9.3 State Transition Tables 
When most newbies think of constraints, they know only static column constraints, such as NOT NULL, DEFAULT, and CHECK() clauses. A little bit later, they will learn about simple declarative referential integrity (DRI) constraints. That means simple PRIMARY KEY and REFERENCES clauses with some simple actions to bring the database to a state consistent with business rules. 

The bad news is that there are not enough SQL constructs for all 

business rules. A transition constraint says that an entity can be updated 

only in certain ways. These constraints are often modeled as a state 

transition diagram. There is an initial state, ﬂow lines that show what 

the next legal state(s) are, and one or more termination states. 

The initial and terminal states are handy, but not required. In theory, 

an entity could come into existence in any state and then never cease to 

exist. But that a rare situation. 

As a very simple example, we want to model marital status. In this 

example, we have only one initial state, birth, and one termination state, 

death. Let’s start with a table skeleton and try to be careful about the 

possible states of our personnel. 

Figure 9.4 
Marital Status State Transition Graph 
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CREATE TABLE Personnel
( ..
martial_status VARCHAR(10)


    DEFAULT 'Birth'
 NOT NULL
 CHECK (martial_status
      IN ('Birth', 'Single', 'Married', 'Divorced',
         'Death')),
..);


We are being good programmers using a DEFAULT and a CHECK() constraint. But this does not prevent us from turning death directly to birth, and it does not enforce other rules. For example, there is usually a legal age for getting married. Do we want to leave someone in the ‘Birth’ state or immediately move them to a ‘Single’ status? That is, ‘Single’ could mean “alive and able to marry” and ‘Birth’ could mean “alive but underage” depending on the business rules. Likewise, does a person stay in the ‘Divorce’ status for a while until the paperwork is ﬁ nal? 

One solution is to add a trigger to the table. The problem with triggers is that while there is SQL-99 syntax for triggers, every SQL product has a proprietary syntax and often a non-ANSI model. Here is a SQL-99 version that can probably be improved, but it demonstrates the idea. 

CREATE TRIGGER MartialTransitions
AFTER UPDATE ON Personnel
REFERENCING OLD AS O1 NEW AS N1
IF EXISTS


 (SELECT *


 FROM O1, N1


 WHERE NOT (


        (prev_martial_status = 'Birth'


         AND curr_martial_status IN ('Birth', 'Single'))


       OR (prev_martial_status = 'Single'


         AND curr_martial_status IN ('Death', 'Married'))


       OR (prev_martial_status = 'Married'


         AND curr_martial_status IN ('Death', 'Divorce'))


       OR (prev_martial_status = 'Divorced'


         AND curr_martial_status IN ('Death', 'Single'))


       OR (prev_martial_status = 'Death'


         AND curr_martial_status ='Death'));


THEN ROLLBACK;
END IF;


This is a bit messy, but can be mechanically generated. I am  assuming that the ways to succeed outnumber violations, so a negation will be easier to maintain and read. You can get the (previous—current) pairs directly from the state transition diagram. 

This is often the ﬁrst approach that newbies take once they get to a certain point in their SQL. They still feel more comfortable with procedural code, so triggers give them comfort. The problem is that triggers do not pass information to the optimizer, will not port and run slower than nonprocedural code. 

You can actually use CHECK() constraints, but you have to store the current and previous states in a table with a previous and current state column pair. This is basically the same code as the trigger put into a CHECK() constraint. 

CREATE TABLE Personnel
( ...
prev_martial_status VARCHAR(10) NOT NULL,
curr_martial_status VARCHAR(10) DEFAULT 'Birth' NOT NULL,
CHECK (NOT (


       (prev_martial_status = 'Birth'
        AND curr_martial_status IN ('Birth', 'Single'))
      OR (prev_martial_status = 'Single'
        AND curr_martial_status IN ('Death', 'Married'))
      OR (prev_martial_status = 'Married'
        AND curr_martial_status IN ('Death', 'Divorce'))
      OR (prev_martial_status = 'Divorced'
        AND curr_martial_status IN ('Death', 'Single'))
      OR (prev_martial_status = 'Death'
        AND curr_martial_status ='Death'))
));


In effect, the transition table is converted into predicates. The advantages are that it will pass information to the optimizer, will port, and will usually run faster than procedural code. 

Let’s generalize the CHECK() constraint. A declarative way to enforce transition constraints is put the state transitions into a table of their own and then reference the legal transitions. This requires that the target table have both the previous and the current state in two columns as before. 
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CREATE TABLE MartialTransitions
(prev_martial_status VARCHAR(10) NOT NULL,
curr_martial_status VARCHAR(10) NOT NULL,
PRIMARY KEY (prev_martial_status, curr_martial_status));


INSERT INTO MartialTransitions


VALUES ('Birth', 'Birth'), -- initial state
 ('Birth', 'Single'),
 ('Single', 'Married'),
 ('Married', 'Divorced'),
 ('Married', 'Death'),
 ('Divorced', 'Single'),
 ('Divorced', 'Death'),
 ('Death', 'Death'); -- terminal state


The target table looks like this: 

CREATE TABLE Personnel
( ..
prev_martial_status VARCHAR(10) NOT NULL,
curr_martial_status VARCHAR(10) DEFAULT 'Birth' NOT NULL,
FOREIGN KEY (prev_martial_status, curr_martial_status)


 REFERENCES StateChanges (prev_martial_status, 
curr_martial_status)
 ON UPDATE CASCADE,


martial_status_time TIMESTAMP DEFAULT CURRENT_TIMESTAMP 
NOT NULL,
..);


If you want to hide this from the users, then you can use an  updatable view that shows only the current state of the entities. 

The immediate advantages here are that this will pass information to the optimizer and will port, and since the rules are separated from the table declaration you can maintain them easily. 

A not-so-obvious advantage is that a state transitions table can contain other data and conditions, such as temporal change data. A person has to wait (n) years from birth to become married; a person has to wait (n) days from ﬁling to change from married to divorced; and so forth. In the skeleton table, there is a martial_status_time that will get the current timestamp when a new row is inserted. This will let you compute how long someone has been in a particular status, and perhaps automatically update it via procedures. 

