfs Wen i micmnber of FRE sl UFE

Hamboantar R
The puige wus e
fevalenp ponda ag

=f sigiedaaatly by Kevin J, Heewes of Delei Electpana=. whio mldi] scvenal Tesipes mid misle sgmBoml i provedients i how wel the
vored oty IEEE -7 84 stapadard

Source: http://babbage.cs.qc.edu/courses/cs341/IEEE-754.html
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A4 CONVERSION OF IEEE-754 TO DECIMAL — JAVA SCRIPT

IEEE-754 Floating-Point Conversion
From 32-bit Hexadecimal Representation
To Decimal Floating-Point
Along with the Equivalent 64-bit Hexadecimal and Binary Patterns

Enter the 32-hit hexpdecimnl representation of o floating-poeint number here,
theen click the Compuie butis,

Hesimlechim] Fepeesstion: F‘li'-ll.‘.'l.‘.'l.‘.l.'! E-h-':l

_Compute |

Resuhs

Diecimal Valuwe Emered: [10.25

Single precision (32 haisy

Binary: Sty froeman

Bic 31 Bite 30 - 21 Bite 33
Sign ik Expement Field Significand
[ KT | e e
Ur # P=zimal walue of =xpon=nt Lield and =xponent § Pecimal wvalu= of the sigmiflcand

= | EEE TR [z872500
Hevadecima 1240000 g [10250000

Dovble precesion (64 bits i

Rinaary: .‘fl'm.']f'FlIﬂ"

BlC &d Bite H31 - 52 Blto 58 = &

Sign bl Expomnent Pleld gignificand
||] I'Im"ﬂ'ﬂ'ﬂﬂlﬂ B 0100 OO0 G D D000 OO0 DD 00000000 O D
Y Deezimal value of expspsnt fleld and Hipaneil Dacimal valus af rhe a@lgnifleand

Hevadvoimpl Fl}iﬂﬂﬂm}m Dlisimud - 10 2500 00DOCC0001

[ Comvert IEEF-T48 fa-bit Henadesimal Bepresenimisons s Decimal Fliming-Poim Mumbers, |
| Lot Decimal Flosibmg-Poenl Mambers o IEEE-T54 Hesadecina] Represeigations. |
| Beferemce Matenial om the IEEE-T5 Smndnd. |
| U441 Home Fage |
| Dr. Wickery's Flosme Page., |

ST WA
This page was creaied by Bevin 1 Brgwgr of Debeo Dlectomics. W owas smspined byothe Soating-proani o besadecimad coregrsson page coeaied by a Queens College
imikerpradmaie. Dhanfe] Wen, n memsher of PHE, sl LPE

Source: http://babbage.cs.qc.edu/courses/cs341/IEEE-754hex32.html
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A5 FLOATING POINT PIPELINED DIVIDER — COMMERCIAL EXAMPLE

DIGITAL

CORE DESIGN

DFPDIV

Floating Point Pipelined Divider Unit

ver 2.02

OVERVIEW

The DFPDIY uses the pipelined mathemal-
ica algonthm 1o divide two arguments. The
input numbers format is according to IEEE-
754 standard, DFPDIY supports single preci-
sion redl number. Divide operalion was pipse-
linad up ta 15 kevels. Inpul dala are fed avery
clock cyche, The first resull appears after 15
clock periods Ratency and next resulls are
availabde each clock cycle Full |EEE-T54
precision and accuracy were included,

APPLICATION
+ Math coprocessors
+ [D5SP algorthms
+«  Embaedded arthmalic coprocassor

+ [Data processing & control

KEY FEATURES
+ [Full IEEE-T54 compliancs
&+ Smgle precision real format support
+ Simpls interface
# Mo programming reguired
+ 15 |evels pipseline
«  Full accuracy and pracision
+ Resulis available at every clock

«  Onerflow, undeflow and invalid operation
flags

#  Fully configurable
Al irademarks mantioned in this document
ara rademarks af Seir respaciye awners.

Fully synihesizable, static synchronous
design with no Intemal tri-states

DELIVERABLES

Source code;
# VHDL Source Code orland
# VERILOG Source Code onland
+ ALTERA's Megafunction orfand
+ EDF netlisi
WHDL & VERILOWG fest banch environ-
i
#  Acdive-HDL automatic simulation mac-
ros
# ModelSim automaiic simulaticn mec-
ros
«  Tests with relerence responses
Technical documentation
# Installation noles
# HOL core specification
»  Datashest
Synthesls scripls
Example agpplication
Technical support
# P Core implementation suppart
# 3 monihs maintenance
= Oelivary Fe P Come updales, minc and
e varsons changas
#  [Oalivary the documantaton updakes
®  Phora & email suppan

hittp:ifwearw DigitalCoreDesigncom
bt iwreew dodopd
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SYMBOL
sSSIE0)  datsor310) m—

bxdakairaiio) o f—p
' f—

an o f———
|
—™ clk

PINS DESCRIPTION

FiIN TYPE DESCRIPTION
clk Input | Global system clock
rst Ingut | Global systesm resel
an Input | Enable computing

adatai[31:0] | Ingut | A data bus nput

bdatai[31:0] | Input | B data bus mput

datan[31.0] |Output| Dala bus culpui

alo Crudpul | Dwardlow Tag
uffin Cutput | Undeeflow fiag
o Crutpul | Irvalid Nag

PERFORMANCE

The following tables give a sureey about the
DFPDIY area and performance In the AL-
TERAE and XILINXE devicas aller Place &
Rouie {all key features hawve been included);

g 3478 31 MHz
APEXZOKE -2 3428 25 MHz
A 3428 20 MHz
=1 3436 34 MHz
ACEXTK =2 3438 22 MHz
A 3338 31 MHz
FLEXIOKE 3336 18 MHz

DFPDIY parformancs in ALTERAE devices

wRTEX S 1S sMh
weee 5
VRTEX 5 je3m  ssmi
T W

DFRDIV pevformance in XTLINYE dewices

A1 rademaiks mantonsd m e dodmen
ara rademarks af ther respective ocwnars

CONTACTS
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disiributors,

Headguarters:

Wroclawska 94

41-802 Bylom, POLAND
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fax  +48 32 782 T4 37
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Texas Research Park

14815 Omicron Dr, suite 100
San Antonio, TX 78245 USA
e-mail [MolSEded pl

il :+1 210 677 D185

fax 0 +1 210 677 DG3S

Distributors:

MTC - Micro Tech Consulting GmbMH
A Weidegrund 10

O-82104 Gribenzall, GERMAMNY
e-mail : MTClnfof@mic. de

ted. 498142 5961-0

M 448 8142 5561-44
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Signa Technology BV
Lansinkesweg 4, PO Box 360
7550 AZ Hangelo (O)

THE NETHERLANDS
e-mail : infofsigna-tech.com
fed. [+ 31 T4 2555 600

fax 0+ 31 74 2555 6598
Terrilony: Tha Melharlands, Balgium, Lux-
emboung
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A6 CD ROM — CONTAINING DESIGN AND SIMULATION FILES

This CD ROM contains all the design and simulation files for the floating point divider. The web-based JAVA
scripts shown in appendixes 3 and 4 are also included.

CD-ROM
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