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Summary

This thesis work is part of a larger research project on developing a tool which
would allow the exploration of arithmetic algorithms and designs in a standard-
ized and flexible way. The tool should provide a good estimate of the perfor-
mance, in terms of delay, area and power dissipation, of the implementation of a
given algorithm at an early stage of the design process, and allow a standardized

comparison with preexisting implementations.

This thesis is focus on the delay and area estimation and comparison based on
logical effort with given algorithms. In addition, basic modules such as adders,
multipliers and dividers are developed and verified against actual implementation
of standard arithmetic operators. It verified that logical effort can be used for
different modules’ delay estimation in this tool, taking into account a number
of design constraints/specifications such as: bit-width, fan-out and optimization

criteria.

In the implementation part, several modules such as carry save adders (CSA),
carry propagate adders (CPA), Radix 4 multiplier, Radix 2, 4 and 8 dividers are
implemented with VHDL and estimated with software tools Spice and Synop-
sys. Standard blocks that can be used for future exploration are estimated, and

nonstandard blocks are estimated separately.
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CHAPTER 1

Introduction

1.1 Motivation

This thesis work is part of a larger research project on developing a tool which
would allow the exploration of arithmetic algorithms and designs in a standard-
ized and flexible way. The tool will provide a good estimate of the performance,
in terms of delay, area and power dissipation, of the implementation of a given
algorithm at an early stage of the design process, and allow a standardized com-
parison with preexisting implementations. When designing arithmetic modules,
such as adder, multiplier, divider, square root and squares sum, in gate level,
multiple algorithms can be implemented. However, different algorithms can lead
to multiple performances, which are mainly measured with delay time, area and
power consumption. The delay time, area and power consumption can not be
optimized to the smallest at the same time. Usually, a module that has shorter
delay time will cost more area and higher power consuming. Besides, a higher
delay time may earn a less area and lower power consuming. One of the goals
of this thesis work is to find a delay calculation scheme for general modules and
archive a trade-off performance optimization among these measuring parameters.

In addition, this tool will provide multiple standard blocks which can be chosen
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to implement different preexisting arithmetic algorithms.

This thesis is focus on the delay time and area estimation and comparison based
on logical effort with given algorithms. Logical effort is a method to analyze
components’ delays in MOS integrated circuit level. It is a very succinct and easy
way to measure delay time through critical path. By comparing delay estimates
of different logic structures, the fastest candidate can be selected.[2] This method
also specifies the proper number of logic stages on a path and the best transistor
sizes for the logic gates.[2] It presumes that the MOS circuit can be treated as a
RC module. The logical effort includes two parts, the logical effort and electrical
effort; details will be presented in Chapter 2. The thesis will start from some ba-
sic modules such as adders and multipliers; these modules will be developed and
verified against actual implementation of standard arithmetic operators. It first
verified that logical effort can be used for different modules’ delay estimation in
this tool through experiments comparing with simulated data; then, some more
complicated modules such as dividers with different radixes will be implemented
in the following step; these modules contains standard blocks such as buffer, mul-
tiplexers, and carry save adder, and nonstandard blocks such as select functions
and on-the-fly converter(OTFC); adders and select functions are implemented
with different algorithms; these will be analyzed in Chapter 3 and 4. When im-
plementing and analyzing modules, we will take into account a number of design

constraints or specifications such as: bit-width, fan-out and optimization criteria.

1.2 What Is This Thesis About

The thesis work starts from basic components such as fan out 4 inverter, NAND2
gate, NOR gate XOR gates and 3 to 1 multiplexer, all of which are basic and
frequently used components in MOS circuits. Typically, INVERTER, NAND2
and NOR gate is the most basic CMOS components, all the other gates can be
generated from these three components. They are also the basic components for

applying logical effort. table 1.1 compares these components’ logical delay with
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simulation delay.

Module Logical effort | SPICE simulation | Error
Inverter 57 2.8394¢~ 11 0%
Nand?2 67 3.2483¢ 11 4%
Nor2 87 4.1660e 11 4%
Xor 8T 5.6000e 1! 4%
[3:2] adder | 15.428577 9.9098¢ 11 1%
[4:2] adder | 21.809527 11.878¢~ 11 19%

Table 1.1: Logical effort and spice simulation for some components

Some more complicated modules like adders, multiplier and dividers are imple-
mented based on these basic components according to the algorithm in [1]. We

implemented some carry save adders(CSA), carry propagate adders(CPA).

For dividers, we implement radix 2, 4 and 8 division; calculate delay with logical
effort and Synopsys simulation tool. The comparison result is shown in table
1.2.  When calculating division delay, we divided the module blocks into two
types, the standard blocks like multiplexer and adder, the nonstandard blocks
like select funciton and on-the-fly converter. Since in our scheme, the on-the-fly
converter is not on the critical path, we only discuss the select funciton in detail.
For radix 2 and 8 division, the select functions are implemented with select table
according to the scheme on [1] and [9]. For radix 4 division, we implemented two
select function schemes: the select table and select function with comparison, by
using which the iteration delay will be reduced evidently. Table 1.3 shows the
comparison between two select function schemes. From the result we can see
that using comparison method can save 30% of the timing delay than using select

table.
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division with select table | delay(u : ns)
radix-2 division 1.17
radix-4 division 1.50
radix-8 division 1.90

Table 1.2: delay analyzation for division with select table

division | delay with select table(u : ns) | delay with comparison(u : ns)

radix 4 1.50 1.13

Table 1.3: comparison between two scheme.

1.3 Related Work

This thesis models and simulates modules represented in [1]. Book [1] gives a
particular account of various digital arithmetic algorithms. It concentrates on
a thorough presentation of alternative algorithms and implementation for addi-
tion/subtraction(of two or more than two operands), multiplication, division, and
square root. These algorithms and implementations can be directly used for fixed-
point applications.[1] This thesis work mainly uses 3 to 2 carry-save adder, 4 to
2 carry-save adder, radix 4 multiplication, radix 2, 4 and 8 division for verifying
logical effort, which is explicitly described in [2]. The method of logical effort, a
term coined by Lvan Sutherland and Robert Sproull in 1991, is a straightforward
technique used to estimated delay in a CMOS circuit. Circuit topology and gate
sizing are key components utilized in this method. The model describes delays
caused by the capacitive load that the logic gate drives and by the topology of
the logic gate.[2] One of the strengths of the method of logical effort is that it
combines into one framework the effects on performance of capacitive load, of the
complexity of the logic function being computed, and of the number of stages in

the network. 2]

Chapter 2 introduces the performance measure standards, logical effort and simple
description of simulation tools: SPICE and SYNOPSYS. Chapter 3 introduces

basic components and radix 2, 4 and 8 dividers with delay measured in terms
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of FO4. Chapter 4 discusses the quotient digits selection function of dividers.

Chapter 5 is conclusion.



Introduction




CHAPTER 2

Background

This chapter includes three parts: performance measuring schemes, logical effort
and simple description of simulation tools: SPICE and SYNOPSYS. Delay, area
and power consumption are three parameters that are mainly used for VLSI
circuit performance measurement. These three factors are interacted with each
other to get the final performance. Logical effort is an easy and frequently way to
estimate the delay in an MOS circuit. This method is the basement of this project
for computing delay performance for different kinds of modules. Finally, SPICE

and SYNOPSYS are used for module simulation and performance analysis.

2.1 Performance Measurement : Delay, Area and Power

Consumption

Delay, area and power consuming are three factors that are frequently used for

module performance measurement.

Delay calculation in integrated circuit design means calculating gate delays of

logical gates and the wires attached to them. In our simulation, the wire delay



8 Background

is ignored; only logical gates delay is considered. There are many methods can
be used for delay calculation of logical gate itself. For example, circuit simulator
such as SPICE can be used, which is the most accurate method; a very simple
model called the K-factor model is sometimes used. This approximates the delay
as a constant plus k times the load capacitance; a more complex model called
Delay Calculation Language, or DCL, calls a user-defined program whenever a
delay value is required. This allows arbitrarily complex models to be represented,
but raises significant software engineering issues; Logical effort provides a simple
delay calculation that accounts for gate sizing and is analytically tractable. In our
simulation, both of the first method and the last method are used. Logical effort,
which will be explained particularly below, is used for module delay calculating,

and SPICE is used for verifying the results obtained from logical effort.

Area is another factor used for VLSI circuit performance measurement. In our
project, area is roughly calculated by adding the area of all logical gates together;
the area of wire attached to them is ignored. The module speed increasing, which
means the delay goes down, will cause area increases directly. In conventional
restoring radix 2 division, area increases exponentially while the speed increases
linearly.[4] As technique develops, area is much smaller than before, most leading
semiconductor companies, like Intel, AMD, Infineon, Texas Instruments, IBM,
and TSMC are looking into 90nm, 60nm and 45nm processes. In our project,
Modules are simulated with VHDL based on a standard CMOS cell library with

feature of 90nm.

Energy dissipation in CMOS includes two parts: dynamic dissipation and static
dissipation. Dynamic dissipation is caused by charging or discharging of load ca-
pacitances and by the short-circuit current. Static dissipation is caused by leakage
current and other current drawn continuously from the power supply. Since the
increasing densities and faster speed, low power consumption is becoming more
and more important now. In this project, we only presente the power analysis
data, but does not analyze energy consumption particularly. However, paper [5]

presents the relation between division radix and energy dissipated explicitly.
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These three factors are interacted with each other. Commonly, delay will decrease
while area might increase; using faster clock might cause lower delay but higher
energy consumption; using less number of cells can reduce both of area and power
consumption sometimes, which may cause higher delay. Therefore, a trade-off

should be found for lower delay, smaller area and low power consumption.

2.2 Logical Effort

2.2.1 Logical effort for single stage

Logical effort is particularly introduced in [2]. It is a method to estimate the
delay in an MOS circuit. It also specifies the proper number of logic stages on a
path and the best transistor sizes for the logic gates. Because the method is easy
to use, it is ideal for evaluating alternatives in the early stages of a design and

provides a good starting point for more intricate optimizations.

The delay incurred by a logic gate is comprised of two components, a fixed part
called the parasitic delay, p, and a part that is proportional to the load on the
gate’s output, called the effort delay or stage effort, f. The total delay is the sum

of effort delay and parasitic delay as shown in equation (2.1).

d=f+p (2.1)

Effort delay, f, depends on the load and on properties of the logic gate driving
the load.

f=g-h (2:2)

Equation (2.2) shows the two factors that define effort delay. The logical effort,
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g, captures properties of the logic gate; while the electrical effort, h, characterizes
the load.

(2.3)

Electrical effort, h, is defined by equation (2.3), where C,ut is the capacitance
that loads the logic gate and Cj, is the capacitance presented by the logic gate at
one of its input terminals. Logical effort, g, captures the effect of the logic gate’s

topology on its ability to produce output current.

Combining equation (2.1) and (2.2), we obtain the basic equation that models
the delay through a single logic gate in (2.4), in units of 7, which is the delay of

a minimum sized inverter with fanout of four inverters (FO4 delay).

d=gh+p (2.4)

Equation (2.4) shows that logical effort g and electrical effort A both contribute
to the delay in the same way. It separates 7, g, h, and p, the four contributions to
delay. The process parameter 7 represents the speed of the basic transistors. The
parasitic delay, p, expresses the intrinsic delay of the gate due to its own internal
capacitance. The electrical effort, h, combines the effects of external load, which
establishes C,,:, with the sizes of the transistors in logic gate, which establishes
Cin. The logical effort, g, expresses the effects of circuit topology on the delay

free of considerations of loading or transistor size.
Let us consider about the calculating of logical effort, g. logical effort relates the

input capacitance to the output drive current available. Its formulation is :

g= Cm _ ng + Wgn
Cinv Winvp + Winvn
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C;n is the combined input capacitance of every signal in the input group, and Cjy,
is the input capacitance of an inverter designed to have the same drive capabilities
as the logic gate whose logical effort we are calculating. Wy, and Wy, are the
widths of the p and n transistors of the corresponding input of the gate and Wiy,
Winon are the widths of the inverter transistors. Concrete demonstration can be
read in [2] and [6].

According equation (2.5), logical efforts of inverter, NAND2, and XOR gate are
calculated in figure 2.1 below. The ratio of the p transistor width to n transistor
width is 2.

2 B 4[4
A Y Y
1 [ Y1
N N
Cin_s Cin=5
g=3/3 g=5/3

Figure 2.1: logical efforts for simple components

Figure 2.2 is cited from [2]. It contains expressions for logical effort of all the com-
ponents that needed for developing our simulating modules described in chapter
3 and 4.

In figure 2.2, the expressions are applied to logic gates with an arbitrary number
of inputs, n; besides, they use a parameter for the ratio of p-type to n-type
transistor widths, so as to permit calculation of logical effort for gates fabricated
with various CMOS processes. Each logic gate is designed to have a pull down
drive equivalent to an n-type transistor of width 1 and a pull up drive equivalent
to a p-type transistor of width . n presents the number of inputs for each logic

gate. Transistor structures of these components can be seen in Appendix.
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Gate npe Logical |Formula || n=2|n=23 n=4d
effort y=2|v=2] yv=2
total ﬂ]L
per mnput “]l_;ﬂ
NOR total -
per input ‘]++L
multiplexer total In
d, s* 22
XOR, XNOR, parity total n 2"
(symmetric) per bundle | n2"!
XOR, XNOR, panty total
(asymmetric) per bundle 8.16.16.8
majonty total
(syvmmetric) per mput
majornty total
(asymmetric) per mnput
C-element total n*
per input n
latch total 4
(dynamic) d, &= 2.2
upper bounds total ;'_':
per bundle “l"i

Figure 2.2: summary of calculations of the logical effort of logic gates
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Calculating parasitic delay of logic gates is not as easy as calculating logical
effort. The principal contribution to the parasitic capacitance is the capacitance
of the diffused regions of transistors connected to the output signal [2]. Detailed
description can be found in [2]. Here we only give the equation for calculating

parasitic delay and the factors attached to it.

CSWa
14y

p Pimz (2.6)

In equation (2.6), Wy is the width of transistors connected to the logic gate’s
output. For this estimate to apply, we assume that transistor layouts in the logic
gates are similar to those in the inverter. Note that this estimate ignores other
stray capacitances in a logic gate, such as contributions from wiring and from
diffused regions that lie between transistors that are connected in series. Figure

2.3 shows a summary of parasitic delay of logic gates used in following simulation.

Gate type Formula | Parasitic delay when pj,, = 1.0
mverter Pinv 1

NAND N Piny 2 3 4
NOR NP 2 3 -
multiplexer 2np,,.. 4 6 8
XOR, XNOR, parity | n2" ' piy -+ 12

majority Gpine 6

C-element P 2 3 -
latch 2Diny 2

Figure 2.3: Estimate of the parasitic delay of logic gates.

2.2.2 Logical effort of multi stages

The method of logical effort is applied in two ways to design fast multi-stage logic

networks. It reveals the best number of stages to use in the network and it shows
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how to get least overall delay by balancing the delay among the stages [2]. In
our modules, we use optimized multi-stage logical effort to analyze complicated
modules such as multipliers and different kinds of dividers with fixed number of

stages.

We define the path effort with an upper-case symbol F', which can be obtained by
combining path logical effort, path branch effort and path electrical effort. This

is shown in equation (2.7).

F=G-B-H (2.7)

The logical effort along a path compounds by multiplying the logical efforts of all
the logic gates along the path as shown in equation (2.8). Upper-case symbol G
denotes the path logical effort, and g denotes the logical effort of single stage.

The electrical effort along a path through network is simply the ratio of the
capacitance that loads the last logic gate in the path to the input capacitance
of the first gate in the path. An upper-case symbol H is used to indicate the

electrical effort along a path. This is shown in equation (2.9).

(2.9)

The branching effort along an entire path, B, is the multiplication of the branching
effort at each of the stages along the path.

B = IIb; (2.10)
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While the single stage branching effort is defined as below :

Con—path + Coff—path
Con—path

b= (2.11)

Where Coy—patn is the load capacitance along the path we are analyzing and
Cof f—path 1s the capacitance of connections that lead off the path. If the path has

no branch, this value b is set to one.

The path delay, D, is the sum of the delays of each of the stages of logic in the
path.

D=%D;=Dp+P (2.12)

Where the path effort delay D is

And the path parasitic delay is

P=Yp (2.14)

Optimizing the design of an N-stage logic network, the minimum delay is achived

when the stage effort is :

f=g h=Fx (2.15)

The reason is demonstrated in [2]. We simply explain here: the path delay is
the least when each stage in the path bears the same stage effort. Therefore, the

minimum logical effort delay along a path can be expressed as :
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D=F~+P (2.16)

In chapter 3 and chapter 4, we mainly use the equations and theory described
above to analyze the module delay and compare it with the simulation results.
Our results approve that logical effort can be used for cursory estimate modules’

delay with number of input bits and number of stages.

2.3 Simulation Tools

In the implementation part, several modules such as carry save adders (CSA),
carry propagate adders (CPA), Radix 4 multiplier, Radix 2, 4 and 8 dividers are
implemented with VHDL and estimated with software tools Spice and Synop-
sys. Standard blocks that can be used for future exploration are estimated, and

nonstandard blocks are estimated seperately.

Modules are simulated with VHDL based on a standard CMOS cell library with
feature of 90nm. SPICE and SYNOPSYS are also put in use in the early phases
for components’ and complicate modules’ delay and area analysis. SYNOPSYS is
a well known software tool for integrated circuit design compiling; it also provides
logic synthesis; timing, area and power analysis; Verilog and VHDL simulation.
SPICE (Simulation Program with Integrated Circuit Emphasis) is a general pur-
pose analog electronic circuit simulator. It is a powerful program that is used in
IC and board-level design to check the integrity of circuit designs and to predict
circuit behavior. In addition, both of these two softwares are on the bases of
same cell library from company UNICAD. Logical effort are simulated and com-
pared with SPICE and SYNOPSYS; however, these tools are using much more

complicate arithmetics when analyzing performances.



CHAPTER 3

Division Algorithms Simulation

In this chapter, we first introduce transition time and its simulation method in
part 1, then, in part 2, we describe FO4 module and some basic components with
delay measured in terms of FO4; finally, some complicate modules like multiplier

and divider are presented.

3.1 Propagation Delay and Transition Time

Since the principle of logical effort utilizes propagation delays to compare designs
implementing the same logical statement. We will first introduce propagation

delay and transition time.

Propagation delay is the measuring method that we use in this project. Propa-
gation delay, which is also called gate delay, for single gate, is the length of time
starting from when the input to a logic gate becomes stable and valid, to the time
that the output of that logic gate is stable and valid; for multiple stages, is the
length of time it takes for a signal to travel to its destination. In our simulaltion,

we refer gate properties presented in [7]. In [7], for each gate, a propagation delay
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calculation method is presented. Take inverter as an example, figure 3.1 is cited
from [7]. It shows a propagation delay measuring equation. If we want to use this
equation for delay measurement, two parameters are needed: C' means output
capacitance, which is already given in [7], another parameter, T'r , which is called

transition time, is the one that we are going to obtain from our simulation.

Best 1.1V - Nominal 1V Worst 0.9V
Cell Path Event 40C 25C 125C

WMSVTX1 A-Z A_Z (fall) -0.010 + -0.022 + 0024 +
0.288"Tr + 0.338"Tr + 0.370"Tr +

1.448°C 2301*C 3427C

IVSVTX1 A-Z A_Z (rise) -0.008 + -0.019 + 0.021 +
0.364*Tr + 0371"Tr + 0.379"Tr +

1.817°C 2.832°C 4.154*C

Figure 3.1: propagation delay of inverter as a funciton of C and Tr

when responding to a stable input signal, in a logic circuit (a discrete-time dy-
namical system whose state is representable as a boolean-valued vector function
of time) undergoing a change of state, it identifies the rise time or the fall time
of the output voltage.[3] T'r means the transition time low-in-high; T'f means the

transition time high-in-low.

Transition time can be tested using any logic gates. However, for a single gate,
fall time and rise time are not stable. More logic gates we use, this simulation
value will be closer to the true value. In our simulation, a 10-inverter-chain and
a 15-inverter-chain are used to simulate the input transition fall time and input
transition rise time. Figures are show in 3.2. For this module, the last inverter is

connected directly to grand, which means the Cj,,q is empty.

e
C load
1

Figure 3.2: 10 or 15 inverter chain

For using SPICE, transition rise time and fall time should be set as input param-

eter before simulation. Before we know the normal scope of the input transition
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time for 90nm library, some huge values are set to these simulation modules; since
these long inverter chain can neutralize the error and by testing middle and last
inverters, the range of the transition time can be detected. We cut the wave
time when the voltage value is between 10 and 90 to neutralize the inaccuracy.
In the following simulation, the seconde, 4th, 6th, ... even number inverters are

measured to get the average transition fall time.

the n inverter | 90% of fall time | 10% of fall time | Subtraction value
4th 2.71e10 2.53¢10 0.18¢10
6th 3.00e~10 2.83¢710 0.17¢~10
gth 3.29¢~10 3.12¢~10 0.17¢~10
10th 3.60e~10 3.41e710 0.19¢710

Table 3.1: 10 inverter chain with transition time set to 100ps.(u:s)

018+ 0.17+ 1.17+0.19
- 4-80%

Ty = 22.5ps (3.1)

Table 3.1 shows a simulation with 10 inverter chain. The original transition rise

and fall time are set to 100ps, transition fall time is obtain from equation (3.1).

the n'" inverter | 90% of fall time | 10% of fall time | Subtraction value
4th 2.71e10 2.53¢10 0.18¢10
6th 3.00e~10 2.83¢~10 0.17¢~10
gth 3.29¢~10 3.12¢710 0.17¢~10
10th 3.59¢710 3.41e"10 0.18¢~10
12th 3.88¢~10 3.70e~10 0.18¢~10
14th 4.17¢10 4.00e~10 0.17¢10

Table 3.2: 15 inverter chain with transition time set to 200ps.(u:s)

0.18+ 0.17 + 1.17 4 0.18 + 0.18 + 0.17
T, = 20T ; ;“W TO8F 0T 93 125ps (3.2)
. 0

Table 3.2 shows simulation with 15 inverter chain. The original transition rise
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and fall time are set to 200ps, transition fall time is obtained from equation (3.2).

the n'" inverter | 90% of fall time | 10% of fall time | Subtraction value
4th 2.12¢10 1.95¢~10 0.17¢~10
6" 2.42¢10 2.24¢10 0.18¢10
gth 2.71e10 2.53¢10 0.18¢10
10th 3.00e~10 2.83¢710 0.17¢710
12th 3.30e10 3.12¢10 0.18¢10
14th 3.59¢10 3.41e10 0.18¢10

Table 3.3: 15 inverter chain with transition time set to 100ps.(u:s)

~ 017+0.18+1.18+0.174 0.18 + 0.18
B 6 - 80%

Ty = 23.125ps (3.3)
Table 3.3 shows simulation with 15 inverter chain. The original transition rise

and fall time are set to 100ps, transition fall time is obtained from equation (3.3).

From the above three modules, we know that the transition time is around 20ps.
In the next step, we set the transition time to 23.125ps for a single inverter with
increasing fan out load, that is Cjyeq, the goal of this simulation is to verify that

transition time is not affected by the output load increasing.

Load | propagation delay SPICE | logical effort calculation | error (ns)
0.083 pf 0.157 0.1768 0.02
0.060 pf 0.116 0.1238 0.01
0.040 pf 0.081 0.0778 0.01
0.020 pf 0.045 0.0318 0.01

Table 3.4: Propagation delay comparison between SPICE and equation calcula-

tion.(u.ns)

Table 3.4 shows the single inverter propagation delay comparison between SPICE
and equation calculation from figure 3.1. Inverter is added output load of 83fF,

60{F, 40fF and 20fF. We can see that all of the errors are with 2%, which is pretty
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good results. It means that the transition time we get from simulation is quite

close to the value that should be sued in the data book.

In the following step, we set the input transition time to 25ps in order to get the

precise transition time value through a 15 inverter chain.

90nm; 15 inverter—chain; load=0.083pF; Tf=23ps; Tr=23ps

#dkdk®* transient amalysis tnom= 25.000 temp= 25.000

Sk
tf4= 1. 7229E-11 targ= 1.6290E-10 trig= 1.43567E-10
tro= 32.3359E-11 tarpg= 1.83583E-10 trig= 1. 6049E-10
tf6= 1.7491E-11 targ= 1.9246E-10 trig= 1.T7497E-10
tr7= 2.5258E-11 targ= 2.1512E-10 trig= 1.8987TE-10
tf8= 1.7608E-11 targ= 2.2198E-10 trig= 2.0437TE-10
tr9= 2, 5173E-11 targ= 2.4446E-10 trip= 2.1928E-10
tf10= 1, T962E-11 tarpg= 2.5149E-10 trig= 2.3352E-10
trll= 2.3205E-11 targ= 2.73T1E-10 trig= 2.4830E-10
tf12= 1. T419E-11 targ= 2.8019E-10 «trig= 2.62T77E-10
trl3= 2.5334E-11 targ= 3.0301E-10 «trig= 2.T7TG8E-10
tfl4= 1.7536E-11 tarpg= 3.09T0E-10 trig= 2.9217E-10
tr13= 2, 1009E-11 targ= 3.2820E-10 +trig= 3.0719E-10

tfall= 2. 1926E-11
trize= 3. 0696E-11

reszult : tr = 30. 696 ps
tf = 21.926 p=

Figure 3.3: Transition rise and fall time from SPICE

Figure 3.3 shows the SPICE data from a 15-inverter-chain simulation. The orig-
inal transition time is set to 25ps. As the data shows, in the following step,
transition rise time will be set to 30.696ps, and transition fall time will be set to

21.926ps.
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3.2 Delay Analysis for SPICE Modeling and Logical
Effort

Once the transition rise and fall time are obtained from simulation, we can not
analyze delay for simple components using propagation delay equation referenced
from [7]. These propagation delays will be compared with logical effort and
simulation results. As we can see from Chapter 2 that, logical effort is only
related with output load capacitance, which is identical with propagation delay
equation in [7]. (Transition time is an internal parameter of the simulation tool,
it is not related with delay directly) Since our goal is to approve that logical effort
can be used for modules delay modeling for general situation, even though the
module delay calculation methods inside logical effort and simulation tool are not
identical, if logical effort is changing the same way as propagation delay, we can

say that logical effort can be used for general modules delay calculation.

3.2.1 Component block introduction

First, we begin SPICE modeling from simple components as shown in figure 3.4

below.

A i L
B e .

inverter NAND2Z

Figure 3.4: Single gate model

Figure 3.4 contains all the single gates that we use in this part’s modeling. The
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reason we choose inverter, NAND2 gate, NOR2 gate and XOR gate is because
these four components are the basic components of CMOS circuit; any other gate
can be gained from combining these basic gates together, for example, AND2
gate can be composed with a NAND2 gate and an inverter gate. However, in
real CMOS circuit production, instead of combining several gates together, more
complicate components have their own circuit construction to archive better delay.
More complicate components such as [3 : 1] multiplexer and half adder will be
introduced and used in next step. Inverter is commonly used as the gauge of
other components. In our project, the logical effort will be used as module delay
calculation method, which must be independent with all cell library data, with
inverter delay as standard unit, our calculation can be completely applied to any

other cell library standard.

In the next step, we introduce two adder modules, the [3 : 2] adder and [4 : 2]
adder. (in form [a : b], a denotes input operators number, b denotes output results
) [3 : 2] adder is also called full adder, it has two input operators, a, b, and a
carry bit, ¢, s and Cy; are two output bits, Cyy¢ is the carry that can be used as

propagate carry bit in next stage. They are shown in figure 3.5 and 3.7 below.

I 4
5 XOR— XOR}- 6

 NAND

™ NAND} 7
NANDS
_FF/lr

Figure 3.5: [3: 2] full adder

Figure 3.5 shows a [3 : 2] full adder, it is composed by two half adders and a
NAND2 gate. A half adder is composed with a XOR and a NAND2 gate. This
adder is frequently used in our later modules as a carry save adder. 1,2,...7

denotes the port number used in SPICE simulation. The critical path is shown
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below.

Figure 3.6: Critical path of one bit [3 : 2] adder

Figure 3.7 shows structure of [4 : 2] adder. It has four input operator bits and
two output bits, one of which is the input of the next stage. Its critical path
is shown in figure 3.8. Comparing with [3 : 2] adder, it has more operators but
worse delay. In the next discussion, we are using [3 : 2] adder to construct carry
save adder for dividers; however, this [4 : 2] module will be used in the future to

replace [3 : 2] adder.

1 2 i4

mux

10

Figure 3.7: [4: 2] adder

Figure 3.8: Critical path of [4 : 2] adder

Another multiple-operators adder is also involved in this modeling. Figure 3.9

shows an [9:2] adder tree.
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[3:2] adder|

[3:2] adder [3:2] adder
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i I
—

[3:2] adder [3;2] adder

)

-

b 1d [

[3:2] adder

]2_‘13 ’7

[3:2] adder

h s

Figure 3.9: [9: 2] adder tree
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3.2.2 Models simulation with constant output load

We can remember in Chapter 2, we introduce the logical effort method to calculate
module delay, especially with equations from (2.1) to (2.6), we can get this delay
with concrete properties. Capacitance useful is given in table 3.5 below. Data in
table 3.5 is cited from [7].

Gate | Capacitance (u: pF)
Inverter 0.0021
Nand?2 0.0021
NOR2 0.0020
XOR2 0.00505
MUX2 0.0023

Table 3.5: Capacitance for some useful gates

Now with the input transition time values obtained in last part, we get below
tables including logical effort, Spice simulation result and calculation value with
reference of [7]. Along with these tables, relevant charts are obtained. (Capaci-

tances of these components below are read from [7])

Module Logical effort | SPICE simulation | Error
Inverter 57 2.8394¢ 11 0%
Nand2 67 3.2483¢ 11 4%
Nor2 8T 4.1660e 11 4%
Xor 87 5.6000e 11 4%
[3:2] adder | 15.428577 9.9098¢ 11 11%
[4:2] adder | 21.809527 11.878¢~ 1 19%

Table 3.6: Comparison with logical effort and spice simulation for some compo-

nents

Table 3.6 shows a comparison with logical effort and SPICE simulation result
for components we referred above. For all the modules, output capacitance is

assumed to FO4 inverter; that is 8fF. (Cipy = 2fF) In the logical effort column,
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7 denotes one inverter delay as a standard unit. For the simulation column,
standard unit is second. The error column is obtained as we consider the FO4

inverter has no inaccuracy.

When analyzing these data, we find that, for single gate components, the error
scope is within 5%, which is acceptable, while for the [3 : 2] adder and the [4 : 2]
adder, the error rate varies. It reveals that with the module block complication

increasing, the inaccuracy grows bigger.

3.2.3 Model simulation with variable output load

Table 3.6 is obtained under the situation that the output load capacitance is
stable. The following simulation is done with variable output load. The goal is
to compare the variation rate of logical effort, propagation delay and simulation
data. We only discuss [3 : 2] and [4 : 2] adders, since other single gate deviation

is acceptable.

[3:2] adder | Logical effort | SPICE simulation | Propagation delay
Load=2fF | 12.42857t 8.6675e 11 12.5696¢ 11
Load=4fF | 13.42857t 9.0946e 11 12.8903¢ 11
Load=6fF | 14.42857T 9.5084¢~ 11 13.2110e~ 1
Load=8fF | 15.42857T 9.9098¢~ 11 13.5317¢ 1!
Table 3.7: Delay comparison for [3 : 2] adder
[4:2] adder | Logical effort | SPICE simulation | Propagation delay
Load=2fF | 18.809527 10.368¢ 11 18.5697¢ 11
Load=4fF | 19.809527 10.892¢~ 1 18.8905¢ 11
Load=6fF | 20.809527 11.393¢~ 1 19.6722¢ 11
Load=8fF | 21.809527 11.878¢~ 1 19.9929¢ 11

In table 3.7 and 3.8, we got logical effort, SPICE simulation data and propagation

Table 3.8: Delay comparison for [4:2] adder
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delay referred from [7]. The output load capacitance is varied from 2fF to 8fF.
With these two tables, we got charts in figure 3.10 and figure 3.11 below.

—+ logic effort for [3:Z]
= gpice for [3:Z]

[5:7]
data bock for [3:F]
1z
15
14 —— e
z 12 e
T,
m ._‘_'_,_,_,—l—'—'_'_'_'_‘_
% =
g 6
o4
o
|:| 1 1 1

1 Z load 3 4

Figure 3.10: comparison chart for [3 : 2] adder

From the above figures, we can see that the SPICE line and the data book line
are almost parallel with a stable difference. The logical effort line is much closer
to and has a small stable difference with the data book line, but he slope is a tiny

different, which means with the load increasing, the difference is growing as well.

From above simulations, we can get the conclusion that logical effort is suitable

for general basic components delay analyzing.
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[4:2]

(1 e—10sem

load

Figure 3.11: comparison chart for [4 : 2] adder
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3.3 Dividers

3.3.1 Algorithm of division

In this part, we apply logical effort on more modules with complex functions based
on components and gates we discussed above. All the modeling and simulations in
this part are done by Synopsys. In last part, we discussed about different adders
with SPICE simulation data. However, there are differences between SPICE and
Synopsys tools, which make the simulation data inaccuracy with each other. To
avoid this, we start this modeling with re-doing these adders with Synopsys.
Details will be discussed later. The division algorithms are mainly referenced
from [1].

The division is done using the digit recurrence algorithm. Division operation is

defined by the following expressions:

r=q-d+rem (3.4)
lrem| < |d| - ulp (3.5)
sign(rem) = sign(z) (3.6)

Where the dividend x and the divisor d are the operands and the results are the
quotient ¢ and, optionally, the remainder rem. The unit in the last position (ulp)
defines the granularity of the quotient. The two most typical cases produce a
fractional quotient or an integer quotient. Correspondingly, two types of division
operation are defined: fractional division and integer division. In our project,
we only discuss fractional division. Therefore, for fractional case, the divisor and

dividend are required to be normalized to range as below:
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<z<d<l (3.7)

DN

The digit recurrence algorithm consists of n iterations of a recurrence, in which
each iteration produces one digit of the quotient. This is preceded by an initial-
ization step and followed by a termination step. The recurrence steps are done

according to following equation:

qljl = ql0] + q; - e (3.8)

The quotient digit set plays a crucial role in the characteristics of the algorithm.
The most direct choice is to use the canonical digit set such that 0 < ¢qj <r — 1.
This leads to the basic restoring division, which is not convenient because of an
expensive quotient digit selection. Therefore, a redundant digit set is used to
obtain a simpler selection function (the selection function will be discussed in
Chapter 4). In particular, we use the symmetric signed-digit set of consecutive

integers.

¢ ={-a,—-a+1,...-1,0,1,...a—1,a} (3.9)

Since for redundant representation, more than r consecutive integer values iclud-

ing 0 are needed, a has to satisfy (3.10).

az[q (3.10)

S<p<i (3.11)
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The value of the redundancy factor influences the complexity of the quotient digit
selection and of the generation of the divisor multiples in an opposite manner:
a higher p reduces complexity of the selection function but increases complexity
of the generation of the divisor multiples. Consequently, the choice of p is an

important design decision.

From the definition, a correct division algorithm must produce a quotient ¢ with
a positive error of less than one ulp, which respect to the infinite precision value.

More detail will be discussed in [1]. Here we only give the recurrence.

Wij+1=r-W[jl+d-q[j +1] (3.12)

Equation (3.12) is the basic recurrence on which the division algorithms are based.

To follow the equation, the initial value can be obtained:

Wio] = r- [g] +d- q[0] (3.13)

The equations above are accomplished by selecting a suitable value of gj;11 by
means of the quotient digit selection function. Actually, the use of a redundant
digit set for g; allows that the selection function uses a truncated r - w[j], and a

truncated d as below:

alij +1) = SEL(r - wlj], d) (3.14)
1. one digit arithmetic left shift of w[j] to produce r - w[j]

2. determination of the quotient digit g;;1 by the quotient digit selection

function

3. generation of the divisor multiple d - gj41
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4. subtraction of d - gj41 from r - w[j]

5. update of the quotient g[j] to q[j + 1] by the on-the-fly conversion.

Above five steps give sub-computations for each iteration of the recurrences [1].
This general description of the recurrence step can result in different specific
versions depending on several interrelated factors. We will discuss some dividers
in next part, radix 2 , radix 4 and radix 8 divider. For the same quotient
precision, the number of iterations of the algorithm is reduced by r when r
increasing. However, this increase in radix produces a more complex
implementation because of the quotient digit selection and the generation of the

divisor multiples. This additional complexity increases the time of each iteration

).

[3:2] and [4 : 2] redundant carry save adders are used in the following division
scheme. These two adders are simulated following the structures we discussed in
figure 3.5 and figure 3.7. Delay and area consumption will be analyzed together

with dividers and multiplier.

3.3.2 Radix 2 divider implementation

We start divider discussion with the simplest radix 2 divider. the module is

cited from [1]. The algorithm is summarized in figure 3.12.

Figure 3.12 shows the radix 2 division scheme implementation. Input operators
are dividend and divisor, output result is ¢ from the on-the-fly converter
component. Four bits out of WS and W' are used for quotient digit selection in
gser component. The quotient digit is used in the next step as the selection bit
of multiplexer. Since we use redundant carry save adder, registers W.S and WC
are needed to store two output operators. We have discussed about the [3 : 2]

carry save adder in the last section. The [3 : 1] multiplexer is as figure 3.13.

Three input operators are d, constant 0 and —d. ¢[j + 1] is input as the
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Divisor d WC[O]=0 WE[D]=x/2
Register 1 Register WO Register WS
2w IWS[H] i
d -d 4
bufter
2-1 MUX GSEL
o (-d, 0 d} ,
[3:2]CSA  |—— 4
OTF converter |«
Qli+1] qu+1]

Figure 3.12: Implementation of radix 2 scheme.

SEL

Figure 3.13: 3-1 multiplexer.
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selection bits. Here we simply describe the quotient digits of radix 2. Details
will be discussed in Chapter 4. Since there are three input operators, two
selection bits are needed. In radix 2 division. ¢[j] from the selection function is
indicated with 2 bits. {10,00,01} is used to represents {—d,0,d}. Multiplexer’s
output is connected with one of carry save adder’s input operator. As referred
in [7], [3 : 1] multiplexer is considered as a single component for evaluating delay
and area. However, when analyzing with Synopsys, this multiplexer is composed
with several basic components such as XOR gates and NAND gates. Even
though the function is identical, the delay of the later scheme is much worse
than the former scheme. This will cause an bigger error between the logical
effort calculation and simulation evaluation. Since this [3 : 1] multiplexer is
possible to implemented with CMOS circuit, we choose to consider it as a

integrated component but to compose from other basic gates.

In this section, the selection function is replaced with a 2-inverter chain to avoid
complicate selection structure. The main body of selection function will be

discussed later.

CMOS buffer circuit is a cascade of two CMOS inverters.

inveter inveter
™ ™
~ L=

Figure 3.14: buffer

Figure 3.15 shows the structure of on-the-fly conversion scheme. The quotient
digit has to be converted from signed-digit representation to conventional
representation. We now discuss an algorithm that performs the conversion in a
digit serial manner as the digits of the quotient are produced. For all the
division we discussed below, this scheme is used for quotient digit converting.

Equation (3.15 ) shows an algorithm.
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0 l OM Load
| 2-1 MUX -
_/ [Qin g
[owe T |i
q - Y E:
—lﬂfﬂ | Load ;;:
| 2-1 MUX = {3
/ [Qvm |
| OM REG ||
OM

Figure 3.15: on-the-fly converter structure

Q[j] is the digit vector of the converted quotient consisting of the j most

significant digits. From (3.15) we can get that:

Qi +1] = Qlj] + gjq1 -7~ U

Since gj41 can be negative, we can use the algorithm on [1].

This algorithm has a big disadvantage that the subtraction requires the

propagation of a borrow and , therefor, is slow. [1] gives another form

QM][j + 1] to avoid this.

L q[j+1]

Qi + gjar - r~UFD if ¢j+1>0
QU — 7+ (r —|gjsa| - r=UY) if gj41 <O

(3.15)

(3.16)

(3.17)
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QMj] = Q[j] -’ (3.18)

With this QM form, Q[j + 1] can be obtained from equation in [1].

. (Q[]])Q]-i-l) if qj+1 Z 0
1= 3.19
e { (@M[], (r — |gj41])) if gj41 <O (3.19)
. (QULQ]Jrl - ]-) if qj+1 >0
Mj+1) = 3.20
e { (QMj], (r =1 —[gj+1])) if gj+1 <0 (3.20)

With equation (3.19) and (3.20), now we can apply this to the on-the-fly
converter architecture in figure 3.14. the Q[0] and QM]0] are initialized to 0.

In figure 3.15, the outputs of multiplexers are shifted 1 bit with @ register and
QM register. The control component on the right is used for load select bit, Q;,
and QM;,. Specific schemes for those signals are presented in equation (3.21)
and (3.22).

hift ith i t (Qin if Copirio =1

. ) shi Q@ with insert (Qin) if Conifrg (3.21)
shift QM with insert (Qin) if Cloadg =1

OM shift QM with insert (QM;y) if Cspiprom =1 (3.2)
shift ) with insert (QMm) if CloadQM =1

Figure 3.16 shows the critical path for this radix 2 division scheme. Our logical
effort is calculated according to this critical path as well. When calculating
delay, we do not consider the delay, area and load of interconnections. From
figure 3.15, we can see that not all of the carry save adders are on the critical
path but only half adder. However, the selection function box is on the critical

path, which should be seriously considered to decrease delay.
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; Half
— gSEL ‘—~ buffer MUX adder [ REG ——

Figure 3.16: critical path of radix 2 division scheme

3.3.3 Radix 4 divider implementation

The radix 4 algorithm with the residuals in carry save form is similar to the

radix 2 algorithm. [1] presents some differences between those two algorithms.

1. We consider the case where the quotient-digit set is {—2,—1,0,1,2}. This

is a redundant digit set and allows a simple implementation of ¢;11 - d.
2. For this case (p < 1) we initialize WS[0] with §

3. The quotient digit selection has as arguments the truncated carry save
shifted residual § and the truncated d. This is contrast to the radix 2
scheme, in which the selection function is independent with the divisor. 7

bits of truncated g and d are used in this selection function.

4. Because of the initialization, the final quotient is produced by multiplying

the obtained quotient by four.

5. The on-the-fly converter is changed to radix 4 scheme. While the

architecture of this OTF is the same as radix 2 scheme.

Below is the criterion of radix 4 division scheme which is obtained according to

the radix 2 algorithm of [2].

1. WS[0] « &, WO[0] «— 0;Q[~1] = 0

(WCj + 1], WS[j + 1)) — CSADD(AWC[j}, AW S[5], =gj41 - d);
Qlj] — CONVERT(Q[j — 1], g;) end for
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3. if wn +2] <0 then ¢ = 4(CONVERT(Q[n+ 1], ¢ny2 — 1)) else

q=4(CONVERT(Q[n + 1], qny2))

In above criterion, WS is sum, W' is the stored-carry bits, CSA is redundant

carry save adder, and OTF is on-the-fly converter. Figure 3.17 gives the

implementation of radix 4 case.

Divisor d WC[0]=0 WS[0]=x/4

Register D Register W

df 2d-2d |-d

AW

| %)

Remster WS

3-1 MUX

{4
al+ll 424, 4,0, d, 24} |
[3:2]CSA fb—— 1

o aws(l [+
qSEL
4
OTF converter }
Qi+1] qlitl]

Figure 3.17: Implementation of radix 4 scheme.

Figure 3.18 shows an implementation of radix 4 scheme. Since the quotient digit

set is {—2,—1,0, 1,2}, we used a 5-1 multiplexer to choose digits. Two [3 : 1]

multiplexers are used to composed this [5 : 1] multiplexer.

Two schemes are used to implement the selection function. Using selection

function with select table and comparison. We will discuss those schemes in

Chapter 4. We use four bits to presents the quotient digit bits. {—2,—1,0,1,2}

are coded as digits set {1000, 0100, 0000,0001,0010}

The on-the-fly converter is using structure of figure 3.14. The difference only

exists in the shift register component. Since it is using {—2...2} digit set,
which will be coded with 2 bits, the Q and QM will shift 2 bits in the shift
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f"tBC D E

MUX SEL

r ¥
MUX [ SEL

l

Figure 3.18: 5-1 multiplexer

register every criterion.

The critical path of radix 4 scheme is the same as radix 2 scheme.

k.
»

. Half
4»{ qSEL buffer MUX — adder REG ——

Figure 3.19: critical path of radix 4 scheme

3.3.4 Radix 8 divider implementation

For the radix 8 implementation, we follow the structures in figure 3.19.
Comparing with radix 4 scheme, radix 8 scheme uses double multiplexers and
double carry save adders. The quotient digit set is in the range {—7,...7}. To
simplify the generation of d - g;j11, it is decomposed into two components g7, and

qH. qj is generated by adding g7, and qp together.

qdji+1 = q]l‘/+1 + Qﬁ_l (323)

Where ¢ - Lj41 is within {-2,-1,0,1,2} and qﬁH is within {—8,—4,0,4,8}. As
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a consequence of this, the two carry save adders are used for qL. and qH

operations.

Divisor d W [0]=0 Wa[i]=x /8
l —
i Register i | Register W | i Register WS
BWC EWS[] s
4d da-4d Lad N ul 4 5
5-1 MUX v
= gSEL d
|-&d, -4d, 0, 4d, Kd} 4 4
= qH[+1]
d 2d-2d-d ¢ HEBET,

qLlj+1]

1-2d, -, 0, 2d, d} [ BaicA qL[+1]

O1TF converer f

qli+1]
QLi+1]

Figure 3.20: Implementation of radix 8 scheme.

The quotient digit selection depends on the truncated shifted residual, 8 bits,
and the truncated divisor, 4 bits. Since the two components of ¢;41 do not
affect in the same way the critical path, the design of the selection function is
done so as to minimize the critical path. In figure 3.20, part of the two carry
save adder can work concurrently. Thus, only the second half adder of high bits
adder and first half adder of low bits adder are on the critical path. Particular
description can be seen from figure 3.21. In addition, Figure 3.21 shows the

critical path of radix 8 division algorithm.
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MLUX l
! Half adder
CSA MUX ——— ’_1
[ Half adder
hATT
—| :> angl
i Half wdder
\ MUIX — I_l
Hal M adder

and

Figure 3.21: interconnections of two carry save adder.

3.4 Delay, area and power evaluation

In this part, we discuss the evaluation of delay and area for modules we
presented above. Delay and area are simulated by Synopsys. For carry save
adders, we use the modules shown in figure 3.22. Division modules are shown as
figure 3.12, 3.17 and 3.20.

:> [3:2] or [4:2]  |}—2n
adder —]

181821
RETN RN

Figure 3.22: carry save adders module
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3.4.1 Delay evaluation

Simulation delay is compared with logical effort. Since we have discussed the

critical path for dividers and adders, we get
[S:Q]adder : Tdelay = Tyor + Tor
[4:2]adder : Tdela'y = Tror + Toor + Tor

Logical effort of Radix 2 divider :
Tdelay = Llregister + Tsel + Tbuf + Tmux?)l + Thalf—adder

Logical effort of radix 4 divider :
Tdelay = Llregister + Tsel + Tbuf + TmumSl + Tmum?)l + Thalffadder

Logical effort of radix 8 divider :
Tdelay = TT@QiSteT + Tsel + Tbuf + Tmuac?)l + Tmuac?)l + Thalffadder + Thalffadder

Logical effort is calculated according to equations we introduced in Chapter 2,
the input load capacitance of each component is referred as the output load of
last component. Table 3.1 gives some of the components’ capacitance used in

this simulation. All data is referred from [7].

Gate Capacitance(u:pF)
Inverter 0.0021
Nand2 0.0021
Xor 0.00505
Register 0.0020
Buf fer 0.0014
[3 : 1]multiplexter 0.0031

Table 3.9: gate capacitance

Table 3.9 gives the evaluation results and the error between logical effort and

simulation data. Logical delay is calculated using equation (2.11) in terms of
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FO4 inverter. Selection functions in those modules are ignored. One thing has
to be noted is that when doing the simulation, Synopsys can simplify and
optimize some blocks with other components instead of using components
assigned. This causes the difference between the calculation results and
simulation results. For example, when synthesizing the [3 : 1] multiplexer
module, Synopsys will do an alternative components mapping, with gate level
implementation using XOR and AND gates instead of using standard [3 : 1]
multiplexer defined in the library. In consequence of this, the optimized
simulation data is obviously better than calculation results. Another solution we
can do is to change all our modules with gate level implementation which will
be exactly identical with Synopsys synthesis. However, it is meaningless to do

s0, since Synopsys tool is not using RC mode as the same as logical effort.

module logical delay(u:inverter) | Synopsys delay(u:ns) | error
FO4 6 0.06 0

[3 : 2]adder 17.1803 0.16 7%

[4 : 2]adder 25.7365 0.27 +5%

r — 2divider 31.8315 0.31 —3%

r — 4divider 38.9294 0.40 +3%

r — 8divider 51.8634 0.52 +3%

Table 3.10: comparison between logical delay and Synopsys synthesis data

In table 3.10, we use FO4 inverter as an reference, the error is set to 0%.
According to the data, we can find that the error is all within 10%, which is
quite acceptable. In the next step, we will particularly discuss the error inside
each module. The adder modules are ignored since they are simper comparing

with other division modules.

Table 3.11 and above list shows the radix 2 divider internal timing reports and
comparison. We can find that the register delay error is much bigger than other
components. That is because, logical effort can only give a general description
of register delay, however, the Synopsys synthesis is much more complicate and

it maps using specific flip-flops with difference respective delay. For the select
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Point

Trans Incr Fath

clock CLE_ 0 (rise edge) 0. 00 0. 00

clock network delay (ideal) 0. 0o 0. 0o

rez2/DATL OUT_rez [B]/CF (FD2QSVINZ) 0. 00 0. 00 0.00 r
reg2/DATA OUT reg[8]/Q (FD2Q3VTX2) 0. 04 0. 11 0.11 £
reg2/DATA OUT[E] (REG_nl5_0) 0. 00 0.11 £
zele/T[0] (Radix?Selector) 0. 0o 0.11 f
zele/U2T/E (NR2SVTH4) 0. 04 0. 00 0,11 £
zele/U2T/T (NRZSVTH4) 0. 03 0.03 0.13 ¢
=zele/U21/ 8 (ND2SVTHA) 0. 03 0. 00 0.13 ¢
=2ele/U21/T (ND2SVTHA) 0. 0z 0.0z 0.15 £
zele/U2E 4 (TVSVTEA) 0. 02 0. 0o .15 £
zele/U2E/T (IVSVWIX4) 0.0z 0.0z 0,17 ¢
zele/UZ6/C (NDISVTEE) 0. 0z 0. 00 0,17 ¢
zele/U26/T (ND3ISVTHE) 0. 03 0.0z 0.19 £
zelefI[0] (Radixz?Selector) 0. 0o 0.19 f
buf0/ inpuat [0] (Buf_nl) 0. oo 019 f
buf 0/ output [0] (Buf nl) 0.00 0.19 f
mux00/5EL [0] (MUK31 _nl5) 0. 00 0.19 £
mux00/T4T4/E (NDZASVTXE) 0. 03 0. 00 0.19 £
mux00/Td T4/ L (NDZASWTEE) 0.0z 0. 0z 0.21 r
mu 00/ TTT L (IVSVIEE) 0.0z 0. 00 0.21 r
m 0/ TLTTST (IVSVTRE) 0. o0z 0.0z 0.23 £
mux00/Td45/8 (IVSVTE10) 0. 0z 0. 00 0.23 £
mux00/T45/T (IVSVTELO) 0. 02 0.0z 0.25 r
mux00/TS06/E (ND3HVTX1) 0.0z 0. 00 0.26 r
mux00/T506/Z (NDIHVTE1) 0. 05 0.04 0.29 £
mux00/Ts00/C (ND3ISVTE2) 0. 05 0. 00 0,290 £
mux00/T500/Z (ND3ISVTE2) 0. 05 0.04 0.33 ¢
mux00/Z010] (MUK31 nlh) 0. 0o 0.33 r
adder0/Z[10] (Adder3toZ) 0. 00 0.33 r
adder0/adder10/C (Adder &) 0. 00 0.33 ¢
adder0/adder10/halfadder /T (Halfadder 10} 0. 00 0.33 ¢
adder(/adder10/halfidder1/T35/8 (EQSVIH1) 0. 05 0. 00 0,33 r
adder(/adder10/halfadder1/TU35/2 (EQSVTEL) 0. 04 0.08 0.41 r
adder0/adderl 0/ halfadder /P (Halfadder_ 10} 0. 00 0.41 ¢
adder(/adder10/Ws (adder 5} 0. 00 0.41 r
adder0/W5[10] (Adder3taZ) 0. 0o 0.41 r
Ws_shift_reg[11]1/D (FD2Q5VTEZ) 0. 04 0. 00 0.41 r
data arrival time 0.41

Figure 3.23: Part of radix 2 divider simulation timing report
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r-2 divider | logical delay | Synopsys(u:ns) | error
register 8.5478 0.11 22%
selector 0 0 0
buf fer 4.3475 0.00 0

[3: 1jmux 12.3556 0.14 12%

3:2adder | 6.5806 0.06 10%

Table 3.11: radix 2 divider internal components analysis

function, as we said in the beginning of this section, even though there is some
delay during this component, we ignore this data. Since the buffer is
implemented with 2 inverters, the delay is small enough to ignore. We can even
see from above figure that the multiplexer is synthesized with a nand2, an
inverter and a nand3. From above analyzing, we know that the internal delay
error is much more evident when using different implementation components.
Anyway, more work should be done to find out if our module delay calculation

can be applied with general modules simulation.

Radix 4 and radix 8 data can be found in Appendix.

3.4.2 Area evaluation

Table 3.12 shows the area comparison between simulation data and calculation
data. Selection functions of dividers are not added into the logical area
calculation. The control component of on-the-fly convert is split with gates to

calculate. Wires are not taken into account as well.

3.4.3 Power evaluation

Here we only give the power report from Synopsys. More work should be done

to reduce power consumption in the future.
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module Synopsys area(w:um?) | Logical area(u:um?)
FO4inv 17.561600 16.465
[3 : 2)adder 533.4338 544.416
[4 : 2]adder 1166.7486 1071.28
r — 2div 3725.499 3235.73
r — 4div 5011.642 4801.206
r — 8div 8217.513 8275.063

Table 3.12: area analysis

module | power(w:uW)
FO4inv 122.9452
[3 : 2]adder 2287.4
[4 : 2]adder 2785.6
r — 2div 3346.5
r — 4div 5129.7
r — 8div 7407.3

Table 3.13: power consumption analysis
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CHAPTER 4

Select Function

In this chapter, we discuss particularly the quotient digits selection function of
dividers. The quotient digits selection function determines the value of the
quotient digits as a function of residual w and of the divisor d in some cases. Its
delay is an important contributor to the iteration time. In current part of this

project, two methods are implemented, select table and select comparison.

Select table is a conventional quotient digits selection rule of division. When
division is implemented, a large portion of critical path in the implementation is
related to the delay of the select table. To increase the performance and reduce
this delay, another selection function rule is approached. That is the division
selection function with comparison. Comparing with the former one, a large
table is avoid and big performance optimization is approached by determining

quotient digits only with carry free subtraction and sign detection.

Since carry propagation adder (CPA) is used in both of these two selection rules,
in part 1, we will introduce CPA and its delay modeling. In part 2 and 3, we will
give a particular description of the selection function implementation. In part 4,

we analyze the selection function simulation delay with the logical effort delay.
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4.1 CPA Modeling

We know that the quotient digit selection function is related with the residual
w(j] and the divisor d. w[j] is obtained by adding WS[j] and W Cj] together
with and carry propagation adder (CPA). Figure (4.1) gives a structure of CPA.
It has two input operators and one input carry bit. The critical path is shown is
equation (4.1). n denotes the number of input bits. Thus, the CPA delay is a

linear proportion of input operator bits.

Figure 4.1: 5 bits carry propagate adder cited from [§]

tp = tgor +2- (n - 1) “tnand + tzor (41)

In chapter 3, we approve that logical effort can be applied to this delay
calculation for general division blocks without selection function. In this part,
we goal is to find out if logical effort can be used in this selection part. To
archive our goal, the modeling data is compared with logical effort calculation
for this CPA first. Once the logical effort is approved, we can combined the
selection function with other division blocks and analyze the whole algorithm

simulation data with the logical effort delay.

In this modeling, we build 4, 8, 16, 32 and 64 bits CPA to find the equation
related with bits’ number and delay. Another parameter that affects delay is the
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clock speed. When we changing the clock cycle, the delay will be increase or
reduce correspondingly. However, the slowest and the fastest delay should be

stable. Figure (4.2) shows the modeling results below.

From lots of raw simulation data sets, we abstract the interaction between delay
and clock restrict as shown in figure 4.2. Figure 4.2 demonstrates that for
specific bits operator, delay is almost linear growing with the clock restrict
within a range. When clock is set to some value big enough, the delay will stop
increasing, we obtain the smallest delay, T'qs;. On the opposite, when clock is
set to some value small enough, we obtain the biggest delay, Ty,. According to
above figure sets, equations about T't.s and Tyo, can be gained with number of

input bits as a parameter.

Trast = 32.5n + 98.7 (4.2)

Totow = 118.7n + 136.7 (4.3)

Equation (4.2), (4.3) and figure 4.3 shows how the linear relationship between
delay and input signal bits. Data is obtained from Synopsys simulation and

equations are obtained with Matlab tool. We only focus on Tslow. The reason
is that to approach the smallest delay, Synopsys may change some structure of
the module, which can cause some inaccuracy. By using the slowest delay, this

inaccuracy can be avoided.

With the implementation shows as figure 4.1, logical effort can be easily gained.

d = 9.873n + 11.0775 (4.4)

Equations (4.2) and (4.3) are obtained in terms of ns, while equation (4.4) is

obtained in terms of an inverter of FO4 delay. To be comparable, we change
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y. delay (u: ns)

D i i i i i i
0 10 20 30 40 50 B0

- input bats

Ta

Figure 4.3: CPA delay as a function of input bits
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(4.4) into ns set and get:

d = 98.73n + 110.775 (4.5)

Comparing logical effort with T, equation, the error is around 10%, which is
acceptable. In the next step, we will apply this logical effort to selection

function modeling.

4.2 Select Function with Select Table

4.2.1 Radix 2 division select table

For radix 2 based division scheme, the quotient digits set is from {—1,0,1}. As
we defined in equation (3.4) , the redundancy factor p, decides the range of the
partial remainder, in the (j — 1)th iteration. The quotient digit selection has as
argument only the truncated carry save shifted residual . [1] and [9] give
complete and particular description of the radix 2 selection table. In this
project, we choose to implement the quotient digit selection using selection

constants described in [1]. Table (4.1) gives the radix 2 select table.

q; +1 | wlj]range
L [0, 3]
0 el
BRI

Table 4.1: radix 2 select table

W j] in table (4.2) is obtained by appending ws[j] and wc[j] together using a
carry propagate adder (CPA). The first 4 floating bits are truncated to get the
quotient digits. Since the quotient digits set is within {—1,...1}, only 2 bits are

used as selected quotient digits from table.
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The structure is shown in figure 4.4. Since the select table is written in memory,
it’s time consuming is very small. The critical path includes this CPA and

looking up table.

WSIj] 14 | 4 WCIj]

CPA Select table

\f‘;f'a |

}'3 afi+1]
Figure 4.4: 10 or 15 inverter chain

4.2.2 Radix 4 division select table

For radix 4 based division, the quotient digit selection has as arguments the
truncated carry save shifted residual ¢ and the truncated divisor d. the quotient
digits set is within {—2,—1,0,1,2}, as presented in detail in [1], the selection is

described in terms of selection constants my(i), so that

g +1=Fkif my(i) <y < mps(7) (4.6)

Equation (4.6) is referred from [1], for that we are using the constants select
table presented in [1]. The select table is shown in table (5.2), which is obtained

from above equation.

In table (4.2), {8...15} denotes the truncated divisor d, we used the first 4
fractional bits as cz, the column value set is obtained as 1662, since d is within
[3,1), this 16d is within [8,15). Digits set {—2...2} denotes the selected
quotient digits set. The table content denotes 16y, § is 4w][j] in carry save form
and truncated to the fourth fractional bit, which is obtained by adding ws|[j]
and wc[j] together using a CPA. Its range is within [42, —44]. When g is within
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[09)

9

10

11

12

13

14

12, 42]

14,42

15, 42]

16, 42]

18, 42]

20, 42]

20, 42]

4,12)

4,14)

4,15)

4,16)

6,18)

6,

20)

8,20)

B

4)

4)

,6)

—13, —4)

—15,—6)

16,

—6)

18, —6)

20,

—8)

8,6)
20, —8)

—22, —8)

—44,-13)

[

[4,1
[—6,4)
[

[

—44,—15)

[
[
-6
-
-

44,-16)

[
[4,
[=6,4)
-
-

44, -18)

[
[
-8
-
-

44, —20)

[
[
-
-
-

44, —20)

[
[
[-8,8)
[
-

44, —22)[—

Table 4.2: radix 4 division select table

certain range, the corresponding quotient digit is selected. For example, when
16d = 8 and § is within [12,42], the selected quotient digit is set to 2. In our
implementation, 7 bits are used including 3 integer bits, and 4 fractional bits.

The structure is shown in figure 4.5.

WS[i] 14 | 4 WC[j]

CPA 7t Select table
Wil
2alitl]
Figure 4.5: radix 4 select function

4.2.3 radix 8 division select table

For radix 8 division scheme, as we have discussed above, the quotient digit is
decomposed into two components, ¢y and qr,. g is within set {—8,—4,0,4, 8};
qL is within set {—2,—1,0,1,2}. The digit selection scheme is derived from [10].
Paper [10] introduced two select schemes: SELPRI and SELSEC. SELPRI
provides a rough estimate of the current quotient digit, which is followed by a

refinement in order to get the correct value. When using SELSEC, the
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corresponding digits must be derived from the decompositions of ¢r, and ¢z,
and from the digit selection intervals of SELPRI. Details about these two
selection rules can be found in [10]. In our implementation, we use SELSEC rule

as this select rule.

When composing g from ¢y and ¢y, it will imply the existence of a wide
overlapping between the consecutive digit selections. For example, in equation

(5.3), quotient 6 can be composed by g = 4;; g, = 3 or by qu = 8; qr. = —2.

q(6) = qu(4) +qr(2) = qu(8) + qr(-2) (4.7)

Therefore, in table 4.3, we designate certain combinations for these overlapped

digits.
quotient | g | qr.
6 4 2
2 0 2
-2 0 | -2
—6 —4 | =2

Table 4.3: combination of ¢z and qr,

The select table of rule SELSEC is derived from [10] as shown in table 4.4. The
truncated ¢ is got from eight bits of w[j], in which 4 bits are integer bits and 4
bits are fractional bits. Similar with radix 4 select scheme, 4 most significant
fractional bits of d as d are needed. W[j] is added by ws[j] and welj] using a 8
bits CPA.

In table 4.4, the number of bits of the constants representing the lower bounds of
the digit selection rules is minimized. Observe that some digit selection rules are
denoted with three dots, these areas correspond to no-selection-zones since the
whole range of possible 7;[;] values is already covered by other digit selections,

and in these cases the corresponding digit on the same line is not necessary. [10].
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15y,
13
11

-1

-5

12
10

—4

—8

—-12 |-9

14, (15

13
11

-1

-3
-7

12
10

—4

—6
—8

—10 -9

—14 |-13 |-14 |-13

13, [14;
11

—1
-3
—9
—7

10

—2
—4
—6
—8

—10 -9

—12 |-11 |-12 |-11 |..

12, [13;
11

—1
-3
-9
—7

10

—2
—4
—6
—8

—10 -9

11, [12

-1
-3
-5

—7

-2
—4
6

—8

—10 -9

—11 |-11 |-12 |-11 |..

10, L1

-1
-3

-5
—7

-8

9, [10;

Sn 9

.18

—1|-2 -1 -2 |-1|]-2
-2 -3 -3 -3-3 -4

3|4 -4 -4 -4|..

—4 |-5 -5 |-6 |-5 |6

-5 -6 -6 |.. |..

—6 |=7 =7 -8 |-7|..

-7 -8 -8 -9 -9 |-10 |-9

Table 4.4: radix 8 division select table
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Quotient digit g can be derived by combing table 4.3 and table 4.4 together.

The structure and critical path of select functions are:

].m

|'|r

select
Lahle

WSl IH 8 WO
qH
CPA i gelect
Wil Lable
qL[j+1] i 4
Figure 4.6:

l4:|l.|_i+1]

radix 8 select funciton

4.3 Select Function with Comparison

From above discussion, we know that carry propagate adder is used for

generating operators of looking up table, which is very time consuming. To

minimize select function delay, another selection scheme is introduced: select

with comparison. In this scheme, only a carry save adder and sign detector are

used. A small look up table is also included which is out of critical path.

For this select function with comparison, we only discuss radix-4 scheme. The

selection rule is implemented according to paper [11] and [12].

According to [11], the algorithm includes 2 steps:

1. pre-loading the selection constants, my

2. perform the comparison in 2 steps:

e produce subtraction with carry save adder. zp = § — my

e perform the comparison by a sign detector.
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In the implementation of [11], the range of radix 4 constant is

- E<goms (1.9
Which is shown in table 4.5[12].
t 0 1 2 3 4 ) 6 7
m_1 |-13 =15 |-16 |18, —17][—20, —19][—21, —20][—23, —20][—25, —23]
mo |[—5,—4][—6, —5][—6, —5][—7,—5] |[-8,—6] [-8,—6] |—9,—6] [—10,—7]
my |[3,4]  [4,5] [4,5] |[4,6] [5,7] [5,7] [5, 8] 6, 9]
me 12 4 15 16,17 [18,19] [19,20] [[20,22] [22,24]

Table 4.5: Range of constants scaled by 16 for radix-4 selection scheme.[11]

Figure 4.7 shows the architecture of this comparison scheme. The truncated 4
most significant fractional bits of d are used as the operator of constant
selection. For the selected constant value my, a carry save adder is used to do

the subtraction between ¢ and my, the comparison is done with a sign detection

of zg.
0 SDs | SDy | SDg | SD_4
[ma, H] + + + + q=2if (SD2,SD1) = (+,+)
[m1, ma] — + + + qg=1if (SD2,SD;) = (—,+)
[mo, m1] T - + + q=0if (SD1,5D¢) = (—,+)
[m_1,mo] x — — + qg=—-1if (SDy,SD_1) = (—,+)
[L,m_1] x — — — qg=—-2if (SDy,SD_1) = (—,—)

Table 4.6: quotient digit selection with sign detector.[11]

The critical path of this comparison scheme is :
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4.4 Simulation Analyzation

Above select functions are applied in the division and analyzed using Synopsys

simulation. Data is shown:

division with select table | delay(u : ns)
radix-2 division 1.17
radix-4 division 1.50
radix-8 division 1.90

Table 4.7: delay analyzation for division with select table

Table 4.7 shows the delay with select table. Select function corresponds almost
40% of the iteration delay. Even though the look up table is written into
memory, which is very little time consuming, the carry propagate adder will
cost more delay. In particular, 80% of the select function delay is consumed on

carry propagate adder. (Timing report can be found in Appendix.)

Table 4.8 shows the comparison between select table and comparison scheme for
radix 4 division. It can be seen that the comparison scheme has a much better

delay than conventional select table.

division | delay with select table(u : ns) | delay with comparison(u : ns)
radix 4 1.50 1.13

Table 4.8: comparison between two scheme.



CHAPTER 5

Conclusion

In this project, we implemented several arithmetic modules with given
algorithms; analyzed and discussed the trade off among the delay, area and
power. This project is focus on the delay and area estimation and comparison
based on logical effort calculation. Moreover, from particular discussion, we
found out the relationship, which can be presented by logical effort, of module
delay with input operator bit width. Our simulation results approved that

logical effort can be used for general delay calculation for different modules.

We implemented radix 2, 4 and 8 dividers, from the simulation results in
chapter 4, we can see that with radix increasing, both of the delay and area are

increasing. Simulation results are seen below:

division with select table | delay(u : ns)
radix-2 division 1.17
radix-4 division 1.50
radix-8 division 1.90

Table 5.1: delay analyzation for division with select table

When implementing dividers, we discussed the main architecture and select

function separately. Since the select function delay can correspond to half of the
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Conclusion

iteration delay. We use two algorithms when implementing it: the conventional

look up table and the selection scheme with comparison. From the simulation

result in Chapter 4, we can see that the selection with comparison has much

better delay than conventional algorithm.

division

delay with select table(u : ns)

delay with comparison(u : ns)

radix 4

1.50

1.13

Table 5.2: comparison between two scheme.

This thesis mainly discusses the delay and area of general modules, more

discussion should be done with the power consumption. In addition, more

modules should be simulated and applied with logical effort delay calculation to

obtain accurate conclusion.
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APPENDIX A

Synopsys Report without Select

Function

A.1 Radix-2 Timing Report

sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok o o o o ok ok ok sk sk sk sk ok ok ok ok kKK ok K
Report : timing
-path full
-delay max
-input_pins
-max_paths 1
-transition_time
-sort_by group
Design : DIV2
Version: X-2005.09-SP1
Date : Thu Nov 1 11:52:17 2007

>k 3k 3k 3k >k >k >k 3k 3k 5k >k >k 5k 3k 3k 5k >k >k 3k 5k 5k >k %k 5k 5k >k >k >k %k %k 5k >k %k >k %k >k 5k % %k %

Operating Conditions: NomLeak Library: CORESOGPSVT
Wire Load Model Mode: enclosed



638 Synopsys Report without Select Function

Startpoint: reg2/DATA_OUT_reg[5]
(rising edge-triggered flip-flop clocked by CLK_O)
Endpoint: WS_shift_reg[11]
(rising edge-triggered flip-flop clocked by CLK_0)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

DIV2 area_0OK COREQOGPSVT
Radix2Selector area_0tolK CORE9OGPSVT

MUX31_ni15 area_0tolK COREQOGPSVT

Point Trans Incr Path

clock CLK_O (rise edge)

clock network delay (ideal)
reg2/DATA_OUT _reg[5]/CP (FD2QSVTX2)
reg2/DATA_OUT _reg[5]/Q (FD2QSVTX2)
reg2/DATA_OUT[5] (REG_n15_0)
sele/Y[0] (Radix2Selector)

sele/U27/B
sele/U27/Z
sele/U21/A
sele/U21/Z
sele/U25/A
sele/U25/Z
sele/U26/C
sele/U26/Z

(NR2SVTX4)
(NR2SVTX4)
(ND2SVTX4)
(ND2SVTX4)
(IVSVTX4)

(IVSVTX4)

(ND3SVTX8)
(ND3SVTX8)

sele/Z[0] (Radix2Selector)
buf0/input [0] (Buf_n1)

O O O O O O o o

.00
.04

.04
.03
.03
.02
.02
.02
.02
.03

O O O O O O O O O O o o o o o o

O O O O O O O O O O o o o o o o

[a} H H K = H H H H K

H H H K
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buf0/output [0] (Buf_nl) 0.00 0.19 f
mux00/SEL[0] (MUX31_n15) 0.00 0.19 £
mux00/U474/B (ND2ASVTX8) 0.03 0.00 0.19 £
mux00/U474/Z (ND2ASVTX8) 0.02 0.02 0.21 r
mux00/U477/A (IVSVTXS8) 0.02 0.00 0.21 r
mux00/U477/Z (IVSVTX8) 0.02 0.02 0.23 £
mux00/U445/A (IVSVTX10) 0.02 0.00 0.23 £
mux00/U445/Z (IVSVTX10) 0.02 0.02 0.25 r
mux00/U506/B (ND3HVTX1) 0.02 0.00 0.25 r
mux00/U506/Z (ND3HVTX1) 0.05 0.04 0.29 £
mux00/U500/C (ND3SVTX2) 0.05 0.00 0.29 f
mux00/U500/Z (ND3SVTX2) 0.05 0.04 0.33 r
mux00/Z[10] (MUX31_n15) 0.00 0.33 r
adder0/Z[10] (Adder3to2) 0.00 0.33 r
adderO/adder10/C (Adder_5) 0.00 0.33 r
adderO/adder10/halfAdder1/Y (HalfAdder_10) 0.00 0.33 r
adder0/adder10/halfAdder1/U35/B (EOSVTX1)  0.05 0.00 0.33 r
adder0/adder10/halfAdder1/U35/Z (EOSVTX1) 0.04 0.08 0.41 r
adder0/adder10/halfAdder1/P (HalfAdder_10) 0.00 0.41 r
adderO/adder10/WS (Adder_5) 0.00 0.41 r
adder0/WS[10] (Adder3to2) 0.00 0.41 r
WS_shift_reg[11]1/D (FD2QSVTX2) 0.04 0.00 0.41 r
data arrival time 0.41
clock CLK_O (rise edge) 0.50 0.50
clock network delay (ideal) 0.00 0.50
WS_shift_reg[11]/CP (FD2QSVTX2) 0.00 0.50 r
library setup time -0.09 0.41
data required time 0.41
data required time 0.41

data arrival time -0.41
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slack (MET) 0.00

A.2 Radix-2 Area Report

sk sk ok oK oK ok oK oK oK oK oK oK oK ok ok ok ok ok ok ok o o o o ok ok ok sk sk sk ok ok ok ok K KKK oK
Report : area

Design : DIV2

Version: X-2005.09-SP1

Date : Thu Nov 1 11:52:32 2007

s KoK oK KK KRR K oK Kk KK kK kKK ok KK ok KK o
Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/CORESOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9QOGPHVT (File: /cell_libs/cmos090_50a/CORE9OGPHVT_SNPS-AVT_2.1.a/SIGNOFF/
bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT NomLeak.db)

Number of ports: 26

Number of nets: 233

Number of cells: 62

Number of references: 14

Combinational area: 1161.259521

Noncombinational area: 2220.443604

Net Interconnect area: undefined (Wire load has zero net area)
Total cell area: 3381.705566

Total area: undefined

Information: This design contains unmapped logic. (RPT-7)
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Information: This design contains black box (unknown) components. (RPT-8)

A.3 Radix-2 Power Report

sk ok ok ok ok ok ok sk ok ok sk sk sk sk s s s o ok sk sk koo ok okok ok ok ok ok ok ok ok ok ok ok
Report : power

-analysis_effort low

Design : DIV2

Version: X-2005.09-SP1

Date : Thu Nov 1 11:54:41 2007

KKK KK KK KKK K oK K oK oK ok K ok K ok K ok K ok K ok K ok K ok K ok K ok K o
Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/CORESOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9OGPHVT (File: /cell_libs/cmos090_50a/CORE9OGPHVT_SNPS-AVT_2.1.a/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT _NomLeak.db)

Operating Conditions: NomLeak Library: CORESOGPSVT
Wire Load Model Mode: enclosed

Design Wire Load Model Library

DIV2 area_OK CORE9QOGPSVT
Adder3to2 area_OtolK CORE9QOGPSVT
Adder_15 area_OtolK CORE9OGPSVT
HalfAdder_31 area_0OtolK CORE9OGPSVT
HalfAdder_30 area_OtolK CORE9OGPSVT
NAND_GATE_15 area_OtolK CORE9QOGPSVT

Adder_14 area_0tolK CORESOGPSVT
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HalfAdder_29
HalfAdder_28
NAND_GATE_14
Adder_13
HalfAdder_27
HalfAdder_26
NAND_GATE_13
Adder_12
HalfAdder_25
HalfAdder_24
NAND_GATE_12
Adder_11
HalfAdder_23
HalfAdder_22
NAND_GATE_11
Adder_10
HalfAdder_21
HalfAdder_20
NAND_GATE_10
Adder_9
HalfAdder_19
HalfAdder_18
NAND_GATE_9
Adder_8
HalfAdder_17
HalfAdder_16
NAND_GATE_8
Adder_7
HalfAdder_15
HalfAdder_14
NAND_GATE_7
Adder_6

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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HalfAdder_13
HalfAdder_12
NAND_GATE_6
Adder_5
HalfAdder_11
HalfAdder_10
NAND_GATE_5
Adder_4
HalfAdder_9
HalfAdder_8
NAND_GATE_4
Adder_3
HalfAdder_7
HalfAdder_6
NAND_GATE_3
Adder_2
HalfAdder_5
HalfAdder_4
NAND_GATE_2
Adder_1
HalfAdder_3
HalfAdder_2
NAND_GATE_1
Adder_0
HalfAdder_1
HalfAdder_O
NAND_GATE_O

Radix2Selector

0TFC2

REG12_n15
REG_n15_1
REG_n15_0

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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MUX31_n15 area_OtolK CORESOGPSVT
Buf_ni1 area_0OtolK CORESOGPSVT

Global Operating Voltag

e

=1

Power-specific unit information :

Voltage Units = 1V
Capacitance Units =
Time Units = 1ns

Dynamic Power Units

Leakage Power Units

Cell Internal Power

Net Switching Power

Total Dynamic Power

Cell Leakage Power

1

.000000pf

1mW (derived from V,C,T units)
1pW

3.7569 mW  (87%)
544.5258 uW  (13%)

4.3014 mW (100%)

4.7948 uW

A.4 Radix-4 Timing Report

>k 3k 3k 5k >k >k >k 3k 3k 5k >k >k k 3k 5k >k %k >k 5k 5k >k >k %k >k 3k >k >k %k >k 3k 5k >k >k >k >k >k >k >k % %

Report : timing
-path full
-delay max
-input_pins
-max_paths 1
—transition_tim
-sort_by group

Design : DIV4

Version: X-2005.09-SP1

e

Date : Thu Nov 1 12:25:02 2007
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>k 3k >k 3k 3k 3k 5k %k 5k >k 3k 3k k 3k %k 3k >k 3k 3k 5k 3k >k 3k >k 5k 5k >k 5k >k 3k >k %k 5k %k >k %k %k >k k k

Operating Conditions: NomLeak Library: COREQOGPSVT
Wire Load Model Mode: enclosed

Startpoint: regl/DATA_OUT_regl[4]
(rising edge-triggered flip-flop clocked by CLK_0)
Endpoint: WS_shift_regl[6]
(rising edge-triggered flip-flop clocked by CLK_O)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

DIV4 area_OK COREQOGPSVT
Radix4Selector area_0tolK COREQOGPSVT

MUX31_ni15_1 area_0tolK COREQOGPSVT

MUX51_n15 area_OtolK CORESOGPSVT

MUX31_n15_0 area_0tolK COREQOGPSVT

HalfAdder_22 area_0tolK CORE9OGPSVT

Point Trans Incr Path

clock CLK_O (rise edge) 0.00 0.00

clock network delay (ideal) 0.00 0.00

regl/DATA_OUT_reg[4]/CP (FD2QSVTX2) 0.00 0.00 0.00 r
regl/DATA_OUT _regl[4]/Q (FD2QSVTX2) 0.05 0.11 0.11 £
regl/DATA_OUT[4] (REG_n15_1) 0.00 0.11 £
sele/X[0] (Radix4Selector) 0.00 0.11 f
sele/U27/B (NR3SVTX6) 0.05 0.00 0.11 £
sele/U27/Z (NR3SVTX6) 0.05 0.04 0.16 r
sele/U25/A (ND3SVTX8) 0.05 0.00 0.16 r
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sele/U25/Z (ND3SVTX8)
sele/U24/A (IVSVTX6)
sele/U24/Z (IVSVTX6)
sele/U23/A (ND2SVTX8)
sele/U23/Z (ND2SVTX8)
sele/Z[2] (Radix4Selector)
bufO/input [2] (Buf_n3)
bufO/output [2] (Buf_n3)
mux00/SEL[2] (MUX51_n15)
(MUX31_n15_1)

mux00/mux0/SEL [0]
mux00/mux0/U466/B
mux00/mux0/U466/Z
mux00/mux0/U465/A
mux00/mux0/U465/Z
mux00/mux0/U469/A
mux00/mux0/U469/Z
mux00/mux0/U448/A
mux00/mux0/U448/7Z

mux00/mux0/Z[4] (MUX31_ni15_1)
mux00/mux1/C[4] (MUX31_ni15_0)

mux00/mux1/U487/A
mux00/mux1/U487/Z

mux00/mux1/U455/A (A023SVTX2)
mux00/mux1/U455/Z (A023SVTX2)
mux00/mux1/Z[4] (MUX31_ni15_0)

(OR2SVTX4)
(OR2SVTX4)
(ND2SVTX6)
(ND2SVTX6)
(BFSVTX12)
(BFSVTX12)
(AD3SVTX1)
(AD3SVTX1)

(IVSVTX2)
(IVSVTX2)

mux00/Z[4] (MUX51_n15)
adder0/Z[4] (Adder3to2)
adder0/adder04/C (Adder_11)
adder0/adder04/halfAdder1/Y (HalfAdder_22)

adder0/adder04/halfAdder1/U34/A (IVSVTX2) 0.
adder0/adder04/halfAdder1/U34/Z (IVSVTX2)

o O O O o

o O O O O O O O O O o o

o

adder0/adder04/halfAdder1/U35/B (ND2SVTX2)

.03
.03
.02
.02
.03

.03
.02
.02
.03
.03
.02
.02
.06

.06
.02
.02
.07

07

.02

O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

.03
.00
.02
.00
.02
.00
.00
.00
.00
.00
.00
.05
.00
.03
.00
.04
.00
.04
.00
.00
.00
.02
.00
.05
.00
.00
.00
.00
.00
.00
.03

O O O O O O O O O O O O O O O O O O O O O O o o o o o o o o o

.19
.19
.20
.20
.23
.23
.23
.23
.23
.23
.23
.28
.28
.31
.31
.34
.34
.38
.38
.38
.38
.40
.40
.45
.45
.45
.45
.45
.45
.45
.47

H b

Hh Hh Hh Fh Hh Hh Hh Hh Hh N a1

H K

H H Hh Hh Fh Hh Hh R o] Hh Hh H H N =

(a1
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0.02 0.00 0.47 r
adder0/adder04/halfAdder1/U35/Z (ND2SVTX2)

0.03 0.02 0.49 f
adder0/adder04/halfAdder1/U36/A (ND2SVTX2)

0.03 0.00 0.49 f
adder0/adder04/halfAdder1/U36/Z (ND2SVTX2)

0.02 0.02 0.51 r
adderO/adder0O4/halfAdder1/P (HalfAdder_22) 0.00 0.51 r
adder0/adder04/WS (Adder_11) 0.00 0.51 r
adder0/WS[4] (Adder3to2) 0.00 0.51 r
WS_shift_reg[6]/D (FD2QSVTX2) 0.02 0.00 0.51 r
data arrival time 0.51
clock CLK_O (rise edge) 0.60 0.60
clock network delay (ideal) 0.00 0.60
WS_shift_reg[6]/CP (FD2QSVTX2) 0.00 0.60 r
library setup time -0.09 0.51
data required time 0.51
data required time 0.51
data arrival time -0.51
slack (MET) 0.00

A.5 Radix-4 Area Report

sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk sk sk o ok ok ok ok sk sk sk ok sk ok ok ok ok kK ok
Report : area

Design : DIV4

Version: X-2005.09-SP1

Date : Thu Nov 1 12:26:14 2007
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>k 3k >k 3k 3k 3k 5k %k 5k >k 3k 3k k 3k %k 3k >k 3k 3k 5k 3k >k 3k >k 5k 5k >k 5k >k 3k >k %k 5k %k >k %k %k >k k k

Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/COREQOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9OGPHVT (File: /cell_libs/cmos090_50a/COREQOGPHVT_SNPS-AVT_2.1.a/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT _NomLeak.db)

Number of ports:
Number of nets:
Number of cells:

Number of references:

Combinational area:
Noncombinational area:

Net Interconnect area:

Total cell area:

Total area:

26
262
58
13

1867.016968
3437.680420

undefined

5304.700684

undefined

(Wire load has zero net area)

Information: This design contains unmapped logic. (RPT-7)

A.6 Radix-4 Power Report

>k 3k 3k 5k >k >k >k 3k 3k 5k >k >k k 3k 5k >k %k >k 5k 5k >k >k %k 5k 5k >k >k %k >k %k 5k >k %k >k %k >k >k >k % %

Report : power
-analysis_effort low
Design : DIV4

Version: X-2005.09-SP1

Date : Thu Nov 1 12:26:39 2007
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>k 3k >k 3k 3k 3k 5k %k 5k >k 3k 3k k 3k %k 3k >k 3k 3k 5k 3k >k 3k >k 5k 5k >k 5k >k 3k >k %k 5k %k >k %k %k >k k k

Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/COREQOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9OGPHVT (File: /cell_libs/cmos090_50a/COREQOGPHVT_SNPS-AVT_2.1.a/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT _NomLeak.db)

Operating Conditions: NomLeak  Library: CORESOGPSVT

Wire Load Model Mode: enclosed

Design Wire Load Model Library

DIV4 area_OK CORE9OGPSVT
Adder3to2 area_OtolK CORE9QOGPSVT
Adder_15 area_OtolK CORE9QOGPSVT
HalfAdder_31 area_OtolK CORE9QOGPSVT
HalfAdder_30 area_OtolK CORE9QOGPSVT
NAND_GATE_15 area_OtolK CORE9OGPSVT
Adder_14 area_OtolK CORE9OGPSVT
HalfAdder_29 area_OtolK CORE9QOGPSVT
HalfAdder_28 area_OtolK CORE9QOGPSVT
NAND_GATE_14 area_OtolK CORE9OGPSVT
Adder_13 area_OtolK CORE9OGPSVT
HalfAdder_27 area_OtolK CORE9OGPSVT
HalfAdder_26 area_OtolK CORE9QOGPSVT
NAND_GATE_13 area_OtolK CORE9OGPSVT
Adder_12 area_OtolK CORE9QOGPSVT
HalfAdder_25 area_OtolK CORE9OGPSVT
HalfAdder_24 area_OtolK CORE9OGPSVT
NAND_GATE_12 area_0OtolK CORE9OGPSVT
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Adder_11
HalfAdder_23
HalfAdder_22
NAND_GATE_11
Adder_10
HalfAdder_21
HalfAdder_20
NAND_GATE_10
Adder_9
HalfAdder_19
HalfAdder_18
NAND_GATE_9
Adder_8
HalfAdder_17
HalfAdder_16
NAND_GATE_8
Adder_7
HalfAdder_15
HalfAdder_14
NAND_GATE_7
Adder_6
HalfAdder_13
HalfAdder_12
NAND_GATE_6
Adder_5
HalfAdder_11
HalfAdder_10
NAND_GATE_5
Adder_4
HalfAdder_9
HalfAdder_8
NAND_GATE_4

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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Adder_3

HalfAdder_7
HalfAdder_6
NAND_GATE_3
Adder_2

HalfAdder_5
HalfAdder_4
NAND_GATE_2
Adder_1

HalfAdder_3
HalfAdder_2
NAND_GATE_1
Adder_0

HalfAdder_1
HalfAdder_O
NAND_GATE_O

Radix4Selector

0TFC4
REG_n7_1
REG_n7_0
MUX21_n7_1
MUX21_n7_0
REG14_n15
REG_n15_1
REG_n15_0
MUX51_n15
MUX31_n15_1
MUX31_n15_0
Buf_n3

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_1Kto2K
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_1Kto2K
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK

area_0tolK

Global Operating Voltage = 1

Power-specific unit information :

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
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Voltage Units = 1V
Capacitance Units = 1.000000pf

Time Units = 1ns

1mW (derived from V,C,T units)
1pW

Dynamic Power Units

Leakage Power Units

5.1072 mW  (85%)
884.2540 uW  (15%)

Cell Internal Power

Net Switching Power

]
(62
©
©
—
(62

Total Dynamic Power mW  (100%)

Cell Leakage Power 7.4303 uW

A.7 Radix-8 Timing Report

sk ok ok ok ok ok ok sk ok ok ok ok ok sk sk sk s sk ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok K KoK ok oK
Report : timing
-path full
-delay max
-input_pins
-max_paths 1
-transition_time
-sort_by group
Design : DIV8
Version: X-2005.09-SP1
Date : Thu Nov 1 12:36:18 2007

>k 3k >k 3k 3k 3k 3k 5k 5k >k 3k 3k 5k 5k >k 3k >k 3k 3k 5k 5k >k 3k >k %k 5k >k 5k >k 3k >k %k 5k >k 5k %k %k >k k k

Operating Conditions: NomLeak Library: COREQOGPSVT
Wire Load Model Mode: enclosed
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Startpoint: reg2/DATA_OUT_regl6]
(rising edge-triggered flip-flop clocked by CLK_O)
Endpoint: ws_shift_reg[10]
(rising edge-triggered flip-flop clocked by CLK_O)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

DIV8 area_OK COREQOGPSVT
Radix8Selector area_0tolK COREQOGPSVT

MUX31_ni15_3 area_0tolK CORE9QOGPSVT

MUX51_ni15_1 area_0tolK COREQOGPSVT

Adder_29 area_0tolK COREQOGPSVT

HalfAdder_60 area_OtolK CORESOGPSVT

Adder_30 area_0tolK COREQOGPSVT

Point Trans Incr Path

clock CLK_O (rise edge) 0.00 0.00

clock network delay (ideal) 0.00 0.00

reg2/DATA_OUT _reg[6]/CP (FD2QSVTX2) 0.00 0.00 0.00 r
reg2/DATA_OUT_regl6]1/Q (FD2QSVTX2) 0.03 0.08 0.08 r
reg2/DATA_OUT[6] (REG_n15_1) 0.00 0.08 r
sele/X[2] (Radix8Selector) 0.00 0.08 r
sele/U47/A (NR2SVTX4) 0.03 0.00 0.08 r
sele/U47/Z (NR2SVTX4) 0.03 0.03 0.11 £
sele/U50/B (ND3ASVTX6) 0.03 0.00 0.11 £
sele/U50/Z (ND3ASVTX6) 0.03 0.03 0.14 r
sele/U49/A (IVSVTX4) 0.03 0.00 0.14 r
sele/U49/Z (IVSVTX4) 0.02 0.02 0.16

sele/U45/B (AN2SVTX6) 0.02 0.00 0.16 £
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sele/U45/Z (AN2SVTX6)
sele/U43/A (ND2SVTX6)
sele/U43/Z (ND2SVTX6)
sele/out_h[3] (Radix8Selector)
buf0/input [3] (Buf_n3_1)
buf0/output[3] (Buf_n3_1)
mux0/SEL[3] (MUX51_n15_1)
mux0/mux0/SEL[1] (MUX31_n15_3)
mux0/mux0/U471/A (IVSVTX8)
mux0/mux0/U471/Z (IVSVTX8)
mux0/mux0/U470/A (OR2SVTX8)
mux0/mux0/U470/Z (OR2SVTX8)
mux0/mux0/U466/B (AN2SVTX2)
mux0/mux0/U466/Z (AN2SVTX2)
mux0/mux0/U491/A (ND2SVTX4)
mux0/mux0/U491/Z (ND2SVTX4)
mux0/mux0/U480/B (ND3SVTX4)
mux0/mux0/U480/Z (ND3SVTX4)
mux0/mux0/Z[6] (MUX31_n15_3)
mux0/mux1/C[6] (MUX31_n15_2)
mux0/mux1/U453/A (AO3ASVTX6)
mux0/mux1/U453/Z (AO3ASVTX6)
mux0/mux1/Z[6] (MUX31_ni5_2)
mux0/Z[6] (MUX51_n15_1)
adder0/Z[6] (Adder3to2_1)
adderO/adder06/C (Adder_29)
adder0/adder06/halfAdder1/Y (HalfAdder_59)
adder0/adder06/halfAdder1/U38/B (ND2SVTX2)

adder0/adder06/halfAdder1/U38/Z (ND2SVTX2)

adder0/adder06/halfAdder1/G (HalfAdder_59)

0.02
0.02
0.03

.03
.01
.01
.03
.03
.02
.02
.02
.02
.02

O O O O O O O o o o

0.04

0.03

O O O O O O O O O O O O O O O O O O O o o o oo o o o o

.04
.00
.02
.00
.00
.00
.00
.00
.00
.01
.00
.06
.00
.05
.00
.02
.00
.02
.00
.00
.00
.05
.00
.00
.00
.00
.00

.00

.03
.00

O O O O O O O O O O O O O O O O O O o o o o o o o o o

.20
.20
.22
.22
.22
.22
.22
.22
.22
.24
.24
.30
.30
.35
.35
.37
.37
.39
.39
.39
.39
.45
.45
.45
.45
.45
.45

.45

.47
.47

Hh Hh Hh Hh Hh Hh N

H

H H Hh Hh Fh Hh Hh Hh Hh Hh K
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adder0/adder06/nandGate/X (NAND_GATE_29) 0.00 0.47 r
adderO/adder06/nandGate/U20/B (ND2SVTX2) 0.03 0.00 0.47 r
adder0/adder06/nandGate/U20/Z (ND2SVTX2) 0.03 0.03 0.50 £
adder0/adder06/nandGate/Z (NAND_GATE_29) 0.00 0.50 f
adder0/adder06/WC (Adder_29) 0.00 0.50 f
adder0/WC[7] (Adder3to2_1) 0.00 0.50 £
adder1/Y[7] (Adder3to2_0) 0.00 0.50 f
adderl/adder07/Y (Adder_30) 0.00 0.50 f
adder1/adder07/halfAdder0/Y (HalfAdder_60) 0.00 0.50 f
adder1/adder07/halfAdder0/U38/A (IVSVTX2) 0.03 0.00 0.50 £
adder1/adder07/halfAdder0/U38/Z (IVSVTX2) 0.02 0.02 0.51 r
adder1/adder07/halfAdder0/U35/B (ND2SVTX2)

0.02 0.00 0.51 r
adder1/adder07/halfAdder0/U35/Z (ND2SVTX2)

0.03 0.02 0.54 £
adder1/adder07/halfAdder0/U34/A (ND2SVTX4)

0.03 0.00 0.54 £
adder1/adder07/halfAdder0/U34/Z (ND2SVTX4)

0.03 0.03 0.56 r
adderl/adder07/halfAdder0/P (HalfAdder_60) 0.00 0.56 r
adderl/adder07/halfAdder1/X (HalfAdder_62) 0.00 0.56 r
adder1/adder07/halfAdder1/U37/A (ENSVTX2) 0.03 0.00 0.56 r
adder1/adder07/halfAdder1/U37/Z (ENSVTX2) 0.01 0.05 0.62 r
adder1/adder07/halfAdder1/P (HalfAdder_62) 0.00 0.62 r
adderl/adder07/WS (Adder_30) 0.00 0.62 r
adder1/WS[7] (Adder3to2_0) 0.00 0.62 r
ws_shift_reg[10]/D (FD2QSVTX2) 0.01 0.00 0.62 r
data arrival time 0.62
clock CLK_O (rise edge) 0.70 0.70
clock network delay (ideal) 0.00 0.70

ws_shift_reg[10]/CP (FD2QSVTX2) 0.00 0.70 r
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library setup time -0.08 0.62
data required time 0.62
data required time 0.62
data arrival time -0.62
slack (MET) 0.00

A.8 Radix-8 Area Report

sk ok ok ok ok ok ok sk ok ok ok ok ok sk sk sk s sk ok ok o ko ok ok ok ok sk ok ok ok ok ok ok K KoKk oK
Report : area

Design : DIV8

Version: X-2005.09-SP1

Date : Thu Nov 1 12:37:10 2007

KKK KK KK KKK K oK oK oK oK ok K oK K ok K ok K ok K ok K ok K ok K ok K ok K o
Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/COREQOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9OGPHVT (File: /cell_libs/cmos090_50a/CORE9QOGPHVT_SNPS-AVT_2.1.a/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT _NomLeak.db)

Number of ports: 26
Number of nets: 392
Number of cells: 72
Number of references: 23
Combinational area: 3743.918213

Noncombinational area: 4598.940430
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Net Interconnect area: undefined (Wire load has zero net area)
Total cell area: 8342.857422
Total area: undefined

Information: This design contains unmapped logic. (RPT-7)

A.9 Radix-8 Power Report

sk ok ok ok sk ok ok sk ok ok sk sk sk sk sk s s o ok sk sk ke kokokofokok ok ok ok ok ok ok ok ok ok ok
Report : power

-analysis_effort low

Design : DIV8

Version: X-2005.09-SP1

Date : Thu Nov 1 12:37:20 2007

KKK KK KK KKK K oK oK oK oK ok K oK K ok K ok K ok K ok K ok K ok K ok K ok K o
Library(s) Used:

CORE9OGPSVT (File: /cell_libs/cmos090_50a/COREQOGPSVT_SNPS-AVT_2.1/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPSVT_NomLeak.db)

CORE9OGPHVT (File: /cell_libs/cmos090_50a/CORE9QOGPHVT_SNPS-AVT_2.1.a/
SIGNOFF/bc_1.10V_m40C_wc_0.90V_105C/PT_LIB/CORE9OGPHVT _NomLeak.db)

Operating Conditions: NomLeak Library: CORESOGPSVT
Wire Load Model Mode: enclosed

Design Wire Load Model Library
DIV8 area_OK CORE9QOGPSVT
Adder3to2_1 area_OtolK CORE9QOGPSVT
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Adder_17

HalfAdder_33
HalfAdder_35
NAND_GATE_17
Adder_19

HalfAdder_37
HalfAdder_39
NAND_GATE_19
Adder_21

HalfAdder_41
HalfAdder_43
NAND_GATE_21
Adder_23

HalfAdder_45
HalfAdder_47
NAND_GATE_23
Adder_25

HalfAdder_49
HalfAdder_51
NAND_GATE_25
Adder_27

HalfAdder_53
HalfAdder_55
NAND_GATE_27
Adder_29

HalfAdder_57
HalfAdder_59
NAND_GATE_29
Adder_31

HalfAdder_61
HalfAdder_63
NAND_GATE_31

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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Adder_33

HalfAdder_65
HalfAdder_67
NAND_GATE_33
Adder_35

HalfAdder_69
HalfAdder_71
NAND_GATE_35
Adder_37

HalfAdder_73
HalfAdder_75
NAND_GATE_37
Adder_39

HalfAdder_77
HalfAdder_79
NAND_GATE_39
Adder_41

HalfAdder_81
HalfAdder_83
NAND_GATE_41
Adder_43

HalfAdder_85
HalfAdder_87
NAND_GATE_43
Adder_45

HalfAdder_89
HalfAdder_91
NAND_GATE_45
Adder_47

HalfAdder_93
HalfAdder_95
NAND_GATE_47

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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Adder3to2_0
Adder_16
HalfAdder_32
HalfAdder_34
NAND_GATE_16
Adder_18
HalfAdder_36
HalfAdder_38
NAND_GATE_18
Adder_20
HalfAdder_40
HalfAdder_42
NAND_GATE_20
Adder_22
HalfAdder_44
HalfAdder_46
NAND_GATE_22
Adder_24
HalfAdder_48
HalfAdder_50
NAND_GATE_24
Adder_26
HalfAdder_52
HalfAdder_54
NAND_GATE_26
Adder_28
HalfAdder_56
HalfAdder_58
NAND_GATE_28
Adder_30
HalfAdder_60
HalfAdder_62

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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NAND_GATE_30
Adder_32

HalfAdder_64
HalfAdder_66
NAND_GATE_32
Adder_34

HalfAdder_68
HalfAdder_70
NAND_GATE_34
Adder_36

HalfAdder_72
HalfAdder_74
NAND_GATE_36
Adder_38

HalfAdder_76
HalfAdder_78
NAND_GATE_38
Adder_40

HalfAdder_80
HalfAdder_82
NAND_GATE_40
Adder_42

HalfAdder_84
HalfAdder_86
NAND_GATE_42
Adder_44

HalfAdder_88
HalfAdder_90
NAND_GATE_44
Adder_46

HalfAdder_92
HalfAdder_94

area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0tolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_0OtolK
area_OtolK
area_OtolK
area_OtolK

area_0tolK

CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORE9QOGPSVT
CORESQOGPSVT
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NAND_GATE_46 area_OtolK CORE9OGPSVT
Radix8Selector area_OtolK CORESOGPSVT
OTFC8 area_1Kto2K CORE9OGPSVT
REG_n7_1 area_OtolK CORE9QOGPSVT
REG_n7_0 area_OtolK CORE9OGPSVT
MUX21_n7_1 area_OtolK COREQOGPSVT
MUX21_n7_0 area_0OtolK CORE9OGPSVT
REG14_n15 area_1Kto2K CORE9OGPSVT
REG18_n15 area_1Kto2K CORE9QOGPSVT
REG_n15_1 area_OtolK CORE9QOGPSVT
REG_n15_0 area_OtolK CORE9OGPSVT
MUX51_n15_1 area_0OtolK CORE9OGPSVT
MUX31_n15_3 area_OtolK CORE9OGPSVT
MUX31_n15_2 area_OtolK CORE9QOGPSVT
MUX51_n15_0 area_OtolK CORE9QOGPSVT
MUX31_ni15_1 area_OtolK CORE9QOGPSVT
MUX31_n15_0 area_OtolK CORE9QOGPSVT
Buf_n3_1 area_OtolK CORE9QOGPSVT
Buf_n3_0 area_OtolK CORE9QOGPSVT

Global Operating Voltage = 1

Power-specific unit information :
Voltage Units = 1V
Capacitance Units = 1.000000pf

Time Units = 1ns

1mW (derived from V,C,T units)
1pW

Dynamic Power Units

Leakage Power Units

6.1716 mW  (83%)
1.2357 mW  (17%)

Cell Internal Power

Net Switching Power

Total Dynamic Power 7.4073 mW  (100%)
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Cell Leakage Power

13.1898 uW



94

Synopsys Report without Select Function




APPENDIX B

Synopsys Report with Select

Function

B.1 Radix-2 Timing Report

sk sk sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ok o o o o ok ok ok sk sk sk sk ok ok ok ok kKK ok K
Report : timing
-path full
-delay max
-max_paths 1
-sort_by group
Design : DIV2
Version: X-2005.09-SP1
Date : Thu Jan 10 08:42:50 2008

>k 3k 3k 5k >k >k >k 3k 3k 5k >k >k k 3k 5k >k %k >k 3k 5k >k >k %k >k 5k >k >k %k >k 5k 5k >k %k >k >k >k >k >k % %

Operating Conditions: NomLeak  Library: CORESOGPSVT
Wire Load Model Mode: enclosed

Startpoint: regl/DATA_OUT_reg[7]
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(rising edge-triggered flip-flop clocked by CLK_O0)
Endpoint: WS_shift_reg[8]
(rising edge-triggered flip-flop clocked by CLK_O)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

DIV2 area_0K COREQOGPSVT

Adder_3 area_OtolK CORESOGPSVT

CPA4 area_0tolK COREQOGPSVT

Adder_2 area_0tolK COREQOGPSVT

Adder_1 area_OtolK COREQOGPSVT
Radix2Selector area_0tolK COREQOGPSVT

MUX31_n15 area_OtolK COREQOGPSVT

Point Incr Path

clock CLK_O (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
regl/DATA_OUT_reg[7]/CP (FD2QSVTX2) 0.00 0.00
regl/DATA_OUT _regl[7]1/Q (FD2QSVTX2) 0.11 0.11
regl/DATA_OUT[7] (REG_n15_1) 0.00 0.11
sele/X[0] (Radix2Selector) 0.00 0.11
sele/cpa/X[0] (CPA4) 0.00 0.11
sele/cpa/adder00/X (Adder_3) 0.00 0.11
sele/cpa/adder00/halfAdder0/X (HalfAdder_7) 0.00 0.11
sele/cpa/adder00/halfAdder0/U9/Z (EOSVTX1) 0.10 0.21
sele/cpa/adder00/halfAdder0/P (HalfAdder_7) 0.00 0.21
sele/cpa/adder00/halfAdder1/X (HalfAdder_6) 0.00 0.21
sele/cpa/adder00/halfAdder1/U9/Z (ND2SVTX2) 0.03 0.25
sele/cpa/adder00/halfAdder1/G (HalfAdder_6) 0.00 0.25

H H Hh Hh Hh Hh K
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sele/cpa/adder00/nandGate/X (NAND_GATE_3) 0.00 0.25
sele/cpa/adder00/nandGate/U8/Z (ND2SVTX2) 0.03 0.28
sele/cpa/adder00/nandGate/Z (NAND_GATE_3) 0.00 0.28
sele/cpa/adder00/WC (Adder_3) 0.00 0.28
sele/cpa/adder01/C (Adder_2) 0.00 0.28
sele/cpa/adder0O1/halfAdder1/Y (HalfAdder_4) 0.00 0.28
sele/cpa/adder01/halfAdder1/U10/Z (ND2SVTX2) 0.02 0.30
sele/cpa/adder0O1/halfAdder1/G (HalfAdder_4) 0.00 0.30
sele/cpa/adder01/nandGate/X (NAND_GATE_2) 0.00 0.30
sele/cpa/adder01/nandGate/U8/Z (ND2SVTX2) 0.03 0.33
sele/cpa/adder01/nandGate/Z (NAND_GATE_2) 0.00 0.33
sele/cpa/adder01/WC (Adder_2) 0.00 0.33
sele/cpa/adder02/C (Adder_1) 0.00 0.33
sele/cpa/adder02/halfAdder1/Y (HalfAdder_2) 0.00 0.33
sele/cpa/adder02/halfAdder1/U10/Z (ND2SVTX2) 0.02 0.36
sele/cpa/adder02/halfAdder1/G (HalfAdder_2) 0.00 0.36
sele/cpa/adder02/nandGate/X (NAND_GATE_1) 0.00 0.36
sele/cpa/adder02/nandGate/U8/Z (ND2SVTX2) 0.03 0.39
sele/cpa/adder02/nandGate/Z (NAND_GATE_1) 0.00 0.39
sele/cpa/adder02/WC (Adder_1) 0.00 0.39
sele/cpa/adder03/C (Adder_0) 0.00 0.39
sele/cpa/adder03/halfAdder1/Y (HalfAdder_0) 0.00 0.39
sele/cpa/adder03/halfAdder1/U9/Z (EOSVTX1) 0.08 0.47
sele/cpa/adder03/halfAdder1/P (HalfAdder_0) 0.00 0.47
sele/cpa/adder03/WS (Adder_0) 0.00 0.47
sele/cpa/WS[3] (CPA4) 0.00 0.47
sele/U21/Z (AO7SVTX1) 0.07 0.54
sele/U20/Z (AOBASVTX2) 0.07 0.60
sele/Z[1] (Radix2Selector) 0.00 0.60
buf0/input [1] (Buf_n1) 0.00 0.60
bufO0/output [1] (Buf_n1) 0.00 0.60
mux00/SEL[1] (MUX31_n15) 0.00 0.60
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mux00/U29/Z (NR2ASVTX1) 0.28
mux00/U39/Z (AD11NSVTX1) 0.21
mux00/Z[7] (MUX31_n15) 0.00
adder0/Z[7] (Adder3to2) 0.00
adder0/adder07/C (Adder_12) 0.00
adder0/adder07/halfAdder1/Y (HalfAdder_24) 0.00
adder0/adder07/halfAdder1/U9/Z (EOSVTX1) 0.07
adderO/adder07/halfAdder1/P (HalfAdder_24) 0.00
adder0/adder07/WS (Adder_12) 0.00
adder0/WS[7] (Adder3to2) 0.00
WS_shift_reg[8]/D (FD2QSVTX2) 0.00
data arrival time

clock CLK_O (rise edge) 2.00
clock network delay (ideal) 0.00
WS_shift_reg[8]/CP (FD2QSVTX2) 0.00
library setup time -0.09

data required time

T = = = T = T = = S S e}

.88 r
.09 r
.09 r
.09 r
.09 r
.09 r
A7 r
A7
A7 r
A7 r
A7
1.

17

.00
.00
.00 r

data required time

data arrival time

slack (MET)

B.2 Radix-4 Timing Report (select table)

stk sk ok ok stk ok ok stk ok s ok ok skl sk ok stk sk ok sksksk ok sk ok ok
Report : timing
-path full

-delay max
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-max_paths 1
-sort_by group
Design : divré4_rec
Version: X-2005.09-SP1
Date : Thu Jan 17 07:45:14 2008

>k 5k >k 3k 3k 3k 5k %k 5k >k 3k 3k 5k 5k %k 3k >k 3k 3k 5k 5k >k 3k >k 5k 5k >k 5k >k 3k >k %k 5k %k 5k %k %k >k k k

Operating Conditions: NomLeak Library: COREQOGPSVT
Wire Load Model Mode: enclosed

Startpoint: I_REG1/ZC_regl[5]
(rising edge-triggered flip-flop clocked by CLK_0)
Endpoint: I_REG2/ZS_reg[45]
(rising edge-triggered flip-flop clocked by CLK_O)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

divré_rec area_6Ktol12K CORE9SOGPSVT

QDSEL area_0OtolK CORE9OGPSVT
QDS_TABLE area_0tolK COREQOGPSVT

MULT area_OtolK CORE9SOGPSVT
gl_dualreg_1d_n45 area_2Kto3K CORE9QOGPSVT

Point Incr Path
clock CLK_O (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
I_REG1/ZC_reg[5]/CP (FD2QSVTX2) 0.00 0.00 r
I_REG1/ZC_reg[5]/Q (FD2QSVTX2) 0.13 0.13 £

I_REG1/ZC[5] (gl_dualreg_1d_n10) 0.00 0.13 £
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I_SEL/A2[1] (QDSEL)
I_SEL/I_2/A2[1] (QDS_ADDER)
I_SEL/I_2/U48/Z (EO3HVTX1)
I_SEL/I_2/Y[1] (QDS_ADDER)
I_SEL/I_1/Y[1] (QDS_TABLE)
I_SEL/I1_1/U835/Z (IVSVTX4)
I_SEL/I_1/U840/Z (ENSVTX1)
I_SEL/I_1/U789/Z (AO20CHVTX1)
I_SEL/I_1/U787/Z (AOTHVTX1)
I_SEL/I_1/U847/Z (AQO7SVTX2)
I_SEL/I_1/U833/Z (AD8SVTX8)
I_SEL/I_1/P2 (QDS_TABLE)
I_SEL/P2 (QDSEL)

I_MULT/P2 (MULT)

I_MULT/U56/Z (AD2HVTX1)
I_MULT/U55/Z (AO23HVTX1)
I_MULT/Z[45] (MULT)
I_CSA2/C[45] (csa32LSBs_n47)
I_CSA2/U15/Z (EOHVTX1)
I_CSA2/Z[45] (csa32LSBs_n47)
I_REG2/AS[45] (gl_dualreg_ld_n45)
I_REG2/U209/Z (AO2NHVTX1)
I_REG2/ZS_reg[45]/D (FD2QSVTX2)

data arrival time

clock CLK_O (rise edge)

clock network delay (ideal)
I_REG2/ZS_reg[45]/CP (FD2QSVTX2)
library setup time

data required time

data required time

O O O O O O O O O O O O O O O O O O o o o o o

.00
.00
.28
.00
.00
.04
.08
.15
.09
.06
.14
.00
.00
.00
.13
.13
.00
.00
.16
.00
.00
.12
.00

.60
.00
.00
.09

R R, R, R, R, R, R, R, R, RO O O O O O O O O O O o o o

.13
.13
.41
.41
.41
.45
.53
.67
.76
.83
.96
.96
.96
.96
.09
.23
.23
.23
.38
.38
.38
.50
.50
.50

H Hh Hh Hh b

H H K

H
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data arrival time -1.50

slack (MET) 0.00

B.3 Radix-4 Timing Report (Comparison)

skok ok ok sk sk sk sk ok ok ok sk sk sk s sk o s sk sk ok kokokokook ok ok ok ok ok ok ok ok ok
Report : timing
-path full
-delay max
-max_paths 1
-sort_by group
Design : divré4_rec
Version: X-2005.09-SP1
Date : Thu Jan 17 08:53:11 2008

>k 3k 3k 5k >k >k >k 3k 3k 5k >k >k k 3k 5k 5k %k >k 5k 5k >k >k %k >k 5k >k >k %k >k 5k 5k >k >k >k %k >k >k >k % %

Operating Conditions: NomLeak  Library: CORESOGPSVT

Wire Load Model Mode: enclosed

Startpoint: I_REG1/ZS_regl[9]

(rising edge-triggered flip-flop clocked by CLK_O)

Endpoint: I_REG1/ZS_regl[4]

(rising edge-triggered flip-flop clocked by CLK_O0)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

divr4d_rec area_6Ktol12K COREQOGPSVT
Adder_17 area_OtolK CORESOGPSVT
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QDSEL2 area_2Kto3K COREQOGPSVT
SD_2 area_OtolK CORE9OGPSVT
Coder4 area_OtolK CORE9QOGPSVT
MULT area_1Kto2K CORE9QOGPSVT
gl_dualreg_1d_nl0 area_OtolK CORE9OGPSVT
Point Incr Path

clock CLK_O (rise edge) 0.00 0.00
clock network delay (ideal) 0.00 0.00
I_REG1/ZS_reg[9]/CP (FD2QSVTX4) 0.00 0.00
T_REG1/ZS_reg[91/Q (FD2QSVTX4) 0.15 0.15
I_REG1/ZS[9] (gl_dualreg_1d_n10) 0.00 0.15
I_SEL/A1[6] (QDSEL2) 0.00 0.15
I_SEL/csal/Y[6] (CSA8_2) 0.00 0.15
I_SEL/csal/adder06/Y (Adder_17) 0.00 0.15
I_SEL/csal/adder06/halfAdder0/Y (HalfAdder_35) 0.00 0.15
I_SEL/csal/adder06/halfAdder0/U10/Z (EOSVTX4) 0.09 0.24
I_SEL/csal/adder06/halfAdder0/P (HalfAdder_35) 0.00 0.24
I_SEL/csal/adder06/halfAdder1/X (HalfAdder_34) 0.00 0.24
I_SEL/csal/adder06/halfAdder1/U9/Z (EOSVTX8) 0.05 0.29
I_SEL/csal/adder06/halfAdder1/P (HalfAdder_34) 0.00 0.29
I_SEL/csal/adder06/WS (Adder_17) 0.00 0.29
I_SEL/csal/WS[6] (CSA8_2) 0.00 0.29
I_SEL/sd1/WS[6] (SD_2) 0.00 0.29
I_SEL/sd1/U57/Z (IVSVTX2) 0.02 0.31
I_SEL/sd1/U49/Z (AN2BSVTX1) 0.10 0.41
I_SEL/sd1/U38/Z (A017ASVTX4) 0.04 0.45
I_SEL/sd1/U46/Z (EQ3SVTX4) 0.12 0.57
I_SEL/sd1/U56/Z (NR2ASVTX8) 0.03 0.59
I_SEL/sd1/S (SD_2) 0.00 0.59
I_SEL/coder0/S_1 (Coder4) 0.00 0.59

Hh Hh Hh Hh Fh Hh Hh Hh Hh Hh Hh Hh Hh H R

H B

(o]
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I_SEL/coder0/U26/Z (AN2BSVTX6) 0.08 0.68 £
I_SEL/coder0/U29/Z (IVSVTX4) 0.01 0.69 r
I_SEL/coder0/U22/Z (ND4ABSVTX4) 0.03 0.72 £
I_SEL/coder0/U28/Z (IVSVTX10) 0.02 0.74 r
I_SEL/coder0/Q[2] (Coder4) 0.00 0.74 r
I_SEL/P1 (QDSEL2) 0.00 0.74 r
I_MULT/P1 (MULT) 0.00 0.74 r
I_MULT/U177/Z (IVSVTX12) 0.04 0.78 £
I_MULT/U37/Z (A023HVTX1) 0.13 0.91 r
I_MULT/Z[50] (MULT) 0.00 0.91 r
I_CSA1/C[2] (gl_csa32_n8) 0.00 0.91 r
I_CSA1/U44/Z (EOSVTX4) 0.12 1.03 £
I_CSA1/Z[2] (gl_csa32_n8) 0.00 1.03 £
I_REG1/AS[4] (gl_dualreg_1d_n10) 0.00 1.03 £
I_REG1/U93/Z (AO2NSVTX1) 0.10 1.13 £
I_REG1/ZS_reg[4]1/D (FD2QSVTX4) 0.00 1.13 f
data arrival time 1.13

clock CLK_O (rise edge) 1.20 1.20

clock network delay (ideal) 0.00 1.20

I_REG1/ZS_reg[4]/CP (FD2QSVTX4) 0.00 1.20 r
library setup time -0.07 1.13

data required time 1.13

data required time 1.13

data arrival time -1.13

slack (MET) 0.00
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B.4 Radix-8 Timing Report

skok ok ok sk ok ok ok ok ok ok ok sk sk sk sk o sk sk sk ko kokokokok ook ok ok ok ok ok ok ok ok
Report : timing
-path full
-delay max
-max_paths 1
-sort_by group
Design : DIV8
Version: X-2005.09-SP1
Date : Thu Jan 10 11:34:47 2008

3k 5k >k 5k 5k 3k 5k 5k 5k >k 3k 5k 3k 3k >k 5k >k 3k >k 5k 5k >k 5k >k %k 5k >k 5k >k 5k >k >k 5k >k 5k %k >k *k k k%

Operating Conditions: NomLeak Library: CORESOGPSVT

Wire Load Model Mode: enclosed

Startpoint: reg3/DATA_OUT_regl5]
(rising edge-triggered flip-flop clocked by CLK_O0)
Endpoint: ws_shift_reg[13]
(rising edge-triggered flip-flop clocked by CLK_O)
Path Group: CLK_O
Path Type: max

Des/Clust/Port Wire Load Model Library

DIV8 area_OK CORE9QOGPSVT
HalfAdder_15 area_OtolK CORE9SOGPSVT
Adder_7 area_OtolK CORE9OGPSVT
CPA8 area_OtolK COREQOGPSVT
Adder_6 area_OtolK CORE9OGPSVT
Adder_5 area_OtolK CORE9QOGPSVT

Adder_4 area_OtolK CORESOGPSVT
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Adder_3 area_0tolK COREQOGPSVT
Adder_2 area_0tolK CORE9QOGPSVT
Adder_1 area_0tolK CORE9QOGPSVT
Radix8Selector area_1Kto2K COREQOGPSVT
MUX31_n15_3 area_OtolK CORESOGPSVT
MUX51_ni15_1 area_0tolK CORE9QOGPSVT
Adder_13 area_0tolK CORE9QOGPSVT
Point Incr Path

clock CLK_O (rise edge) 0.00 0.00

clock network delay (ideal) 0.00 0.00

reg3/DATA_OUT_reg[5]/CP (FD2QSVTX2) 0.00 0.00 r
reg3/DATA_OUT _reg[5]1/Q (FD2QSVTX2) 0.11 0.11 £
reg3/DATA_OUT[5] (REG_n15_0) 0.00 0.11 £
sele/Y[0] (Radix8Selector) 0.00 0.11 f
sele/cpa/Y[0] (CPA8) 0.00 0.11 f
sele/cpa/adder00/Y (Adder_7) 0.00 0.11 £
sele/cpa/adder00/halfAdder0/Y (HalfAdder_15) 0.00 0.11 f
sele/cpa/adder00/halfAdder0/U12/Z (IVSVTX2) 0.02 0.13 r
sele/cpa/adder00/halfAdder0/U10/Z (ND2SVTX1) 0.03 0.16 f
sele/cpa/adder00/halfAdder0/U14/Z (ND2SVTX2) 0.04 0.19 r
sele/cpa/adder00/halfAdder0/P (HalfAdder_15) 0.00 0.19 r
sele/cpa/adder00/halfAdder1/X (HalfAdder_14) 0.00 0.19 r
sele/cpa/adder00/halfAdder1/U10/Z (ND2SVTX2) 0.03 0.22 £
sele/cpa/adder00/halfAdderl/G (HalfAdder_14) 0.00 0.22 £
sele/cpa/adder00/nandGate/X (NAND_GATE_7) 0.00 0.22 f
sele/cpa/adder00/nandGate/U8/Z (ND2SVTX2) 0.03 0.25 r
sele/cpa/adder00/nandGate/Z (NAND_GATE_7) 0.00 0.25 r
sele/cpa/adder00/WC (Adder_7) 0.00 0.25 r
sele/cpa/adder01/C (Adder_6) 0.00 0.25 r
sele/cpa/adder0O1/halfAdder1/Y (HalfAdder_12) 0.00 0.25 r
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sele/cpa/adder01/halfAdder1/U10/Z (ND2SVTX2)
sele/cpa/adder01/halfAdder1/G (HalfAdder_12)
sele/cpa/adder01/nandGate/X (NAND_GATE_6)
sele/cpa/adder01/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder01/nandGate/Z (NAND_GATE_6)
sele/cpa/adder01/WC (Adder_6)
sele/cpa/adder02/C (Adder_5)
sele/cpa/adder02/halfAdderl/Y (HalfAdder_10)
sele/cpa/adder02/halfAdder1/U10/Z (ND2SVTX2)
sele/cpa/adder02/halfAdder1/G (HalfAdder_10)
sele/cpa/adder02/nandGate/X (NAND_GATE_5)
sele/cpa/adder02/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder02/nandGate/Z (NAND_GATE_5)
sele/cpa/adder02/WC (Adder_5)
sele/cpa/adder03/C (Adder_4)
sele/cpa/adder03/halfAdder1/Y (HalfAdder_8)
sele/cpa/adder03/halfAdder1/U10/Z (ND2SVTX2)
sele/cpa/adder03/halfAdder1/G (HalfAdder_8)
sele/cpa/adder03/nandGate/X (NAND_GATE_4)
sele/cpa/adder03/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder03/nandGate/Z (NAND_GATE_4)
sele/cpa/adder03/WC (Adder_4)
sele/cpa/adder04/C (Adder_3)
sele/cpa/adder04/halfAdder1/Y (HalfAdder_6)
sele/cpa/adder04/halfAdder1/U14/Z (ND2SVTX2)
sele/cpa/adder04/halfAdder1/G (HalfAdder_6)
sele/cpa/adder04/nandGate/X (NAND_GATE_3)
sele/cpa/adder04/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder04/nandGate/Z (NAND_GATE_3)
sele/cpa/adder04/WC (Adder_3)
sele/cpa/adder05/C (Adder_2)
sele/cpa/adder05/halfAdder1/Y (HalfAdder_4)

O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.02
.00
.00
.03
.00
.00
.00
.00
.02
.00
.00
.03
.00
.00
.00
.00
.02
.00
.00
.03
.00
.00
.00
.00
.02
.00
.00
.03
.00
.00
.00
.00

O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.27
.27
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.30
.30
.30
.30
.30
.33
.33
.33
.36
.36
.36
.36
.36
.38
.38
.38
.41
.41
.41
.41
.41
.44
.44
.44
.47
.47
.47
.47
.47
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sele/cpa/adder05/halfAdder1/U10/Z (ND2SVTX2)
sele/cpa/adder05/halfAdder1/G (HalfAdder_4)
sele/cpa/adder05/nandGate/X (NAND_GATE_2)
sele/cpa/adder05/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder05/nandGate/Z (NAND_GATE_2)
sele/cpa/adder05/WC (Adder_2)
sele/cpa/adder06/C (Adder_1)
sele/cpa/adder06/halfAdder1/Y (HalfAdder_2)
sele/cpa/adder06/halfAdder1/U10/Z (ND2SVTX2)
sele/cpa/adder06/halfAdder1/G (HalfAdder_2)
sele/cpa/adder06/nandGate/X (NAND_GATE_1)
sele/cpa/adder06/nandGate/U8/Z (ND2SVTX2)
sele/cpa/adder06/nandGate/Z (NAND_GATE_1)
sele/cpa/adder06/WC (Adder_1)
sele/cpa/adder07/C (Adder_0)
sele/cpa/adder07/halfAdder1/Y (HalfAdder_O)
sele/cpa/adder07/halfAdder1/U10/Z (EOSVTX1)
sele/cpa/adder07/halfAdder1/P (HalfAdder_O0)
sele/cpa/adder07/WS (Adder_0)
sele/cpa/WS[7] (CPA8)

sele/U1529/Z (IVSVTX2)

sele/U1528/Z (NR2AHVTX1)

sele/U1498/Z (AO20DSVTX1)

sele/out_h[2] (Radix8Selector)
bufO/input[2] (Buf_n3_1)

bufO/output [2] (Buf_n3_1)

muxO0/SEL[2] (MUX51_n15_1)

mux0/mux0/SEL[0] (MUX31_n15_3)
mux0/mux0/U36/Z (AN2BHVTX1)

mux0/mux0/U34/Z (BFSVTX4)

mux0/mux0/U50/Z (AO11NSVTX1)
mux0/mux0/Z[10] (MUX31_n15_3)

O O O O O O O O O O O O O O O O O O O O O O O O O o o o o o o o

.02
.00
.00
.03
.00
.00
.00
.00
.02
.00
.00
.03
.00
.00
.00
.00
.11
.00
.00
.00
.05
.10
.21
.00
.00
.00
.00
.00
.17
.07
.16
.00

= 2, B, R, R, R, R, R, RO O O 0O O 0O O O O O O O O O O O o o o o o o

.49
.49
.49
.53
.53
.53
.53
.53
.55
.55
.55
.58
.58
.58
.58
.58
.69
.69
.69
.69
.74
.84
.05
.05
.05
.05
.05
.05
.22
.29
.45
.45
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mux0/mux1/C[10] (MUX31_n15_2)
mux0/mux1/U49/Z (AO11NSVTX1)
mux0/mux1/Z[10] (MUX31_n15_2)

mux0/Z[10] (MUX51_n15_1)

adder0/Z[10] (Adder3to2_1)
adder0/adder10/C (Adder_29)
adderO/adder10/halfAdderl/Y (HalfAdder_58)
adder0/adder10/halfAdder1/U10/Z (EOSVTX1)
adder0/adder10/halfAdder1/P (HalfAdder_58)
adderO/adder10/WS (Adder_29)

adder0/WS[10] (Adder3to2_1)

adder1/X[10] (Adder3to2_0)
adderl/adder10/X (Adder_13)
adder1/adder10/halfAdder0/X (HalfAdder_27)
adder1/adder10/halfAdder0/U10/Z (EOSVTX1)
adderl/adder10/halfAdder0/P (HalfAdder_27)
adderl/adder10/halfAdder1/X (HalfAdder_26)
adder1/adder10/halfAdder1/U10/Z (EOSVTX1)
adder1/adder10/halfAdder1/P (HalfAdder_26)
adderl/adder10/WS (Adder_13)

adder1/WS[10] (Adder3to2_0)
ws_shift_reg[13]/D (FD2QSVTX2)

data arrival time

clock CLK_O (rise edge)

clock network delay (ideal)
ws_shift_reg[13]/CP (FD2QSVTX2)
library setup time

data required time

O O O O O O O O O O O O O O O o o o o o o o

.00
.18
.00
.00
.00
.00
.00
.08
.00
.00
.00
.00
.00
.00
.10
.00
.00
.09
.00
.00
.00
.00

.00

0.00
0.00

.09
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.45
.63
.63
.63
.63
.63
.63
.71
.71
.71
.71
.71
.71
.71
.82
.82
.82
.90
.90
.90
.90
.90
.90

H Hh Hh Hh Fh Hh Hh

data required time

data arrival time
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slack (MET) 0.00
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APPENDIX C

VHDL Code

-- Radix-2 Division

-- s050985@student.dtu.dk

-- Oct 18th, 2007

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_misc.all;
use IEEE.std_logic_signed.all;
use IEEE.std_logic_arith.all;

Entity DIV2 is

port(input : in  std_logic_vector(7 downto 0);
d_in : in  std_logic_vector(7 downto 0);
clk : in std_logic;
reset : in std_logic;
output : out std_logic_vector(7 downto 0)

)3

end DIV2;
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Architecture behavioral of DIV2 is

signal D : std_logic_vector(15 downto 0);

signal reg_D
signal not_D

signal zero :

std_logic_vector(15 downto 0);
std_logic_vector(15 downto 0);

std_logic_vector(15 downto 0);

signal q_selected : std_logic_vector(l downto 0);
signal q_buf std_logic_vector(1l downto 0);
signal d_selected : std_logic_vector(15 downto 0);
signal WS : std_logic_vector(15 downto 0);

signal WC : std_logic_vector(15 downto 0);

signal WS_reg : std_logic_vector(15 downto 0);
signal WC_reg : std_logic_vector(15 downto 0);
signal WS_shift : std_logic_vector(15 downto 0);
signal WC_shift :  std_logic_vector (15 downto 0);

component MUX31
GENERIC(n : integer);
Port ( A : In std_logic_vector (n downto 0);
B : In std_logic_vector (n downto 0);
C : In std_logic_vector (n downto 0);
SEL : In std_logic_vector (1l downto 0);
Z : Out std_logic_vector (n downto 0) );
end component;

component Adder3to2

port (
X in std_logic_vector(15 downto 0);
Y in std_logic_vector(15 downto 0);
Z in std_logic_vector(15 downto 0);
C in std_logic ;
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WS : out std_logic_vector(15 downto 0);

WC : out std_logic_vector(15 downto 0)

)3
end component;

component Radix2selector

port(
in
in
out
);

end component;
component REG is
GENERIC(n : integer);
Port ( DATA_IN
RESET
CLOCK
DATA_QUT
end component;
component REG12 is
GENERIC(n : integer);
Port ( DATA_IN
RESET
CLOCK
DATA_QUT
DATA_QUT_NOT
end component;
component Buf is
Generic(n: integer);

port(input : in

In
In

In

: Out

In
In

In

: Out
: Out

std_logic_vector(3 downto
std_logic_vector(3 downto

std_logic_vector(l downto

std_logic_vector
std_logic;
std_logic;

std_logic_vector

std_logic_vector
std_logic;
std_logic;
std_logic_vector

std_logic_vector

(n

(n

(n

(n

downto 0);

downto 0) );

downto 0);

downto 0);
downto 0) );

std_logic_vector(n downto 0);

output : buffer std_logic_vector(n downto 0)

)
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end component;

component OTFC2 is

port (
Qinput : in  std_logic_vector(l downto 0);
clk : in std_logic;
reset : in std_logic;
Qoutput :  out std_logic_vector(7 downto 0)
)3

end component;

begin

reg0 :REG12 Generic Map(n=>15)
port map (DATA_IN => D,
RESET => reset,
CLOCK => clk,
DATA_OUT => reg_D,
DATA_OUT_NOT => not_D
)3
regl :REG Generic Map(n=>15)
port map (DATA_IN => WS_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WS_reg
)3
reg2 :REG Generic Map(n=>15)
port map (DATA_IN => WC_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WC_reg
)3
mux00 :MUX31 Generic Map(n=>15)
port map (A => reg_D,
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B => not_D,
C => zero,
SEL => g_buf,
Z => d_selected

);

adderO : Adder3to2

port map (X => WS_reg,
Y => WC_reg,
Z => d_selected,
C => g_selected (1),

WS => WS,
WC => WC
)3
buf0 : Buf Generic Map(n=>1)

port map(input => q_selected,
output=> q_buf
)3
sele : Radix2selector
port map(X =>WS_reg(10 downto 7),
Y =>WC_reg(10 downto 7),
Z => q_selected);
otfc00 : OTFC2

port map(Qinput => q_selected, clk => clk, reset => reset, Qoutput => outpt

process(clk, reset)

begin

if ( reset = ’0’ ) then
WC_shift <= (others => ’0°);
WS_shift(6 downto 0) <= input(7 downto 1);
WS_shift (15 downto 7) <= "000000000";
D(7 downto 0) <= d_in(7 downto 0);
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D(15 downto 8) <= "00000000";

zero <= (others => ’0’);

elsif (( clk = ’1’ ) and (clk’EVENT)) then

WC_shift <= to_stdlogicvector(to_bitvector(WC) sll 1);
WS_shift <

to_stdlogicvector(to_bitvector(WS) sll 1);

end if;

end process;

end behavioral;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_misc.all;
use IEEE.std_logic_signed.all;
use IEEE.std_logic_arith.all;

Entity Radix2Selector is

port (
in  std_logic_vector(3 downto 0);
in std_logic_vector(3 downto 0);
out std_logic_vector(l downto 0)
)3

end Radix2Selector;

Architecture behavioral of Radix2Selector is
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component CPA4 is
port (
in std_logic_vector(3 downto
in std_logic_vector(3 downto
in std_logic_vector(0 downto
WS : out std_logic_vector(3 downto
)3
End component;
signal select_bits : std_logic_vector(3

begin

cpa : CPA4
port map(

)

process(sel
begin

case

X => X,
Y =>Y,
Cc => "O",

WS => select_bits

ect_bits)

select_bits is
when "0000" => Z <= "O1" ;
when "0001" => Z <= "01" ;
when "0010" => Z <= "01" ;
when "0011" => Z <= "01" ;
when "0100" => Z <= "“11" ;
when "0101" => Z <= "11" ;
when "0110" => Z <= "11" ;
when "0111" => Z <= "00" ;

0);
0);
0);
0)

downto 0);
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when
when
when
when
when
when

when

when others

end ca

end process;

end behavioral;

component Radix4Selector?2

port(

N O < X

)3
end component;

component REG is

"1000"
"1001"
"1010“
"1011"
"1100"
111101"
ll1110l|

se;

is

N N N N N N N N

<= "Q1" ;
<= "11"
<= "11" ;
<= "QQ" ;
<= "11"
<= "1q" ;
<= "11"
<= "00" ; --"1111"

in  std_logic_vector(7 downto

in std_logic_vector(7 downto

in  std_logic_vector(3 downto

out std_logic_vector(3 downto

GENERIC(n : integer);

Port ( DATA_IN
RESET
CLOCK
DATA_QUT
end component;

component REG14 is

In
In

In

: Out

GENERIC(n : integer);

Port ( DATA_IN
RESET

In

In

std_logic_vector
std_logic;
std_logic;

std_logic_vector

std_logic_vector

std_logic;

0);

0);

0);

0)

(n downto 0);

(n downto 0) );

(n downto 0);
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CLOCK : In std_logic;
DATA_QOUT : Out std_logic_vector (n downto 0);
DATA_QUT_NOT : Out std_logic_vector (n downto 0);
DATA_QUT_2 : Out std_logic_vector (n downto 0);
DATA_OUT_2_NOT : Out std_logic_vector (n downto 0)

)3
end component;
component Buf is
Generic(n: integer);
port(input : in std_logic_vector(n downto 0);
output : out std_logic_vector(n downto 0)
)3
end component;

component 0TFC4 is

port (
Qinput : in  std_logic_vector(3 downto 0);
clk : in std_logic;
reset : in std_logic;
Qoutput :  out std_logic_vector(7 downto 0)
)

end component;

begin

reg0 :REG14 Generic Map(n=>15)

port map (DATA_IN => D,
RESET => reset,
CLOCK => clk,
DATA_OUT => reg_D,
DATA_OUT_NOT => not_D,
DATA_OUT_2 => reg_2D,
DATA_OUT_2_NOT => not_2D
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regl :REG Generic Map(n=>15)
port map (DATA_IN => WS_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WS_reg
)
reg2 :REG Generic Map(n=>15)
port map (DATA_IN => WC_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WC_reg
)3
mux00 :MUX51 Generic Map(n=>15)
port map (A => not_2D,
B => not_D,
C => zero,
D => reg_2D,
E => reg D,
SEL => g_buf,
Z => d_selected
)3
adderO : Adder3to2
port map (X => WS_reg,
Y => WC_reg,
Z => d_selected,
C => g_selected(1),

WS => WS,
WC => WC
)3
bufO0 : Buf Generic Map(n=>3)

port map(input => g_selected,
output => g_buf
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)3
sele : Radix4selector?2
port map(X =>WS_reg(1l downto 4),
Y =>WC_reg(11 downto 4),
D =>reg_D(7 downto 4),
Z => g_selected
)
otfc00 : OTFC4

port map(Qinput => q_selected, clk => clk, reset => reset, Qoutput => outpu

process(clk, reset)
begin
if ( reset = ’0’ ) then
WC_shift <= (others => ’07);
WS_shift(5 downto 0) <= input(7 downto 2);
WS_shift (15 downto 6) <= "0000000000";
D(7 downto 0) <= d_in(7 downto 0);
D(15 downto 8) <= "00000000";
zero <= (others => ’0’);
elsif (( clk = ’1’ ) and (clk’EVENT)) then
WS_shift <= to_stdlogicvector(to_bitvector(WS) sll 2);
WC_shift <= to_stdlogicvector(to_bitvector(WC) sll 2);

end if;

end process;

end behavioral;

library IEEE;
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use IEEE.std_logic_1164.all;
use IEEE.std_logic_misc.all;
use IEEE.std_logic_signed.all;
use IEEE.std_logic_arith.all;

Entity Radix4Selector2 is

port(
X in std_logic_vector(7 downto 0);
Y in  std_logic_vector(7 downto 0);
D in std_logic_vector(3 downto 0);
Z out std_logic_vector(3 downto 0)
);
end entity;

Architecture Behavioral of Radix4Selector2 is

component Selector4Control is

port (X : in std_logic_vector(3 downto 0);
M_2 : out std_logic_vector(7 downto 0);
M_1 :  out std_logic_vector(7 downto 0);
M_0O : out std_logic_vector(7 downto 0);
M_m_1 : out std_logic_vector(7 downto 0)
)3

end component;

component CSA8 is

port (
X in std_logic_vector(7 downto 0);
Y in std_logic_vector(7 downto 0);
Z in std_logic_vector(7 downto 0);
C in std_logic ;

WS : out std_logic_vector(7 downto 0);
WC : out std_logic_vector(7 downto 0)
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)

End component;

component SD is

port (WS
WC
S
)3

end component;

in

in

out std_logic

component Coder is

port (S_
S_
S_
S_

Q
)

end component;

signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

signal

2
1
0

m_1

m_0O
m_1
m_2
m_m_1
ws_0O
wec_0
ws_1
we_1
ws_2
wc_2
ws_m_1

wc_m_1

in std_logic;
in std_logic;
in std_logic;
in std_logic;
out

std_logic_vector(7 downto 0);
std_logic_vector(7 downto 0);

std_logic_vector(3 downto 0)

std_logic_vector(7 downto 0);

std_logic_vector(7 downto 0);

std_logic_vector(7 downto 0);

std_logic_vector (7
std_logic_vector (7
std_logic_vector(7
std_logic_vector (7
std_logic_vector(7
std_logic_vector(7
std_logic_vector (7

std_logic_vector(7 downto 0);
std_logic_vector(7 downto 0);

std_logic;
std_logic;
std_logic;

downto
downto
downto
downto
downto
downto

downto

0);
0);
0);
0);
0);
0);
0);
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signal s_m_1 : std_logic;

begin

control : Selector4Control
port map(X => D,
M_2 =>m_2,
M_1=>m_1,
M_O0 => m_O,
Mm_ 1=>mm_1
);
csal : CSAS8
port map(X => m_2,
Y =>1X,
Z =Y,
c =>"0’,
WS => ws_2,
WC => wc_2
);
csal : CSAS8
port map(X => m_1,
Y =>1X%,
zZ =Y,
c =>"0’,
WS => ws_1,
WC => wc_1
);
csa2 : CSAS8
port map(X => m_0,
Y = X,
zZ =Y,
c => 0,
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WS => ws_0,
WC => wc_0
)3
csa3 : CSAS8

port map(X => m_m_1,

Y =>1X,
zZ =>4,
c =>0’,

WS => ws_m_1,
WC => wc_m_1
)3
sd0 : SD

WC => wc_2,

port map( WS => ws_2,

)3
sdl : SD
port map( WS => ws_1,
WC => wc_1,
)3
sd2 : SD
port map( WS => ws_0,
WC => wc_0,

)3
sd3 : SD
port map( WS => ws_m_1,
WC => wc_m_1,
S =>s_m_1
)3

coderO : Coder
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port map(S_2 => s_2,

S_1=>s_1,

S_0 => s_0,
S_.m_1 =>s_m_1,
Q =z

)

end Behavioral;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_misc.all;
use IEEE.std_logic_signed.all;
use IEEE.std_logic_arith.all;

Entity DIV8 is

port(input in  std_logic_vector (7 downto 0);
d_in : in  std_logic_vector(7 downto 0);
clk : in std_logic;
reset : in std_logic;
output out std_logic_vector(7 downto 0)

)3

end DIVS;

Architecture behavioral of DIV8 is

signal D : std_logic_vector(15 downto 0);
signal reg D : std_logic_vector(15 downto 0);
signal not_D : std_logic_vector(15 downto 0);

signal reg 2D : std_logic_vector(15 downto 0);
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signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

signal

not_2D std_logic_vector (15 downto 0);
reg_4D std_logic_vector(15 downto 0);
not_4D std_logic_vector(15 downto 0);
reg_8D std_logic_vector(15 downto 0);
not_8D std_logic_vector(15 downto 0);

zero : std_logic_vector(15 downto 0);
g_selected : std_logic_vector(7 downto 0);
g_selected_h : std_logic_vector(3 downto 0);
g_buf_h : std_logic_vector(3 downto 0);
gq_selected_1 : std_logic_vector(3 downto 0);
g_buf_1 : std_logic_vector(3 downto 0);
d_selected_h : std_logic_vector(15 downto 0);
d_selected_1 : std_logic_vector(15 downto 0);
WS std_logic_vector (15 downto 0);

WS_h std_logic_vector(15 downto 0);

WC_h std_logic_vector(15 downto 0);

WC std_logic_vector(15 downto 0);

WS_reg std_logic_vector(15 downto 0);
WC_reg std_logic_vector (15 downto 0);
ws_shift std_logic_vector(15 downto 0);
wc_shift std_logic_vector(15 downto 0);

component MUX51
GENERIC(n :

Port (

end component;

integer) ;

A : In std_logic_vector (un downto 0);

B : In std_logic_vector (n downto 0);
C: In std_logic_vector (n downto 0);
D : In std_logic_vector (n downto 0);
E: In std_logic_vector (n downto 0);

SEL : In std_logic_vector(3 downto 0);
Z : Out std_logic_vector (n downto 0) );
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component Adder3to2
port(

in

in

in

Q N < X

in
WS : out
WC : out

)3
end component;
component Radix8sele
port (
X
Y
D
out_h
out_1
)3
end component;
component REG is
GENERIC(n : int
Port ( DATA_IN
RESET
CLOCK
DATA_OUT
end component;
component REG14 is
GENERIC(n : int
Port ( DATA_IN
RESET
CLOCK

std_logic_vector(15 downto 0);

std_logic_vector(15 downto 0);

std_logic_vector(15 downto 0);

std_logic ;

std_logic_vector(15 downto 0);

std_logic_vector(15 downto 0)

ctor

in
in
in
out

out

eger) ;

std_logic_vector(7 downto 0);

std_logic_vector(7 downto 0);

std_logic_vector(3 downto 0);

std_logic_vector(3 downto 0);

std_logic_vector(3 downto 0)

In
In

In

: Out

eger) ;

In
In

In

std_logic_vector (n downto 0);
std_logic;
std_logic;

std_logic_vector (n downto 0) );

std_logic_vector (n downto 0);
std_logic;
std_logic;
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DATA_OUT : Out std_logic_vector (n downto 0);
DATA_OUT_NOT : Out std_logic_vector (n downto 0);
DATA_QUT_2 : Out std_logic_vector (n downto 0);
DATA_QUT_2_NOT : Out std_logic_vector (n downto 0)
)3

end component;
component REG18 is
GENERIC(n : integer);

Port ( DATA_IN : In std_logic_vector (n downto 0);
RESET : In std_logic;
CLOCK : In std_logic;
DATA_QOUT_4 : Out std_logic_vector (n downto 0);
DATA_OUT_4_NOT : Out std_logic_vector (n downto 0);
DATA_OUT_8 : Out std_logic_vector (n downto 0);
DATA_OUT_8_NOT : Out std_logic_vector (n downto 0)
)3

end component;
component Buf is
Generic(n: integer);
port(input : in std_logic_vector(n downto 0);
output : out std_logic_vector(n downto 0)
)3
end component;

component OTFC8 is

port(
Qinput :  in  std_logic_vector(7 downto 0);
clk : in std_logic;
reset : in std_logic;
Qoutput :  out std_logic_vector(7 downto 0)
)3

end component;

begin
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reg0 :REG14 Generic Map(n=>15)
port map (DATA_IN => D,
RESET => reset,
CLOCK => clk,
DATA_OUT => reg_D,
DATA_OUT_NOT => not_D,
DATA_OUT_2 => reg_2D,
DATA_OUT_2_NOT => not_2D
)3
regl :REG18 Generic Map(n=>15)
port map (DATA_IN => D,
RESET => reset,
CLOCK => clk,
DATA_OUT_4 => reg_4D,
DATA_OUT_4_NOT => not_4D,
DATA_OUT_8 => reg_8D,
DATA_QOUT_8_NOT => not_8D
)3
reg2 :REG Generic Map(n=>15)
port map (DATA_IN => WS_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WS_reg
)3
reg3 :REG Generic Map(n=>15)
port map (DATA_IN => WC_shift,
RESET => reset,
CLOCK => clk,
DATA_OUT => WC_reg
)3
mux0 :MUX51 Generic Map(n=>15)
port map (A => not_8D,
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B
C
D
E

=> not_4D,
=> zero,

=> reg_8D,
=> reg_4D,

SEL => q_buf_h,

YA
)

=> d_selected_h

muxl :MUX51 Generic Map(n=>15)

port map (A
B
C
D
E

=> not_2D,
=> not_D,
=> zero,

=> reg_2D,

=> reg_D,

SEL => g_buf_1,

WS
WwC

Z
)3
adderO : Adder3to2
port map (X
Y
Z
C
)3
adderl : Adder3to2
port map (X
Y
Z
C

WS
WwC

=> d_selected_1

=> WS_reg,

=> WC_reg,

=> d_selected_h,

=> g_selected_h(3),
=> WS_h,

=> WC_h

> WS_h,
> WC_h,
> d_selected_1,

> g_selected_1(3),
=> WS,
=> WC
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bufO0 : Buf Generic Map(n=>3)
port map(input => q_selected_h,
output => q_buf_h
)3
bufl : Buf Generic Map(n=>3)
port map(input => q_selected_1,
output => q_buf_1
)3
sele : Radix8selector
port map(X =>WS_reg(12 downto 5),
Y =>WC_reg(12 downto 5),
D => reg D(7 downto 4),
out_h => g_selected_h,
out_1 => g_selected_1
)3
otfc00 : OTFC8
port map(Qinput => q_selected,
clk => clk,
reset => reset,
Qoutput => output);
process(clk, reset)

begin

if ( reset = ’0’ ) then
WC_shift <= (others => ’0’);
WS_shift(5 downto 0) <= input(7 downto 2);
WS_shift (15 downto 6) <= "0000000000";
D(7 downto 0) <= d_in;
D(15 downto 7) <= (others => ’0’);
zero <= (others => ’0’);

elsif (( clk = ’1’ ) and (clk’EVENT)) then
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WS_shift <= to_stdlogicvector(to_bitvector(WS) sll 3);
WC_shift <= to_stdlogicvector(to_bitvector(WC) sll 3);
g_selected(7 downto 4) <= g_selected_h;
g_selected(3 downto 0) <= g_selected_l1;

end if;

end process;

end behavioral;

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_misc.all;
use IEEE.std_logic_signed.all;
use IEEE.std_logic_arith.all;

Entity Radix8Selector is

port(
X :  in  std_logic_vector(7 downto 0);
Y : in  std_logic_vector(7 downto 0);
D : in std_logic_vector(3 downto 0);
out_h : out std_logic_vector(3 downto 0);
out_1 : out std_logic_vector(3 downto 0)
)3

end Radix8Selector;
Architecture behavioral of Radix8Selector is
component CPA8 is

port (
X : in std_logic_vector(7 downto 0);
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Y : in std_logic_vector(7 downto 0);

: in std_logic_vector(0 downto 0);

WS : out std_logic_vector(7 downto 0)

)

End component;

signal WS_bits : std_logic_vector(7 downto 0);

signal select_bits : std_logic_vector(5 downto 0);

begin
cpa : CPAS8
port map(X => X,
Y =>Y,
Cc => "O“,

WS => WS_bits
)5
process(D, select_bits)
begin
select_bits <= WS_bits(7 downto 2);
case D is
when "1000" =>
case select_bits is
when "001100" |
"001011" |
"001010" => out_h
when "001001" => out_h
when "001000" => out_h
when "000111" => out_h
when "000110" => out_h
when "000101" => out_h
when "000100" => out_h

<=

<=

<=

<=

"0010";
"0010";
"0010";
"0010";
"0001";
"0001";
"0001";

out_1
out_1
out_1
out_1
out_1
out_1
out_1

IIOOlOII
"0001 n
IIOOOO“
"0100"
"0010“
"0001 n
IIOOOOH
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when

when

when

when
when
when
when
when
when
when
when
when

end case;

"000011"
"000010"
"000001"
"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"

others

when "1001" =>

case select_bits is

when

when
when
when

when

when

when

when

when

"001110"
"001101"
"001100"
"001011"
"001010"
"001001"
"001000"
"000111"
"000110"
"000101"
"000100"
"000011"
"000010"
"000001"

out_h

out_h

out_h
out_h
out_h
out_h
out_h
out_h
out_h
out_h
out_h
out_h

out_h
out_h
out_h
out_h

out_h
out_h

out_h

out_h

<=

<=

"0001";

"0000" ;

"0000" ;
"0000" ;
"0100";
"0100";
"0100";
"0100";
"1000";
"1000" ;
"1000";
"1000" ;

"OOlOH;
"0010";
"0010";
"0010";

"0001";
"0001";

"0001";

"0001“;

out_1

out_1

out_1
out_1
out_1
out_1
out_1
out_1
out_1
out_1
out_1
out_1

out_1
out_1
out_1
out_1

out_1
out_1

out_1

out_1

"0100"

"0001"

"0100"
"1000"
"oo01"
"0000"
"0100"
"1000"
"0001"
"0000"
"0100"
"1000"

"OOlOU
"0001“
HOOOOH
"OlOOH

"0010"

"0001"

HOOOOH

"0100"
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when

when
when

when

when

when
when
when
when

end case;

"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"
"110101"

others

when "1010" =>

case select_bits is

when

when
when

when

when

when

when

when

when

"001111"
"001110"
"001101"
"001100"
"001011"
"001010"
"001001"
"001000"
"000111"
"000110"
"000101"
"000100"
"000011"
"000010"
"000001"
"000000"

out_h

out_h
out_h
out_h

out_h

out_h
out_h
out_h
out_h
out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

"0000" ;

"0000";
"0000";
"0100";

"0100";

"0100";
"1000" ;
"1000";
"1000";
"1000" ;

"0010";
"0010";
"0010";
"0010";
"0001";
"0001";
"0001";

"0000" ;

"0000" ;

out_1

out_1
out_1
out_1

out_1

out_1
out_1
out_1
out_1
out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

<=

"0001 n

"0100"
n 1000“
"0001"

IIOOOOll

n 1000"
"0001"
IIOOOO“
ll0100||
"1000"

"0010"

"0001"

IIOOOOH

"0100"

"0010“

"0001"

IIOOOOH

"0010"

"0001 n
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when

when

when

when

when

when

when

when

end case;

"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"
"110101"
"110100"
"110011"

others

when "1011" =>

case select_bits is

when

when

when

when

when

when

when

when

"010001"
"010000"
"001111"
"001110"
"001101"
"001100"
"001011"
"001010"
"001001"
"001000"
"000111"
"000110"
"000101"
"000100"
"000011"

out_h

out_h

out_h

out_h

out_h
out_h

out_h
out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

<=

<=

"0000" ;

"0000" ;

"0100";

"0100";

"1000";
"1000";

"1000" ;
"1000";

"0010";

"0010";

"0010";

"0010";

"0001";

"0001";

"0001";

out_1

out_1

out_1

out_1

out_1
out_1

out_1
out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

ll0100l|

"1000"

HOOOOH

"0100"

"0001"
IIOOOO“

"0100"
"1000"

"0010"

"0001"

IIOOOOll

"0100"

"0010H

HOOOlH

IIOOOOll
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when

when

when

when

when

when

when

when

when

when

end case;

"000010"
"000001"
"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"
"110101"
"110100"
"110011"
"110010"

others

when "1100" =>

case select_bits is

when

when
when

when

when

"010010"
"010001"
"010000"
"001111"
"001110"
"001101"
"001100"
"001011"
"001010"
"001001"
"001000"

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h
out_h

out_h
out_h
out_h

out_h

out_h

"0000" ;

"0000";

"0000";

"0000" ;

ll0100|| ;

"0100";

"0100“ ;

"1000";

"1000";

"1000";
"1000";

"0010";
ll0010|| ;
"0010“ ;

"0010";

"0001";

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1
out_1

out_1
out_1
out_1

out_1

out_1

<=

HOOlOll

"0001"

"0100"

n 1000"

"0001 n

"0100"

"1000"

"0001 n

"0000"

|l0100l|
"1000"

"0010"

"0001 n

IIOOOO“

ll0100l|

"0010"
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when

when

when

when

when

when

when

when

when

when

when

when

when

when

end case

"1101"

"000111"
"000110"
"000101"
"000100"
"000011"
"000010"
"000001"
"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"
"110101"
"110100"
"110011"
"110010"
"110001"
others

=>

case select_bits is

when

when

"010011"
"010010"
"010001"
"010000"
"001111"

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h
out_h

<=

<=

<=

<=

"0010";

"0001";

"0000" ;

"0000";

"0000";

"0000" ;

"0100";

"0100";

"0100";

n 1000II ;

"1000";

"1000" ;
"1000";

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1
out_1

"0001"

"0100"

HOOlOIl

"0001"

"0100"

"1000"

"0001"

"0000"

"1000"

"0001"

"0000"

"0100"
"1000"

=> out_h <= "0010"; out_1 <= "0010"

3
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"001110" => out_h <= "0010"; out_1 <= "0001"

when "001101" |
"001100" => out_h <= "0010"; out_1 <= "0000"

when "001011" |
"001010" => out_h <= "0010"; out_1 <= "0100"

when "001001" |
"001000" => out_h <= "0001"; out_1 <= "0010"

when "000111" |
"000110" => out_h <= "0010"; out_1 <= "0000"

when "000101" |
"000100" => out_h <= "0001"; out_1 <= "0100"

when "000011" |
"000010" => out_h <= "0000"; out_1l <= "0010"

when "000001" |
"000000" => out_h <= "0000"; out_1 <= "00OO1"

when "111111" |
"111110" => out_h <= "0000"; out_1 <= "0100"

when "111101" |
"111100" => out_h <= "0000"; out_1 <= "1000"

when "111011" |
"111010" => out_h <= "0100"; out_1 <= "0001"

when "111001" |
"111000" => out_h <= "0100"; out_1 <= "0000"

when "110111" |
"110110" => out_h <= "0100"; out_1 <= "0100"

when "110101" |
"110100" => out_h <= "0100"; out_1 <= "1000"

when "110011" |
"110010" => out_h <= "1000"; out_1 <= "0000"

when "110001" |
"110000" => out_h <= "1000"; out_1 <= "0100"
when others => out_h <= "1000"; out_1 <= "1000"
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end case;

when "1110" =>

case select_bits is

when

when

when

when

when

when

when

when

when

when

when

when

"010101"
"010100"
"010011"
"010010"
"010001"
"010000"
"001111"
"001110"
"001101"
"001100"
"001011"
"001010"
"001001"
"001000"
"000111"
"000110"
"000101"
"000100"
"000011"
"000010"
"000001"
"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h

"0010";

"OOlOH;

"0010";

ll0010|| ;

"0001";

"0001";

"0001";

"0001";

"0000" ;

"OOOO";

"0100";

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1

"0010"

"0001"

IIOOOOII

"0100"

"0010"

"OOOlU

HOOOOU

"0100"

"0001 n

HOlOOH

"0001"
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"111000" => out_h <= "0100"; out_1 <= "0000"

when "110111" |
"110110" => out_h <= "0100"; out_1 <= "0100"

when "110101" |
"110100" => out_h <= "0100"; out_1 <= "1000"

when "110011" |
"110010" => out_h <= "1000"; out_1 <= "0001"

when "110001" |
"110000" => out_h <= "1000"; out_1 <= "0000"

when "101111" |
"101110" => out_h <= "1000"; out_1 <= "0100"
when others => out_h <= "1000"; out_1l <= "1000"

end case;
when others => -- "1111"

case select_bits is

when "010110" |

"010101" |

"010100" |

"010011" |
"010010" => out_h <= "0010"; out_1 <= "0010"

when "010001" |
"010000" => out_h <= "0010"; out_1 <= "0001"

when "001111" |
"001110" => out_h <= "0010"; out_1 <= "0000"

when "001101" |
"001100" => out_h <= "0010"; out_1 <= "0100"

when "001011" |
"001010" => out_h <= "0001"; out_1 <= "0010"

when "001001" |
"001000" => out_h <= "0001"; out_1 <= "0001"

when "000111" |

"000110"
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end case;

end case;
end process;

end behavioral;

when

when

when

when

when

when

when

when

"000101"
"000100"
"000011"
"000010"
"000001"
"000000"
"111111"
"111110"
"111101"
"111100"
"111011"
"111010"
"111001"
"111000"
"110111"
"110110"
"110101"
"110100"
"110011"
"110010"
"110001"
"110000"
"101111"
"101110"

others

out_h

out_h

out_h

out_h

out_h

out_h

out_h

out_h
out_h

<=

<=

<=

<=

<=

<=

<=

<=

"0001";

"0000" ;

IIOOOOII ;

"0100";

"0100";

"1000" ;

"1000";

"1000" ;
"1000";

out_1

out_1

out_1

out_1

out_1

out_1

out_1

out_1
out_1

ll0100l|

"0001 n

"0100"

"0001 n

"0100"

llOoOl n

IIOOOOll

"0100"
n 1000||



