
 

Abstract — To effectively enhance service availability, this 
paper proposes a redundancy configuration for a database unit 
residing in a command and control (C2) system that supports 
air operations. The results of modeling, supervisory control, 
and performance analysis of the database unit are presented. 
The unit is modeled as a closed Markovian queuing network. 
State variable feedback is used to implement the functions of 
restoration and routing upon the identification of the failure of 
one of the database servers in the unit. Several control policies 
are evaluated in terms of the resulting mean time to unit 
failure, the steady state availability, the expected response time, 
and the service overhead of the database unit.  

I. INTRODUCTION

HE recent effort to install and test monitoring tools and 
to increase the level of redundancy in critical 

subsystems in air operation centers [1] has provided 
opportunities for vast performance improvement in its 
command and control (C2 hereafter) supporting systems. 
Our previous work on a controlled C2 processing unit [2] 
has demonstrated that reduced response time to service 
requests and shortened periods of system unavailability, as a 
result of automated monitoring and control, can raise 
significantly the probability to attain the desired outcome in 
an air operation. This paper shifts focus to one other critical 
C2 subsystem, a database unit. A simulation study [3] has 
been performed recently using Arena [4], [5] on a controlled 
database unit. The results indicate, however, that the 
architecture shown in Fig.1 is extremely inefficient, where 
the service burden rests almost entirely on the primary 
server, while the secondary server, though indispensable for 
the required system availability, is rarely utilized.  

Fig.2 shows an alternative architecture for which the 
potential improvements in response time and in service 
availability are to be examined. The partition of the database 
into multiple sets of data (to be called data classes hereafter), 
and the simultaneous access to multiple servers allow the 
reduction of the response time to queries, whereas the 
presence of a secondary data class in every server leads to 
fault-tolerance and therefore higher service availability. The 
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performance improvement, however, cannot be achieved in a 
cost-effective manner without a reconfiguration scheme 
called a supervisory control that acts on the state information 
of the database system. This effort investigates several such 
schemes that differ by their control authorities. To assess the 
effectiveness of these schemes in a quantified manner, the 
model in Fig.2 (and that in Fig.1) is given the interpretation 
of a queuing network [6] with specific sets of operating 
policies and structural parameters. The control authorities 
considered include the ability to restore the lost data and/or 
the ability to route queries. In order to obtain an analytic 
model of manageable size for scrutinizing the effects of 
supervisory control, the archiving process is ignored, and the 
queuing network is of the closed type [7]. A simulation 
study is being conducted currently without these 
simplifications. 

The paper is organized as follows. Section II of the paper 
models the database system in Fig.2 as a Markov chain [8] 
with supervisory control. Section III evaluates a set of 
performance measures under several supervisory control 
policies. Section IV concludes the paper. Section V 
acknowledges the contributions from our colleagues. Details 
of the database model are given in Appendix. 

Fig.1 Redundant database unit 

Fig.2 Partitioned database unit 

II. MODELING AND CONTROL 

A. Modeling 
The database unit in Fig.2 contains three servers in 

parallel to answer three classes (A, B, C) of queries for 
which relevant information can be found in the partitioned 
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sets A, B, C of the database, respectively. Server SAB

contains database class A as the primary class and database 
class B as the secondary class. Server SBC contains database 
class B as the primary class and database class C as the 
secondary class. Server SCA contains database class C as the 
primary class and database class A as the secondary class. 
The failure of a server implies the loss of two classes of data 
within the server. A system level failure is declared when 
two servers fail, in which case one class of data is said to be 
lost. The queues preceding servers SAB, SBC, and SCA are 
named QAC, QBC, and QCA, respectively. All queues are of 
sufficient capacity. Service is provided on a FCFS basis at 
each server.  

The three delay elements imply that there are always three 
customers present in the unit at any given time. A new query 
is generated at a delay element upon the completion of the 
service to a query at one of the servers. The delay elements 
are intended to be also reflective of the response time to the 
querying customers by other service nodes in the C2 
supporting system, which are not explicitly modeled. Any 
new query is assumed to be equally likely to seek database 
class A or B or C. Therefore routing probabilities ρAB, ρBC,
and ρCA are assigned the same values under the normal 
operation condition.  

The use of a queuing network model for the database is 
based on its suitability to involve control actions and our 
intention to capture their effects on the system performance. 
The model is built in this study with the premise that event 
life distributions have been established for the process of 
query generation ))(exp( te1 λλ −−≡ , the process of service 
completion ))(exp(µ , the process of server failure ))(exp(ν ,
the process of data restoration ))(exp(γ , and the process of 
unit overhaul ))(exp(ω  when the failed database unit is 
repaired. All such processes are independent. Standard 
statistical methods that involve data collection, parameter 
estimation, and goodness of fit tests [9] exist for identifying 
event life distributions. Since all event lives are assumed to 
be exponentially distributed, the database unit can be 
conveniently modeled as a Markov chain specified by a state 
space X, an initial state probability mass function (pmf) 
πx(0), and a set of state transition rates Λ [7], [8]. The reader 
uninterested in the details of model building can advance to 
the paragraph right above Equation (1). 

1) State space X
  A state name is coded with a 6-digit number indicative 

of all queue lengths and server states in the unit. With some 
abuse of notations, a valid state representation is given by 
x=QABQBCQCASABSBCSCA, where queue length QAB, QBC, QCA

∈ {0, 1, 2, 3} with total length L ≡ QAB+QBC+ QCA ≤ 3, and 
server state SAB, SBC, SCA ∈ {0, 1, 2}. Server state “2” ≡ data 
are lost in both the primary and the secondary classes in a 
server, “1” ≡ the data in the primary class have been restored 
and data in the secondary class have not been restored, and 
“0” ≡ data in both primary class and secondary class in a 

server are intact. A server is said to be in the down state if it 
is either at state “1” or at state “2”. For example, state 
110020 indicates that server SAB is up with one customer in 
its queue, server SBC is down with both classes of data gone 
and one customer in its queue, and server SCA is up and idle. 
Note that the queue length includes the customer being 
served. There are 540 valid states in the system. The total 
number of states is reduced to 147 when the states of system 
level failures are aggregated. The symmetry of the system 
permits the arrangement of customers in the queues at the 
time of system level failure to be captured in one of seven 
states, allowing the system to return to an equivalent state 
upon completion of the system overhaul. A set of alternative 
state names are assigned from X = {1, 2, …, 147} with 
000000 mapped to x = 1 and the aggregated system failure 
states mapped to x ∈{141, 142, 143, 144, 145, 146, 147}. 

2) Initial state pmf {πx(0), x = 1,2,…,147}
It is assumed that the database unit starts operation from 

state x = 1, i.e., the initial state probability is given by vector 
π(0) = [1 0 … 0]. When overhaul is considered at the 
occurrence of a system level failure, the system returns to a 
state with an equivalent arrangement of customers in the 
queues once the database unit is renewed [8] and ready for 
operation again. 

3) Set of state transition rates Λ
A transition rate table containing all transition rates is 

created following a similar procedure as that described in 
[10], however with a more compact representation. The state 
transition table is given in Appendix. The list of current 
states occupies the first column of the table. In the row 
corresponding to each state, the set of all feasible next states 
are listed with each next state followed by the rate at which 
the next state is reached. Events that trigger the transitions 
and the corresponding transition rates are given as follows. 
A newly generated query enters one of the servers with rate 

λρ ×− )( L32u  where 2uρ is a controlled routing 
probability by control variable u2. A query is answered at a 
server with rate µ. A complete data loss occurs at a server 
with rate ν. Data in the primary data class of a server are 
restored with rate γp u1 where u1 authorizes whether to 
restore the lost data. Data in the secondary data class of a 
server are restored with rate γs u1. Finally, the failed database 
unit is renewed with rate ω u3, where u3 decides whether to 
repair the failed system. All rates are relative, for their net 
effects depend on the time unit specified.   

Let X ∈ X denote the random state variable at time t. The 
set of state transition functions   

14721jii0XjtXPtp ji ,,,,],)(|)([)(, ===≡       (1) 
for the continuous-time Markov chain can be solved from 
the forward Chapman-Kolmogorov equation [7] 

)]([)(,)(,)()( , tptPI0PQtPtP ji===  ,      (2) 
where Q is called an infinitesimal generator or a rate 
transition matrix whose (i,j)th entry is given by the rate 
associated with the transition from current state i to next 
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state j in the rate transition table. State probability mass 
function at time t

0ttttt 14721 ≥= ],)()()([)( ππππ       (3) 
is computed by 

)()()( tP0t ππ = .                (4) 
At this point a Markov model for the database unit of 

Fig.2 has been established. The state probabilities are the 
basis for evaluating the performance of the database unit, 
which is conducted in Section III. 

B. Control policies 
Our ultimate goal is to eliminate all single point failures, 

and to mitigate the effects of a single server failure on the 
performance of the database unit. Our approach is to base 
the supervisory control actions on the state information, 
which effectively alter the transition rates when loss of data 
occurs in a single server.  

Taking into consideration the symmetry of the model, the 
control policy is described only for the case of a failed server 
SAB. When routing control is effective, the routing 
probabilities are determined by the state of SAB and by 
whether the lost data can be restored. Thus, 

),,( 1ABAB
u uS2 ρρ =  ),,( 1ABBC uSρ  ),( 1ABCA uSρ  with 

1CABCAB =++ ρρρ . The control policies considered for 
this study are summarized as follows. 
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Four sets of routing probabilities are shown in the 
following table as examples, where SBC=0 and SCA=0 are 
assumed. 

Table 1 Examples of routing probabilities 

1u 2u ABS ABρ BCρ CAρ
0 1 2 0 1/2 1/2 
1 0 2 (1) 1/3(1/3) 1/3(1/3) 1/3(1/3) 
1 1 2 (1) 0 (1/6) 2/3(1/6) 1/3(2/3) 
1 1 2 (1) 0 (0) 1 (0) 0 (1) 

The composition of u1 and u2 gives rise to four different 
control policies. The case of (u1, u2) = (0, 0) corresponds to 
the case of a single point failure, and is therefore not 
considered in the performance analysis. The control policies 
in the other three cases are named 
 Policy 1:  (u1, u2) = (0, 1) when a server is down, 
 Policy 2:  (u1, u2) = (1, 0) when a server is down,   (7) 

Policy 3:  (u1, u2) = (1, 1) when a server is down. 
Note that policy 2 does not permit routing, whereas policy 

1 does not permit restoring. As can be seen, policy 3 allows 
variations in the routing probabilities to the intact servers. A 
special consideration with the case u1=0 is the rerouting of 

the customers who have arrived at a server before the server 
fails to the delay elements. 

The presence of supervisory control in the transition rate 
table is seen via u1, u2, u3, n1 = 1-u1, n2 = 1-u2, and n3 = 1-u3.
The values of u1, u2, u3 represent specific control actions 
associated with data restoration, query routing, and unit 
overhaul, respectively.  

III. PERFORMANCE ANALYSIS

A. Time to system failure 
When u3 = 0, the Markov chain model for the database 

unit contains seven absorbing states x∈{141, 142, 143, 144,
145, 146, 147} at which the chain remains forever once it is 
entered. These are the states of system level failure. The rest 
of the 140 states are transient states. Decompose the state 
probability vector 

],)()([)(
711401

ttt
××

≡ ατ πππ               (8) 

where vector πτ(t) contains the transient state probabilities, 
and πα(t) are the absorbing state probabilities. Decomposing 
the rate transition matrix Q and the state transition function 
matrix P(t) solved from (2) accordingly yields 
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From (2), (4), and (9), it can be determined that the 
probability density function of time to system failure, or 
time to absorption, is given by 

,)(,)()()( 00QtP0t 1211 == ατα πππ        (10) 
where 

.)(],[)( tQ
11

11etP010 ==τπ        (11) 
In addition, the mean time to failure of the database unit can 
be shown to be [8].  

[ ]T1
11 1111Q0MTTF =−= −

τττπ ,)(        (12) 
Fig.3 below shows the dependence of mean time to failure 

of the database unit on the restoration rate. 

Fig.3 Database unit mean time to failure versus restoration rate 

B. Steady-state availability 
Suppose as soon as the database unit reaches a system 

level failure, an overhaul process starts. Suppose with a rate 

7617



ω the unit is repaired, and at the completion of the repair, the 
unit immediately starts to operate again. In this case u3 is set 
to 1 in the model, whereas it is set to 0 in the case of an 
absorbing chain. The existence of a unique steady-state 
distribution of the Markov chain when u3=1 is guaranteed if 
the chain is irreducible (or ergodic) [7]. Ergodicity is 
satisfied under policy 2 and policy 3. Although ergodicity is 
not met under policy 1 without eliminating the few 
unreachable states in this case, a unique steady state 
distribution is obtained nevertheless in our computation. The 
steady state availability, which can be roughly thought of as 
the fraction of time the database unit is up, is given by 

),(∞−= Fsys 1A π                    (13) 

where )(∞Fπ is the sum of the system level failure state 
probabilities, determined by solving 

.)(and,)( ∑ =
=∞=∞ 147

1x x 10Q ππ         (14) 

 Fig.4 shows the steady-state availability as a function of 
restoration rate at a fixed overhaul rate. Fig.6 demonstrates 
the benefit of the success in supervisory control to steady-
state availability. 

Fig.4 Steady-state availability of the database unit versus 
restoration rate 

C. Response time 
The average response time E[R] is the expectation of the 

ratio of total amount of time that all customers spend in the 
upper portion of the system to the number of customers that 
are serviced. A loose argument is given below to justify the 
way E[R] is computed in this paper. Define the vector 
where c(i) is the number of customers in the system at state 
i. The numerator of E[R] is then ( ) t. Computing the 
number of customers that are serviced requires counting the 
number of transitions from one state to another that have 
occurred that have introduced a new customer to the system. 
Define a matrix N such that n(i,j) is equal to the number of 
customers introduced into the system when the system 
transitions from state i to state j. The total number of 
transitions for a given i and j is then 

),()(),(),( jiQjitNjiT i ∞= π .          (15) 
Therefore, the average response time E[R] of the system is 

taken as 
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 Fig.5a and Fig.6 show the average response time as a 
function of restoration rate with the overhaul rate fixed, and 
a function of overhaul rate with the restoration rate fixed, 
respectively, for all three policies. The routing probabilities 
in rows 1 through 3 in Table 1 are in fact used for 
calculating all performance measures resulting from Policies 
1 through 3, respectively. Policy 1 enjoys a lower response 
time because the intact servers need not deny customers in 
order to restore the failed server. Also, customers present at 
the time of server failure in policy 1 are emptied into the 
delay elements and incur no response time gains. 

Fig.5 Average query response time versus restoration rate 

Fig.5b shows the effect of applying Policy 3*: routing all 
customers to the intact server that is not restoring the failed 
server, an alternative to Policy 3. The reduced response time 
in policy 3* results from customers not waiting at a failed 
server. This policy may not be as advantageous in a system 
of higher traffic intensity.

Fig.6 Average query response time versus overhaul rate

D. Overhead 
Overhead is a quantity introduced to reflect the ratio of the 

time invested on helping the database unit to survive longer 
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to its overall busy time. It is a measure of the cost of 
supervisory control. More specifically, 

]failednotisunit|servesorfailsorrestoresPr[
]failednotisunit|failsorrestoresPr[

AB

AB
S

S≡θ   (17) 

Overhead θ is calculated for both the absorbing chain (u3 =
0) as a function of time, and the irreducible chain (u3 = 1) as 
a function of server failure rate. These are shown in Fig.7 
and Fig.8. In Fig.7, it is seen that restoration incurs a higher 
overhead in the early life of the unit. As the database unit 
ages, its server becomes more likely to fail. A control policy 
that permits restoration becomes advantageous. There is a 
reduction in overhead across all polices with an increase in 
the arrival rate because of the resulting increased utilization. 
In Fig.8, for sufficiently low server failure rate, overhead is 
always lower with restoration. When server failure rate 
passes some threshold, however, restoration becomes 
expensive. Overhead is expected to gain more significance 
as a function of time and a function of server failure rate 
when the server life distributions have an increasing failure 
rate, such as in the case of Weibull distribution.  

Fig.7 Overhead versus time in the absorbing chain 

Fig.8 Overhead versus failure rate in the irreducible chain

IV. CONCLUSIONS

This paper modeled a redundant database unit in C2 for 
investigation of fault-tolerance and responsiveness afforded 
by a set of supervisory control policies. In all the 
performance measures examined, restoration (u1) is more 
effective than routing (u2). It is expected that when the 
number of queries increase, or the traffic becomes more 
intensive, the effectiveness of routing will be more apparent.  

The study presented in this paper is limited by our ability 
to deal with complex problems analytically. Most restrictive 
is the size of the state space. The closed-queuing network 
model shown in Fig.2 presents perhaps the smallest possible 
state space for which the investigation on control policies is 
nontrivial. Besides answering queries, the database unit also 
must be updated from time to time. In that case, two types of 
service requests exist and the state space must be expanded. 
Almost equally restrictive is the assumption that times to 
event occurrence are exponentially distributed. Since there is 
only one parameter in an exponential distribution, it is likely 
to be unsuitable to truthfully describe some of the processes. 
Discrete event simulations are being carried out where the 
simplifying assumptions are removed to substantiate our 
claims on the benefit of supervisory control under more 
general settings in terms of the types of services, the number 
of customers, and the types of distributions of event lives. 

Also ongoing is the extension of this study to incorporate 
the effect of decision and control under uncertainty and time 
delay due to, for example, incomplete state information and 
the time required for state estimation, respectively. The 
results will be reported in a future paper. 
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APPENDIX

Table 2 Transitions and transition rates of the database unit 
model with all rates valid for all policies, based on which matrix Q 
is formed

QAB QBC QCA SAB SBC SCA 1 R 2 R 3 R R µp R R R R p R s R
1 0 0 0 0 0 0 2 h 3 h 4 h x x x x x x 14 15 16 v x x x x x x x x x x x
2 1 0 0 0 0 0 11 2/3*h 8 2/3*h 9 2/3*h 1 x x mp x x 36 37 38 (u1*n2+u1*u2)*v 37 38 n1*u2*v 142 37 38 n1*n2*v x x x x
3 0 1 0 0 0 0 8 2/3*h 12 2/3*h 10 2/3*h 1 x x mp x x 39 40 41 (u1*n2+u1*u2)*v 15 41 n1*u2*v 39 142 41 n1*n2*v x x x x
4 0 0 1 0 0 0 9 2/3*h 10 2/3*h 13 2/3*h 1 x x mp x x 42 43 44 (u1*n2+u1*u2)*v 43 16 n1*u2*v 42 43 142 n1*n2*v x x x x
5 0 0 0 1 0 0 17 (u1*n2*1/3 + u1*u2*1/6)*h 20 (u1*n2*1/3 + u1*u2*1/6)*h 23 (u1*n2*1/3 + u1*u2*2/3)*h x x x x x x 141 x x 2*v x x x x x x x x x 1 u1*gs
6 0 0 0 0 1 0 18 (u1*n2*1/3 + u1*u2*2/3)*h 21 (u1*n2*1/3 + u1*u2*1/6)*h 24 (u1*n2*1/3 + u1*u2*1/6)*h x x x x x x 141 x x 2*v x x x x x x x x x 1 u1*gs
7 0 0 0 0 0 1 19 (u1*n2*1/3 + u1*u2*1/6)*h 22 (u1*n2*1/3 + u1*u2*2/3)*h 25 (u1*n2*1/3 + u1*u2*1/6)*h x x x x x x 141 x x 2*v x x x x x x x x x 1 u1*gs
8 1 1 0 0 0 0 50 1/3*h 48 1/3*h 26 1/3*h 2 3 x mp x x 66 67 68 (u1*n2+u1*u2)*v 37 68 n1*u2*v 143 143 68 n1*n2*v x x x x
9 1 0 1 0 0 0 49 1/3*h 26 1/3*h 47 1/3*h 2 4 x mp x x 72 73 74 (u1*n2+u1*u2)*v 73 38 n1*u2*v 143 73 143 n1*n2*v x x x x

10 0 1 1 0 0 0 26 1/3*h 46 1/3*h 45 1/3*h 3 4 x mp x x 69 70 71 (u1*n2+u1*u2)*v 43 41 n1*u2*v 69 143 143 n1*n2*v x x x x
11 2 0 0 0 0 0 60 1/3*h 50 1/3*h 49 1/3*h 2 x x mp x x 93 94 95 (u1*n2+u1*u2)*v 94 95 n1*u2*v 145 94 95 n1*n2*v x x x x
12 0 2 0 0 0 0 48 1/3*h 61 1/3*h 46 1/3*h 3 x x mp x x 96 97 98 (u1*n2+u1*u2)*v 15 98 n1*u2*v 96 145 98 n1*n2*v x x x x
13 0 0 2 0 0 0 47 1/3*h 45 1/3*h 62 1/3*h 4 x x mp x x 99 100 101 (u1*n2+u1*u2)*v 100 16 n1*u2*v 99 100 145 n1*n2*v x x x x
14 0 0 0 2 0 0 36 (u1*n2*1/3)*h 39 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*2/3)*h 42 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*1/3)*h x x x x x x 141 x x 2*v x x x x x x x 5 u1*gp x x
15 0 0 0 0 2 0 37 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*1/3)*h 40 (u1*n2*1/3)*h 43 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*2/3)*h x x x x x x 141 x x 2*v x x x x x x x 6 u1*gp x x
16 0 0 0 0 0 2 38 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*2/3)*h 41 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*1/3)*h 44 (u1*n2*1/3)*h x x x x x x 141 x x 2*v x x x x x x x 7 u1*gp x x
17 1 0 0 1 0 0 51 (u1*n2*1/3 + u1*u2*1/6)*2/3*h 27 (u1*n2*1/3 + u1*u2*1/6)*2/3*h 30 (u1*n2*1/3 + u1*u2*2/3)*2/3*h x x x x x x 142 x x 2*v x x x x x x x x x 2 u1*gs
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101 0 0 2 0 0 2 128 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*2/3)*1/3*h 126 (u1*n2*1/3 + n1*u2*1/2 + u1*u2*1/3)*1/3*h 140 (u1*n2*1/3)*1/3*h x x x x x x 145 x x 2*v x x x x x x x 59 u1*gp x x
102 3 0 0 1 0 0 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x x x 60 u1*gs
103 3 0 0 0 1 0 x 0 x 0 x 0 52 x x mp x x 147 x x 2*v x x x x x x x x x 60 u1*gs
104 3 0 0 0 0 1 x 0 x 0 x 0 53 x x n1*mp x x 147 x x 2*v x x x x x x x x x 60 u1*gs
105 0 3 0 1 0 0 x 0 x 0 x 0 54 x x n1*mp x x 147 x x 2*v x x x x x x x x x 61 u1*gs
106 0 3 0 0 1 0 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x x x 61 u1*gs
107 0 3 0 0 0 1 x 0 x 0 x 0 56 x x mp x x 147 x x 2*v x x x x x x x x x 61 u1*gs
108 0 0 3 1 0 0 x 0 x 0 x 0 57 x x mp x x 147 x x 2*v x x x x x x x x x 62 u1*gs
109 0 0 3 0 1 0 x 0 x 0 x 0 58 x x n1*mp x x 147 x x 2*v x x x x x x x x x 62 u1*gs
110 0 0 3 0 0 1 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x x x 62 u1*gs
111 1 1 1 2 0 0 x 0 x 0 x 0 72 66 x n1*mp 72 u1*mp 144 x x 2*v x x x x x x x 63 u1*gp x x
112 1 1 1 0 2 0 x 0 x 0 x 0 70 67 x n1*mp 67 u1*mp 144 x x 2*v x x x x x x x 64 u1*gp x x
113 1 1 1 0 0 2 x 0 x 0 x 0 71 74 x n1*mp 71 u1*mp 144 x x 2*v x x x x x x x 65 u1*gp x x
114 0 1 2 2 0 0 x 0 x 0 x 0 99 69 x n1*mp 99 u1*mp 146 x x 2*v x x x x x x x 84 u1*gp x x
115 0 2 1 2 0 0 x 0 x 0 x 0 69 96 x n1*mp 69 u1*mp 146 x x 2*v x x x x x x x 81 u1*gp x x
116 1 0 2 2 0 0 x 0 x 0 x 0 72 x x n1*mp x x 146 x x 2*v x x x x x x x 90 u1*gp x x
117 1 2 0 2 0 0 x 0 x 0 x 0 66 x x mp x x 146 x x 2*v x x x x x x x 87 u1*gp x x
118 2 0 1 2 0 0 x 0 x 0 x 0 93 x x n1*mp x x 146 x x 2*v x x x x x x x 78 u1*gp x x
119 2 1 0 2 0 0 x 0 x 0 x 0 93 x x mp x x 146 x x 2*v x x x x x x x 75 u1*gp x x
120 0 1 2 0 2 0 x 0 x 0 x 0 70 x x mp x x 146 x x 2*v x x x x x x x 85 u1*gp x x
121 0 2 1 0 2 0 x 0 x 0 x 0 97 x x mp x x 146 x x 2*v x x x x x x x 82 u1*gp x x
122 1 0 2 0 2 0 x 0 x 0 x 0 100 73 x n1*mp 73 u1*mp 146 x x 2*v x x x x x x x 91 u1*gp x x
123 1 2 0 0 2 0 x 0 x 0 x 0 97 x x n1*mp x x 146 x x 2*v x x x x x x x 88 u1*gp x x
124 2 0 1 0 2 0 x 0 x 0 x 0 73 94 x n1*mp 94 u1*mp 146 x x 2*v x x x x x x x 79 u1*gp x x
125 2 1 0 0 2 0 x 0 x 0 x 0 67 x x n1*mp x x 146 x x 2*v x x x x x x x 76 u1*gp x x
126 0 1 2 0 0 2 x 0 x 0 x 0 101 x x n1*mp x x 146 x x 2*v x x x x x x x 86 u1*gp x x
127 0 2 1 0 0 2 x 0 x 0 x 0 71 x x n1*mp x x 146 x x 2*v x x x x x x x 83 u1*gp x x
128 1 0 2 0 0 2 x 0 x 0 x 0 101 x x mp x x 146 x x 2*v x x x x x x x 92 u1*gp x x
129 1 2 0 0 0 2 x 0 x 0 x 0 98 68 x n1*mp 98 u1*mp 146 x x 2*v x x x x x x x 89 u1*gp x x
130 2 0 1 0 0 2 x 0 x 0 x 0 74 x x mp x x 146 x x 2*v x x x x x x x 80 u1*gp x x
131 2 1 0 0 0 2 x 0 x 0 x 0 68 95 x n1*mp 68 u1*mp 146 x x 2*v x x x x x x x 77 u1*gp x x
132 3 0 0 2 0 0 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x 102 u1*gp x x
133 0 3 0 2 0 0 x 0 x 0 x 0 96 x x mp x x 147 x x 2*v x x x x x x x 105 u1*gp x x
134 0 0 3 2 0 0 x 0 x 0 x 0 99 x x n1*mp x x 147 x x 2*v x x x x x x x 108 u1*gp x x
135 3 0 0 0 2 0 x 0 x 0 x 0 94 x x n1*mp x x 147 x x 2*v x x x x x x x 103 u1*gp x x
136 0 3 0 0 2 0 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x 106 u1*gp x x
137 0 0 3 0 2 0 x 0 x 0 x 0 100 x x mp x x 147 x x 2*v x x x x x x x 109 u1*gp x x
138 3 0 0 0 0 2 x 0 x 0 x 0 95 x x mp x x 147 x x 2*v x x x x x x x 104 u1*gp x x
139 0 3 0 0 0 2 x 0 x 0 x 0 98 x x n1*mp x x 147 x x 2*v x x x x x x x 107 u1*gp x x
140 0 0 3 0 0 2 x 0 x 0 x 0 x x x x x x 147 x x 2*v x x x x x x x 110 u1*gp x x
141 0 0 0 x x x x x x x x x x x x x x x 1 x x u3*w x x x x x x x x x x x
142 1 0 0 x x x x x x x x x x x x x x x 2 x x u3*w x x x x x x x x x x x
143 1 1 0 x x x x x x x x x x x x x x x 8 x x u3*w x x x x x x x x x x x
144 1 1 1 x x x x x x x x x x x x x x x 26 x x u3*w x x x x x x x x x x x
145 2 0 0 x x x x x x x x x x x x x x x 11 x x u3*w x x x x x x x x x x x
146 2 1 0 x x x x x x x x x x x x x x x 50 x x u3*w x x x x x x x x x x x
147 3 0 0 x x x x x x x x x x x x x x x 60 x x u3*w x x x x x x x x x x xSy
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