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Moore Machine is a finite state machine of which the output is determined by the states of them. The Moore 
Machine is named after Edward F. Moore, an American mathematician and computer scientist. The state 
transtion of a Moore Machine is directed by the given input. For example, if the input is given as “aabba,” the 
output of the following Moore Machine is “PRETTY.” 
 
 

 
 
 
In Figure 1, a circle denotes each state and the label on the arrow denotes the input symbol. One of the states 
is designated as the start state, which is represented by an arrow with no origin pointing to the state. In this 
case, the start state is State 1. Each state N with output symbol S is depicted in label N/S.  
 
Generally, a Moore Machine can have cycles.  However, we can think of a certain kind of Moore Machine 
which has no cycle at all. Let’s call this kind of Moore Machine a series-parallel Moore Machine. 
 
Unfortunately, one of the output symbols of a series-parallel Moore Machine is erased. The problem is to find 
the erased output symbol using the given output of the machine. Note that it is not always possible to find the 
erased symbol. For example, assume the following series-parallel Moore Machine is given.  
 
 

 
Figure 2. An example of a series-parallel Moore Machine 

 
 
In Figure 2, only the output symbols are shown as labels on states for simplicity. The white circle without any 
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Figure 1. An example of a Moore Machine 
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label denotes the state whose output symbol is erased. If the given output of the machine is “ADC,” then we 
can determine the erased symbol is D. However, if the output is “ABC,” we cannot uniquely determine the 
erased symbol. Or, if the output is given as “ABD,” it is not a valid output of this machine. Your program 
should also determine these impossible cases.   
 
Since the Moore Machine is reduced to a series-parallel graph, the representation of the machine itself can be 
defined in a straight-forward way. A Moore Machine consists of a single state, whose output is S, is denoted 
by S itself. A Moore Machine consists of a single state, whose output symbol is erased, is denoted by the 
underscore symbol ‘_’. The Moore Machine consists of a series of sub-machines, whose descriptions are , 

, …, and  respectively, is denoted by … . The Moore Machine consists of a parallel connection 
sub-machines, whose descriptions are , , …, and  respectively, is denoted by | | … | . If a 
Moore Machine is used as a part of another bigger Moore Machine, the parentheses can be used for enclosing 
the part. Using this representation, the above Moore Machine can be given as A(B|_)C.  
 
Write a program determining the erased symbol for a given series-parallel Moore Machine and an output 
produced by the machine. If the erased symbol cannot be uniquely determined, print the underscore symbol ‘_’ 
instead. If the output cannot be produced from the given machine, print the exclamation mark ‘!’ instead. 
 
 
Input 
Your program is to read from standard input. The input consists of   test cases. The number of test cases   is 
given in the first line of the input. From the second line, each test case is given. A test case consists of two 
lines. The string in the first line of a test case contains the representation of the series-parallel Moore Machine. 
The second line contains an output of the machine. Only capital English alphabets are used for the output 
symbols. It is assumed that the outermost connection of the Moore Machine is serial. It is also assumed that 
there is only one erased symbol in the input machine. The lengths of the input lines of test cases are less than 
or equal to 100. 
 
 
Output 
Your program is to write to standard output. Print exactly one line for each test case. The line should contain 
the erased output symbol. If it cannot be determined, the underscore symbol should be printed. If the output 
cannot be produced from the machine, the exclamation mark symbol should be printed.  
 
 
The following shows sample input and output for three test cases.  
 
Sample Input Output for the Sample Input 
3 
A(B|_)C 
ADC 
A(B|D|_)C 
ADC 
A(B|CD(E|_)G)E 
BOY 

D 
_ 
! 

 


