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1 Introduction

We continue our discussion of the database underlying our PDA-based analgesia
application. In part one, we described fundamental tables which allowed us to
model medical observations and intervention. In this, the second part, we discuss
SQL tables which allow us to specify user menus on both the PDA and the desk-
top, and then implement these menus for our analgesia database. We assume that
you understand core SQL, that you know what a pixel is, and also that you have
an idea how common computer interface components work, at least from a user
point of view! We're talking about things like text fields, popup lists, buttons and
checkboxes. Some programming skill is also assumed — for example, you should
know what a stack is, and how it is pushed and popped.

This documentation and all associated code is released under the GNU Public
Licence (GPL). Please note the conditions of this licence, a copy of which can be
obtained at:http://www.gnu.org/copyleft/gpl.htmIThis document is Copyright
(©J van Schalkwyk, 2005.

2 Menu rules

Using just a handful of tables, we describe (codify) user menus, their components,
and the placement of these components within the menu seen by the user. First
let’s look a the conventions we will use.

2.1 Rules for placement

Pixel-based graphics have a problem. If we specify the position of something on
a screen, and perhaps its dimensions as well, using pixel co-ordinates, then what
happens when some bright spark comes up with a screen which has more pixels
on it? There is usually a cock-up — either the ‘'something’ on the screen becomes
shrunken, cramped and difficult to view (this is usually the case), or the pixel co-
ordinates have to be scaled to the new pixel dimensions of the screen (which is
often rather difficult to achieve, especially if the pixel values are hard-caded).

Our program is confronted by the problem that it has to run, preferably without
modification, on both a PDA (with a common screen resolution of eitGehy
160 or 320 x 320), and a desktop machine (wheré) x 160 looks absolutely
minute). We will thus specify that all co-ordinates and dimensions we use will be

1This problem is common with educational games for kids, for example. The ‘solution’ is often
that either the game won't run on your fancy new machine with its higher screen resolution, or the
program bullies the display into an older, low-resolution mode, often with dire consequences!


http://www.gnu.org/copyleft/gpl.html
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specified as floating point numbers between zero and one. Such numbers represent
a portion of the width or height of the screen; we will refrain from using pixel
coordinates. We will always refer our positions to the top left corner of the screen,
which can be considered to occupy the posiiior)). The bottom right corner of

the screen is thef1.0, 1.0).

We will store such floating point numbers within database tables, and then re-
trieve these values so we cdpnamicallycreate menus according to the numeric
recipes we've encoded! We will do so both on desktop machines and Palm PDAs.
This approach is quite different from the ‘normal’ way a PalmOS PDA menu is
created. PalmOS menus are normaligtic— they are fixed in creation, and kept
in this fixed format on the PDA. We use dynamic menu creation almost exclu-
sively, something which is difficult to achieve owing to the complexity and, dare
we say it, suboptimal design of the Palm operating system. We have limited our
program to PalmOS version 4.0 and above, because the dynamic components in
operating systems prior to 4.0 are pretty thoroughly broken.

2.2 Menu components

We will use a variety of different components to create our menus, not the least
of which are the menus themselves. We have set things up so that menus (made
of several components) can be included within other menus, so that repeated ar-
rangements of components don’t have to be laboriously re-coded each time they
are used. Of course, there are practical limits to the complexity of such arrange-
ments, and common sense should dictate even more stringent constraints on what
we attempt!

We have (initially at least) been rather churlish in our allocation of menu com-
ponent types. Our short list of vital components is contained in Tabl&his
choice of components may seem rather arbitrary, particularly the lack of ‘radio
buttons’, but thepushbutton can take on the same role, using less space, and is
more pleasing on the eye (our eye, at least)! In this initial implementation, we
have avoided use of sliders of various types, but there is a good argument for their
later introduction.

A further pretty important component we haven't included (at present) is the
bitmap. We have no bias against images, we simply haven't had time to write all
of the associated code. Use of images is a priority for future development.

A popmenu does not permit the selection of multiple items. This approach

’Note however that there are some arbitrary, interesting constraints on the Palm PDA which
we’ll also have to take into account.

3There are potentially effective work-arounds for earlier versions, but we won't go there, at
least, not for now!
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keeps things simple, and constrains us to represent such multiple items as a group
of pushbuttons. We are prevented from inappropriate hiding of information from
the user.

Our term Perl/tk PalmOS Description

label Label Label Text label, cannot be
edited

button Button buttonCitl clickable button

checkbox Checkbutton | checkBoxCitl clickable checkbox with

two states, ticked or not
pushbutton [user defined] pushButtonCtl | clickable button with two
states, highlighted(on) @
not. Can be grouped

=

text field Entry Field Field in which text can be
entered/edited
popmenu Optionmenu | popupTriggerCtl| Menu of items from which

one can be selected
table:
monomorphic | [user defined] [user defined] | Grouping of multiple sim-
ilar items (e.g. buttons)
polymorphic | [user defined] [user defined] | Grouping of dissimilar
items in distinct columns

Table 1:Interface component types

2.3 A note on fonts

One of the most limiting characteristics of the Palm PDA is its dearth of fonts.
This will undoubtedly change, but at present our programming is singularly bereft
of font-tweaking capabilities. Ideally we should build in the ability to scale fonts
to fit, just as we currently scale menu components to fit. A lot of work is needed
here!
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3 SQL specification of menus

In this section we will describe all menu-related tables. We will start with the
ITEM table which is used to represent individuigms

3.1 The ITEM table

CREATE TABLE ITEM (
iID integer,
constraint baditemID primary key (ilD),
iType integer,
constraint badltemType foreign key (iType)
references ITEMTYPE,
iText varchar(64),
iName varchar(64),
iList varchar(1023),
iLines decimal (2,0) default 1,
iResponse varchar(1023),
ilnitial varchar(1023),
iScript varchar(1023)

);

Eachitemis rather chunky, mainly due to the optional presence of lengthy as-
sociated scripts. Thinitial andiResponseacripts are respectively invoked when
the item is initialised, and when it is activated by a stylus tap or mouse click. Not
all items need to have initialisation or response scripts, but it's clearly a boon to
be able to, for example, attach a SQL query to initialisation of an item, using the
result of the query to alter the appearance or contents of the item! iScript is a
little-used component at present, but has the potential to be used in communica-
tion between items!

Other item components are worthy of comment. The unique identifying key
(iID), and text value (iText) should be self-explanatory, but what of the rest? Each
item has a name (iName) of limited utility at present, other than perhaps saying
what the item does; in addition multi-line items state the number of lines (iLines).

3.1.1 Item lists

An important property of items ig.ist. This is used wittpopmenus, to provide
a list of options, one of which can be selected. There are two ways of populating
such a list. One is to hard-code the list along the lines of:
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INSERT INTO ITEM (iID, iType, iText, iList)
VALUES (123, 6, R, 1]2[34/5]):;

Each item in the list is separated from the next by a ‘pipg’symbol. There
is also a terminal pipe, at the end of the lisdore sneaky is the following:

INSERT INTO ITEM (iID, iType, iText, iList)
VALUES (27, 6, 'wd’, '->&ListWards’);

What did we do in the above? The second option allows usviake a script
at the time of creation of the list. The syntax is quite precise — if and only if the
list value begins with>, then is the following script invoked, and the results of
the script are used to create the list! See how we simply invoke a function, here
called ListWards — an ampersand& prior to the function name tells us this is
what it is, just as in Perl.

And what of the reference to ITEMTYPE? This is a frilly little table, in a
sense, as the numeric codes for the various item types are known to our Perl and
C++ programs, and don'’t really need to be explicitly stated. For the record, the
table can be specified thus:

CREATE TABLE ITEMTYPE (
itID integer,
constraint badltemtypelD primary key (itID),
itName varchar(32)

);

The key values with their corresponding meanings are as follows:

Q)
o)
o
)

Meaning

label

button

checkbox
pushbutton
textfield

popmenu
scrollbar
polymorphic table
monomorphic table
bitmap

menu

NEP,OOO~NOOOOITE, WNPE

o o

Table 2:Menu component types
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Although we will often refer to the above list during discussion, we in fact
have no use for it (and ITEMTYPE) in actual SQL implementation, and will con-
veniently leave it out of our final database!

Finally, take note that because a menu is a type of item, when we come to
create menus, we can insert other menus into them as items! Such menu creation
IS our next topic.

3.2 Menu creation

A menu is an aggregate of items. Menus are a powerful weapon, allowing us
to wield several items at the same time. Let’s see how this works. Here’s the
MENUITEMS table:

CREATE TABLE MENUITEMS (
miUid integer,
miMenu integer,
constraint badMImenu foreign key (miMenu)
references ITEM,
miltem integer,
constraint badMlitem foreign key (miltem)
references ITEM,
miOrder decimal (2,0),
constraint badMlkey primary key (miuid),
miX float,
miY float,
miW float,
miH float,
miPaper varchar(20),
milnk varchar(20),
miGroup decimal (2,0) default O,
miEnabled decimal (1,0) default 1,
milnitial varchar(2048)

);

We already know from the preceding section that menus too are a type of item.
Now, in the above table, we associate other items with menus. miMenu tells us
which menu, and miltem is the associated item. Clearly many items (including
other menus) can be included as sub-components of a menu.

4See how we've built bitmaps and scrollbars in, although they aren't yet implemented!
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You can see there is one potential problem. What is the meaning of a menu
which refers tatself as a sub-component? There is clearly potential for infinite
recursion here! We use this potential flaw to our advantage, however. We make
the rule that if a menu refers to itself, then it idap levelmenu. By this, we
mean that only menus which are self-referential can be displayed as individual
menus on the screen. We use this self-referential property to identify such menus!
It goes without saying that self-referential menus, when displayed, don't include
themselves as components.

Menu descriptions obviously contain other fields. These fields include floating
point representations of the size and position of the menu component (as specified
in section2.1). The names of these components are pretty well self-explanatory
— miX, miY, miW and miH. Menu components can be grouped (miGroup), they
can be initially enabled or disabled depending on the value in miEnabled, and
placement order in the menu can be specified with miOrder (smaller values in
this field force earlier placement, later items potentially overlapping earlier ones).
Foreground and background colour of components can be specified using miPaper
and milnk, but note that at present this functionality is not currently enabled on
the PDA.

The milnitial field is interesting. It is usually null, but I put it in as | thought
that occasionally the ilnitial script which is run when an item is made might need
to be superseded in the context of a menu. On reflection, this is probably a bad
idea, and the field should be removed.

3.3 Table creation

We rather glossed over creation of tables. Both Perl/tk and PalmOS have the
complex capability to create tables of similar or dissimilar items. We however
define our own table-creation, which functions similarly on PDA and desktop.
Central to this is an SQL table called ICOLTABLE. This table associates an item
(irTBL) previously defined as a table, with another component (irltem) which is
then relentlessly duplicated to constitute a column of the table. Here’s the SQL.:

CREATE TABLE ICOLTABLE (
irkey integer,
constraint badlRowRow primary key (irkey),
irTBL integer,
constraint badirTBLref foreign key (irTBL)
references ITEM,
irltem integer,
constraint badIrITEMref foreign key (irltem)
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references ITEM,
irOrder decimal (2,0),
irName varchar(64),
irFraction float,
irPaper varchar(20),
irEnabled decimal (1,0) default 1

);

See how each column (for this is in fact what we're creating) has in addition
an order (irOrder) specifying where it appears as columns are created from left to
right;> a name (irName) which is used as the title of the column; the capacity for
column components to be disabled (irEnabled); and a fractional width (irFraction)
which specifies what portion of the width of the table is occupied by the column.
The last mentioned is necessary, because remember that a table is also an item,
and as such has a screen-relative width.

A minor component is irPaper, which should allow us to alter the background
colour of a particular column. We haven'timplemented this ability on the PDA at
present.

3.4 Specifying associated functions

A powerful ability of our system is that we can invoke scripts at various points.
When a menu is created, and when a user selects a component with stylus/mouse,
a script can be invoked. We have already seen in the preceding sections where
such scripts are stored. There is a clear requirement for repeatedly used scripts to
be ‘encapsulated’ elsewhere, and this is whetginescome in. They are simply
repetitively used scripts, kept under a single name, and invoked when needed. We
even know how to invoke them within a script, as we encountered an example up
above (Sectio.1.1)! We still need a table to store such routines, and here it is:

CREATE TABLE FUN (
fKey integer,
constraint badRoutineKey primary key (fKey),
fBody varchar (2047),
fName varchar (32)

);

The name, body and key fields are self-explanatory. See how we have con-
strained the length of a script contained within a routine to a maximum of 2047
characters — a good length, even with fairly large embedded SQL invocations.

Slower values are created first
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The name FUN is because initially | referred to these as ‘functions’ but they
don’t take zero or more arguments off the stack, and return precisely one answer.
They are in fact ‘relations’, taking zero or more arguments off the stack and re-
turning zero or more answers (on the stack). Hence the change of term to the
slightly more neutral ‘routines’.

8] may slip from time to time — forgive me!
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4 Menus for the Analgesia Database

In a previous documentPQOA data capture based on a form templaie de-
scribed in some detail a proposed menu system for data capture into an Analgesia
Database. In the following section, we will describe the dynamic menus required
to implement such a user interface. Our discussion order is the same as that of the
corresponding menus in the PDA data capture docurhent.

In this prototype version we do not discuss user log-on screens, although the
rudimentary capability is present within our database to implement such ‘security
arrangements’.

4.1 Ward selection

This menu is deceptively simple, when looked at as a menu. Under the surface
there is substantial complexity, with some tricky concepts to boot. The greater
part of the screen is taken up byr@nomorphic table made up of buttons, each
displaying a ward name|.Quit| and| Search buttons permit exit and searching
respectively. Here’s the SQL which creates the menu:

INSERT INTO ITEM (ilD, iType, iText, iName, iLines)
VALUES (900, 20, 'Select WARD’, 'MAIN’, 1),

2 'wdbtn’, 1),
(8, 2, ’'Search’, 'Shtn’, 1),
(9, 2, 'Quit, '‘Qbtn’, 1),
(10, 9, X, 'Wd Ist’, 7);

UPDATE ITEM SET ilnitial = '&ListWards’ WHERE ilD = 10;

UPDATE ITEM SET iResponse 'QUIT" WHERE ilID = 9;

UPDATE ITEM SET iResponse '"MENU(SEARCH)" WHERE iID = 8;
UPDATE ITEM SET iResponse 'V->SETX->MENU(WARD)" WHERE iID = 7,

INSERT INTO MENUITEMS (miUid, miMenu, miltem, miOrder,
miX, miY, miW, miH, miGroup)

VALUES (901, 900, 900, O, 0.001, 0.001, 0.999, 0.999, 0),

(902, 900, 8, 2, 0.700, 0.900, 0.200, 0.080, 0),

(903, 900, 9, 1, 0.100, 0.900, 0.200, 0.080, 0),

(904, 900, 10, 2, 0.050, 0.050, 0.900, 0.800, 0);

INSERT INTO ICOLTABLE (irKey, irTBL, irltem, irOrder, irName, irFraction)
VALUES (1, 10, 7, 1, 'rowbtn’, 0.25);

"The current menu system differs in several significant aspects from the initial one we imple-
mented on desktop and PDA, but as we're writing, or as is often the case, rewriting, our documen-
tation, we will try to keep up to speed with the newer version!


http://www.anaesthetist.com/analgesia/pdf/PDAdata.pdf
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Several features are evident — the sparse nature of the data elements (for
example, there is only one ilnitial script); that we need to start exploring how
scripts work; and the complex relationships between menu components. Recall
the component types from talife— 2 is a button, 9 a monomorphic table, and 20
a menu.

Let’s look in more detail. What we do above is create five items, with fairly
arbitrary ID numbers (7-10, and 900; we will generally use larger ID numbers for
items which are also menus, as a sort of aidemire). We next group the items
into the menu (making the menu self-referential, as described above in section
3.2).8 Finally, we create a monomorphic table to contain the ward names, with
each column of buttons taking up 25% of the table width.

Where items have associated scripts, rather than including these scripts in the
initial INSERT statement, we add an UPDATE statement. Let's look at the as-
sociated scripting. Th@UIT and MENU(SEARCH}tatements should be self-
explanatory. ThelistWards routine we’'ll explore in a moment, but what about
the fragmentV->SETX? It should be clear that the sequeneeis used to lead
from one script component to the next. but what are the two components? We
have taken a rather abrupt leap into scripting, bec®s8ETX contains several
complex ideas. These are:

¢ In a monomorphic table, we will always map each copy of the single com-
ponent to a unique ID of something within our database! \dlae of the
ID variable associated with such a component is referred to as V',

¢ When we move from one menu to the next, we only ever passlatum to
the following menu!! This datum is referred to as ‘X'.

The former idea means that we can trigger a unique response to a click on
each button (here, go to a particular ward); the latter makes for extremely robust
programming, and constrains us to careful, logical menu design.

By default, the datum passed to the next menu is the datum received by the
current one (which begs the question “What is the value of this datum in this, the
first menu?®) but in our particular circumstance, we wish to pass the ID of the
ward we will ‘visit'. Fortunately, we can access this ID — we just refer to it as
V. We set the new value of X that we will transfer to the WARD menu by saying
SETX We will sometimes refer t&X as thesubjectof the menu. And that's about
it, apart from the minor matter ofistWards.

8You can see that creation of menus would be facilitated by a new level of abstraction where
we didn't have to painstakingly write the SQL! This program is planned but no such animal yet
exists in our suite of programs.

9The ID of the user currently logged on!’
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4.1.1 Obtaining a ward list

Here's the routineCistWards, spread over several lines for easy reading:

INSERT INTO FUN (fKey, fBody, fName)
VALUES (5,
'SQLMANY (SELECT WARD.swrdText FROM WARD WHERE WARD.swrdID <> 1),
‘ListWards’);

See how we embed an SQL statement in a script! But take careful note — we
have chosen to add a further layer of abstraction between ourselves and ODBC.
We will script our SQL in three quite distinct ways. The options are:

QUERY — retrieve asingle itemusing an SQL query;
SQLMANY — retrievemultipleitems;

DOSQL — execute an SQL statement, but retriea¢hing for example, perform
an UPDATE or INSERT.

You can see the power and sense of scripting our SQL thus. This approach can
even contribute to query optimisation. In the above statement, we need a whole
list of wards, so we use SQLMANY to obtain that list. The exclusion of a ward
ID of 1 is because in our listing of wards, we will also create a ‘not listed’ ward,
to allow for the case where we know the person is somewhere, but don’'t know
where they are?

4.2 Patient selection within a ward

In this menu we demonstrate use of our other complex component pollye
morphic table! This component (which contains patient information, and allows
access to individual patient details), and two buttons make up the whole menu.
The two buttons are pretty well self-explanatd@port| to return to the previous
menu, and Admit| to admit a new patient to the analgesia service. Components
of the table will also allow us to demonstrate labels, popmenus and checkboxes.

An important question is “Which patient details are sufficient?” We are con-
strained to a degree by the resolution of the PDA scredtere are the fields we
have chosen:

e Surname

100f course, we might wish to view this ‘ward’, in which case the SQL could be modified
accordingly.
tand by a desire not to make any screen too busy
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e ID
¢ Room
e PM

The ID refers to the unique hospital number of the patiéndbom and surname
are self-explanatory? and ‘PM’ is used to indicate at a glance whether the patient
is for evening review, using a checkbox. Here’s the SQL.:

INSERT INTO ITEM (ilD, iType, iText, iName)
VALUES (920, 20, 'Select Patient’, 'PATIENT’);

INSERT INTO ITEM (ilD, iType, iText, iName

VALUES (20, 1, 's’, 'Sn’ ),
(21, 2, 7, 'ID’ ),
(23, 3, P, PM’ ),
(25, 2, 'Done’, 'BK’ ),
(27, 2, ‘Admit’,’Adm’);

INSERT INTO ITEM (ilD, iType, iText, iName, iList)
VALUES (22, 6, 'r, 'Room’,
1/2|3|4|5|6|7|8]9|10|11|12|13|14|15|16|17|18|19|20]");

INSERT INTO ITEM (ilD, iType, iText, iLines)
VALUES (24,8,[No patient found for this ward]',’PtTbl’,10);

INSERT INTO MENUITEMS (miUid, miMenu, miltem, miOrder,
miX, miY, miw, miH)
VALUES (921 ,920, 920, 0, 0.001, 0.001, 0.990, 0.990),
(924, 920, 24, 1, 0.001, 0.001, 0.999, 0.850),
(922, 920, 25, 2, 0.600, 0.900, 0.200, 0.080),
(923, 920, 27, 3, 0.200, 0.900, 0.200, 0.080);

INSERT INTO ICOLTABLE (irKey, irTBL, irltem, irOrder,
irName, irFraction, irEnabled)

VALUES ( 5, 24, 23, 4, 'PM, 0.11, O);
( 6, 24, 22, 3, 'Rm, 0.22, 1);
(9, 24, 21, 2, 'ID, 0.27, 1);

(10, 24, 20, 1, 'Surname’, 0.40, 1);

Explanation is in order. First, we create the PATIENT menu, then the items
which populate it. These items are the two buttons, and the polymorphic menu
together with its components — a label for the surname, a button containing the
ID, a checkbox for the ‘PM’ value, and a popmenu for the room within the ward.

2In New Zealand, generally the ‘NHI’, or National Health Index number.
3Noting that we do not mangle compound surnames
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See how (at present) we hard-code the list of items in the popriefinere
are a few other frills. We use the iText field of the polymorphic menu with its
potential for ten lines to provide a default message (‘No patient found...’), as
usual the names are arbitrary conveniences of little worth, and the iText values of
some items seem rather arbitrary and meaningless — they are. Also see how the
‘PM’ checkbox is disabled, preventing the casual user from here altering it (They
have to enter the individual patient menu to turn it off)!

We still need to attach functionality to the various buttons and other compo-
nents. Let's do so:

UPDATE ITEM SET iResponse
WHERE iID = 25;

UPDATE ITEM SET iResponse
WHERE iID = 27,

'MENU(1)’

'MENU(ADMIT)'

UPDATE ITEM SET ilnitial = '&GetPatients4Ward’
WHERE ilD = 24;

UPDATE ITEM SET ilnitial = 'V->&FetchSurname’
WHERE iID = 20;

UPDATE ITEM SET ilnitial
WHERE iID =21;

UPDATE ITEM SET iResponse = 'V->setX->MENU(DETAILS)’
WHERE iID = 21;

UPDATE ITEM SET ilnitial = 'V->&GetPmFlag’
WHERE iID = 23;

UPDATE ITEM SET ilnitial = 'V->&GetPatientRoom’
WHERE iID =22;

UPDATE ITEM SET iResponse = 'V->&SetNewRoom’
WHERE iID = 22;

'V->&FetchldNumber’

Already we're getting used to the scripting — From the previous menu, we
understand what means, and we can see that a lot of the scripting is simply
invocation of variousoutines. As for a monomorphic table, we can use a script
to initialise values of elements. We can work out tBatX allows us to make the
ID of the patient the subject of the new menu — each element in a single row has
taken on the ID of a particular patient.

There are a few new ideas. Firstly, see hd&NU(1) takes us back to the pre-
vious menu, implying that there is some sort of ‘menu stack’ onto which previous
menus are pushed. In addition, ttisplayed valuef each individual column el-
ement is initialised using an ilnitial script — this is why the iText values of these
scripts are meaningless.

L ater it will be far better to dynamically create this list.
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4.2.1 Patient selection routines

We still need to examine the scripts themselves — no mean task — so let’s look
at them one by one. For notational convenience, rather than saying. ..

INSERT INTO FUN (fKey, fBody, fName)
VALUES (120, ’script->goes->here->...", 'GetPatients4dWard’);

In future we will concentrate on the body of the routine, thus:

GetPatients4 Ward

SQLMANY(SELECT MAX(BADOBS.boKey)

FROM BADOBS GROUP BY BADOBS.boPt)->
REPEAT(&MatchWard)->
REPEAT(&Retrieve)

Using thewickeddenormalised SQL discussed in Part | (3.5.1), we pull out
the most recent bed observation for each patient.

We then use two new routines to process the resulting list. The scripting com-
mand REPEAT repetitively invokes our first routing{atchiWard which checks
whether the patient is in the ward; the trivigktrieve routine we’ll discuss later.
Before we examine MatchWard itself, note that REPEAT continues to invoke
MatchWard until MatchWardails at which point REPEAT terminates.

MatchWard

MARK (1)->

SQLMANY(SELECT BADOBS.boPt,BADOBS.boBed
FROM BADOBS WHERE boKey = $[])->

INTEGER(10000)->DIV->

X->SAME->NOT->SKIP->BURY->

UNMARK

The above script translates to:
1. Mark the stack (unless there’s nothing there, at which point we fail!)

2. For the current BADOBS item, get the patient and bed and place them on
the stack, with the bed ‘above’ the patient on the stack;

3. convert the bedspace to a ward,

5There are many ways we could do this which are more simple, but for a variety of reasons,
we've chosen a more cumbersome approach — we cannot yet do correlated subqueries on the
PDA, or nest SQL within SQL there; we also want to experiment with some scripting tricks!
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4.
5.

if the ward is the current one, hide away (bury) the patient ID;

clean up the stack and return

The most important feature in the script is the little character sequihce
This sequence allows us iiosertan item off our stack and into the SQL quety!

We also encounter several interesting scripting commands, and need to cover
a lot of new ground rather quickly. Looking at these commands:

MARK and UNMARK form a pair. MARK sets a marker on the stack (here
at 1 itemdeepto the current top of the stack, and UNMARK allows us to
clean up the stack, removing everything down to the current mark!

INTEGER simply places an integer on the stack (Here, 10000);

DIV divides two numbers. The deeper number on the stack is divided by
the more superficial one, and the resulting value is put on the stack;

SAME checks whether two items are identical, returning 1 or O (true or
false)

NOT reverses the sense of the item on the stack, returning 1 if the value on
the stack is false (0), and 0O for anything else;

SKIP takes us back to the earliest days of microprocessors. It does one of
two things. If the value on the stack is anything but false (zero), it skips the
following instruction Otherwise, it simply continues with that instruction

as if nothing has happened. It always takes a single item off the Stack.

BURY hides away a single item which vanishes off the stack. To retrieve
the item, as we’ll later see, we use the reverse command DIGUP.

Whew! Now that we know what the commands do, let's see how they achieve
their task. The sense of the SQL is clear, but what about the rest? We knofv that
is the current ward, but how can we compare a bedspace to a ward? We've done
a bad, un-SQL-like thing here. We've constructed our Ward/Room/Bed keys in
such a way that the key of the Ward is always 100 times the Room key, which in
turn is 100 times the Bed key. So, given the bed it’s always easy to deduce room

®More mnemonic than say, just a dollar sign, and even hints that at some stage we might fancy
things up by inserting something in between the square brackets!

Apparently very retro, this command permits us to completely eschew the use of if..then..else
statements and all the resulting confusion of curly braces. Our scrigtgigple.
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and ward'® We use this trickery in our script, rather than a cumbersome join on
three tables! To get from bed to ward, we simply divide the integer value of the
key by ten thousand! We can then check which ward we’re in, and store away or
discard the patient depending on the result. Which only leaves us wondering how
we retrieve (DIGUP) all of the patient IDs we've buried away. Here’s the trivial
routine:

Retrieve
DIGUP

Every time we invokeRetrieve, we dig up a value out of storage (previously
stored there using BURY), until there’s nothing more, at which point REPEAT
fails.

Next, let’'s look at retrieval of various column values in our polymorphic table
— surname, patient ID number, room, and whether the patient is for 'PM review’.

FetchSurname

SQLMANY(SELECT MAX(PERSDATA.pdoKey) FROM PERSDATA,OBS,PROCESS
WHERE PERSDATA.pdoObs = OBS.oKey
AND PERSDATA.pdoSurname IS NOT NULL
AND OBS.oProcess = PROCESS.rID
AND PROCESS.rPatient = $[])->
QUERY(SELECT PERSDATA.pdoSurname FROM PERSDATA
WHERE PERSDATA.pdoKey = $[])

The script is clumsy but self-explanatory: first, get the most recent personal
data observation containing a non-null value for the surname, then retrieve this
value. Retrieval of the ID number is almost identical:

FetchIdNumber

SQLMANY(SELECT MAX(PERSDATA.pdoKey) FROM PERSDATA,OBS,PROCESS
WHERE PERSDATA.pdoObs = OBS.oKey
AND PERSDATA.pdoHospNo IS NOT NULL
AND OBS.oProcess = PROCESS.rID
AND PROCESS.rPatient = $[])->
QUERY(SELECT PERSDATA.pdoHospNo FROM PERSDATA
WHERE PERSDATA.pdoKey = $[])

BAlthough we feel rather guilty, apart from infuriating any SQL purist, the major limitation of
this approach is that we cannot have more than 100 beds per room or 100 rooms per ward. The
implicit dependency also means that if we alter our hard coding of ward numbers, we must be
careful to do the necessary modification of subsidiary keys.
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So similar, in fact that we don't need to explain the script! Let's rather look at
retrieving the current room for the patient:

GetPatientRoom

QUERY(SELECT MAX(BADOBS.boKey) FROM BADOBS
WHERE BADOBS.boPt = $[])->
INTEGER(100)->DIV->INTEGER(100)->MOD

We have used the same trickery as above — making full use of our evil key
structure — to pull out the room without a join. We first trim off the bed number
by DIViding by 100, and then clip off the ward using MODulo. More correct
would be:

QUERY(SELECT MAX(BADOBS.boKey) FROM BADOBS
WHERE BADOBS.boPt = $[])->

QUERY(SELECT ROOM.srmText FROM BEDSPACE,ROOM
WHERE BEDSPACE.sID = $[]

AND BEDSPACE.sRoom ROOM.srmID)

In fact, we have to use something like the latter where rooms have letters rather
than numbers, or other anomalies are preseént!

There is another routine we have to examine in relation to the room number.
If the useraltersthe room, then we will have to respond by updating the database.

SetNewRoom

X->INTEGER(100)->MUL->ADD->INTEGER(100)->MUL->BURY->
New(Badobs)->NEW(Obs)->COPY->NOW->ME->
V->
QUERY(SELECT PROCESS.rIlD FROM PROCESS
WHERE PROCESS.rPatient = $]]
AND PROCESS.rNature = 3
AND PROCESS.rEnd IS NULL)->
DOSQL(INSERT INTO OBS (olD,o0Made,0Observer,oProcess)
VALUES ($[1,$[1,$[,$0)->
V->DIGUP->
DOSQL(INSERT INTO BADOBS(boKey,boObs,boPt,boBed)
VALUES ($[1.$[1.$[.$0))->

We interpret the above bastard of a script as follows:

19f we're bent on speeding things using trickery, then we can still get the room by dividing the
bedspace ID by 100 and then simply selecting from ROOM using this key.
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1. When the routine is invoked, on the top of the stack is the room number.
We compound this with the current ward to generate the béd\N& then
BURY this ID.*

2. We will need to generate new keys for the rows we will create in both the
OBS and BADOBS tables. We do so using the NEW command, and then
COPY the OBS key, for reasons soon to be apparent. We then put the current
time (NOW) and user (ME) on the stack.

3. We QUERY the active admission process (rNature = 3) for this patient

4. We use our top copy of the OBS key to create an OBServation of the pro-
cess, with associated user and timestamp. The order of items on the stack
from deep to superficial is the COPY of the NEW Obs ID, the timestamp,
the observer (ME), and finally, on top, the process just identified. See how
we read the stack from left to right, just as we read the INSERT statement.

5. We create a new BADOBS row, referring to the just-created OBS. See how
we DIGUP the bed ID we buried near the start of the script.

Finally, let’s find out how we detect whether evening observation is required
for a patient.

GetPmFlag

QUERY/(SELECT PROCESS.rID FROM PROCESS
WHERE PROCESS.rPatient = $]
AND PROCESS.rNature = 1100
AND PROCESS.rEnd IS NULL)->
DEPTH->SKIP->INTEGER(0)->
RETURN

DEPTH tells us the current depth of items on the stdcKhe idea is that
there will be a current process (code 1100) if the patient is scheduled for PM
observation. If the query fails, then nothing will be placed on the stack, DEPTH
will give a zero result, and zero will be put on the stack! We either return a non-
zero process code on the stack, or zero if there is nothing.

20Under the assumption that the room number is numeric, otherwise we must find the corre-
sponding room ID within ROOM, using a join on WARD.

2INote that by terminating the bed ID with 00, we signal that this is a generic ‘bed’, ie we limit
the resolution of where the patient is to this generic bed within a room.

22More correct would be to MARK(0) the stack at the start of this routine, to ensure nothing is
passed by the caller.
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4.3 Patient admission
[TO COMPLETE]

4.4 Finding a patient
[TO COMPLETE]

4.5 Selection from a list of surnames
[TO COMPLETE]

4.6 Pain information screen
[TO COMPLETE]

4.7 Pain data
[TO COMPLETE]

4.8 Adding operation data
[TO COMPLETE]

4.9 Confirming discontinuation
[TO COMPLETE]
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4.10 The regional menu
[TO COMPLETE]

411 IV PCA menu
[TO COMPLETE]

4.12 Oral therapy menu
[TO COMPLETE]

4.13 Other drugs and modalities
[TO COMPLETE]

4.14 Adding orals and others
[TO COMPLETE]

4.15 ‘Finally’: alerts & QC
[TO COMPLETE]
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