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ABSTRACT

Interconnect management is a critical design issue for large FPGA
based designs. One of the most important issues for planning in-
terconnection is the ability to accurately and efficiently predict the
routability of a given design on a given FPGA architecture. The re-
cently proposed routability estimation procedure, fGREP [6], pro-
duced estimates withi to 4% of an actual detailed router. Other
known routability estimation methods include RISA [5], Lou’s [7]
method and Rent’s rule based methods [1] [12] [9]. Comparing
these methods has been difficult because of the different reporting

methods used by the authors. We propose a uniform reporting met- . ) o
y prop P g gsively for the ASIC design flows. Most of the recent work in inter-

ric based on comparing the estimates produced with the results o
an actual detailed router on both local and global levels. We com-
pare all the above methods using our reporting metric on a large
number of benchmark circuits and show that the enhanced fGREP
method produces tight estimates that outperform most other tech-
niques.

Categories and Subject Descriptors
B.7.2 [Design Aids for Integrated Circuits]:

General Terms
Algorithms, Measurement, Experimentation

Keywords
FPGA, fGREP, routability estimation, congestion, RISA, Rent's

rule

1. INTRODUCTION

Interconnect prediction is the process of estimating the routing
resource requirement and/or utilization, before actually performing
the routing process. For the FPGA design flows, the term routabil-

ity estimation is more appropriate, as the routing resources are fixed

for a given device. Given a particular FPGA device and a design

Permission to make digital or hard copies of all or part of this work for

to be mapped onto the device, routability estimation is the process
of identifying the number of routing elements needed to perform
a complete routing. If the device has enough routing elements to
satisfy the requirement, then the design is routable. The estima-
tion process attempts to produce routing demand values on every
programmable routing element on the device. Useful parameters
derived from the estimation process are fleak routing demand
and therouting demand distributionFor a successful routing, the
device must satisfy both the peak routing demand and the routing
demand distribution requirements.

The problem of interconnect prediction has been studied exten-

connect prediction and routability estimation is based on the Rent’s
rule [1]. Recently, some efforts have been made to address the
problem for FPGASs [9].

2. ESTIMATION METHODS

In general, a good routability estimation method should be :
Fast - Routability estimation is typically used inside other physical
design tools and hence speed is critical
Generic - The method should be independent of the FPGA device
architecture
Usable -The estimation should produce usable results for a wide
variety of applications. Typically we are interested in peak routing
demand, channel utilization and routing demand distribution
Accurate - Undoubtedly, the estimation should be reflective of ac-
tual numbers obtained from a detailed router. Either the numbers
should directly correlate with the detailed routing results or at least
the ratios should match over a large set of benchmarks.

Some of the routability estimation methods that satisfy these re-
quirements and currently under wide usage are fGREP [6], RISA [5],
Lou’s method [7] and Rent’s rule derivatives [12] [9]. In this paper,
we analyze and compare all the above methods. fGREP is a theo-
retical method that uses the concept of routing flexibility to model
routability. RISA [5] is an empirical method based on the wiring
distribution map, derived from a large number of randomly gener-
ated optimal Steiner trees. Lou’s method [7] is based on the ratio
of the number of paths that use a specific routing region to the total
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Rent’s rule for congestion estimation.

All the methods except fGREP were originally proposed for ASIC
design flows. However, they are generic enough in their formula-
tion that a direct translation to an FPGA design flow is trivially
possible. We have implemented all these methods for a generic is-
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Figure 1: fGREP - lllustration of Level and Demands

land style FPGA architecture as described in [3]. To compare the 3.1 lllustration of fGREP

quality of the estimates, we use the VPR [3] FPGA physical design  Fig 1(a) shows a hypothetical routing graph, on whiglis the
suite’s detailed router. In the following sections, we explain these cyrrent root vertex. The vertices at the same level figrare all

methods in detalil. shown to be connected by dotted lines. Figures 1(b,c) show the ter-
minals and the bounding box of the two terminal net, on the FPGA
3. FGREP layout. The routing demands on the channels due to each of the

fGREP is a theoretical routability estimation method in which terminals are also shown. All the channels at the same leget
the estimation model is based on the concept of routing flexibility the same demand valug/|LS;,|. Fig 1(d) shows the interaction
over the routing elements. fGREP models the routing fabric of the of the terminals of a two terminal net. The demand entries in regu-
FPGA as a grapli’(V, E), whereV represents the channels inthe lar typeface are those due to termimaland those in boldface are
FPGA andF represents the switchboxes. For eaghv; € V, due to terminab». The entries with circles on them are equidistant
there exists an edge v;,v; >€ FE iff channels; andv; share a from both the terminals, and are on the border of regions of influ-
switch box between them. Since it operates on the routing graph ence of both the terminals. The maximum of the demands due to
and makes no assumptions of the routing architecture, {GREP cantwo terminals is assigned for them, which in this case happens to
be applied to any FPGA architecture without any modifications.  have the same value 0f9.

A netn, € N, whereN is the netlist, is made up of a set of ter-
minalsT, € V. Every terminali € Ty, exacts a certain routing 4. ENHANCEMENTS TO FGREP
demand called théerminal-demandon all the routing elements
inside the net bounding box. According to fGREP, this terminal- -
demand on a routing element at a distancé ef ¢ from the ter- * sl
minal is proportional to the total number of elements at the same o ® ’
distancd from the terminal. The distance is measured on a breadth-
first search tree on the routing graph, with the terminal as the root.
The set of equidistant & ¢) routing elements from a terming,
is defined as the level set,

LS = {v; € V|lij = q} (1)

alus ——

Average Exec Time (sec)
@

The terminal-demand on the routing elements then, N —
Terminal Count
¥ = T where lij = q 2 ) ) o
|LS,?| Figure 2: Terminal Count vs Avg. Execution Time

fGREP then derives a quantity called thet-demandor all routing ) . Lo .
elements inside the net bounding box. The net-demand; o The runtimes of fGREP are high for large circuits with many

defined as the terminal-demand due to the terminal with the lowest Nigh-fanout nets. If, is the set of routing elements in the bound-
value for the distance metrig;. ing box of a neth, andT}, the set of terminals, then the runtime is

) i ) proportional to E| x |T%|. Typically high-fanout nets span the en-
NDy, =TD)|li; = min(Vili;) ®3) tire device and hence add a severe penalty to the {GREP runtimes.
The finalrouting-demandn the routing element; due to all the This effectis clearly illustrated in Figure 2, which plots the average
nets in the netlist is then, fGREP execution time per net against the number of terminals in
et the net, for a few standard benchmark circuits.
nets

D'= %" ND] 4 4.1 Zone Limited Search

k=1 Equation 2 produces the routing demands due to one net on all
The terminal-demands due to all the terminals of all the nets are cal-the routing elements inside the net bounding box. It can be ob-
culated by performing a breadth first traversal of the routing graph served that the operation produames of influencaround each
with the terminal; as the root vertex. At each step of the traver- terminal. These zones of influence are the voronoi regions [10] of
sal, the level set is enumerated and the demands are assigned. Thie net terminals on the routing graph. All the routing elements in-
net-demand is then calculated from the terminal demands as perside a zone have their net-demands produced by a single common
Equation 3. The total routing element demand due to all the nets isterminal. Conversely, for all the routing elements outside a ter-
then calculated as per Equation 4. minal’'s zone of influence, the net-demands are produced by other



terminals. Hence, theoretically, the terminal-demands due to a ter-bounding box of a net by a pin-count dependent net-wejglb
minal v; need be assigned for only those elements in its zone of produce the routing demand due to the net. The net-weights for
influence. The runtime complexity of the operation in Equation 3, various pin-counts are generated from a one time operation involv-
is then only of the order dffx |, instead of E | x |T%|. We propose ing the production of aviring distribution map, (WDM)A WDM
to use this technique of limiting the terminal-demand assignments for a given pin-couni\/ is produced by adding up and normalizing
to the zone elements only, to reduce the runtimes of fGREP. demands from optimal steiner trees fgrsets ofA/ random points
(K is very large,~ 10000). The mean value of the WDM thus
obtained is called the net-weight for a pin-countddf Chang [5]
provides experimental values for the net-weightsifet M < 50
and net-weights for higher values df, can be obtained by a linear
regression process.

Having obtained the net-weights, the original expressions for es-
timating the routing demand on a routing regiBndue to a net,
is,

w X [ i,vertical w X [
= . Db = 5
1y ox “Xxw ©

where,(W, L) is the dimension of the routing region afH, Y') is
o ) ] ) the dimension of the net bounding box of the netand (w, [) is

The zone limited search technique cannot be directly applied to the overlap between the routing region and the net bounding box.
the fGREP method. fGREP relies on the enumeration of the level For FPGAS, the routing region is a channel and heiice= L =

set as per Equation 1. The level sets are identified by starting a,, — ; = 1. So, Equation 5 becomes,

breadth-first search from the terminal. At each step of the search,

the current elements form a wavefront, and expands outwards. By D;'Cahorizontal =gx l; D'IiaW‘tiwl =gx 1 (6)
limiting the search to within the terminal’'s zone alone, fragment- Y X

ing and clipping of the wavefront can occur. This has the effect of The total routing demand on a routing element on the FPGA, as per
reducing the level set size and produce artificially high terminal- RISA is then the sum of the demands due to all the nets. It can be
demand values. Fig 3 illustrates the clipping and fragmenting of observed that the routing demand due to a net is the same over all
the search wavefront. The wavefront for the termifiais shown the routing elements in its net bounding box and is calculated once
by the dotted line. The zones are marked by solid lines. The wave- for every net.

front W of T3 is divided into 4 arcs, two of whicH¥; andWWs) are

insideT}'s zone while the other twol{> andW,) are outside the 6. LOU'S METHOD

zone. According to fGREP, the cardinality of the level set at this
distance will bg W1 |+|Ws|, which is far less than that of the com-
plete wavefront. This will produce very high terminal-demands for
the routing elements on this wavefront, which is clearly erroneous.

Di,horizontal
k

Figure 3: Zones, Wavefront Clipping and Fragmentation

Lou et. al’s estimation method [7] is a recent routing estima-
tion method developed for placed circuits in ASIC design flow.
The chip area is divided into rectangular grids caliegions This
method produces routing demands on different regions of the chip.

4.2 Zone limited Parallel Search Any given net in a circuit poses routing demands only on the re-

To overcome the wavefront clipping and fraamenting effects de- gions that are in the bounding box of the net. For a two-terminal
pping 9 9 net, the demand assigned to a routing region is the number of tracks

scribed above, the complete wavefront has to be maintained at aIIthat the net needs in that particular region. This is dependent on the

staggs. ,BUt to gain speedup, the searqh has io be I'm.'ted to theratio of the number of shortest paths that use that particular region
terminal’s zone of influence alone. A simple yet effective solu-

tion to the problem is to maintain the complete wavefront for the to the total number of shortest paths possible in routing the net

terminal as long as at least one routing element on the wavefront c O,rb;]s:ru;r:% ?hr;e:tgfh\;v:tik:]tnl]ce) E;)Tg?\ig%ifgfgg %tgﬁ dlcmv;ar: eleft

is still contained in its zone. We propagate breadth first traversals chip. Let the total number of shortest paths possible to route this
from all terminals of a net simultaneously, every time maintaining net BeF(M N). This value can be calculated as

the complete wavefront. If at any point, all the elements on the o

wavefront of a terminal are outside its zone (that is no element on
the wavefront got its terminal-demand from this terminal) then we
have completely discovered its zone and stop the search for that ter- . o
minal alone. This process terminates when all the terminals’ zones "€ demand on a particular regiai j) is clearly dependent on the

are discovered. number of pathd’ (4, 7) that pass through the region.

We observed that this enhancement to fGREP is very effective N @ddition to the number of paths possible through a region, the
and resulted in up to 30X speedup in execution times while produc- USage is also dependent on whether the path bends in a particular
ing the same estimates. The estimation results and the run-times ofocation or not. If a particular path does not bendiyy), it places
fGREP can be obtained from [6]. In further discussion we will re- & demand of one full track in the direction of path and zero demand
fer to the enhanced fGREP method only, which we shall refer to as I the other direction for that location. However, if a path bends in
fGREP2. (¢, 7), that path will place a demand of only half track in each of the

directions. Considering both the number of paths through a partic-
ular region and the nature of the bends that these paths make, the
5. RISA number of tracks needed by the megtin region(s, 5) is calculated

RISA [5] is a very fast empirical estimation technique. It was asPf (i, ) ande(i,j), the horizontal and vertical usages for the
originally proposed for ASIC design flows, but can be readily adaptedetn, respectively. The usage matrix for the bounding box gives
to FPGA design flows. The method involves multiplying the net the probability usage matrixP* (M, N') where every matrix entry

F(M—1,N)+F(M,N—1) M,N >2

F(M,N):{l M,N =1



is a pair(P~ (i, 7)), (Py"(z‘,j)). The regions outside the bounding is no work that uses Rent’s rule to estimate routing demand on lo-
box are assigned zero demands. For the formulae that are used taal regions for FPGAs. For our comparison purpose, we use the
calculate the exact usages, refer to [7] . peak routing demand estimation method alone from [12]. Yang et.
Lou. et. al. suggest that the multi-terminal nets be decom- al. [12] perform a rough min-cut based placement to estimate the
posed as a Minimum Spanning Tree (MST) or a Rectilinear Steiner Rent’s parameter. We perform the same operations on a placed cir-
Tree(RST) and then use the two-terminal model for each such pair. cuit, but do area partitioning instead.
The usage matrices of all these pairs are calculated and summed up The basic idea behind the method is to recursively partition a
to get demand due to the net. The final demand due to all the netsself-similar circuit and place it hierarchically on a layout divided
on a region is the sum of the individual demands due to each netinto equal rectangular tiles. The number of edges crossing these
similar to Equation 4. In [2], we adapted the Lou’s model to FPGA tile boundaries become the routing demand of that region. The

design flows. cut-set size€’; ; that result from such partitioning at every level
follow the relation,
7. ENHANCEMENTS TO LOU'S MODEL Ci1=Cio==Cy i=1,2-- 2H ®)

Lou et. al. note that MST decomposition may result in inaccu- \ypere gy is the number of hierarchical levels. Also, the ratio be-
racies because qf over-count‘mg on the.overlapplng net segments;aan the cut sizes of two successive leveasdi + 1is given by
They do not provide any solution to alleviate the problem. Here we Ciy1 . . \ : .

. . , a = =% = 27", wherer is the Rent’s exponent. Using this ex-
propose a simple yet effective enhancement to the Lou’s model that .Ci . . .
pression the upper bound of the maximum routing demand of a tile

addresses the overlapplng-jsegmgnt problem_ln this section. boundary.Cmas, is derived. By extending this method for a uni-
We decompose the multi-terminal nets using MST. For all the s A
form distribution of cut nets over the partitioning area, the authors

two-terminal pairs of a single net, we calculate the probability us- . o )
. ’ . - have arrived at a modified upper bound of the number of crossings
ages for the two-terminal bounding region. For the regions that

are on overlapping bounding boxes, we assigmtlaaimurnof the to be -
demands due to different pairs, similar to fGREP’s scheme in Equa- Crnan < G (1 + QQ)M 9
tion 3. We call this scheme Lou(Max). This is in contrast to [7], VN, 2 202 — 1

where the authors add up the demands on the overlapping segmentsvhere N, is the total number of gates in the circuit. For any de-
The enhancement is based on the observation that the regions irsign,r andC; can be found by recursive bipartition. The authors
the overlapping segments actually belong to the bounding box of also noteC; corresponds to the Region Il of Rent's curve where
one single net and adding up the demands will just result in over- there is usually a small dip in the number of wires that come out of
estimation on those regions. This simple enhancement improvesblocks. A correction is applied to Eqn. 9 whefg /o~ is used
the quality of the estimation by as much as 103% compared to the instead ofC;. In our experiments we have uskd= H/2 which
FPGA model proposed in [2]. This is clearly illustrated in the Ta- corresponds to the middle hierarchies. In our experimentation we
ble 1, where the peak demands estimated by both the methods aréake a placed FPGA circuit and identify the cuts across different
compared against the actual peak demands obtained by performingartitioning levels by dividing the areas recursively. Rent's expo-
detailed routing using VPR. nent is calculated as the slope of the log-log plot of the number of
cells and the number of nets plotted over different partitioning lev-
els. We use the FPGA dimension insteadyaV.. in Equation 9.

Table 1: Comparison of Lou’s Method with Lou(Max) We consider the resulting. for the circuit as the peak routing
Circuit | Wiou | Wiou(max) | Wopr | %obetter demand estimated by this method.
alud 17.724 13.866 11 35.07
cma |25760| 18849 | 13 | 53.16 9. OTHER METHODS

dsip 18.260| 11.032 7 103.26
s298 | 19.638| 12.423 8 90.18
spla 23.063| 19.197 15 25.77

Brown et. al. [11] developed a stochastic model for routabil-
ity based on the probabilities of making individua}- two-point
connections. The probability that a connectioncan be routed,
P(Rc¢;), is modeled as a sequence of conditional events on the
switches in the path. Routability of the circuit is then given as
Routability = £ ST P(Rc,). Routability is the percentage
8. RENT'S RULE BASED METHOD of nets that can be successfully routed in the FPGA's routing ar-

Rent’s rule is an empirical observation that states the relationship chitecture. Predictions are done for island-style FPGAs by varying
between the number of blockB in a circuit and the number of the switch box and connection-box flexibilitieB{ and Fi- respec-

external connection® of the circuit. Specifically, tively). For every circuit a single routability number is produced.
. The results are validated with the number of unrouted nets pro-
P=TB ) duced by an actual router. The method does not produce global

whereT;, is the average number of interconnections per block and ©F local routing demands. Chan et. al. [4] predict the routability
r is the Rent exponent. Yang et. al. [12] list reports of Rent's rule of un_placed circuits using Rent_s exponent base_d wwelength cal-
being successfully used to estimate wirelength, and state that sincefulations. They derive expressions for the routing requirements
wirelength is a measure of routing demand, Rent's rule can be used"Side and outside all routing regions and then assign confidence
for estimating congestion. They also propose methods to estimate®! routability on a scale of 3 - Unroutable, Easily routable and
the peak routing demand and regional routing demand using Rent'sMarginal.

rule. The methods are proposed for ASIC design flows and only

the peak routing demand formulation can be directly ported to FP- 10. ESTIMATION QUALlTY METRIC

GAs. The regional routing demand method uses expressions for In this section we propose a uniform reporting metric for routabil-
total interconnect lengths that may not be valid for FPGAs. There ity estimation methods. The driving need for such a metric is the



requirement to be able to quantitatively compare the various es-
timation methods for specific applications. Most reports on esti-
mation methods do not try to compare the estimation quality with
known results, which can be independently asserted. fGREP is a
notable exception, in that it compares its results with a well known
detailed router. RISA incorporates its estimation technique inside a £.| .
placement loop and compares the placement quality with that of the & -
solution produced by the same placement loop without routability *°~ = crusmmmsecesmouonsze  * " "7 creutsinon-cemeasing oy e

. . . . (a) Comparison of Errors in Estimating Peak Demands (b) Comaprison of Execution Times
estimation. The two placement solutions are routed with a global
router and two indicesverConand dsCostare used for compar- Figure 4. Comparison of Peak Routing Demandd/” and Exe-
ison. The first index represents the number of global grids with . A

. . cution Times
demand higher than supply and the latter represents the linear sum-
mation of the demand overshoot. RISA does not report which
global router was used. In [7], there is no quantitative comparison T\, px is the execution time for the VPR’s detailed router run with
with detailed or global router results. Only two congestion maps, a fixed channel width of#/ = Wy pr. The last four columns
one estimated and another produced by a commercial router are rein the Table 2 show the execution times for the estimation meth-
ported. As in RISA, the details about the router are not reported. ods. All times are shown in seconds. The row |abe|%gw
h X . vpr

In [12], the peak routing demand estimates are compared Mith a  gjves the percentage error of the peak routing demand estimates,

Shapedylobal router. The global router approximates all routes as i, respect to VPR. The row labellefz= gives the ratio of the

L shapes along the net perimeter, and is a crude approximation gy ¢\ tion times of the estimation methods with respect to VPR's
regular global and detailed routers. From the above discussion, itis yeajjed router. Table 3 tabulates the mean and standard deviation
evident that the estimation community needs a common metric by ot yhe errors between the estimation methods and VPR's detailed
which existing and new estimation methods can be compared and, ,ter.

independently verified. Fig 4(a) plots the peak routing demands as estimated by all the

The metric should be based on well known, real world routers \othods with respect to VPR. It can be seen that {GREP2 is the
and should capture both regional and global estimation quality. F_or closest to VPR. The Rent's rule based method is very much away
FPGA research, a very commonly used place and route tool suitego . \/pR. The estimates are also randomly distributed and do not
is the VPR [3]. VPR is available as a free download in source g, any distinct trend. Similar results have been reported by the
form and can be freely modified for research purposes. VPR's de- 5 ;yhors themselves in [12]. RISA and Lou’s method are better but
tailed router is based on the PathFinder [8] negotiated congestion, e, 1oq |ack distinct trends and have random swings of about 3 to
algorithm and is generally considered to produce very tight results g 515 1o gain sufficient confidence levels, an estimation method
among the FPGA research community. VPR and other PathFinderg, |4 either closely match real world results or at least show com-
based routers derived from it currently hold the FPGA place and 5 apie estimates for different nets. Random swings indicate that
route challenge [3]. So, using the VPR's detailed router as the com-ynare are a4 number of circuits for which the estimation method is
mon denominator for comparison among various estimation meth- ., pjetely wrong, while there are other circuits for which the esti-
ods is a valid choice. mates are better.

W? propose faur parameters as adequate and requw_ed quality Fig 4(b) plots the execution times for all the estimation methods.
metrics. They are th®eak Demand errq#V), Mean of regional 4 .o he seen that RISA has the lowest execution times, closely fol-
errors(y), thestandard deviation of the errofs) and thauntimes?). |qyeq by fGREP2. The accuracy of the regional estimation is best
Global estimation quality can be stated by comparing the peak rout- .oy red by the mean and standard deviation as explained before.
ing demands with the maximum channel width needed by VPR 10 |4 .5y he seen from Table 3 that {GREP2 produces the best regional

route a placed design. For regional estimation quality, a more de- ogtimates followed by RISA and Lou’s method
tailed metric has to be designed. We are interested in the correlation '

between the estimates produced on local routing regions and the

actual channel utilization reported by VPR. A good measure of the 12. CONCLUSION

correlation which is very easy to calculate is the mean of the errors  We analyzed all the routability estimation methods available till
between the estimated and routed channel utilization. The standarcdate and proposed enhancements to two of the methods, fGREP
deviation of the errors adequately represents the distribution of the and Lou’s method. We discussed the need for consistent reporting

VPR ——
{GREP2 =~ GREP2  ——
S = o i S —
Rent  _a- I Rent .

k Demand Estimation w.r.to VPR

Execution Time (sec)

errors. of routability estimation results and proposed a minimum set of
comparison metrics. We implemented four routability estimation
11. EXPERIMENTATION AND RESULTS methods for FPGAs and compared them using our new metric. We

conclude that the method fGREP2 is the most accurate while RISA

We have implemented fGREP2, enhanced Lou’s method, Rent's is the fastest.

rule based estimation method as per [12] and RISA for a generic

island style FPGA architecture. We compare all these methods us-

ing the four parameters that we derived in the previous section. We 13. REFERENCES
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Table 2: Peak Routing Demands and Execution Times (seconds)

| Circuit ‘ VPR | fGREP2| RISA ‘ Lou(Max) | Rent | Tvpr | TfGREP2 | TrisA | TLou(Maz) | TRent |

alud 11 9.802 13.506 13.866 10.717 38 0.2654 | 0.0125 0.2927 1.541
apex2 12 10.92 14.911 15.815 21.322 59 0.4884 | 0.0225 0.4148 2.494
apex4 13 12.12 18.716 18.931 12.195 43 0.2533 | 0.0132 0.2230 1.091
bigkey 9 7.760 12.105 10.866 4.7610 101 3.0146 | 0.0269 7.5189 2.602
clma 13 11.92 17.327 18.848 29.713 549 4.8111 | 0.1359 23.047 46.68
des 8 8.308 12.075 13.021 5.6691 76 3.6362 | 0.0631 10.030 3.015
diffeq 8 8.881 12.995 12.535 10.324 23 0.2035 | 0.0078 0.2679 1.433
dsip 7 7.606 9.699 11.032 41760 | 181 2.8295 | 0.0196 6.2362 1.977
elliptic 11 10.53 18.979 16.557 30.111 237 0.9493 | 0.0317 2.6474 7.408
ex1010 12 11.39 15.376 15.894 15.499 131 1.4727 | 0.0479 4.7849 13.20
ex5p 14 13.12 17.571 17.231 11.461 35 0.2031 | 0.0115 0.1862 0.904
frisc 14 12.37 16.117 17.063 32.125 | 150 1.0845 | 0.0463 2.1932 7.600
misex3 11 10.72 13.649 14.430 11.682 45 0.2824 | 0.0145 0.2600 1.377
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