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ABSTRACT 
Classical interconnect prediction would seem to be a perfect fit for 
the design of programmable logic architectures (PLDs).  Yet 
theoretical models such as those based on Rent’s Rule are usually 
only used for rough estimates in the early stages of an architecture 
development.  In practice, empirical methods (evaluation via many 
test designs) dominate the evaluation of fitting and performance for 
PLD architectures.   

The primary reasons for this gap between theory and practice are 
that the models are difficult to extend to fixed architectures with 
hierarchy and heterogeneous resources and that many of the cost 
metrics are different between gate-arrays and PLDs. 

In this paper and the accompanying talk I will survey some of the 
issues with line-count estimation for the design of PLDs.  I will 
point out some of the inherent differences between the way 
interconnect is used in PLDs and gate arrays which lead to new 
opportunities in the development of the theory.  Some previous 
results will show how interconnect is typically researched in the 
PLD community.  For an idealized PLD architecture, I will attempt 
to define a simple line-count estimation model using the classical 
theory and compare it to results in practice.  I will also present 
some empirical and anecdotal data useful for understanding the 
issues and pitfalls involved in architecture evaluation. 

The primary goal of this work is to motivate new directions in the 
theory of interconnect prediction and interconnect prediction 
specifically for PLDs. 

Keywords 
Programmable logic device, architecture, interconnect prediction, 
wireability. 

1. INTRODUCTION 
The goal of much of the work in interconnect prediction is as part 
of a CAD tool (and most often assuming an ASIC flow) (e.g. [8]).  
For example, we want to determine placement difficulty before 
beginning the algorithm, generate a metric of post-placement 
quality, or discover regions of high congestion before detailed 
routing.  In all these cases, we perform analysis of a specific circuit 
and use theoretical models to extrapolate the result of future stages 
of the CAD flow. 

However, another application of interconnect prediction is to the 
design of programmable logic devices.  A PLD of size n is a 
hardware device that contains n logic elements (often 4-LUT DFF 
pair1) and a programmable interconnection network or fabric as a 
“generic” chip.  The user’s design is then implemented on the 
generic chip by appropriately programming each LUT and the 
switches of the routing fabric with a configuration bit-stream.  The 
routing network in the PLD needs to be able to implement a wide 
range of user designs or netlists. 

Just as we can apply wireability analysis to a particular netlist to 
determine its interconnect characteristics, we would like to have a 
theory of programmable logic interconnect.  How many wires do 
we need in the horizontal direction?  In the vertical direction?  How 
does my interconnect usage change with additional switching or 
segmentation?  How are each of these questions answered were we 
to reduce or add to the number of switches in the routing fabric, 
introduce hierarchy, or use heterogeneous (different length, speed 
or differently switched wires)? 

Classical models for interconnect prediction can be found in the 
work of Heller [17], Donath [12], Feuer [14], El Gamal [13] among 
others.   The premise of this work is based primarily on the 
observation of Rent that a log-linear relationship between logic and 
IO will occur, on average, for well-placed logic: 

 log(external_connections) = c + r log(block-size). 

This equation is more typically stated in the form: 

 P = k Br 

for block-size B and external connections P.  The exponent / slope 
‘r’ is the “Rent Parameter”, which is commonly considered a 
characteristic of the user’s design or netlist, with “typical” range 
0.5 to 0.8, and k is considered a constant. 

Using Rent’s Rule, one can derive a number of different stochastic 
models for wire-length distributions and congestion.  For example, 
Feuer extends the abstract relationship to state that for a good 
placement of logic the Rent relationship will hold, on average, for 
any geometric region of the chip.  He also derives a set of equations 
which predict wire-length distribution on a particular design given 
the Rent parameter r for the design.  El Gamal further extends this 
to a prediction of channel density distribution as Poisson with 

                                                                 
1 This paper is concentrating entirely on LUT-based architectures, since 

most high-density architectures follow this model.  However, it is worth 
pointing out that a significant proportion of programmable logic is based 
on product-term architectures offered by a number of different vendors, 
and that these architectures experience similar  interconnect issues in 
practice. 
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mean W given by 

 W = λR / 2 

where λ is the pin-per-block ratio and R is the average wire-length 
(as, say, predicted by Feuer’s model). 

A fundamental assumptions of these models are that horizontal and 
vertical units of wire are homogeneous and uniform (i.e. all unit 
length, indistinguishable from each other, and with no “bias” in 
either direction).   

A second fundamental assumption is that we have “good CAD 
tools”.  The unreliability of this latter assumption motivates the 
concept of the “intrinsic” Rent parameter of a circuit as the Rent 
parameter arising from the best possible CAD tool [15]. 

Brown [6,7] applied this approach to routability prediction on a 
simple FPGA architcture (the segmented FPGA pictured in Figure 
2 which we will discuss shortly), along with a stochastic model of 
the probability of obtaining given switches and wires in the PLD 
and found a good correlation.  In fact, Brown did this for several 
designs and also got good correlation in each case.  

Chan, Schlag and Zien [9] similarly applied a process of executing 
partitioning to calculate r, then applying Feuer and other models 
for wire-length and then El Gamal to predict the required W for the 
given circuit.  Then they classify the input circuit as “easy”, 
“marginal” or “unroutable” for a fixed PLD architecture.  Again, 
the authors found that they  could predict whether a circuit was 
likely to “fit” or not.  (Note that unlike ASICs which have a more 
continuous metric of routability, on a PLD the result reduces to 
“fit” or “no-fit”.) 

Though both of these models successfully apply the theory to 
estimate the required channel width for a particular design, a 
different design, with both a different size and different Rent 
parameter will have different behaviour.   The interesting question 
from the point of view of an FPGA architect is:   

Can we apply this approach to a priori estimations of required 
interconnect for a PLD? 

We will address this issue in the succeeding sections.  However,  
first let us gain perspective from some empirical data.  Figure 1 
shows channel width vs. log(circuit_size) for 20 MCNC [25] 
benchmark circuits using the VPR place and route tool [3].   It is 
worth keeping in mind that in some sense most of our data is really 
only meaningful to gain statistical significance for identification of 
the hard circuits, which then define our choice for the fabricated 
track count.   (A regression equation gives a slope of 1.24 with R2 
an insignificant 0.09). 

2. PLD INTERCONNECT PREDICTION 
A PLD architecture has a fixed routing fabric, which then must be 
used by every input circuit.  In the design of a PLD, interconnect 
prediction essentially means answering the following types of 
questions (among others): 

• How many horizontal and vertical channels do I need? 

• How should wires be segmented? 

• If different wire lengths,  in what ratio? 

• How can I trade off wires for switches? 

• How can I trade off delay for area (because the CAD tool can 
take circuitous routes if flexibility allows, but at the cost of 
timing). 

• How well does my device support specific common functions 
such as adders, multiplexors, and multiplication algorithms. 

• How will my switching be arranged?  (Though this is not 
directly interconnect prediction,  the flexibility of the 
switching network significantly affects line-counts.) 

The word “need” is left suitably undefined, because it is not 
entirely clear what that means in practice.  One typically thinks of 
this as the minimum number and distribution of wires required to 
fit all circuits.  However, since one can easily construct 
pathological cases, we cannot actually guarantee 100% fitting.  
DeHon [11], for example, has argued that one should purposefully 
under-route the part because it is more efficient in terms of overall 
area to make parts which have a small amount of  empty space --- 
otherwise the “average” circuit would be paying for a more 
expensive part to benefit the abnormal circuits.  

In practice, we also want to be able to answer these questions with 
some parameters constrained.  For example, inserting a new 
architecture family member may permit the addition of one type of 
wire, but not another, or growth in only one dimension, due to 
layout constraints. 

Both of the Brown and Chan studies previously mentioned target 
the segmented PLD architecture shown in Figure 2, which is a 
rough abstraction of a Xilinx 4000 [23,24] FPGA (circa 1994).  
This device looks very similar to a standard gate-array.  The L 
blocks represent 4-LUT LEs which drive or feed from the wires in 
the channels between them via switches of the C (connection) 
block.  The wires then also switch with each other in the S (switch) 
block.   

Using a different high-level architectural model, Altera’s FLEX 
10K chips [2] are fundamentally hierarchical (See Figure 3).  LEs 
are grouped into fully connected clusters of size 8.  Clusters on the 
same row can drive or be driven by a horizontal wire which spans 
either the whole width (GH) of the chip, or half-width (HH) of the 
chip.  Nets between different rows drive a full-length vertical wire 
(V) which switches onto a horizontal (GH or HH) wire before 
entering the cluster.    

To gain an appreciation for the hierarchy and the difference 
between these two architecture styles, one has to imagine the two 
architectures as significantly larger (current PLDs reach about 
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Figure 1.  W vs. n for sample circuits. 
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50,000 LEs).  For 1000 LEs, the segmented architecture of Figure 2 
would be an approximately 32x32 array of LEs, and the 
hierarchical architecture of Figure 3, 6 rows by 16 columns of 
clusters, each cluster containing 8 LEs. 

Another hierarchical architecture described by Kaptanoglu et. al 
[20] has its basic logic-block in arrays to a certain size (e.g. 16x16) 
and then tiled and connected hierarchically.  Similarly, modern 
versions of the Xilinx segmented architecture of Figure 2 
incorporated hierarchical features such as clusters and also longer 
lines in addition to single-length wires, significantly “bending” the 
uniformity rule. 

Hierarchical architectures introduce further problems into the 
prediction of interconnect requirements.  El Gamal’s model 
assumes that tracks are segmented by uniformly single-length 
wires.  However, in the presence of long shared lines, high usage in 
the bottom part of the chip could (for example) consume a large 
number of vertical lines in one column, causing congestion in 
unrelated logic on the top side of the chip.  

Longer lines and hierarchy motivate us to look at one of the 
fundamental assumptions of classical wire-length theory, namely 
that wires are used “optimally”.  

2.1 “Efficiency” of programmable logic. 
When applied to ASICs, interconnect estimation has an assumption 
of compactness and efficiency.   For example, if a point-to-point 
connection is of distance 3, we assume 3 units of wire will be used.  
This is the basis for the extension of Feuer’s model to El Gamal’s.  
However, programmable logic is inherently inefficient – a 
configurable 4-LUT makes for a very expensive AND gate, but this 
is the price we pay for the ability for a different circuit to use the 
same physical logic to implement an OR gate.  Similarly, under-
utilization of other resources such as wires, memory, etc. allows for 
other designs to be implemented on the same generic device. 

In programmable logic, the area of the chip is dominated by 
switching.  More specifically area can be considered as 
proportional to the number of configuration SRAM bits required to 
control the programmable switches.  Thus, taking a length 10 line 
to go only distance 5 is not necessarily inefficient if some different 
circuit is able to efficiently use the length-10 wire .  Though one 
cannot take this to the extreme and call all PLDs purely metal-
limited, one could consider that metal is “free” to the point where it 

catches up with silicon area. (This, of course, is dependent on many 
variables.) 

Feuer’s region model distinguishes between length of connections 
“internal” and “external” to a block of logic.  One can imagine 
extending this philosophy to predicting wire-counts within regions 
of a hierarchical PLD with long lines (some attempts in this 
direction will be discussed in Section 4, and recent work such as 
[10] might also be a positive step in exactly this direction), but 
there are no known complete treatments of the problem. 

2.2 Average vs. Worst-Case Results. 
A second major issue with predicting interconnect in a PLD is that 
we have to handle the worst-case sub-circuit wherever it appears on 
the chip.  Whereas gate-arrays can possibly distinguish between 
regions of the chip devoted to datapath and to control logic, PLDs 
must support varying degrees of datapath.  Datapath has the 
problem of being non-average – a 32 bit bus will consume well 
above the average wiring resources in a particular channel.  Yet 
putting sufficient resources in every channel for multiple busses 
would be inordinately expensive.   

Similarly, special features such as carry-chain circuitry [2,16], 
embedded memory blocks [18] and “alternative modes” for logic 
elements are not used uniformly by the user’s design, but typically 
need to be provided uniformly in the logic cell or cluster.  It is well 
known that, for example, turning automatic-generation of carry 
chains can have a dramatic effect on fitting, both because it 
removes routing flexibility by introducing relative placement 
constraints and also because it changes the “amount” of logic in the 
design (in terms of LE counts) by making the logic more dense at 
the price of routability. 

Most problematic of all is that the line-count (channel width) for 
one chip has to support the worst-case line-count for the worst-case 
user netlist.    Referring back to Figure 1 we can re-iterate that the 
behaviour of the majority of the user designs, and in particular the 
“average” design, is irrelevant to the architecture of the final 
device.  This is a fundamental difference between applying 
interconnect theory to an algorithm as opposed to the design of 
hardware.  In the case of algorithmic estimation, we can easily 
tolerate a small amount of error, and can re-tune algorithms at run-
time for constant factors.  However, once the architecture is fixed, a 
5% error on estimating the worst-case channel interconnect could 
result in a significant number of designs not fitting in the part. 
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Figure 3.  Simple Hierarchical PLD Architecture. 

S

C L

C S

C L

C S

C L

C S

C

S

C L

C S

C L

C S

C L

C S

C

S

C L

C S

C

C S

C L

C S

C

S C S C S C S

L

P

P

P

P

P

P

P

P P P P P P

P

P

P

p

p

P

PPPPP

 

Figure 2. Simple Segmented PLD architecture. 
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2.3 Switching vs. Routing. 
A third fundamental difference between PLD architectures and gate 
arrays is the ability to trade off routing flexibility for routing itself.   
For example, by reducing the number of turns from V to H 
resources in the hierarchical part, or the population of switch 
blocks in the segmented part, it is possible to reduce the total area 
of the chip even though the number of wires per channel is 
increased.  Brown brought this issue into his stochastic model of 
routability to some extent to determine “how many switches is 
enough”.   But it would be quite interesting to get the general 
concept of flexibility into the interconnect usage models. 

As a further example of how switching has an exogenous effect on 
interconnect consumption, consider the case of how pins are 
connected into the general routing fabric.   In both the models of 
Figure 2 and Figure 3, there is a natural correspondence between 
row/column and physical chip IO.   

Khalid [20] found for the both the XC4000 (similar to Figure 2 and 
FLEX8K (a predecessor to Figure 3) the pre-assignment of pins 
(such as would be encountered for a user who is modifying a PLD 
after their PCB  layout is finalized) can result in a dramatic increase 
in both wire-count and circuit timing.   

A further switching-related issue is that of secondary signals.  In 
ASICS, a small number of secondary signals (clock, reset, enable) 
can be routed independently, and don’t really affect other nets.  In a 
prefabricated PLD, however, the secondary signal network already 
exists, and the ‘availability’ of the specific clocks or signals is often 
constrained within different regions, affecting how placement 
occurs, and hence line counts. 

2.4 Uniformity. 
When we restrict ourselves to the uniform architecture of Figure 2, 
it is often possible to predict results of some interconnect issues.  
Betz and Rose [3,4] looked at two issues in interconnect 
distribution.  Using at the segmented model of Figure 1(a), they 
considered the issue of having different channel densities in 
different areas of the chip.  For example, should width of the center 
channels be larger than that of the non-center channels?  
(Interestingly enough, they found the answer to be no.)  Also, what 
happens to channel density if we build a non-square PLD (e.g. 
3:1)?  They find that a correspondingly larger track-count is 
required in the direction of the longer side.  

One could argue qualitatively that both these results could be 
predicted by the classical theory.  Feuer’s analysis states that for a 
given region of size s, the number of external connections is fixed 
(on average) independent of its locaion.   Thus a region on the 
outside of the chip has the same number of connections (though 
half the number of directions) to go in, balancing out the number of 
connections.  However, to quantify this relationship and reach the 
same conclusion as Betz’s empirical work would be difficult. 

No modern PLDs meet the uniformity assumptions of the classical 
theory.  In later Virtex versions of Figure 2, LEs were grouped into 
clusters, a heterogeneous choice of wires (1, 2, 4, etc. and full-
length wires which pass through S without switching) was added.  
And the architecture of Figure 3 gained further hierarchy with the 
APEX architecture (discussed later in this paper). 

Figure 4 shows a recently announced Altera device that further 
complicates any theory of interconnect relative to previous parts.  
The “Mercury” device is largely modeled on the 10K device shown 
in Figure 2, but adds specific new wire-types:  “leap lines” to 
provide short vertical connections between rows, “RapidLab” 
interconnect, which are centered, staggered lines directly driven by 
individual LEs (meaning that they are faster, but less flexible).  
Most interesting of all is that the basic global wires come in both 
normal and fast or “priority” flavours – i.e. the chip has a build-in 
distribution of thick wires for critical connections and thin wires 
for normal connections.  Introducing this heterogeneity not just in 
distribution of lengths, but distribution of flexibility introduces 
some fundamental issues in any theory of interconnect for the base 
part. 

2.5 Delay vs. Area 
Delay and area are fundamental tradeoffs in the design of PLD 
architectures.  The fewer switches used, the closer a PLD comes to 
ASIC performance.  However, the cost for this better delay comes 
either in overall fitting or in wire area.  Ahmed and Rose [1] found 
that an architecture based on 2 or 3 input LUTs better for area, 
which contrasts with earlier results [6] that LUTs of size 3 or 4 
were most efficient.  This points out that as geometries change the 
relationship between routing and switching changes, and PLD 
architectures are very sensitive to this.  Because ASICs do not have 
the switching vs. wire tradeoff for either delay or area, they do not 
have to consider this issue.  However, in the design of PLDs, it is 
important to know when the relationship changes.  A second result 
in this paper was that LUTs of size 4 to 6 further clustered into 
groups of size 4 and 10 are superior for area and delay when taken 
together. 

The Mercury device of Figure 4 adds further complication.  By 
having two logically identical resources with different delay 
properties (the normal and priority global interconnect wires) we 
bifurcate the interconnect prediction problem.  In addition to 
predicting how many vertical channels we need we also need to 
know, across a range of designs, how many should be fast and how 
many should be normal speed. 

 

Figure 4.  Multiple heterogeneous wire-types in a 
recent PLD (Mercury family from Altera) 
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A second issue arising in the context of delay has to do with the 
non-critical connections.  For area reasons, an ASIC would not 
consider a widely circuitous route.  But in a PLD, we already 
“paid” for these prefabricated wires.   An good place and route 
could go to great pains to use these “free” wires inefficiently if it 
allows a more critical connection to have even a slightly faster 
path. 

3. SOME EMPIRICAL DATA 
Let us consider some empirically determined Rent parameters.  

To calculate an individual Rent parameter for a given design, I 
implemented it in the target device (for the designs of Figure 4 this 
was a 16,640 LE APEX20K400E as shown later in Figure 8).  This 
device has wires organized hierarchically.  The CAD flow used was 
a timing-driven multi-level partitioning based flow  such as 
described in [19].  At each step of the recursive partition, the tool 
outputs the appropriate data-points (#LEs and #external 
connections) relevant for calculating the Rent parameter.  I then 
generated a log-log OLS regression to solve for r (k was allowed to 
vary in order to fit the curve). 

Figure 5 shows the data for a set of about 40 similarly sized 
industrial designs.  (These are sorted simply by r so that the 
distribution is visible.)  We can immediately note that we have a 
reasonable and uniform distribution of Rent parameters following 
the conventional wisdom of 0.5 < r < 0.8 with few designs outside 
this range.   The constant 2k did vary between designs (between 1.5 
and 5, with a mean of about 2). 

One could argue this range is a little bit higher than expected.  This 
begs some interesting questions:  Is this due to timing-driven 
placement?  Possibly to the dominance of communications circuits 
in the PLD market?  Is it due to the fundamental nature of PLDs, in 
that wire-count minimization is a means to fitting, but not the 
actual goal?  Or would these designs give the same results in an 
unconstrained partition tree?  How much of the result is due to the 
carry-chains, memories and secondary signal effects previously 
discussed?  Since the partitioner used is based on a high-quality 
multi-level algorithm I do not consider the quality of the tool to be 
a significant issue. 

Figure 6 shows a detailed look at the data for a particular design (in 
this case a design with a relatively high r value).  There are two 
important points to note.    The first is that we can observe clumps 
in the data corresponding to the sampled partition boundaries of the 

architecture.  The more important issue is the effect of fixing k.  
The classical literature tends to refer to k as “often the average 
block-degree + 1”, so I did a second regression fixing the intercept 
at 2 (log2(4), for 1 + an average LUT in-degree of 3).  The 
“unconstrained” curve fit with r=0.78 drops dramatically to r=0.56 
when k is constrained. 

So how might we apply this data to interconnect requirements for 
the PLD in question?  (A completely separate problem is that 
because the part didn’t exist, most of the designs for this analysis 
also didn’t exist at the time the architecture was defined.)   One 
solution might be to calculate the Rent parameter of the “super-
design” containing all the previously calculate data-points.  Figure 
7 shows a scatter plot and regression analysis for the set of all data 
points.  The unconstrained regression gives r = 0.58.  However this 
is definitely not solving our line-count problem, because it speaks 
to the average partition.  If we want the majority of our designs to 
fit, we have to target some type of “upper envelope”.  The second 
trend-line shows an ad-hoc (hand placed) line to suit this purpose.  
I hand-selected a line with k=4 and covering “most points” in the 
partition tree, and came up with a required Rent exponent of 0.65.   
Doing this, however, would be a major error in data analysis:  As 
previously pointed out in the discussion of Figure 1, the vast 
majority of our designs are really quite easy to fit.  Thus it is not a 
good idea to average our data so as to swamp the hard to fit 
designs.   
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A different possibility is to throw away the data from the easy 
designs, and concentrate on the Rent parameter required to fit the 
hardest designs.  Looking at Figure 5 a reasonable value to choose 
might be 0.78, which is approximately the 90th percentile. 

It is interesting to note out that about all we got from all this data is 
that a good initial guess would be to follow the upper end of the 
conventional wisdom.  

4. A SIMPLE MODEL FOR APEX WIRING. 
Here we will apply some classical interconnect theory to predict the 
number of H and V wires required for an APEX device.  Though, 
to some extent, this proposes a theory, our primary purpose is as 
illustration of the interconnect prediction problem. 

Consider the hierarchical “APEX” PLD device shown in Figure 8.  
The basic logic-element (LE) is a 4-input LUT and DFF pair.  
Groups of 10 LEs are grouped into a logic-array-block or LAB.  
Interconnect in a LAB is assumed to be complete.  Groups of 16  
LABs form a MegaLab, and signals within a MegaLab use 
horizontal wires called GH to drive the local interconnect of 
another LAB.   Adjacent LABs interleave their local routing, and 
can communicate without using a GH line.  

The top-level routing consists of a left and right H line, connected 
by a bi-directional, programmable segmentation buffer.  Similarly a 
top and bottom V.  There are some number of H lines per row  (2 * 
13 rows total) and V lines per column (16 * 2 * 2 columns total).   
Because the device is hierarchical, a H or V line must drive a GH 
line in a given MegaLab in order to enter the MegaLab. 

A back of the envelope calculation is interesting.  Consider the 
calculations in Figure 9.  Using our known k=2 and r=0.78 values, 
we can get remarkably close to the true line-count of the part.   We 
were within 7% on the GH lines.  We will be a little over-routed in 

V, and slightly under-routed in H.  But overall we are off to a 
pretty reasonable start. 

Let us ignore for now that our initial k and r came from production-
quality place and route on the part itself (we also ignored all 
connections to the embedded RAM of each MegaLab), and look at 
some sensitivity analysis on our current result.  Without the 
previous curve-fits, we probably would have chosen k=4 rather 
than k=2.  Unfortunately, that results in 595 GH lines, 195 V lines 
and 189 H lines – a factor of 2 in each direction.  Even modifying k 
to 2.2 from the original 2 increases our error to 20% in GH, 30% in 
V (H error dropped to 4%).  Playing with r is equally problematic.  
A reasonable a priori guess on (k,r) might have been (4, 0.73).  
This results in errors between 30% and 80% on the various line-
counts.   

It is only when we use our own data, curve-fit to the specific 
architecture we are defining with production quality tools that we 
can get close, and even then we are off by 10%.  It is worth 
pointing out that 10% error in one direction likely results in 5-10% 
die bloat, while 10% error in the other direction would have 
dramatic negative effects on fitting. 

5. CONCLUSIONS AND FUTURE WORK. 
There really is a lack of theoretical understanding on how to design 
interconnect for programmable logic.  Though we can make 
qualitative guesses at interconnect using the classical theory, the 
reality is that we cannot get very close to the quality of results that 
we can achieve empirically.  Without empirical analysis to back up 
the theory we we would make large mistakes in defining our 
architecture. 

Some of the reasons for this have been outlined in this paper:  PLD 
wires are neither uniform nor continuous.  The efficiency that is 
assumed in most theoretical models is not present in PLDs.  And 
the premise of “average” or expected prediction is appropriate for 
CAD algorithms, but not for estimating the worst-case channel-
width for a range of different netlists. 

  r 0.78   calc actual %diff 

  k 2  lab_ext = k * labsize^r 12   

  labsize 10  GH_int = labs * lab_ext 193   

  labs 16  GH_ext = k * (mlsize)^r 105   

  mlsize 160  GH = GH_int + GH_ext 298 279 6.7 

  gows 13  row_v = k * (2*mlsize)^r 180   

  gols 2  quad_v = rows * row_v 2339   

  quadsize 2080  double_v = k * (quadsize)^r 775   

    total V = double_v + quad_v 3113   

    V per col = total_v / cols 97 80 21.6 

    quad_h = k * (quadsize/2)^r 451   

    double_h = k * quadsize^r 775   

    total H = quad_h + double_h 1226   

    H per row = total_H / rows 94 100 -5.7 

Figure 9.  “Back of the envelope” wire-length calculations for 
H, V and GH lines on APEX400E. 
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Figure 8.  APEX hierarchical PLD, top-level view, showing 
horizontal (H), vertical (V), MegaLab-horizontal (GH) and 
LAB-local (local) routing lines. 

 



 

  Page 7 of 7 

This introduces many new questions and challenges for 
interconnect prediction: 

How can we model “inefficiency” in the Rent model?  In Section 4, 
we cheated by having an unrealistic amount of information about 
the partitioning hierarchy as specifically applied to our device with 
a large amount of data.  But even with this information it would be 
hard to modify the model to handle relatively minor modifications 
such as different amounts of segmentation (e.g. 0, 4 or 8 segments). 

How do we effectively model the “worst case” rather than the 
average case.  In the calculations of Section 4 we again cheated – 
by assuming a distribution beforehand, we chose the 90th 
percentile as a starting point.  But without knowing the routability 
of our architecture beforehand this would not be possible.   

What about tradeoffs between switching and routing?  Between 
delay and area?  The architecture of PLDs requires these as 
tradeoffs, and a way to incorporate them into the model would be 
be quite useful. 
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