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Abstract: From the perspective of human-computer interaction, we design and implement a
software that automatically generated frame graphics, which can conduct partial detection of any
relationship, and then determine whether the poset is a lattice. By introducing the concept of Hasse
diagram logic level and calculating the covering relation by poset, we can see the automatic
generation of Hasse diagram on the screen, fully meet the consistency of theory and practice.

Classification number: TP391.6

In computer science, the concept of relationship is of great importance. The set and the partial order
relation defined on it form a set of partial positives. Partial relation is a typical and important
relationship in relation, which is a transfer relation on a set, and provides a tool for comparing the
order of elements. The partial order of Hasse diagram vividly describes the order relation between
sets of elements, and simple reflects a relationship between elements of posets, which is a concise
and effective representation of the diagram!*22.,

The man-machine system is composed of computer, teachers and students in three aspects,
formed a kind of automation teaching mode, using computer to display the contents of the
curriculum for learners, completing the teaching function through the interaction between the
learner and the computer.

It also changes the situation that the classroom teaching is the main and the students passively
accept, and can simultaneously carry out individual teaching of many students. The use of modern
education means to achieve the students as the center of the open individual education, ease the
unity of the teaching content, teaching methods and the individual differences between students. A
basic point of making full use of computer technology is the combination of graphics and
knowledge base, in order to intuitively express the teaching information, improve teaching methods,
produce an ideal environment, so that students learn a variety of knowledge through interactive
learning. The Hasse diagram, which is designed and implemented here, can be used to generate the
Hasse diagram of the partial set quickly, and effectively complete the generation of partial order
relationship, covering relation, Hasse diagram and lattice series, promote the study and research on
the theory and algorithm of Hasse diagram*®!.

I. RELATION INPUT AND PARTIAL DECISION
The relationship is a subset of the Cartesian product, that is, R < XxX, where X = {1,2, ..., n}, X is
general, and other types of sets can be bijective mapping of X. And the relationship can be further
expressed as a relationship matrix M. It is natural to use this matrix as the data structure of the
relationship, and when entering, each matrix element m;; is entered line by line. When <i, j>¢R,
m;;=1; when <i, j>¢R,m;;=0.

Whether the input relationship is a partial order is to determine whether it has reflexive,
anti-symmetric, transitive. According to the given relation matrix M, if the main diagonal of M is
"1", the relation R is reflexive.

If for any i, j(i#j, i<n, j<n), there is m;j * m;; =0, then R is anti-symmetric. Defined by the
transitivity, if the relation R with the transmission, then there must be my=1 A m;=1=m;=1, the
formula can be rewritten as inverse, m;j=0= my=0 - my;=0, which can determine the transfer of R.
This can be described by the following algorithm1.

Algorithm 1 Determine the partial order
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(1) Input the relation matrix M of relaiton R, which is of order n;

(2) Set the flag variable T = 1,

(3) To determine the reflexivity, fori=1, 2, ..., n,ifthereism;=0, then R is non-reflexive, set
T=0, turn (16);

(4) To Determine the anti-symmetric, fori=2, 3, ..., n;j=1,2,... I-1, if there is m;; * m;;=1, then
R is not anti-symmetric, set T = 0, turn (16);

(5) Line initial value i=1, and start transitivity judgment;

(6) If i>n, turn (16); matrix decision is completed;

(7) Column initial variable j=1,

(8) If j>n, turn (15); the judgment for the line is completed;

(9) If mj =1,turn (14);

(10) Set the variable k=1;

(11) If k>n, turn (14);

(12) If my=my;=1, then R is non-transitive, set T=0, turn (16);

(13) k shows an increase of 1, turn (11);
Jj shows an increase of 1, turn (8); Column progressively increase;

(14) i shows an increase of 1, turn (6); line progressively increase;

(15) If T=1, then R is a partial order relation, otherwise R is not a partial order relation;

(16) End.

Il. THE JUDGMENT OF THE LATTICE
Lattice is the further deepening of the concept of partial order, which it has important applications
in cryptography and switching theory. The key is to determine whether the arbitrary two elements in
X have supremum and infimum by the partial order relation R on X.
The decision of the lattice can also be done by means of a relation matrix, which can be
considered from the following aspects:
(1) Since R is reflexive, for two of the same elements in X, such as a,a,
(2) There must be <a,a>cR, that is, there is partial order relationship between a and a, the two
same elements have the supremum and infimum which are their own.
(3) Let's scan the upper triangular elements of the relation matrix line by line.
When mj;=1 (i#j) , it is shown that there is a partial order relation between the two elements a
and b in the corresponding order <a, b>, one is supremum and the other is infimum.
When m;;=0 (i#j) , if m;j=1, in fact it can be considered together with the above situation; if mj
=0, we do the following treatment:
® We scan the i-th row and the j-th row to find all the k satisfying mix=my =1
We may set up a collection of elements corresponding to these k be C={c,...,c,}. Then C, that
is, mj; corresponds to the upper bound of element a, b.
® Simultaneous scanning c1,...,Cp €ach column, but we only consider the line c4,...,Cp

If there is ci to make m, , =...=m, =1, then there is a minimal element c; in the set C, which is

the supremum of the element a,b.
® Scan the i-th row and the j-th row to find all the k satisfying my=my=1

We may set up a collection of elements corresponding to these k be D={d;, ..., dq}. Then D,
that is, mj; corresponds to the lower bound of element a, b.

@ Simultaneous scanning di, ..., dq each column

We only consider the line d1, ..., dq. If there is di to make =, =...=um =1, then there is a

maximal element d; in the set D, which is the infimum of the element a,b. The process can be
represented in Fig.1 .
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Fig.1 Lattice Decision Flowchart

I1l. THE GENERATION OF THE OVERLAY RELATIONSHIP
The overlay relationship is a bridge that expresses the partial order into a Hasse diagram, and the
Hasse diagram can be made with the property of the overlay. The overlay relationship can also be
expressed as a matrix, as long as the relationship matrix can be transformed into a overlay matrix
through rules. The algorithm 2 describes the basic idea.
Algorithm 2 Seek the overlay relationship
(1) Copy the relationship matrix M to C;
(2) The element value on the main diagonal of the C matrix is 0, and the reflexivity is eliminated;
(3) Scan matrix C by row and column;
If there is an element C [i, j]=0, then no treatment, take the next element;
If the there is an element C[i, j]=1, you must determine whether there is a transitive relationship
between i and j, as follows:
© Setk=1;
@ If C[i, k]=C[k, j]=1, there is transfer between i and j, set C[i, j]=0, k=n;
® k+1=k;
@ If k<n, turn @;
® End.

IV. AUTOMATIC GENERATION OF HASSE DIAGRAM
A distinctive feature of Hasse diagram is that it reflects the hierarchical relationship between
elements in the partial order set <X, R> (poset). Therefore, to draw a complete Hasse diagram must
determine the level of all elements, which can be achieved by overlay matrix. It is described by
algorithm 3.
Algorithm 3 Hierarchical relationship of Hasse diagram
Initialize D[1...n]=0; Copy the cover matrix into the same dimension matrix A;
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WHILE F=1

Set F=0
FORi=1Ton

IF D[i]=0 Scan the i-th row of A;

If all is O, set D[i]=P, F=1;

ENDIF; {Determine if i is on P-th layer}
ENDFOR; {The elements of P-th layer is determined}
FORj=1Ton

IF D[i] = P The j-th row of matrix A is always zero; END IF;
END FOR; {Eliminate the influence of P-th layer elements}
P=P+1; {level increased by 1; determine the next layer}
END WHILE.
After the algorithm is completed, the matrix D stores the levels of the elements in the Hasse
diagram.
With the overlay relationship and hierarchical relationship, we can generate Hasse diagram more
easily. We can first open up a memory buffer, in the buffer to make Hasse diagram, and then quickly
displayed from the screen or output through the printer.

In the process of drawing, the D matrix is used to determine the level of each node. We first
output the small level and put it at the top, then output of each node layer by layer, and control the
spacing between the nodes and column to make the appearance of the Hasse diagram beautiful. This
process is complicated. Then, according to the information provided by the overlay matrix C, a
straight line is connected between all the elements that have overlap relationship, so that a complete
Hasse diagram is made in the buffer. Finally, we turn the Hasse diagram in the buffer into a dot
array in screen or use dot-matrix printer to obtain Hasse diagram. When the Hasse diagram size
exceeds the size of a screen, it provides a window upper and down, left and right movement and
page functions to view the Hasse diagram of the various parts, while the Hasse diagram can be
saved to the file. When necessary, it can be directly transferred out at any time. The software
functional is very flexible and convenient.

In the realization, with C + + programming successfully achieved this software, learners can
personally hands on the operation of the practice, learning partial set, lattice structure, Hasse
diagram and other related professional content, so as to achieve a deeper understanding of the
concept, to promote image thinking, learning efficiency and learning interest. What’s more, the
software will also promote the relevant scientific research.
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