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              ABSTRACT  
New roundabouts are innovation and revolutionary in roundabout design, with the risk of incidents in these roundabouts far 
less than traditional common roundabouts. These types of roundabouts control the traffic flow at the entrance and exit of the 
roundabout, with the guidance of drivers to isolated lines before entering the roundabout and guidance to the spiral lines 
inside the roundabout as channelized. Another advantage of these roundabouts is the much more balanced division of traffic 
flows than traditional ones. In Iran, in view of the many problems of capacity, flow and safety of intersections and 
intersections, this type of roundabout can be very useful in certain conditions. In this research, how these roundabouts are 
compared and also the comparison of different input capacities based on the origin - destination demand matrix for new 
roundabouts and common roundabouts of two lanes with the help of Aimsun traffic simulation software have been 
investigated. For this purpose, the values of traffic indicators of delay time, density, flow, stop time and travel time of 
computer simulations for new roundabouts and common roundabouts have been investigated and compared. According to 
the demand matrix of the origin-destination models loaded in the software and comparisons done, the optimal model for the 
highest capacity and the lowest delay time and travel time is presented. In this simulation, 8 to 16 percent increase in traffic 
flow and a decrease of 34 to 59 percent for travel time and delay time in the new roundabouts is shown in comparison with 
the common two-lane roundabouts.

          Key words: 2 Lane Roundabout, Density, Delay Time, Stop Time, Capacity, Travel Time.
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  1. INTRODUCTION
n the past, the roundabouts of urban gatherings and 
traditional ceremonies were considered. Nowadays, the 
roundabouts of traffic control and the symbol of 

civilization are considered (1). Roundabouts are nowadays 
considered as a facility for the passage of vehicles. 
Whenever added to the input traffic to the roundabout, the 
roundabout control will be out of a simple oversight mode 
and the traffic analysis of the roundabouts will enter into a 
complex process (2). Failure to apply the principles of 
traffic engineering and accurate estimation of supply and 
demand in urban planning and comprehensive plans of the 
country have brought about the conditions in cities facing 
cluster nodes in the roundabouts and intersections and, 
consequently, waste of time, waste of energy resources and 
human and biological effect (3-5). Therefore, in this case, 
traffic experts are trying to figure out the status quo and 
provide solutions to improve the quality and safety of the 
traffic (6, 7). International studies have shown that one of 
the safety concerns that create two lanes concentric 

roundabouts is that the increase in the curvature of the 
vehicle paths has a relative velocity between the devices 
that enter the roundabout and the moving vehicles around 
the roundabout. Therefore, results in a lower rate of 
collision between the vehicles entering and exiting (8, 9). 
The curvature of the vehicle paths in the two lanes 
concentric roundabouts leads to a complex problem. 
Sometimes this problem is moderated, as in the ASSHTO 
standard of geometric design of highways and streets (10). 
The guide states that "the proper speed of vehicles along 
the roundabout is the most important key to design" (10). 
In the comprehensive analysis of several roundabouts in 
Germany, Beryllon and Boomer conclude that line 
alignment in roundabouts should be distributed according 
to principles "and the upper limit of 60 meter for the outer 
diameter of the roundabout is preferred (11, 12). CROW, 
entitled “integrated roundabouts”, has proposed a lower 
speed, which includes maintaining traditional access lines 
instead of changing them to tangent access lines mentioned 
above (11). It can be concluded that the two lanes 
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concentric roundabout is in fact one of the major 
disadvantages of the old style (roundabouts), which 
requires the change of lines in a curve. As a result, driving 
speed is gradually reduced (13, 14). The focal point of the 
two-level roundabout is better than the traditional shape of 
the roundabout. However, this roundabout does not 
provide a simple solution to conflicting situations; a path 
that is the strength point of a modern single lane 
roundabout (8, 15, 16). The third problem of the two lanes 
concentric roundabout is also related to the need for line 
change, the use of the inner lane is weak, which has a 
negative impact on capacity (17). These disadvantages and 
problems caused the investigators to think differently in 
solving the problem of defect in the capacity of single lane 
roundabouts (18). The answer to these challenges is Turbo 
Roundabout, which has the following main characteristics:
1. Create one lane for at least one input;
2. The current traffic to the roundabout in each direction 
must be in two directions (lines) in the roundabout, and not 
more;
3. A smooth flow of traffic along the roundabout should 
assign using suitable spiral alignment;
4. Remaining barriers between the lines prevent the 
imposition of intolerable drivers;
5. Each section of the roundabout consists of a line in 

which drivers can decide whether or not to continue their 
route around the roundabout;
6. At least two outgoing ways are two-way directions;
7. The radius of the roundabout is kept small;
8. The paths approaching the roundabout are at the right 
angles to it;
9-shielding covers the horizons;
10-High-performance floorboards provide wide 
roundabout widths and suitable widths for long vehicles to 
use from the roundabout (18).
These characteristics are all represented in Figure 1. Based 
on the principles outlined above, a number of types of 
roundabouts can be created. One of these roundabouts was 
first called the Turbo Roundabout (18). The first turbo 
roundabout was built in 2000 and by 2012, 70 turbo 
roundabouts have been built in the Netherlands (18). The 
idea of the Turbo Roundabout has so far been developed in 
the European media, which means all modern roundabouts 
that were built according to the above criteria. The type of 
roundabouts that was originally called Turbo Roundabout 
is now called Base Turbo roundabouts to distinguish it 
from other types of roundabouts. Roundabouts with 
characteristics 5 and 6 are not called "Relative Turbo 
roundabouts” (18).

Against one or more inputs, the 
second line is created.

There are only two lanes for 
traffic flow

Smooth spiral stripes

Featured dividers

Flooring in the 
center and around the 
roundabout provides 
additional routes for 

trucks

The shield covers 
the landscape of the 

horizon

Passages 
approaching the 

roundabout were in the 
right of it

Optimal curvature 
with low diameter

One of the lanes allows you to 
choose the path

At least two outgoing routes are 
two-way

Figure 1. Turbo-roundabouts Characteristics (5)

2. METHODOLOGY
In order to estimate and compare the turbo-roundabout 
with respect to the common two lanes roundabout, in terms 
of input capacities, the four-lane roundabout functions 
have been defined as the traffic loading capacity and the 
origin-destination basis for this research.

2.1. The first type of origin-destination demand
In this case, for loading and comparison between common 
roundabouts and Turbo roundabouts, the description of 
demand is considered equally between the functions of 
both states. In this case, the input of each of the functions 
is equally balanced with 330 vehicles per hour. The 
originator matrix of the first type is presented in Table 1. 
Also, in Figure 2, the division of functions and the 
distribution of inputs of functions are schematically 
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presented.

Table 1. Origin-destination matrix in the first type
4 3 2 1 O-D(Case A)

330 330 330 0 1
330 330 0 330 2
330 0 330 330 3

0 330 330 330 4

Figure 2. Explain the first type of loading the origin-destination demand (Veh/h)

2.2. The second type of the origin-destination demand
In the second type, the distribution of the origin-destination 
demand in the second and fourth directions has the highest 
input capacity. In this case, the performance of the second 
to fourth input is 900 vehicles per hour and the same input 
capacity from the fourth to the second direction is 
considered. Also, for the second to third approaches, 650 
vehicles per hour are the second highest capacity in 
direction operations. In addition, third capacities are 
considered as the second to first direction with 300 
vehicles per hour. Similarly, for the sake of this 

performance, the fourth to the second entry is 900 and the 
fourth to the first, 650 and the fourth to the third is 300, 
respectively. For other entries, capacity is estimated at 50 
vehicles per hour. In this case, the demand for the origin-
destination is more than the loading capacity for the East-
West direct approach, and in the North-South approaches, 
the minimum input capacity in the predicted matrix is 
applied. In Table 2, the states of the origin-destination are 
presented, also in Figure 3, a schematic representation of 
the distribution of these inputs for the first to fourth 
directions are shown.

Table 2. Origin-destination matrix in the second type
4 3 2 1 O-D(Case B)

650 50 300 0 1
900 50 0 50 2
300 0 650 50 3

0 50 900 50 4
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Figure 3. Explain the second type of loading the origin-destination demand (Veh/h)

2.3. The third type of the origin-destination demand
In the third case, the distribution of origin-destination 
demand in the second and fourth direction has the highest 
input capacity. In this case, the performance of the second 
to fourth input is 900 vehicles per hour and the same input 
capacity from the fourth to the second performance is 
considered. In addition, for the second-to-first approach, 
650 vehicles per hour, the second highest capacity is in the 
functional branches of the roundabout. In third place, the 
capacity of the second to third performance capacity is also 
estimated at 300 vehicles per hour. Similarly, in contrast to 

this performance, the fourth to second entry is 900, and the 
fourth to third is 650, and from the fourth to the first, 300 
vehicles are inputs, respectively. For other entries, demand 
is estimated at 50 vehicles per hour. In this case, the 
demand for the origin-destination is more than the load 
capacity for the direct east-west approach, and in the north-
south approaches, the minimum input capacity in the 
predicted matrix is applied. In Table 3, the mentioned 
origin-destination states are presented. In addition, in 
Figure 4, a schematic representation of the distribution of 
these inputs for the first to fourth direction is shown.

Table 3. Origin-destination matrix in the third type
4 3 2 1 O-D(Case C)

300 50 650 0 1
900 50 0 50 2
650 0 300 50 3

0 50 900 50 4
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Figure 4. Explain the third type of loading the origin-destination demand (Veh/h)

2.4. The fourth type of the origin-destination demand
In the fourth type, as in the third case, the distribution of 
the origin-destination demand in the second and fourth 
directions has the highest input capacity. In this case, the 
performance of the second to fourth input is 900 vehicles 
per hour and the same input capacity from the fourth to the 
second performance is considered. In addition, for the 
second-to-first approach, 650 vehicles per hour, the second 
highest capacity is in the functional branches of the 
roundabout. In third place, the capacity of the second to 
third performance capacity is also estimated at 300 
vehicles per hour. Similarly, in contrast to this 

performance, the fourth to second entry is 900, and the 
fourth to third is 650, and from the fourth to the first, 300 
vehicles are capacities, respectively. For other entries, 
capacity is estimated at 50 vehicles per hour. In this case, 
the demand for the source-destination is more than the load 
capacity for the direct east-west approach, and in the north-
south approaches, the minimum input capacity in the 
predicted matrix is applied. In Table 4, the mentioned 
origin-destination states are presented, as shown in Figure 
5, a schematic representation of the distribution of these 
inputs for the first to fourth functions.

Table 4. Origin-destination matrix in the fourth type
4 3 2 1 O-D(Case D)

300 900 650 0 1
900 300 0 650 2
650 0 300 900 3

0 650 900 300 4
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Figure 5. Explain the fourth type of loading the origin-destination demand (Veh/h)

2.5. AIMSUN software simulation model of common two 
lane roundabouts
After drawing the two lane roundabout according to the 
geometric design criteria, in AutoCAD software and the 
simulation software, the general network and the two lane 
roundabout approaches were modeled in the AutoCAD 
software. Given that in the AIMSUN simulation software 
in version 8, the roundabout type is defined for definition 
in the performance of the passages, then the definition of 
the roundabout is introduced uniquely. In Figures 4-9, the 
view of the common two lane roundabouts model is shown 
in the simulator AIMSUN software. In the next step, for 
each type of origin-destination matrix, it is defined 
independently in its related models. In addition, for each 
scenario, loading the relevant scenario is made. After 
defining the above items in the software, the average 
number of repetitions is considered for more accurate 
estimation of traffic parameters. Finally, the output of the 
traffic parameters for each of the origin-destination 
matrices is extracted individually. After plotting the turbo-
roundabout based on the rules of the Fortuijn's geometric 
design in the AutoCAD software and introducing it into 
simulator software, we model the overall network and 
approaches of Turbo-roundabout. Considering that in the 
AIMSUN simulation software it is not possible to describe 
the field network as a single and independent turbo 
roundabout, due to the separator constraints within the 
turbo roundabout and the existence of the incidence of 
these roundabouts in the internal reef of these types of 
roundabouts, cannot be represented as Independent and 
one-piece model. In the next step, for each type of origin-

destination matrix, it is defined independently in its related 
models. Also, for each scenario, the loading of the relevant 
scenario is made. After defining the above in the software, 
the average of ten repetitions is considered for more 
accurate estimation of traffic parameters. Finally, the 
output of the traffic parameters for each of the O-D 
matrices is extracted individually.

3. RESULT AND DISCUSSION
In this section, the results of the difference of values 
obtained for each of the traffic parameters are compared to 
each of the different roundabout types. In Table 5, Table 6, 
Table 7 and Table 8, for each of the items, the source-
destination matrix is presented separately for each type of 
roundabout of traffic parameters. In addition, the 
difference between the turbo- roundabout traffic indicators 
with the two- lane common roundabout at the end of the 
tables is presented. In this regard, for traffic indicators, a 
negative sign is indicative of the reduction of the turbo-
roundabout traffic index relative to the common 
roundabout, and a positive sign indicating that the index is 
increasing compared to the common one. In Table 5, the 
difference in traffic indicator values for the first origin 
matrix is presented. In this regard, the difference between 
the turbo- roundabout delay time index and the common 
roundabout is 30.91 seconds per km less than the common 
roundabout. Also, the density index in turbo- roundabout is 
19.16 vehicle per kilometer less than common one. The 
turbo roundabout flow is 259 vehicles per hour more than 
the common roundabout, with a stop time of 87.15 and a 
travel time of 38.92 seconds per km less than the common 
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one.

Table 5. The difference between the values of turbo- roundabout traffic indicators to the two-lane common roundabout in the first case of the origin-
destination demand matrix

Origin-destination demand matrix First Type
Traffic Parameters Delay Time

(S/Km)
Density (Veh/Km) Flow

(Veh/h)
Stop Time

(S/Km)
Travel Time

(S/Km)
Two lane roundabout 164.61 42.91 3699 140.40 231.91

Turbo Roundabout 73.31 26.72 3958 53.25 139.53
Difference -91.30 -16.19 259 -87.15 -92.38

In Table 6, the difference in traffic indicator values for the 
second origin-destination matrix is presented. In this 
regard, the difference between the turbo- roundabout delay 
time index and the common roundabout is 53.33 s / km 
less than the common one. In addition, the density index in 

the turbo- roundabout is lower than the 4.59 per kilometer 
relative to Common Roundabout. Turbo roundabout flow 
is 401 vehicles per hour more than the common two-lane 
roundabout, and the stop time is 64.87 and travel time is 
less than 54.77 per kilometer from the common roundabout.

Table 6. The difference between the values of turbo- roundabout traffic indicators to the two-lane common roundabout in the second case of the 
origin-destination demand matrix

Origin-destination demand matrix Second Type
Traffic Parameters Delay Time

(S/Km)
Density (Veh/Km) Flow

(Veh/h)
Stop Time

(S/Km)
Travel Time

(S/Km)
Two lane roundabout 280.34 54.61 3053 265.06 347.31

Turbo Roundabout 227.01 50.02 3454 200.19 292.94
Difference -53.33 -4.59 401 -64.87 -54.37

In Table 7, the difference in traffic indicator values for the 
second origin-destination matrix is presented. In this 
regard, the difference between the turbo- roundabout delay 
time index and the common roundabout is 143.98 s / km 
less than the common one. Also, the density index in the 
turbo- roundabout is lower than the 20.94 per kilometer 

relative to Common Roundabout. Turbo roundabout flow 
is 336 vehicles per hour more than the common two-lane 
roundabout, and the stop time is 148.38 and travel time is 
less than 144.98 per kilometer from the common 
roundabout.

Table 7. The difference between the values of turbo- roundabout traffic indicators to the two-lane common roundabout in the third case of the 
origin-destination demand matrix

Origin-destination demand matrix Third Type
Traffic Parameters Delay Time

(S/Km)
Density (Veh/Km) Flow

(Veh/h)
Stop Time

(S/Km)
Travel Time

(S/Km)
Two lane roundabout 256.41 53.27 3471 240.28 323.32

Turbo Roundabout 112.43 32.33 3807 91.90 178.34
Difference -143.98 -20.94 336 -148.38 -144.98

In Table 8, the difference in traffic indicator values for the 
second origin-destination matrix is presented. In this 
regard, the difference between the turbo- roundabout delay 
time index and the common roundabout is 108.18 s / km 
less than the common one. In addition, the density index in 
the turbo- roundabout is lower than the 4.09 per kilometer 

relative to Common Roundabout. Turbo roundabout flow 
is 273 vehicles per hour more than the common two-lane 
roundabout, and the stop time is 121.98 and travel time is 
less than 245.68 per kilometer from the common 
roundabout.

Table 8. The difference between the values of turbo- roundabout traffic indicators to the two-lane common roundabout in the fourth case of the 
origin-destination demand matrix

Origin-destination demand matrix Second Type
Traffic Parameters Delay Time

(S/Km)
Density (Veh/Km) Flow

(Veh/h)
Stop Time

(S/Km)
Travel Time

(S/Km)
Two lane roundabout 256.41 53.27 3471 240.28 323.32

Turbo Roundabout 112.43 32.33 3807 91.90 178.34
Difference -143.98 -20.94 336 -148.38 -144.98

In the diagrams below, the values of each of the traffic 
parameters are presented separately for the common 
roundabouts and turbo roundabouts generated by the 
simulation software. In Figure 6, the output delay time for 
computer simulation for a common roundabout and turbo 
roundabout is presented separately for the four origin-

destination demand matrices. In this chart, the greatest 
difference is the delay time in the third case of the demand 
matrix. In the second place, is the fourth demand matrix 
and the third and fourth, are the demand matrices of the 
first and third cases respectively.
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Figure 6. Chart of the delay time for the Common Roundabout and turbo roundabout

In Figure 7, the output value of computer simulation for a 
common roundabout and Turbo roundabout is presented 
separately for the four origin - destination demand matrices. 
In this diagram, the highest density difference is in the 

third case of demand matrix. In the second place, the first 
demand matrix and in the third and fourth places are the 
second and fourth demand matrices, respectively.

Figure 7. Chart of the density for the Common Roundabout and turbo roundabout

In Figure 8, the output of computer simulation for the 
common Roundabout and turbo Roundabout is separately 
presented for four origin - destination demand matrices. In 
this chart, the maximum difference is the flow in the 

second case of the demand matrix. In the second place, the 
third demand matrix and the third and fourth places, are the 
fourth and first demand matrices respectively.
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Figure 8. Chart of the flow for the Common Roundabout and turbo roundabout

In Figure 9, the output stop time for computer simulation 
for a common Roundabout and turbo Roundabout is 
presented separately for the four origin - destination 
request matrices. In this chart, the maximum difference in 

stop time is in the third case of the demand matrix. In the 
second place, the fourth case matrix and the third and 
fourth places are the matrices of the first and second 
demand, respectively.

Figure 9. Chart of the stop time for the Common Roundabout and turbo roundabout

In Figure 10, the amount of travel time for computer 
simulation for a common Roundabout and turbo 
Roundabout is presented separately for the four origin - 
destination demand matrices. In this chart, the greatest 

difference is the travel time in the fourth case of the 
demand matrix. In the second place, the third demand 
matrix and the third and fourth places are the matrices of 
the first and second demand, respectively.
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Figure 10. Chart of the travel time for the Common Roundabout and turbo roundabout

In Table 9, the values of the difference between the turbo- 
roundabout traffic parameters and the common roundabout 
are presented. As indicated in this table, for the traffic 
parameters, the delay time of the origin-destination 
demand matrix is the third most demanded matrix from the 
other cases; also, for the traffic density index, the third 
case has the lowest value for the flow index, the second 
case matrix has the greatest difference compared to the 
matrices of other cases. For the stop time and travel time 
indices, the matrices of the third and fourth cases have the 
smallest value than the matrices of other cases. In these 

tables, the traffic parameters of the origin-destination 
matrix of the third case outstripped the other three matrices 
in three main indexes. In the origin-destination matrix, the 
second destination, the traffic flow indicator, and in the 
fourth case matrix, the travel time difference is greater than 
the matrices of other cases. Since the origin-destination 
demand matrix has a higher value than the other cases, the 
origin-destination matrix is intended. Therefore, in the next 
section, the comparison graphs of each of the traffic 
parameters in the third case matrix of demand are 
presented separately.

Table 9. Comparison of Turbo-roundabout Traffic Parameters Differences with Two-Lane Common roundabout
Traffic Parameters First Case Second Case Third Case Fourth Case

Delay Time
(S/Km)

-91.30 -53.33 -143.98 -108.18

Density (Veh/Km) -16.19 -4.59 -20.94 -4.09
Flow

(Veh/h)
259 401 336 273

Stop Time
(S/Km)

-87.15 -64.87 -148.38 -121.98

Travel Time
(S/Km)

-92.38 -54.37 -144.98 -155.68

4. VALIDATION
In this research, to ensure the accuracy of the output data 
from simulation of the AIMSUN software, the origin-
destination matrix of the predicted destination in the 
simulation software model is loaded with the model 
provided by Fortuijn for turbo roundabout. The results of 
comparing each of the models and the percentage 
difference between the results of the simulation of 
AIMSUN software will be compared with the MSRV 

model. Figure 11, Figure 12, Figure 13 and Figure 14 
percent differences in traffic parameters, capacity, queue 
length and delay time are presented for the AIMSUN 
simulation model compared to the MSRV model. In the 
Figure 11, the mentioned parameters are presented for the 
origin-destination demand matrix of the first case. In these 
cases, the greatest difference in the queue length parameter 
is the 11%. In the following categories, capacity with 8% 
and delay time with 5% are, respectively.
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Figure 11. The average percentage difference of traffic parameters for first case approaches to the origin- destination demand matrix

Figure 12. The average percentage difference of traffic parameters for second case approaches to the origin- destination demand matrix
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Figure 13. The average percentage difference of traffic parameters for third case approaches to the origin- destination demand matrix

In Figure 14, all averages of the percentage difference 
between delay time parameters, queue lengths and capacity 
obtained from the computer simulator model are presented 
with the MSRV mathematical model. In this chart, the 

highest percentage difference is about 16% in the queue 
parameter and the least percentage difference for the 
capacity parameter is about 3%. The average percentage of 
differences is about 8%.

Figure 14. Average graph of the difference between traffic indicators for all approaches

5. CONCLUSION
According to the results of comparison of turbo- 
roundabout traffic indicators for the predicted origin-
destination matrices for comparison, the relative 
improvement of the total indexes in a scale with common 
roundabouts is shown. The difference in the results 
obtained from computer simulations for common 

roundabouts and Turbo Roundabout is presented in Table 
10. In this table, for the delay time indicator, the demand 
matrix of the third, the first and the second case are 
prioritized, respectively. For the density index, the third 
case, the first case and the second case are prioritized 
respectively. The flow index have the second, third, and 
first priority respectively. Also, for the stop time index, the 
first case, the third case and the first case have priority. 
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The travel time index is also the third, first and second 
priority. Therefore, considering that the demand matrix of 
the third case has three superior indexes than other 

matrices, they are in the first row for the proposal to 
replace the common roundabouts. In the next priorities, the 
first matrix and the second matrix are proposed.

Table 10. The percentage difference of turbo- roundabout traffic indicators relative to the common roundabout
Difference Percentage

Traffic Parameters Delay 
Time (S/Km)

Density (Veh/Km) Flow
(Veh/h)

Stop Time
(S/Km)

Travel Time
(S/Km)

First Case -55.46 -37.73 7 -62.07 -39.83
Second Case -19.02 -8.41 13.13 -24.47 -15.65

Third Case -56.15 -39.31 9.68 -61.75 -44.84
Fourth Case -42.09 -7.71 6.14 -50.55 -47.93
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