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Lecture - 10
Pin Assignment

So, Pin Assignment - that is what we want to talk about in this lecture. Let us try to
understand what this problem really means. See here we are trying to define the signal

that each pin will receive what does this means. Let us take an example to illustrate.

(Refer Slide Time: 00:31)

Introduction

*  The purpose is to define the signal that each pin will recelve
* |tcan be done
= During floorplanning
« During placement
Alter placement is fixed
*  For un-designed blocks, a good assignment of pins improves
placement

* |If the blocks are already designed, still some pins can be exchanged

Let us say | have a block. This block consists of some kind of a gate level netlist; it is can

be a anything. So, the exact circuit is not important.
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Let us say | have one output here. There can be another output coming like this. This is a
circuit. So as you can see let say these 2 are also combined. So there are 4 inputs and 2
outputs. So externally there will be a total of 6 pins. 2, 2 input pins and 4 inputs pins and
2 outputs pins. Now this inputs and outputs pins are not necessarily true, that the input
pins have to be placed on the left edge and output pin on the right edge. Input pins some
of them can be placed on the top, bottom or it may be possible that it may be good if I

connect this one to this, and this one to this, cross kind of a thing.

There are lot of issues. These issues will depend on not only this block which we are
considering, but also to the other blocks, that are in neighbourhood and from there the
connections are coming. So depending on the location of the other blocks you will have
to judiciously the select where you have to put the pins. Now this decision we have to
take for the so called flexible blocks. Flexible blocks will recall at the blocks which are
not yet been designed their exact shapes and sizes are not fix, and also the exact location

of the pins are not fixed. For those blocks we have to take this decision.

Now, this pin assignment can be done during various stages, during floorplanning.
During placement | shall talk about this is a little later, during placement also this
problem can come up. Not only that even after placement sometimes you may have to
play around a little bit. This also I will discuss. This is something we which we just now

said for blocks which are not yet designed, a good assignment of pins can improve not



only the placement, but also the interconnection routing, but also for the blocks which
are already designed, there is also some scope for pin assignment, like let us take another

example. Suppose | have a block like this, and | have another block like this.

(Refer Slide Time: 03:46)

Let us say this block is just a 2 input gate. There are 2 inputs and one output this is a
fixed gate and suppose there are 2 other blocks which are also fixed in there, they are
already placed. So some circuit is generating this signal some other circuit is generating
this signal. Now | have to connect this signal to this, and | have to connect this signal to
this. Now you see here there is a cross in the interconnections. So wherever there is a
cross in the interconnections laying out of this net will be little more difficult. It will take
a little more space. This you can immediately see because if 2 connections have to made
in parallel it is easy, but if it is zigzag then means one of them you can connect, but the
other one there is a problem you may have to go to another layer then again connect like
this, then like this so you have to move to another layer make a connection and then you
have to make the connection. It will take 3 tracks instead of 2 tracks here. It will also

take more space.

But what | mean to say is that, suppose this is and gate let us say, now since we know
that the and function is commutative A and B, and B and A are the same. So it really

does not harm if we swap or in exchange this pins bring this here, and bring this here.



That will make the connection straight. The functionality does not change; the output

does not change. It is simple the end of these 2 functions right.

(Refer Slide Time: 05:59)

Pin Assignment

* Input:

A placement of blocks
- Number of pins on each block, possibly an ordering
- Anetlist

* Requirements:
—~ To determine the pin locations on the blocks

* Objectives:

~ To minimize net-length

So, this is actually what |1 mean to say in this last point. So in this a pin assignment, the
input is a placement of blocks, number of pins on each block. Possibly in ordering this
ordering may or may not there. This ordering means well you know that there are 3

inputs and 2 outputs.

But you know that their order will be fixed. First input 1 input 2 input 3. Then output 1
output 2, but the exact relative locations you can move them around, but their ordering

has to be maintained. This may or may not be there as a constraint.



(Refer Slide Time: 06:44)

* Functionally equivalent pins:
- Exchanging the signals does not affect the circuit

* Equipotential pins:

- Both are Internally connected and represent the same net,

A — Cc AR functionally equivalent
B —— D C,D:: equipotential

Obijective obviously, would be to minimize the net length and also to see that minimum
number of crossings are there. Functionally equivalent pins 2 pins, which carry the same
signal it does not matter if |1 exchange them. This equipotential pins both are internally
connected C and D. So you see C, D are equipotential. A B are functional equivalent, so
the example | just now gave little earlier that is a example of a functional equivalent set
of pins. So | can exchange A and B if required, without changing the functionality.
Similarly, C and D are electrically connected | can also exchange C and D, without any
problem.

(Refer Slide Time: 07:46)

Problem Formulation

* Purpose is to optimize the assignment of nets within a
functionally equivalent (or equipotential) pin groups

* Objective

- To reduce congestion or reduce the number of crossovers

e




So, if there is a scenario like this, where C is connected somewhere D is connected
somewhere. If required | can exchange them; if that means that my routing can be
improved my placement and my words can be laid out in easier way | can do that all,
right. So the purpose is to optimize the assignment of nets within functionally equivalent
or equipotential pin groups. Objective as | have said to reduce congestion or reduce the
number of cross overs. So the example that | just now took suppose this was such a case
where these 2 pins, where you can see there is a cross in the inter connection they

represent functionally equivalent or equipotential pins.

If such a cross is happening, you exchange them and make the connection like this. This
looks much neater, much easier to inter connect. So the blocks can also be brought closer

together here less area.

(Refer Slide Time: 08:31)

Classification of Algorithms

[ Pin Assignment Algorithms ]

o .

General Techniques I [ Special Techniques ]

Concentric Circle Mapping
Channel Pin Assignment
Topological Method

Nine Zone Method

So here | shall not be going in to the very details of the algorithm. I shall briefly give you
the basic idea regarding the possible approaches that people use for the pin assignment
problem. So there are some general techniques which can be used for any general pin
assignment instance, but some special techniques which can be used only for standard

cell kind of design style, where you have the channels these standard cell rows and so on.
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Concentric Circle Mapping

Given: Two sets of pins {1) Determine the circles
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Let us see, the concentric circle mapping, this | shall be illustrating with the help of an
example. So here let me tell you here the problem is that I have a block. This is the
problem of one particular block, whose pins are flexible, but their ordering I am
assuming is fixed you cannot change the ordering, but you can rotate them if you want.
There is this block, which whose pins have to be connected to some external points.
Some external other blocks which have already been placed and | am assuming their pin
locations have already been fixed. So it is only the pin position of this current block that
you are trying to adjust at this place. This is my problem which I am trying to illustrate.
So you see this is my block whose 6 pins as you can see whose ordering | can change. |
can rotate their (Refer Time: 10:15), this been | can bring here, this | can bring here, this

| can bring here and so on.

But this external this points, which | shown as red they have to be connected to these
pins. They are already fixed | cannot change this 6 right. So let us see what this
concentric circle mapping talks about. First step, it draws 2 imaginary circuits one inside
this group of 6 pins and the other outside this group of 6 pins, but inside the external
pins. So you can see these 2 circles concentric circles right. These are imaginary we are
drawing. Then from this centre of this circle we draw lines. From centre of this circle we

draw lines to the 6 pins.



(Refer Slide Time: 11:07)

(2) Determine the points

= RS

Let me go back once, say from the centre | draw line to these 6 pins. This lines will be

intersecting the inner circles at some points, similarly I draw a lines to the external pins.

They will be intersecting the outer circles at some points. So that is shown in this
diagram. The inner circle will be cut at these points which are shown, and the outer circle
will be cut direct at these points that I show right. Now we forget the original pin
locations we only consider this projection on this circles. These 6 points so the inner
circle and the 6 points on the outer circle, just we temporarily forget the actual pins. So
we take this, then we do some kind of a rotation of this circle.



(Refer Slide Time: 12:21)

(3) Determine initial mapping and (4) optimize the mapping (complete
rotation)

'. ...'. e, .'. 3}

How? Then we try to find out initial mapping. First let us say initial mapping says, this
pin is connected to this pin, this pin must be connected to this pin, this is connected to
this pin. So the ordering is there. So now, you try to rotate them in some way. You see
this is a bad rotation, if you rotate this pin to here then | have to connecting using long
wires. So you try to rotate the pins in a way rotating in a way, such that the

interconnections become simpler.

If you rotate in the wrong direction, then the wires will become very long. So you find
out the optimum angle of rotation for which your interconnection lengths the total of
them is minimized. So this can give you a good solution may be you rotating in in the
right a little bit it will be even better, but this is a bad rotation. So once you get the good

rotation this is the best rotation. So you connect them in straight lines.



(Refer Slide Time: 13:27)

(4) Best mapping Final pin assignment

So, now you know, with respect to your chip. Now you replace them by your external
pins again. Your 6 pins where there. Now on the concentric circles your positions have
been fixed. Now you connect the corresponding pins to the corresponding points. This
will be your best mapping. So if this means that by rotating the circle your original pin
which was here as come here you make it here, no problem. That will be better solution.
So just you allow the rotations, you make the best configuration then again you come
back to the original one, that how the pins were connected there. Then you see that
where the pin locations are coming so from there you connect to the external points
which are there. That will be your final pin positions. This is the basic idea behind the so

called concentric circle pin assignment algorithm.



(Refer Slide Time: 14:41)

Pin Assignment to an External Block B

Now, if it is to an external block instead of several external pins, so this slide actually
shows you illustrates you something on that. Suppose | am replacing a block here, there
is an external block for which the pins are already been assigned. Here for this block you
consider the imaginary circle like this, but you take another straight line for which you
take the projections from these points, while I am shown it like this, this will all be
straight lines. So for the projections with respect to the projections you find out the
optimum angle of rotation of this inner circle. So you compute the cost and then you find

out the optimum angle of rotation. So means roughly the idea | mentioned.

So, from the external block you project them in to a straight line by perpendicular you
can say projections. And the block that you for which you do pin assignment, you again
use a concentric circle make the rotations, such that with respect to the straight line the
total length is minimised, get the optimum angle of rotation that will be your final pin

position. So this is how this method works.



(Refer Slide Time: 16:13)

Topological Pin Assignment

similar to concentric circle mapping

Easier to complete pin assignment
« When there is interference from other

tod 1o MOore than two pins

omponents and barriern

For nets conned
If a net has been assigned to more than two pins, then the pin

closest to the center of the primary component Is chosen
Pins of primary component are mapped onto a circle as before
Beginning at the bottom of the circle, and moving clockwise, the

.
pins are assigned to nets
s e
y b A

So, topological pin assignment is an alternate method which is quite similar to concentric

circle mapping in. In fact, it is a little easier so here you can just handle nets which is
assigned to more than 2 pins.

(Refer Slide Time: 16:43)

So, if it is like that in the pin which is closes to the centre of the primary component you

take. Like that that | what | mean to say that, suppose there is a block where there are 2
pins, let say one pin is here and another pin is here. You see here and there is here a



block where you want to do pin assignment you have a connection here to make to both

of them. You have connection to both of them.

You see for this block, this is the centre and this is the pin which is closer to this centre.
So this is a little further. So you ignore this you consider this. You to forget this you

consider this. This is what is mentioned. So the rest is quite similar.

(Refer Slide Time: 17:30)

Nine Zone Method

* Based on zones in a Cartesian co-ordinate system.,
* The center of the co-ordinate system is located inside a
group of interchangeable pins on a component,
- This component is called pin class
* Anet rectangle is defined by each of the nets connected
to the pin class.

There are nine zones in which this rectangle can be positioned

So, I am not going to detail of this. Nine Zone method is somewhat little different.

(Refer Slide Time: 17:41)

The Nine Pin Zones




So, here I am just giving you the basic idea, here we are defining the entire rectangular
zone around the block into 9 zones. We name them 1, 2, 3, 4. These are the diagonals 5,
6, 7, 8 are, the 4 horizontal and vertical directions. So whenever you have connection to
be make external pins, you consider them with respect to the centre of this block. You
see to which zone that connection belongs to. Like what | mean to say is that, let say you
have this block you want to assign it is pins. So there can be may pins there can many

pins.

(Refer Slide Time: 18:19)

So, what | say is that, you consider this centre of this block. And if you consider the
external pins from where connection have to made you look at them. So from where this
pins are coming from. And then you try to group them into zones you can say that these
3 are falling into one zone, these 3 are falling into one zone, this is one zone, this is one
zone, this is in one zone, this is one zone. May be maybe there is another in this zone. So
you group these pins into zones. And zone wise you assign the pins. Suppose the pins
which are belonging to this zone you take a projection, you assign them in this vicinity
this 3 pins you assign to these vicinity. These 2 pins we assign to these vicinity, this 3

pins where assign to these vicinity, something like this.
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Channel Pin Assignment

A significant partion of the chip area Is used for channel routing,
- After the placement phase, the position of terminals on the
boundaries of a block are not fixed

They may be moved before routing begins

AN X = N

Yang & Wong proposed a dynamic programming formulation to the

channel pin assignment problem

NPT (w“
T KHARAG S ™ CHNTIFCATION COUN S
!

So, this is a heuristic method which works pretty well. This is a zone base method where
you define the zones, and with respect to zones you do the assignment. Now this channel

pin assignment is a special method which is applicable to standard cell based design.

So, this is one example | am trying to work it out and show you. What | am saying is that
you can move some pins around, in this case you can move the blocks around such that

you can make it vertical some of the lines, it save space. How it save space?

(Refer Slide Time: 20:13)
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Let see. Let us take a channel problem. Let us say | have one standard cell row here one
standard cell row here. And this is the routing problem let us say | want to connect the
point 1 to a point 1 here. | want to connect the point 2 to a point 2 here. Similarly there is
a point 3 here | want to connect it here, and there is a point let say 4 here | want to

connect it here. So this actually is similar to the problem which is shown on this slide.

So, the connections have to be made like this, but in the actual real scenario, so how the
words will be laid out? There will be laid out in 2 metal layers in horizontal and vertical |
am showing you. Let us say one will be connected like this. This will be on one metal
layer this will be on second method layer. Because all horizontal lines are typically on
one metal, vertical line is on other metal. This will be on one layer, this will be on one
layer, this will be on other layer. So for connecting 3 it will be like this, it will be like
this, it will be like this. For a connecting 4 it will be like this, it will be like this, it will be
like this. So you see, if you try to compute the area of this layout, so how many column
are required in this layout - 1, 2, 3, 4, 5, 6, 7 and 8. 8 columns are required. And how
many tracks 1 and 2. 2 tracks, but what | am saying is that by moving these blocks

around, | can also move this pins around, so | can have a by moving them around.

So, | can have a scenario, where this pin 1 will be exactly a above this pin 1. Pin 2 will
be exactly a above this pin 2. This pin 3 will be here of course, but pin 4 will again be
exactly above one above the other. Now in this case how will be the lay out to wiring.
This 1 and 1 can be connected directly on one metal layout. 2 and 2 can we connected
directly. 4 and 4 can be connected directly. 3 can be connected like this. So using this
what will be cost? Just if you similarly compute 1 2, 3, 4, 5; 5 columns and only one
track. So you can see even in this simple, example if | am allowed to move this pins
around here, and there so | can minimise the area that is required for my interconnection

right.



(Refer Slide Time: 23:35)

Integrated Approach

* Better understanding of the different stages in physical
design automation over the years
~ Attempts are being made to merge some steps of the design cycle
- Forexample, floorplanning and placement are considered together
- Sometimes, placement and routing stages can also be combined

together
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So, our integrated approach you can now think, where the various this floor planning this
pin assignment you can merge them together, even the placement and the routing that
will be consider link later on they can also be considered in an integrated way, so that
you can have a holistic view of the whole problem. Like you can see floor panning and
pin assignment if you consider them together may be you can get a better floor panning.
So you can get better estimate of the wild links. There are lot of related issues. So this
integrated approach basically talks about that. You can merge some of these steps floor
planning placement can be merged, placement and routing can be merged, and so on. So

with this we come to the end of this lecture.

Thank you.



