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Abstract. This paper describes author’s algorithms for automatic
generation of circuits, which are used in the tools of the Distributed
e-Testing Cluster (DeTC). These algorithms contribute to solve the prob-
lem with insufficient testing electronic questions in various areas.

The paper describes algorithms for generation of bit-masks, which
define possible connections between the composing elements of circuits;
for generation of circuits; for checking the connections between elements;
for checking the equality of circuits.

There are also presented modified algorithms for generation of bit
masks and circuits, when the composing elements can be connected by
double, triple and more complex connections.
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1. Introduction

This paper describes author’s algorithms for automatic generation of cir-
cuits. They are applied in the Distributed e-Testing Cluster (DeTC), which
significantly facilitates authors in creating new testing questions, in parameter-
ization of testing questions and in creating classes of testing questions, which
assess same areas of knowledge. Due to their volume, initialization routines are
not included in the code of the algorithms.

This approach is experimented and is being successfully applied in prepa-
ration of tests for the education in Physics, Electronics, Electrical Engineering,
Chemistry, etc.
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DeTC [1–3] is being developed as a joint project of the ECE Department
at the University of Limerik — Ireland, the Humboldt University in Germany,
the Laboratory for Electronic Trade (ECL), the departments of Computer Tech-
nologies and Computer Systems at the University of Plovdiv, Bulgaria, and the
department of Informatics and Statistics at the University of Food Technolo-
gies, Plovdiv, Bulgaria.

2. Supplementary algorithm for genarating bit masks

The purpose of this algorithm is to generate bit masks, which will deter-
mine for a selected element which its neighbor elements it will connect to. This
algorithm is used by the algorithms which generate circuits.

In the realization the following variables are used:
bitscount – number of bits in the mask;
tmin – minimum number of raised bits;
tmax – maximum number of raised bits;
BM – working array of bits;
tc – number of raised bits.

Code of the algorithm:

void Generate()
{
1. int tc = tmin;
2. Init&retNumInitEl(BM, 0, tmin-1, false);
3. while (true)
4. if (GenNextBitMask(BM,bitscount,tc,tmin,tmax) == false)

break;
5. done
}

bool GenNextBitMask(Array BM, int bcount, tc, tmin, tmax)
{
1. if (BM[0] == true)
2. i = 1; while(BM[i]) i++;
3. if (i >= bcount) return false;
4. BM[i] = true; tc++;
5. tc -= Init&retNumInitEl(BM, tmin-tc+i, i-1, false);
6. else
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6. else
7. if (tc < tmax)
8. if (bcount > 0)
9. M[0] = true; tc++;
10. else
11. return false;
12. else
13. for (i=1; !BM[i] && i<bcount; i++);
14. j = i+1;
15. while (BM[j]) j++;
16. if (j >= bcount) return false;
17. BM[j] = true; tc++;
18. tc -= Init&retNumInitEl(BM, i, j-1, false);
19. tc += Init&retNumInitEl(BM, 0, tmin-tc-1, true);
20. fi
21. fi
22. return true;
}

Figure 1. Supplementary Algorithm for Generating Bit Masks

3. Algorithm for generating circuits

The purpose of this algorithm is to generate circuits according to pre-
defined elements and rules for connecting them. The algorithm uses heuristic
methods to improve performance by removing repeated combinations. The pro-
cess is improved when elements, selected for connecting with element “level”,
are sorted by a certain criteria and thus defining priorities. For example, if on
every level of recursion the algorithm calculates a coefficient for every element,
which element “level” can be connected to, the elements can be sorted by this
coefficient and the algorithm can select the best next candidates.

In the realization the following variables are used:

Global variables:
M – Matrix of admissible connections;
C – Counter of connections in which elements take place;
Emin – The minimum number of connections an element can take place;
Emax – The maximum number of connections an element can take place;
R – Matrix storing the temporary results.
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Local variables:
level – level of recursion;
BM – The bit masks of the current level of recursion;
BMM – Provides pointers to map the consequent elements of the bit mask to
their corresponding real elements;
tmax – The minimum number of elements, which element “level” must con-
nection to;
tmin – The maximum number of elements, which element “level” can connec-
tion to;
bitscount – Number of bits in the bit mask;
U – An array storing the elements which need connecting, with the first index of
the array being the number of connections the elements can take part from the
current moment on, subtracted from the number of connections they already
take part in, subtracted from the minimum number of connections needed;
Z – An array, which stores the elements of U with coefficient equal to zero.

Code of the algorithm:

void InitBitsCount(int bitscount, Array Emin, Array EMax,
Array M, int N)

{
1. for (i=level+1; i<N; i++)
2. if (M[level][i] && EMax[i] > C[i])
3. U[(N-level-1)-(Emin[i]-C[i])][i] = true;
4. bitscount++;
5. fi
}

void FindMostUrgentElements()
{
1. if (U.count(0))
2. map<int,bool>::iterator uj = U[0].begin();
3. while (uj != U[0].end())
4. Z[uj->first] = true; uj++;
5. done
6. U.erase(0);
7. fi
}
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void InitBitscount&BMP(int bitscount, int tmin, int tmax,
Array BMP, Array Z)

{
1. bitscount = 0;
2. map<int,map<int,bool>>::iterator ui = U.begin();
3. while (ui!=U.end())
4. map<int,bool>::iterator uj = ui->second.begin();
5. while (uj != ui->second.end())
6. BMM[bitscount++] = uj->first;
7. uj++;
8. done
9. ui++;
10. done
11. tmin = Emin[level]-C[level]-(int)Z.size();
12. if (tmin < 0) tmin = 0;
13. tmax = EMax[level]-C[level]-(int)Z.size();
}
void GenCombs(int level=0)
{
1. if (level >= N)
2. PrintResult(); return;
3. fi
4. if (level == 0) RC=0;
5. InitBitsCount(bitscount, Emin, EMax, M, N);
6. FindMostUrgentElements();
7. if ( C[level]+(int)Z.size()-EMax[level] > 0 ||
8. Emin[level]-C[level]-bitscount > 0 ) return;
9. UpdateResultZ(true);
10. InitBitscount&BMP(bitscount, tmin, tmax, BMP, Z);
11. Init&retNumInitEl(BM, 0, tmin-1, true);
12. int tc = tmin;
13. while (true)
14. ApplyBitMaskSec();
15. GenCombs(level+1);
16. UndoBitMaskSec();
17. if (GenNextBitMask(BM,bitscount,tc,tmin,tmax)==false) break;
18. done
19. UpdateResultZ(false);
}
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void UpdateResultZ(bool flag)
{
1. if (flag == true) cval = 1; else cval = -1; fi
2. mi = Z.begin();
3. while (mi != Z.end())
4. C[mi->first] += cval;
5. R[level][mi->first] = flag;
6. R[mi->first][level] = flag;
7. mi++;
8. done
}

void ApplyBitMaskSec()
{
1. SetBitMask(true);
}

void UndoBitMaskSec()
{
1. SetBitMask(false);
}

void SetBitMask(bool flag)
{
1. if (flag == true) cval = 1; else cval = -1; fi
2. mi = BM.begin();
3. while (mi != BM.end())
4. if (mi->second)
5. C[BMM[mi->first]] += cval;
6. R[level][BMM[mi->first]] = flag;
7. R[BMM[mi->first]][level] = flag;
8. fi
9. mi++;
10. done
}

Figure 2. Algorithm for Generating Circuities
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4. Algorithm for circuit connection check

Some of the generated circuits consist of separate blocks, which have no
connections with one another and are completely separated from the circuit.
The current algorithm filters out such circuits.

In the realization the following variables are used:

Global variables:
M – Matrix of admissible connections;
C – Counter of connections in which elements take place;
Emin – The minimum number of connections an element can take place;
Emax – The maximum number of connections an element can take place;
R – Matrix storing the temporary results.

Local variables:
level – level of recursion;
BM – The bit masks of the current level of recursion;
BMM – Provides pointers to map the consequent elements of the bit mask to
their corresponding real elements;
tmax – The minimum number of elements, which element “level” must con-
nection to;
tmin – The maximum number of elements, which element “level” can connec-
tion to;
bitscount – Number of bits in the bit mask;
U – An array storing the elements which need connecting, with the first index of
the array being the number of connections the elements can take part from the
current moment on, subtracted from the number of connections they already
take part in, subtracted from the minimum number of connections needed;
Z – An array, which stores the elements of U with coefficient equal to zero.

Code of the algorithm:

void trace(int level=0)
{
1. for (int i=0; i<N; i++)
2. if (R[level][i] && !V[i])
3. V[i] = true;
4. trace(i);
5. fi
6. done
}
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bool validate()
{
1. V.clear();
2. V[0] = true;
3. trace();
4. for (int i=0; i<N; i++)
5. if (!V[i]) return false;
6. return true;
}

Lines 1-3 of routine GenCombs are changes as follows:
1. if (level >= N)
2. if (validate())
3. // Go through R and report the result
4. return;
5. fi

Figure 3. Algorithm for Circuity Connection Check

5. Algorithm for identification of linear structures in circuits

The purpose of the algorithm is to identify whether two neighbor elements
of the circuit n1 and n2 create a linear structure. The algorithm checks the
number of connections of the two elements, excluding the connection between
them. If there is only one connection, then the algorithm assumes that there
exists a liner structure.

In the realization the following variables are used:

Global variables:
N – Number of elements;
M – Matrix of connections, representing the circuit;
V – A supplementary array for marking processed elements;
C – Array with number of connections each element takes part in.

Local variables:
L – An array with the linear structures of the circuit;
N – The current element;
n1 and n2 – Elements, for which the algorithm have to identify a linear struc-
ture.
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Code of the algorithm:

void LNext(int n, Array V, Array M)
{
1. for (i=0; i<N; i++)
2. if ((M[n][i] != 0) && (!V[i]))
3. V[i] = true;
4. LNext(i, V, M);
5. fi
}

bool Linear(int n1, int n2, Array C, Array M)
{
1. if ((M[n1][n2]!=0) && (C[n1]<=2) && (C[n2]<=2)) return true;
2. else
3. V[n1] = true;
4. for (int i=0; i<N; i++)
5. if ((M[n1][i] != 0) && (!V[i]) && (i!=n2))
6. V[i] = true;
7. LNext(i, V, M);
8. fi
9. fi
10. if (V[n2]) return false;
11. else return true;
}

Figure 4. Algorithm for Identification of Linear Structures in Circuits

6. Algorithm for checking equality of circuits

Two circuits are considered equal if they contain equal linear structures and
connections between them. This algorithm uses the algorithm for identification
of linear structures. It filters out equal circuits.

Routine FindLinear identifies all linear structures of the circuits. Those
are compared and if they are equal, routine BuildCompareMatr is used to
create arrays of connections between the linear structures of both circuits. If
those arrays are equal, the circuits are equal as well.

In the realization the following variables are used:

Global variables:
N – Number of elements.
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Local variables:
M1 – Matrix of connections, representing the first circuit;
M2 – Matrix of connections, representing the second circuit;
L1 – Array with the linear structures of first circuit;
L2 – Array with the linear structures of second circuit;
C1 – Arrays with connections between the linear structures of first circuit;
C2 – Array with connections between the linear structures of second circuit;
C – Array with connections between the linear structures in M;
M – Matrix of connections;
L – An array with linear structures in M.

Code of the algorithm:

void FLNext(int n, Array M, Array VL, Array L, Array C, int Row)
{
1. for (int i=0; i<N; i++)
2. if ((M[n][i] != 0))
3. if (Linear(n, i, C, M) && (!VL[i]))
4. L[Row][i] = true;
5. VL[i] = true;
6. FLNext(i, M, VL, L, C, Row);
7. fi
}
void FindLinear(Array M, Array L)
{
1. for (i=0; i<N; i++)
2. for (j=0; j<N; j++)
3. if (M[i][j]) C[i]++;
4. Row = 0;
5. while (true)
6. for (i=0; i<N; i++)
7. if (!VL[i]) break;
8. if (i == N) break;
9. L[Row][i] = true;
10. VL[i] = true;
11. FLNext(i, M, VL, L, C, Row);
12. done
13. Row++;
14. done
}
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void BuildCompareMatr(Array C, Array M, Array L)
{
1. for (int i=0; i<N; i++)
2. for (int j=0; j<N; j++)
3. if (M[i][j] != 0)
4. C[FindKey(i,L)][FindKey(j,L)] = true;
}

bool SimilarityCheck(Array M1, Array M2)
{
1. FindLinear(M1, L1);
2. FindLinear(M2, L2);
3. if (!Compare(L1, L2)) return false;
4. BuildCompareMatr(C1, M1, L1);
5. BuildCompareMatr(C2, M2, L2);
6. if (!Compare(C1, C2)) return false;
7. return true;
}

Figure 5. Algorithm for Checking Equality of Circuits

7. Modified algorithms

The modified versions of the algorithms overcome a limitation in the prior
versions: the modified versions can work properly with elements, which allow
for different types of connections – double, triple, etc. Such complex connec-
tion types exist in various areas, for example – Chemistry, where connections
between chemical elements can be single, double, triple, etc, corresponding to
the valence of the elements.

In order to model the connections, the matrix of admissible connections has
to be updated into a modified matrix of admissible connections. The diagonal
of the modified matrix contains zeros and ones, which specify whether the
corresponding element is static or dynamic. Data above the diagonal contains
integer numbers, each number defining the type of connection – single, double,
etc. The connections between elements are complex, because some of them can
connect to each other in more than one way. For example, chemical element C
connects to chemical compound CH by a single, double or triple connection.
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8. Modified algorithm for generating masks

The algorithm generates masks of integer numbers, which specify for each
element the neighbor ones which it can connect to, and the type of connection
(1 – single, 2 – double, 3 – triple, etc).

In the realization the following variables are used:

N – Number of elements in the mask;
Sum – The sum we would like to achieve;
BM – A supplementary array;
C – Sum achieved at the current moment.

void Generate()
{
1. Init&retNumInitEl(BM, 1, n-1, 0);
2. BM[0] = sum;
3. c = sum;
4. while (true)
5. if (n == 0) break;
6. PrintResult();
7. if (GenNextIntMask(BM, n, sum, c) == false) break;
8. done
}

bool GenNextIntMask(array BM, int bcount, abcount, tmax)
{
1. int iStart;
2. if (BM[bcount-1] == tmax) return false;
3. iStart = bcount-2;
4. while (BM[iStart] == 0) iStart--;
5. BM[iStart]--;
6. abcount--;
7. abcount -= BM[bcount-1];
8. BM[bcount-1] = 0;
9. BM[iStart+1] = tmax - abcount;
10. abcount = tmax;
11. return true;
}

Figure 6. Modified Algorithm for Generating Masks
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9. Modified algorithm for generating circuits

This version of the algorithms checks on every step whether the end ele-
ment of the circuit is reached. If so, the circuit is validated.

In the realization the following variables are used:

N – Number of elements;
M – Matrix of admissible connections;
CC – Counter of connections, in which elements take part in;
Min – Stores the minimum number of connections an element has to take
part in;
Max – Stores the maximum number of connections an element has to take
part in;
R – Matrix, which stored the temporary results;
V – Supplementary array, used in validity check.

Local variables:
level – level of recursion;
BM – The bit masks of the current level of recursion;
BMM – Provides pointers to map the consequent elements of the bit mask to
their corresponding real elements;
tmax – The minimum number of elements, which element “level” must con-
nection to;
tmin – The maximum number of elements, which element “level” can connec-
tion to;
bcount – Number of bits in the bit mask;
abcount – The current sum of values of elements in mask.

void trace(int el=0)
{
1. for (int i=0; i<N; i++)
2. if ((R[el][i]) && (!V[i]))
3. V[i] = true;
4. trace(i);
5. fi
}

bool validate()
{
1. V.clear();
2. V[0] = true;
3. trace();
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4. for (int i=0; i<N; i++)
5. if (Min[i]>CC[i] || Max[i]<CC[i] || !V[i]) return false;
6. for (int j=i+1; j<N; j++)
7. if (R[i][j] && (M[i][j]==0)) return false;
8. done
9. done
10. return true;
}

bool BMSatisfiesRestrictions(Array BM, Array BMP, Array M,
Array CC, int bcount, int level)

{
1. for (i=0; i<bcount; i++)
2. if (Max[BMP[i]]-CC[BMP[i]] < BM[i] || BM[i]> M[level][BMP[i]])
3. return false;
4. return true;
}

void Generate(int level=0)
{
1. if (level > N && validate()) PrintResult(); return; fi
2. if (CC[level] > Max[level]) return;
3. EvaluateMinMax&Init(tmin, tmax, Min, Max, CC, BMP, bcount);
4. while (tmin <= tmax)
5. Init&retNumInitEl(BM, 1, N-1, 0);
6. BM[0] = tmax;
7. abcount = tmax;
8. while (true)
9. ApplyMaskToResult(R, BM, BMP, CC, level);
10. if (BMSatisfiesRestrictions(BM,BMP, M, CC, bcount,level))
11. Generate(level+1);
12. if (bcount == 0) break;
13. RemoveMaskFromResult(R, BM, BMP, CC, level);
14. if (GenNextIntMask(BM,bcount,abcount,tmax) == false) break;
15. done
16. tmax--;
17. done
}

Figure 7. Modified Algorithm for Generating Circuits
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ÀËÃÎÐÈÒÌÈ ÇÀ ÃÅÍÅÐÈÐÀÍÅ ÍÀ
ÑÕÅÌÈ È ×ÅÐÒÅÆÈ Â ÐÀÇÏÐÅÄÅËÅÍ ÊËÚÑÒÅÐ

ÇÀ ÅËÅÊÒÐÎÍÍÎ ÒÅÑÒÂÀÍÅ (DETC)

Àñåí Ðàõíåâ, Îëãà Ðàõíåâà

Ðåçþìå. Â òàçè ðàáîòà ñå îïèñâàò àâòîðñêè àëãîðèòìè çà àâòîìàòè÷íî
ãåíåðèðàíå íà ñõåìè, êîèòî ñå èçïîëçâàò îò èíñòðóìåíòèòå â ðàçïðåäåëåíèÿ
êëúñòåð çà åëåêòðîííî òåñòâàíå � DeTC (Distributed eTesting Cluster).
Òåçè àëãîðèòìè ñïîìàãàò çà ïðåîäîëÿâàíå íà ïðîáëåìà, ñâúðçàí ñ íåäîñòà-
òú÷íîòî êîëè÷åñòâî òåñòîâè åëåêòðîííè âúïðîñè â ðåäèöà îáëàñòè.

Ðàçãëåäàíè ñà àëãîðèòìè çà ãåíåðèðàíå íà áèòîâè ìàñêè çà îïðåäåëÿíå
íà âúçìîæíîñòè çà ñâúðçâàíå íà ñúñòàâÿùèòå åëåìåíòè íà ñõåìèòå, çà
ãåíåðèðàíå íà ñõåìè, çà ïðîâåðêà íà âðúçêèòå ìåæäó åëåìåíòèòå, çà ïðî-
âåðêà çà åäíàêâîñò ìåæäó ðàçëè÷íè ñõåìè.

Ïðåäñòàâåíè ñà ìîäèôèöèðàíè àëãîðèòìè çà ãåíåðèðàíå íà áèòîâè
ìàñêè è ñõåìè, â êîèòî ñúñòàâÿùèòå åëåìåíòè ìîãàò äà ñå ñâúðçâàò ïîìåæäó
ñè ÷ðåç äâîéíè, òðîéíè è ïî-ñëîæíè âðúçêè.
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