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Main points of this presentation

« Why BlackBox / Component Pascal ?

« How is a BlackBox application different from a cles$rogram”?
 How to establish a good structure from start?

« | have aDLL. How do I interface it with BB?

 How to make a powerful GUI without ever botheratgput one?
« How to use waveform graphics BlackBox/Gr?

« How to use the Graphics and Scientific Libramnp (graphics, matrices,
vectors, special functions, digital filters, etc.)

« What is available from the web: graphics, utitietc.

Which textbooks are good to read?
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A common problem

- | want to achieve some goal, e.g., turn on an LEI‘|OOOOO |

*

e | write a piece of software and push the GUI hutto

* What can happen next:
1. The intended LED lights up. Hurrah! |OO.OO | ‘

2. Another LED lights up. Oops. |O OO0 O |
3. Internal application error =

The application disappears from the screen. A

Ad. 2. | should correct my algorithmic mistakes.

Ad. 3. This should never happen! But it often does.

Let it never happen again to Uz
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Is it acceptable to crash?

A catastrophic failure (“crash”) may or may notdueeptable.

1. A grad student wrote an analysis program thatpfucore on wrong data.

- Acceptable, if it does not delay his thesis (arddulviser’'s papers).

2. The student’s SW is used to collect data. Th&D#crashing every hour.
- Annoying, but acceptable, if collected data id atilequate to write papers.

3. Navigation SW crashed during descent. The spaftestnashed onto the Moon.
- The entire lunar mission failed, hundreds M$ lost.

Programming techniques that are acceptable foereith or #2, are

not acceptable if the situation resembles #3.
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The solution: BlackBox Component Builder (free!)

Download BlackBox from the websikgtp://www.oberon.ch/blackbox.html

After downloading and unzipping the files, folloletinstallation instructions.

a Oberon microsystems AG BlackBox - Microsoft Internet Explorer

File Edit Yiew Fawaorites Tools  Help

GBack - = - &) tat | B search GeFavorites FMedia 4 | Ey- S -

Address I@ htkp: v, oberon. chiblackba:. bl

>~ Oberon

microsystems

Startseite | Angebot | Firma | BElackBox | Personen | Beferenzen | kontakt Ubersicht
BlackBox
What is BlackBou? JBlackBox Component Builder”, developsd by Oberon

microsystems, is the component-based development
environment for the programming language , Component
Fascal.

Due to its stability, performance and simplicity, BlackBox is
perfectly suited for science and engineering applications.

Free Download BlackBoo 1.4 for Windows

Senvice Pack 1
Mailing List | Submit |

& Subscribe © Remove
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BlackBox User Community: scientists, engineers, pgrammers

Subscribe to BlackBox Users mailing IBlackBox _at oberon.clireplace _at_ with @)

Choose BlackBox software from Component PascaleCodnhttp://www.zinnamturm.de/

P

Component Pascal Collection

Table of contents: _ _ _ _
CPC is an impressive collection of BlackBax

P o g software maintained by Helmut Zinn.
. ﬂge ra - L ompulatiorn EDra Hbrary. . . . .
 Scientific graphics, math, vectors/matrices.
: gabel—Babel Compiler Compiler : Programming aids.
s Brahe - Brahe constrajnt—drawing.editor. ¢ PI‘OdUCtiVity tools and utilities.
i

Cam - Multiple Undo/Eedo, light up / hot buttons, list readers and procedure nawgator.
Chill - Chill 09 Trocu-Pack'.

Zoco - A BlackBox port of Hanspeter Méssenbéck's CocolE Compiler Compiler.
Cow - Cow 15 a subsystem ammed at compier writers.

Ctls - Picture Buttons, Progress Bars, Mixer and Tt Fields.
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One way to get started with BlackBox: by example

1. Download and install BlackBox frorhttp://www.oberon.ch/blackbox.html
Hint: for convenience use directory C:\Blackbox ifagtallation.

2. Download and instatbr andPOM from
http://www.pas.rochester.edu/~skulski/Downloadslhtm
Installation is simple: unpack the ZIP archivegi@t\BlackBox created in step 1.

3. Start BlackBox, find menu iteom, and begin exploration by reading POM manuals.

| BlackBox
Fie Edit Attributes Info Dev Took Controls SQL Obx Tut CHs GrFiotter GrDAQDemn Heide Infodesk Multi hiad Fac Fom Tgats Tgo Wands Zygn Window Help
———
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Literature: Component Pascal and Oberon-2

J. S. WarfordComputing Fundamentals
The Theory and Practice of Software Design with BBax Component Builder
Vieweg 2002, ISBN 3-528-05828-bttp://www.vieweg.de
N. Wirth and M. ReiselProgramming in Oberon - Steps Beyond Pascal and Modia
Addison-Wesley, 1992, ISBN 0-201-56543-9
Excellent tutorial for the Oberon programming laage and language reference.
H. M6ssenbdckObject-Oriented Programming in Oberon-2
Springer, 1995, ISBN 3-540-60062-0
Principles and applications of object-oriented pangming with examples in Oberon-2.

C. SzyperskiComponent Software
Addison-Wesley 2002,"2edition, ISBN 0201745720

N. Wirth and J. Gutknechroject Oberon - The Design of an Operating Systemnal
Compiler
Addison-Wesley, 1992, ISBN 0-201-54428-8

See also links dittp://www.oberon.ethz.ch
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The Method

Clear structure

Safe programming



Prerequisites to develop trustworthy software

Programs crash because of internal errors.
Internal errors can be avoided with safe programgmin

Safe programming has to be enforced rather thaamme®nded.

Communication and structure.
The goal of a program is communication with otheoge.
Communication needs structure.

Structure has to be enforced rather than recommnadende

The only reliable policeman is the compiler.

Optional tools may not be used (because of “ladknad”).
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Internal errors are avoidable

Programs crash because of internal errors.

 Array indices out of bounds® segmentation violation.
e Pointer arithmetic errors -> segmentation violation.
e Dangling pointers - segmentation violation.
e Unguarded typecasts - segmentation violation.
« Memory leaks -> running out of memory.

All the above can, and have been, eliminated froadem languages:
Oberon, Component Pascal, Java, and C#.
The reliable way to avoid internal errors is to ose of the above,

and to avoid Fortran, C, or C++.
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Large programs are maintainable if they have stractu

Programs and projects often fall apart becauseacdnirollable
growth of their size and deterioration of theiusture.

Even a small program can be impossible to maintais structure
IS a mess.

Structure is meant for humans who develop and @aiprograms.

Hierarchical structure is human-oriented.

Books - subsystems.

Chapters - modules.

Paragraphs - procedures and data structures.
Sentences = programming statements and variables.

Good programming language should encourage hiacat@tructure.
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Component Pascal is both safe and supports structure

Component Pascal (C.P.) is one of few modern progmnag
languages that eliminated sources of common intemars.

Array bounds are checked.

Memory management is automatic (“garbage collet}ion

Typecasts are always guarded. (Never crash themeiststem.)

Types checked during compilation (“strongly typadduage”).
Other “safe languages” include Oberon, Java, and C#

C.P. has been extensively used in mission-crigpalications
(including the one at LLE) and it does fulfill theomise.

In addition, C.P. development is efficient, codef@enance is
known to be very good, and it directly supportgdmehical structure.
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Where does it come from?

40+ years of development and refinement
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Component Pascal: historical perspective

- How an _electrical engineehanged the computer science.

» Electrical engineers know that circuits should Inatn or explode.
« Computer scientists assumed that if SW explodesy, tan reboot.
* An electrical engineer said “stop the madnesss. iiéime: Prof. Niklaus Wirth.

*1960. Algol: designed by a committee with N.Wiprticipation.
« 1968-1970. Pascal: data structures, pointerskldtvacture, recursion.
¢ 1977-1979. Modula-2: modules, interfaces, infoiorahiding, separate

compilation. Program development in teams, softveaigineering.
« 1986-1988. Oberon: type extensibility, inheritanmaect-orientation.
« 1992. Oberon-2: type-bound procedures (methods).
« 1997. Component Pascal. Industrial implementatio@beron-2.

BlackBox = Component Pascal + framework + operatimgronment.
BlackBox = over 40 years of experience and refindmen
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BlackBox: historical perspective

» BlackBox is an operating environmehat originated as an operating system

* 1985-1989. Oberon System: an operating system aleeelby Wirth and Gutknecht.
* Ran on 1-MIPS, 32-bit engineering workstation alesigned by Wirtlet al
 Text, graphics, networking, e-mail, compiler, and-time in 12k lines of code.

* 1989-1992. Oberon System ported to DOS, Windowa;®5, several Unices.

* Ported versions ran under respective OS’s, bubhigthal look-and-feel.
* Full portability of source code between all ports.
* Develop anywhere, run anywhdras been achieved and demonstrated long before Java

* 1992-.... Oberon System-3 for Windows, Linux, Solaaisd bare hardware (Intel).

* This system is now known &ueBottle Seewww.oberon.ethz.cfor the latest details.

* 1992. Oberon System commercialized under the naneecd/F (Windows, Mac).

« 1997. Oberon/F renamed to Component Pascal an&Hbac
» A complete package: editor, compiler, debuggexdér, and runtime kernel.
» Hosted under Windows, with Windows look-and-feel.
» Over the years, users developed math packaggs)igsaand applications.
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Predicting the future of computing

* Predictions are difficult, especially if they concehe future (Winston Churchill).

* Industry has realized that the current state fifveme is worrisome.
 Lack of robustness is caused by languages sUeE®RI RAN, C, or C++.
 Tried Java to address the problem.

Java was modeled after Oberon.

But Java runtime system had poor performance.
* Finally, Microsoft hired one of chief BlackBox dewpers to design .NET.
o .NET will incorporate lessons learned by the NMschool over 40+ years.
 Transition from Windows to new technology will Be long and gradual as
transition from DOS to Windows. All the foundatiomsed be reworked.
e Eventually, C++ will be discarded (or reworked aerdamed to C+#?&).

* We do not have to be at the bleeding edge. We aaadution right now.
 BlackBox robustness has been proven more than once
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Why Is BlackBox good
for scientific and engineering
applications?

Math libraries
Graphics
Interfacing with hardware

Efficient code
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Features that are needed for scientific an engimgaipps

Simple yet powerful programming language.

Iron-clad runtime system.

Instantaneous compile/load/debug cycle.

Comprehensive math libraries by Robert CampbellEEBYystems).

Comprehensive graphics.

Scientific 1D, 2D, and 3D plotting by Robert Camihd@AE Systems.
Interface to OpenGL.

Waveform graphics by Wojtek Skulski, UniversityRéchester.
Easy to interface with hardware (via hardware-dpeDILLS).
Excellent support from the vendor.

Knowledgeable user community, quick response tatipes.
Free. Source released at the end of 2004.
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Let’'s have a look at some BlackBox applications

- We can assess the strength of the tool and the carmynby looking

at a few examples.

© BUGS (Bayesian inferencdsing Gibbs Sampling).

Large cooperative project led by Imperial College School of Medicine and University of
Helsinki with over 15 years of development. Application area: Markov chain Monte Carlo
applied to pharmacokinetic models and epidemiological studies.

Search Google for “WinBUGS” and explore the websites.

© Russian Academy of Sciences: Theoretical calculatfor High Energy Physics.
© BAE Systems: Antenna modeling for airborne radateys.
© Oberon Microsystems: Monitoring software for a lygower station.

Latter three described awww.cern.ch/Oberon.Day> Presentations
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Cartoon view of BlackBox

Just what we nee@ reasonable GUI supported by a strong engine

» Data acquisition
 Calculations
» Consistency checks
* Bit manipulation
» Graphics display
* more ...

5=

Hardware

Other computers
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Cartoon view of C/C++

GUI supported by a strong engine that is readxpbogle

» Data acquisition
 Calculations

» Consistenecy-cheeks
* Bit manipulation
» Graphics display

5=

Hardware

Other computers

Dangling pointer
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BlackBox architecture

C

Dynamic

lent/server

oading on-demand

Subsystems, modules, components

(direct support for hierarchical structure)
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Subsystems, modules, components, objects

e Modules: units of compilation.

 Also units of information hiding, and units beilsggdded to memory.

* Physically, a module is usually a single file.

- Subsystems: units of development.

» A subsystem is a collection of logically relateddules.

» A subsystem occupies its own directory tree.

- Components: units of deployment.

» A component is a collection of modules or subsystéhat you distribute.

* A component is not a finished application. Itasher a parto be re-used.

- Objects: a programming concept.
* An object is a data structure + related proced(methods).

» Objects do not take a center stage.

BlackBox for scientists and engineei/ojtek Skulski Laboratory for Laser Energetics, University of Rester, February 2004



BlackBox has client/server architecture

» Servers: Lower-level modules define and implement certamvises.
e Clients: Higher-level modules make use of the services.
* Client/server relation is uni-directional (i.eqmrecursive).

]
Client module #1 Client module #2

Imports and uses the services Imports and uses the services

C |1 VC UUUIC

Define and export services.

» Server defines and expoits services using a prescribed syntax.

* Client importsand makes use of the services.
* The compiler_enforcesonsistency between the server and the client.

» The programmer cannot defeat the interfaces.
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Modules are grouped into subsystems

* Related modules are grouped into subsystems.

» Subsystems live in their separate directory trees.

» Subsystems help better organize SW projects.

» Subsystems impose useful bookkeeping structure.

lI

L [Wodwe]

lI

L [woue]

Subsystem A Subsystem B

Lower-level
subsystem C
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Subsystems help better organize complex projects

The GUI panels or menus do not contain any code.
Several different panels can be put on top of #messoftware.
Applications can be customized without rewriting ttode.

Higher-level subsystems for doing math, graphits, e
There is no difference between subsystems prowgidglackBox vendor and those you develop.

Internally almost every sub-system is divided is¢éoeral modules.

ow-level supsystems L Ciilhevictara | iR
Files, Services, Fonts, ...

WinApi.DLL
Windows DLL. Communication DLL.
Provided by Microsoft.

Legend:

Server-> client.

One of many DLLs  Yellow: written in Component Pascal.
Grey: native operating system (Windows).

Blue: supplied by hardware vendors.
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Modules are dynamically loaded on demand

All modules are equal under BlackBox (in particulzore BB modules).

& LoadedModules

module name

TextCrds
TextMappers
TextWiews
Textletters
TextBulers
TextModels

TgoCmd
Tgolnits
TgoGeomwetry
TgoeFilters
TogoFarFields
TgoTools

LibSinhixis
LikPolyFPlott
LibPlot3D
Lib3olwve
LibhEessel
LibFRealFn
LibhEigenSys
LikhCHMatrices
LibAiutoPlot

byvtes used

15618
10790
26799
29523
28437
66557

10000
17332
Ta6
503
w051
14386

3076
ErS 7811
24563
19575
19520
Q700
22269
15507
3571

clients

L o I s ]

[ e A L1 Y "t .Y

compiled

04/29/2004
n4/z29/2004
04/z29/2004
04/z9/2004
os/za/z001
os/za/z001

1z/03/2004
1z/08/2004
12/03/2004
11/04/2004
11/15/2004
11/19/2004

0z/11/2004
0z/11/z004
0z/11/z004
0z/11/z004
0z/11/z004
0z/11/2004
nz/11/2004
0z/11/2004
0z/11/z004
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Engineering
subsystem
(by R.Campbell)



Extensibility on the fly

- All BlackBox components are dynamically loaded on dam

* Exception: the lowest level BB kernel and loaday $bcked in memory.

- On-the-fly development cycle.
e Load —test —unload from memory.
* Redesign — modify source — recompile — load andagain.

* The cycle can be repeated many times.

e Compilation is instantaneous (fraction of a secfumdh fairly large module).
 Loading/unloading is instantaneous.
* All the interfaces are checked for consistencyrducompilation.

* The interface “fingerprints” are tested for cotmmy during loading.
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Typical structure of a low-level subsystem thatgatk HW

 This subsystem connects to HW.

* We always talk to HW via vendor-supplied
MODULE DemoPlots
Exercises API during development.

Not used in the high-level system.

Dynamically Loaded Libraries (DLLS).

Client module(s)
use API services

Maps the DLL functions
to Pascal functions.

* DemoPlot is used to develop the subsystem.

* Clients use the API exported by ImagApi.

Imaq.DLL

Frame-grabber DLL
Provided by Nat'l Instr.

BlackBox for scientists and enginee/ojtek Skulski Laboratory for Laser Energetics, University of Rester, February 2004
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DemoTwin

Acquire
Close
Initialize
etc...

iImgSnap
imgClose
etc...

imgSnap
imgClose
etc...



Typical structure of an application subsystem

* A typical math or simulation subsystem.

» This subsystem does not connect to HW.

Optional client module(s)
from other subsystems

Command module
Handles GUI interactions.

 This is a typical simple skeleton.
 Practical subsystems are usually more complex.

* Our LLE software is a bit more complex.

« Amazing functionality can be achieved this way.
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Software should follow the application logic

Next slide shows close correspondence between@G&rAardware
and the architecture of our software. The corredpoae is not
exactly one-to-one, but it is close.

| DriverA | Actuator
[ DriverB |——— subsystem
| Driver C |—|
Driver
signals
I L
Far Flelq interf:::)en:eter Near Field
calculations System -
comptter calculations

v from
-

out

Fringe pattern contains tip, tilt,
rotation, and piston information.
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Application structure resembles the structure of HW

The diagram shows part of the structure of our Lilikg software.

MODULE Tgchd

_Time-domail_ﬂ Actuator coordinates

Legend:
Server-> client. Math and graphics library
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Elements of the C.P. language

C.P. Is a modern programming language.
It supports all major programming styles:
procedural, structured, object-oriented,

modular, and component-oriented.

C.P. Is as safe as Java, but more efficient.

Safety features: garbage collection, safe typecassertions, array index checking.
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Complexity of syntax of programming languages

2500
Ada
"g‘ 2000 Delphi Pascal
= Java
2
» 1500
&5
=, Algol-60
S 1000 D TurboPascal 2
o Pascal
o C Modula2 9~
0
1960 1970 1980 1990 2000

Year

Figure 1. Complexity of syntax of programming languages

S.Z.Sverdlov (University of Vologda, Russia)

Source: N.Wirth lecture during the Oberon Day at CERN, www.cern.ch/Oberon.Day
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Human-oriented structure is built into the C.P. laage

The purpose of writing programs IS communication.

Communication needs structure.

C.P. directly supports hierarchical structure.

Books
Chapters
Paragraphs

9
9
9
Sentences -2

subsystems.

modules.

procedures and data structures.
programming statements and variables.
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C.P. uses English as its mother tongue

C.P. is intentionally based on human languaged@a@ammunication.

BEGIN ... END, IF .. THEN .. ELSE, etc.

Syntax of operators is intended to catch singleéyping mistakes.

E.g., mistyping “=" instead of “:=" will be cauglily the compiler.

Many subtleties (practiced over 40+ years) helpengpood programs.

E.g., operators OR and & have graphical form thggssts & being of higher
precedence than OR. This helps a human reader.
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C.P. arithmetic statements strongly resemble Fortran

REPEAT
INC (1);
ff = (*f+p+q)/(*i- mu2):
c :=c*d/i;

p = p/(- mu)
q :=q/(+ mu)
del = c*(ff+r*Q);
sum = sum + del;
dell ;= c*p- iI*del
suml = suml + dell
UNTIL (ABS (del) < (1. + ABS (sum)) * eps) OR
(i = maxlt);
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Modules encapsulate and organize

MODULETstExample4;
IMPORT Math;

VAR
I *: INTEGER;
] - INTEGER,;
r :REAL;

PROCEDURHweak *:
BEGIN
r := Math.Sin (i * 3.14)
END Tweak;

PROCEDURE Sub ;
BEGIN
ji=i-1 ;
END Sub;

END TstExample4.

A N N Y R

module Examplel from the subsystem Tst
lower-level server module Math is used

global declarations start here

global read/write variable

global read-only variable

global hidden variable (i.e., private)

< procedure Tweak is exported

< imported procedure Sin is used here

BlackBox for scientists and enginee/ojtek Skulski Laboratory for Laser Energetics,

hidden procedure, note absence of * mark

compilation stops at the fullstop “.
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Variables and assignments

Arithmetic variables can be assigned values,id gafe to do so

No loss of information—> assignment operation is allowed.
Loss of information —> explicit conversion must be made.

REAL .= INTEGER is allowed.
INTEGER := REAL is allowed with explicit conversion

Similar rules apply in case of data structures@mdters

“Assignment compatibility” is enforced in orderawoid losing information.

Descriptive error makers are used by BlackBox,nsee slide
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Variables and assignments

& Examples

WAE

S I i =

fla

<]

BYTE ;
SHORTIMNT:
INTEGEER;
LOWNGEINT ;
SHORTREAL;
REAL;
SET;
BOOLEAI ;

EITS (i) ;
ORD (=)
J:

ENTIEE (r)
r Eﬂ 7
flag E ;

k;
SHORT (1) ;

i ncompatible assignment

END T=tExampleb5.

MODULE TstExampleb;

.
,

(*Data types and assignment rules¥*)

(*signed & bit integer®)
(*signed 16 bit integer®)
(*=igned 32 bit integer?)
(*=igned 64d Bit integer?)

(* 32 bit floating point#)

(* 64 bit floating point#)

(* J2—-bit kit pattern?)

(* bool wvariable, TRUE | FALESE®)

(* it pattern <== Iinteger, OKE#)
(* reverse of the above, ORE*)

(* real <== integer, OQK¥)

(* lnteger <== real, OFK explicit trunc*)
(* Integer <== real, nolt OK*)

(* 1nteger <== hoolean, nol OK¥)

(* 32-bit <== 16-bit, OHE")
(* le—-hit «<== truncation of 3Z-hit, OQKE¥)
;o (* lo-hit === 3Z-hit, not OK%)
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Arrays and data structures

Multidimensional arrays of arbitrary elements.

Every array carries a hidden “tag” with range infation. The run-time system
uses the “tag” information to perform index rangeaking.

arrl = ARRAY 100 OF INTEGER;
arr2 = ARRAY 100, 100 OF REAL;

Data structures composed of arbitrary elements.

Every structure carries a hidden “tag” with typormation. The run-time system
uses the “tag” information to enforce consistentcgssignments.

structl = RECORD I: INTEGER: r: REAL END;
struct2 = RECORD al: arrl; a2: arr2 END:

Both the arrays and data structures are “taggedntorce run-time consistency.
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Pointers and memory management

Pointers and pointer arithmetic are the leadingeawf catastrophic errors in unsafe
programming languages (C and C++). Consequentigtgrs are implemented with
great care in C.P. Such restricted pointers areeddneferences” in other languages.

 Pointer arithmetic is not supported.

 Pointers to scalar variables are not supported.

» Only pointers to arrays or to data structuressapgported*.

* Dynamically created variables cannot be de-alkatéby hand”.

* The run-time “garbage collector” maintains the aymc memory pool.

aPtr = POINTER TO ARRAY 100 OF INTEGER;
sPtr = POINTER TO RECORD  al, a2: aPtr END;
NEW (sPtr); NEW (sPtr.al); NEW (sPtr.a2);

*Arrays and structures are “tagged” in order torguaointer safety.
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Memory management and “garbage collection”

Dynamically created arrays and data structuresatdmnde-allocated “by hand”.
The run-time “garbage collector” automatically mains the dynamic memory pool.

& Example6 =10] %]
MODULE TstExampleb; (*Memory management and garbage callEGtiQn*j:j
VAR

arr : POINTEE TO AREAY OF EREAL;

i ! INTEGEER;
EEGTH

HEW (arr, 100); (* create the array with 100 elements #)

FOR 1 := 0 ToO LEH {arr) - 1 Do (* loop O .. 99 #)

arr [1] := 10.0 * 1

END ;

arr := HIL; (* dizcard the pointer to array )

(* garbage collector will reclaim 5§00 hvtezs of storage *)
END TstExampleb.
< | &
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Modules

Modules are the building blocks.

Modules fit to each other (like LEGO blocks).

Modules encapsulate their content:

variables, procedures, and data structures.
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BlackBox Is composed of modules

* BlackBox is a collection of subsystems.
e Subsystems are built of modules.
* Modules fit to each other (like LEGO blocks).

 Modules encapsulate and organize their content:
variables, procedures, and data structures.
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A simple module

MODULETstExamplel,; < module Examplel from the subsystem Tst
IMPORT StdLog; < lower-level server module StdLog is used
VAR i: INTEGER,; < global hidden variable
PROCEDURERAdd *; < exported procedure

BEGIN

StdLog.String("Old i =");
StdLog.Int(i); StdLog.Ln;
I=i+1 ;
StdLog.String("New i =");
StdLog.Int(i); StdLog.Ln;

END Add;
PROCEDUREuUb < hidden procedure, note absence of * mark
BEGIN
I=1-1 :
END Sub;
END TstExamplel. < compilation stops at the fullstop “.”
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The interface of the simple module

DEFINITION TstExamplel,
PROCEDURE Add;

END TstExamplel.

* The “definition” was created automatically by Bl&uk«.
* Non-exported entities are hiddere., protected from access.
* Both “i” and “Sub” are hidden and therefore not assble.

 “Information hiding” is the most important role ofodules.
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A modified module

MODULETstExamplel,;

IMPORT StdLog;

*

VAR | - INTEGER;

PROCEDUREAdd *;

BEGIN
StdLog.String("Old i =");
StdLog.Int(i); StdLog.Ln;
I=i+1 ;
StdLog.String("New i =");
StdLog.Int(i); StdLog.Ln;

END Add;

PROCEDUREub * ;
BEGIN
I=1-1 :
END Sub;

END TstExamplel.

< module Examplel from the subsystem Tst
< lower-level server module StdLog is used

< global variable “i” is now exported

< exported procedure

< procedure Sub is now exported

“wn

< compilation stops at the fullstop “.
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The Interface of the modified module

DEFINITION TstExamplel;

VAR
I INTEGER; & global variable “i” is now exported
PROCEDURE Add;
PROCEDUREUD; & procedure Sub is now exported
END TstExamplel.

e During compilation the following message was showthe Log console.

compiling "TstExamplel"
Sub is new in symbol file

| is new in symbol file
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Interface defines the module’s services

- Every module has an “interface” that tells what s®s the module
IS offering to other modules.

* The interface can be modified by either exportwitat was hidden,
or hiding what was exported. After recompilatidme hew interface
takes effect.

o After the interface was changed, all clients htaviee recompiled.

* The “contract” between the server and the cliechiscked by the
compiler. The client cannot be compiled unlessctir@ract is
fulfilled.
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Where does the program execution start?

- Modules can have multiple entry points.

- Every entry point is as good as any other.

* Where is the functiormain in this system? Nowhere.
e Execution can start at any entry point.

« SW can be executed piece-wise.

e Great for step-wise development.

*Top-level modules are “servers to the user”.

Top-level modules do not have other modules as@plients. The
user can call the entry points of the top-level oles by clicking.
Therefore, top-level modules serve the user.
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Example of the execution trail

#=3 BlackBox

File Edit attributes  Info  Dev  Tools

Conkrols

Texk

SOL Obx  Tuk Cts  GrPlotter  GrDAQDemo  Infodesk Mulki Pac Tgo Wands  window  Help

conpiling "TatExanplel™

new symbol file 152 4
conpiling "TstExamplel™
Sub is new in sywbol file

1 iz new in sywhol file 1a0
0old i = 0
Hew 1 = 1 Add
old i = 1
New 1 = &£ Add
0ld i = 2 Add
FNew 1 = 3
0ld i = 3
Hew i = 2 SUb
oldi= 2 Sub
New 1 = 1

4

i

i

= ToDo.txt

MODULE TstExanplel:
IMPORT ZtdLog;
WAFE i * : INTEGER:
PROCEDTIRE Add *
BEGIN
AtdlLog. 3tring("01d i =
i:=1i41:
tdlLog, 3tring ("New 1 =
END Add:

» StdLog. Int(i):

stdlog.Ln;

; StdLog.Int(i); Stdlog.Ln:

PROCELTRE Zub * :
BEGIN
AtdLog. String(™0ld
i:=1-1;
StdLog., String("New
END' Sub;

; StdLog.Int(i); 5tdlLog.Ln;

; StdLog.Int(i); Stdlog.Ln:

END TstExamplel.

S

Foints:

-- this module is a client of 3tdloyg (imports it and uses its serwvices)
gyntax to specify client/serwver relation is zimple and unambiguous

thiz module iz a server as well (it doez zome things, presumably useful)
some things are hiden, sowme are exported

hidden can be made wisible

wizible can be made hidden

before the changes take effect, old wersion has to be unloaded

dewel GUI can be ewbedded in the same file as the module

UL can be made autamaticallﬁ

TetExanplel. add
TetExanplel. Sub
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Objects and data structures

Data structures help organize heterogeneous data.

Objects = data structures + “methods”.

Objects do not take the center stage.

Objects are useful, but they are not holy cows.
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Choose an appropriate programming style

A few years ago, there was an “objectomania’” ammogrammers.
To this day we hear that “everything should betemtas classes in C++”.

Objects are useful, but should not become a gospel.
Component Pascal supports all major styles of mmogeygramming.

Computational libraries are best written in clagsmcedural style.
Any Numerical Recipe can be immediately translatéal C.P.

Complex applications need data structures, buheog¢ssarily objects.

If a given hardware item has complex behaviorsy the may add “methods”.
An example: a camera can acquire data, hence Cakoqgrare.
A camera thus becomes an “object”.

Choose a programming style that suits your needyaur skill level.
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A data structure

TYPE type of export: R/W, read-only, or none
Camera* =RECORD
chan * [ INTEGER; ( *franme grabber channel *)
err - INTEGER; ( *nbst recent error code*)

bufsize - INTEGER; ( *size of the buffer for inmage data*)

bufAdr - INTEGER; ( *address of the buffer?*)

update *  :BOOLEAN; ( *do you want to update the screen?*)

iid, sid : INTEGER; ( *Interface and session ID, both hidden*)
END;

Heterogeneous data items are grouped into one o@ntalata structure that can
be manipulated as a whole. The name of such be&stiould bestruct

The markers and- make the items exported (i.e., accessible for lieats) as
read/write, read-only, or not at all (if there & marker).

N.B. This particular data structure is declareticddly, i.e., it does not have to be
explicitly allocated by calling NEW.

This is named a “stack variable” in computer jargon
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An object = data structure + methods

TYPE dynamically allocated
Unit * =POINTER™TO RECORD

cam - . ImagApi.Camera; ( *previously defined data structure*)
showFringes * : BOOLEAN; ( *a data itent)

(u: Unit) Acquirelmage *; procedures “bound to” this particular type

(u: Unit) InitDagq ~ *; :|;

(u: Unit) InitDrift  *;
END;

A data structure that has procedures bound tdetrmed object. The name of such
beast in C++ would belass

The “data items” would be term@&dembers in C++. Note that an entire data
structure Camera can also be a data item!

N.B. This particular data structure is declaredaagitally, i.e., it has to be
explicitly allocated by calling NEW.

This is named a “heap variable” in computer jargon.
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Gr waveform graphics

Histogram and waveform display package.
Fairly easy to use.

Designed for data acquisition (DAQ).

Used several times for DAQ display.
DDC-1 and DDC-8 waveform digitizers, CAMAC, and ddmt projects.

*Developed by W.S.

BlackBox for scientists and enginee/ojtek Skulski Laboratory for Laser Energetics, University of Rester, February 2004



When to use Gr (and when not)

When to use Gr:

* Integer-valued data, e.g., acquired from a digrt(@2-bit integers).
* One-dimensional data. E.g. temperature recordgtgs,

e The data is not an image (which would require Zplay).

» Real-valued math is not planned.

» The display has to be “live” and interactive.

e Convenient zooming and scaling is needed.

When to use Lib rather than Gr:

» Real-valued data (64-bit floating point numbers).
 Two-dimensional display (e.g., camera images).
e Lots of math, matrix algebra, or vector operationsdata.
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#= BlackBox

File Edit attributes [nfo Dev Tools Controls Text SQL Obx Tub Cts GrPlotter GrDAQDemo Infodesk Multi Pac Too Wands Window Help

s00.0
Time [(mirnatesz)

1.0E+3 END TstExarpled.

& Example3

¥ legend Plat title MODULE TstExampled: (*Gr histogram demo*) il
1.0E+3 : IMPORT
|—E#—Example GE grapd GrEViews, Grobjects, GrHistograms, [#Gr subsystem*
ChxFRandom, Ports, Dialog, Math:
a0n.ao COHST
T dataRange = 1000.0; nuwPoints = 100; max¥ = 1000;
g00.0 PROCEDURE TestHist®;
VAR
n: INTEGEER: x,v: REAL; phase: RELL; done: BOCOLEAN;
400, 0 hist: GrHistograms.Histograw; i GrViews.View;
legends=s: GrViews.Legends;
BEGIN
z00.0 v o= GrWiews.Fococus|():
IF (v # NIL) THEN
phasze := 3.14 / Z:
‘0.0 NEWihist); GrHistograms.Init (hist): (¥ Create and initiglize histogram®)
0.0 500.0 1. 0E+3 hist.ZetCaption ("Example Gr graph"): (# Capition identifies the histo#
% legend hist.CreateBins (nuwFPoints): (* Create enough hist points#)
n o= 0; = := 0;
untitledi1 WHILE = < 7.0 DO (# Fill array with your data #)
v o= EOO 4+ 300*Math.2ini(x + phase):
Displacement [(rnm) Exanple Gr plot hist.bin [n] := SHORT(EMNTIER(v)):
1.0E+3 INC (n):
i g A ) {* next x coordinate *)
END;
s00.0 hist.3etlimits (0, n): [ * Set a range of walid data poznts *)
(* histogram index range 15 mapped onto some arbkitrary X range#)
hist.mapped := TRUE:;
600.0 hist.UpdateMap (0, n, 0.0, dataRange ):
¥ := ENTIER (x+1.0); [# adjust viewer range to histogram X range®)
v.ZetWorldhirect (0, dataRange, 0, max¥);
400.0
(* Legends, colors, line widith etc can be done here or with GUT.#)
Grobjects. InsercChject (v, hist, done):;
200.0 IF ~ done THEN Dialog.ShowMsy ("TestHist: showing hist failed™) END:
END
|-{F—Example i grapd END TestHist:
a.n

‘,"Grviems.CreatelndDestit; 3tdCmds. Open; TstExamplel.TestHisc™
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Gr has a reasonably good interactive GUI and ig gasy to use.
A reasonably looking Gr plot can be obtained in ks a minute.

= BlackBox

File Edit aAttributes Info Dev Teols Contrals SGL Obx Tub Ctls GrPlotker &rDAQDemo  Infodesk Muli Pac Tge Wands Window Help

-1k

Diszplacement (nm)
1.0E+3

300.0  bowgy.
®oge
i

£00.0 ! &u&%

%

400. 0

[-&—Example Gr graph

D.D: 100.0 200.0 300.0 400.C
Td

untitled10

¥ legend Plot t
1.0E+3

I

| —=—Exanple Gr graph|

g0o0.0

&600.0

400.0

200.0

0.0 S00.0 1.0E+:
® legend

e

o o
| | 9 | | e
el :
cﬁ'@g
o
200.0 | | . : | |

Select histo by single clicking on the caption

Example G plot

=

Get appearance of the selected histo |

=L hrstogram ook detallz =

Lire width oo
Line color | ~ |
Paint calor I_ "l

Point size mm |4.D
Paint kind i4
™ Filled

¥ Show S ample

\alid paint kin_ds:' 0.5

O'means "no point'’,

Change appearance of the selected histo. |

Get A5CI data from selected histo |

= Plotter settings x|

Set platting range automatic |

(*Gr histogram demo?*)

SrHistograms, [ =Gy subsyvsitem®)

mlog, Math:

mumPoints = 100; max¥ = 1000;

REALL:; phase: RELL; done: BOOLEAN:
s.Histhra._m: vi Griviews.View:
.Legends; |

1)

~ Set plotting range manual
|1,DE+3 |‘|,UE+3 [* Fill grray with vour data *)
¥
jno [
Set range | [* next x coordinate #)
[* Set g range of walid data points #)
nto some arhitrary X range®)
~legend:
plgtLegend IP'Dl title H
ust wvrewer range to histogram X range=)
sLegend [t legend V)
vLegend |_|,| legand an be done here or with GUIL. #)
Setl egends | =st: showing hist failed™)

Advanced platter settings. . |

3 [stExample3 . TestHist™
Selected histo.. | 3

[* Create and 2ratialaize haistogram®)
[# Caption identifies the histo#)
[# Create encugh hist points#)
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Graphical object management of Gr histograms

¥ BlackBox

=S
File Edit Atributes Info Dev Tools Controls SOL Obx Tut CamacDAQ  Datafit GiPlotter  GrDAGQDemo Helpdesk Pac Window Ha_jp
Bannar 7 il .-.)il & untitleds H=1 E3 I:I
= = = i Real Time Input Seties
Graphical Object Manager :i
" y . —5— Real Time Input Series |
by Dan Miner and Wojtek Skulski 10E+3 9%%?%%% §§$ éggégaaf‘%%g%g
g & 2 4 da gloed o) Eaiuiaaes
, fungnadniansaaninisnihay
Department of Physics and Astronomy 00 ,5:3233';;1333;%;&3334,;&5;31\4333:3;Iiiﬁ§§t§%3§g3;‘§
H H dledd e 4917 41 S 3o 414 >t e dd 344
University of Rochester 33 gg }3 Bt §§g g; 1 +§ i aii;g 53.% i Jg it
Summer Research Experience For Undergraduates 2003 % 5% § % % g i %% § § %3 f i 33% é % g ¥
r = 1 0E+3 g? g g g ¥3§ ¥ §§§
Persistent Object Manage: Demo T l_!;
delta  [0.15 Cal I 0.0 2000 4000 6000 8000 1.0E+3
Recommended 0.01 105, Caic al StoreM sin | Exarinehai |
' - o ] - litled 7 i
: : Fresh histos, calchiate, new tree. Loadbus | [ | el x|
NEW-HI‘-B't'D_S'l “Calculate | Y Frequency Pawer Spectrum
B@ Input B3 lapul
/B Real Time Input Series i £\ el T i IncUl See 1 0E+3
- Butput | Dulput
E‘r—-l Heall EH:I Feal [=&— Frequency Power Spectrum |
E‘r—-‘ Imaginary BT tmaginan) S
-4 Magnitude o | M aanitude
: Frequency Power Spectrum é_D PEies
G- Phase é-@ Cartasiar 0.0
E!l:l Cartesian | [E]: Flaal Timie [npul Series
539 Polar S e oo 200 400 B0.0 80.0 100.0

Frequency Power Spectum |
Phaze *0.1 deg aale

|- lmaninaty Frequency
cilar

untitleds x|

b i Phase * 0.1 dey

0o —o—Phase * 0.1 deg

% Main iz active £ A is active
-200.0

Dismiss. I 00 1000 2000 3000 4000 5000 -
- ¥

Update Views |

Nt ftnpie e nted yet

Gr/POM helps organize histograms into a tree girect
Developed by an undergraduate student (with véig help)!

BlackBox for scientists and engineei/ojtek Skulski Laboratory for Laser Energetics, University of Rester, February 2004



Data Logger shows interferometer

Displacement-measuring interferometer
history recordings

File Edit Atributes Info Dev Tools Controls

S0l Obx Tut CHs GrPlotter GrDAGDemo Irfodesk Multi Pac Pom Tga Wands

S untitled1

=1 x]

TGA

data histories

=lefx]

Data acquisition

2.0B43 3.0B+2 £.0B+3 €.0E+3

Zygo Api Test Panel
E Dists o —— i | s v
ey e e o | Acqiciwbe| [Bomietes |
o bimaes o (zowee i) ) pal le S
o
_.._-—"""——. Sttt iecording Stop ressiding
100.0 e - piss g
s
,.au-""‘_'d Rescttiner | Show esuits. | fomose i tim 2265840
/ S ) s | vel I
it _...,.-"’ History size 1024 ¥ resetonstart d 0
. “w___,_..._.-»—""‘f‘-’.(‘-| - : e
. [~ isRunning  nTimes [0
0.0 1.0E+2 2.0E+3 2.0E+3 4.0B+3 §L0B+3 60843 T0E+3 Live update? o it sg
nere I—U
N 0100 )
s "
#9543, [ Diccance 1 [cowms i G
1s00.0 POREY Eiepsed (hours) 0.000 Histogiam ASCII format
W" ot e o .
ctusl period tsec)  [o000 o -
s00.0 st
i | |Data Logger Results
0.0
0.0 1.0E+3

et s irege it igromsionss st | S Data management
‘content of two Objact trees: Main and Aw: Craste your 2 =
untitleds T e et T | [
from cisk dnto Aux and examing there.
e Distance 0 [counts] = Mainis active £ fuxis active
0.0 [B—Distance 0 [counts]| {7 Clogk [ {21 Clagk. al l e
3 Temperature [-E3 Tenperatie
@7 Pressure -3 Pressurs
(=43 Distances EI-£3 Distarices
-20.0 Py, + ) Distance 0 [counts] T[E) Distante B {omunts]
! + B Distance 1 [eounts] B Distance 1 zourts]
“"_'!h [ Distance 2 [counts] Distarice 2 [counts]
I Mg, L) Distance 3 [oourts] Distartce 3 fcounis]
i,
~g0.0
0.0 10843 2.0843 3.0843 4.0E+3 N 6.0843 7.0843
—#—Distance 1 [counts] |
Suggustd dinectory: Lab\Datalogs.
5090, Update Gr Views | Expand falder I Dismiss
ot mplemanied yet. T <shaskiEpas roskeste e
-1.08+3 (k.
alo 1043 2:0B+y 3.0E+3 4,043 5.0E+3 6.0+ 7:0E+3
x
«

[Alacated Memory: 5586552 Bytes
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#2% Gr Interactive User Guide

=101

The Graphical Panels Provided With Gr

oWarious graphical panels provided with Gr form a Graphical User
Interface to the supplied demo programs. The panels are typical
DAQ panels. The real-world DAQ systems will be equipped with a
very similar ZUI. The Gr application programmer can thus study how
his/her DAQ system will look like before commiting time to
actually writing one.

I1 5000 Flatter name W
.hﬂ . : : : : : : : : H i A
: Count = Demo DAQ: energy

Y range | 1500.0 \ ‘

Demo ener speckrum

1.0E+3

| Captions... | ......... \ ............
- I €00 % | 4 ! 0 0
Selectad... ' \.- -j\

g.o
a.o z00.0 400.0 s00.0 g00.0 1.0E+3
Energy (ke
|D.EI |1‘IDU.U ¥ 1ange | ASuto scale |

ADC hraces Zero spec‘truml [ Acquire I Integrate...l

Figure. An example demo DAQ panel. Under the BlackBox editor this
panel 15 an embedded applet, which can ke used to perform the DAD
operations in situ by clicking on the buttons. (In order to
activate the DAQ applet, it is necessary to click on the "Stazrt
DAQ"™ kbutton. g

How To Use This Interactive User Guide

=This User Guide iz interactive when opened with the BlackBox
editor. The PDF copy 1s not interactive. (The remark might sound
trivial, but peocple keep asking.) A unique feature of BlackBox/Gr
ig that the User Manuals like this one provide for interaction

+ Gr User Guide

Example data acquisition

anel.
L~ P

Detailed instructions how
- to use the Gr subsystem.

Gr was designed for data acquisition.
Several example panels and a tutorial

are provided with the Gr package.
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DDC-x development system using BlackBox and Gr

Analog signal reconstruction: digital FIR filter tput

Control &
waveform
display:
BlackBox
and Gr

NIM pulser
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Scientific and engineering library Lib

1D and 2D display package.
Matrix and vector calculus, digital filters, and special functions.

Designed for data analysis, theoretical calculatiamd modeling.

Extensively used for mission-critical applications.

Airborne antenna systems (BAE Systems), adaptiieoJofR Laser Lab).

*Developed by Robert Campbell, BAE Systems.
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When to usd.ib libraries

When to use:

» Real-valued data (64-bit floating point numbers).

» Two-dimensional display (e.g., camera images).

* Lots of math, matrix algebra, or vector operationgdata.

The list of subsystems:

Lib - Engineering & Scientific library, including 1D, 2[@nd 3D plotting.
Algebra- Computational Algebra library.

Multi - Arbitrary ultra high precision arithmetic.

Filter - Digital and other filter design and analysis.

Nav - Navigation & Geodesic Coordinate transform modialed tools.

Wands- A collection of general purpose tools (Wand: d ts®d by a magician).
Cpcand Ctls several general-purpose tools and utilities.
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Lib: math and plotting facilities

Vectors & Matrices, including O-length cases.

Polynomial forms of vectors, matrix determinany,arse, singular-value

decomposition, etc...
Complex numbers and complex functions.
Special Functions & curve fitting.
Random numbers:several r.n. generators.
Numerical methods.

Numerical integration, interpolation, root findirgd minimisation.
1D, 2D, and 3D plotting.

Includes interface to OpenGL.
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Scientific plotting and computation librakyb

#=3 BlackBox

File Edit Attributes Info Dev Tools. Conbrols S0L Obx Tuk CHs GrPlotter GrDAGDemo Infodesk Muli Pac Tge Wands ‘window Help

Sine Plot

Sin
1
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-

=2 Sine Plot

=10/

\ = | = cw| rPate | Edt| |
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%2 Yector Editor

|
3 253 -2 15 4 05 0 05 ‘II 15 2 23 3

ver [i]

] Stcale- I'I.

it | Fia F Dp IS—
_Car"ic:eLl Ok |

|121 |?? E] |-u92581458232??323
% Min |-3_ ® |D.85
#Step  [0.05 v |D.925a1468
» Offzet iu.

Weight |D—E|
Extemalize .. |
Apply |

Lib/Docu/Introduction

3.3 A simpler example 2 ﬂ
MODULE LibExample 33; (* 20 Jdune 20035 #)
IMPORT AutoP := LibAutoPlot, Wec := LibVectors, Math;

PROCEDUEE Do™:

VAR,
vec @ Vec.Vector;
BEGIN
vec = Vec.Map (Math.S5in, Vec.Indx3 (121, -18., 0.3)):

dutoP.PlotWector (wec, -3., 0.05, 'x', '3in', 'Sine Plot',
NIL, NIL, {dutoP.tooclBarl)
END Do:

END LibExample 33.

13 LibExanple 33.Da

This is essentially a two-line Command (it could be compressed to a one-long-
line command!]).

To explain the first line the arguments (inputs) of the 3in function comprilse
121 walues starting at -15., and stepping by interwvals of 0.3 (see Example 32).
These waluezs are generated all at once using the Vec.Indx routine. Then the
Math.3in function is 'mapped' onto this wvector to produce a wvector of the '
wvalues to be plotted. It iz a matter of taste whether you prefer to use _J
'Vectorised' code, or to write the FOR loop out explicitly &35 in Example 32.
Often using the higher level abstractions (eg VWector rather than RELL) can
significantly simplify & problem. For example here it is unneccesary for the
reader to know if these wvalues need be computed in order, or i1f that order need
he increasing or decreasing. The wectorised code hides these irrelevant details,
the previous example redquires the reader to filter out and then dismiss these
detalls before understanding what i1s essentially intended. (Despite these
general comments, I do not think that in this particular case the second example
is much clearer than the first: it depends on taste and circumstances.)

:I
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Scientific plotting and computation librakyb

%= BlackBox

Fle Edt Aftributes Info Dev Tools Controls SOL Obx Tut CamacDAQ CHs Digls GrPlotter GDAQDemo Robert lib Wands Window Help

Graphical Engineering Library by Robert D. Campbell

robert.d.campbell@baesystems.com
BAE SYSTEMS, Sensor Systems Division, UK

ﬂ Example:
2D plots

113D view
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o
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|_‘-‘| = | _cut | | pese | Erx’rt|| | = | = rca| Cesste | Ed’rt||

4

Map plokt demo ~ I

,ﬁl 4 Wire frame demo

£4
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48
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Iy title:

paste | | Edit | | | mycut | spin |

Myraste | Edit | |

AutoPlot
Bessel
BessellR
Chatrices
Complesx
ComplexFn
ContFractions
CubicSplines
Chectors
Cycles
DemoCSplines
DemaPlats
EigenSys
Elliptic
FastMatrices
FileSelectars
Ermtrs

Fonts
IMatrices
Integers
IWectors
Lists
Longlnts

LongRats
Matrices

Misc
Blot3D
PlotHook
Plotters

—ioix]

L=y

Lib Subsystem Summary

Convenience Plotter supg
Bessel funtions (1st & 2r
Sorne mediurm accuracy
Complex matrix library - £
Cornplex number library -
Math library for complesx
Conversions between RE
Cubic spline interpolation
Complex vector library - £
Linked list library includir
Interactive demaonstation
Demanstrations of Plotte
Advanced matrix library
Elliptic integrals, elliptic f
Subset of Matrices reimp
File selection user interfa
Extensible ASCI text fon
Interface to the Windows
Integer mattix library - 32
Integer (32-bit) library - pr
Integer vector library - 32
Simple (& incomplete) lin
Integer [B4-bit) library - pr
Rational number library -
Matrix library - 64 bit floa
Window contral, Slider C
3D graphics - wireframe,
Windows extensions to
Interactive 20 engineering
Plotter extension for mult
Routines for finding and ¢
Prime finding and testing
Random “ariates - Unifor
Rational number library -
‘Special functions, Tchek
Real number library - con
Rational matrix library - 3
30 ratation matrices
Rational vector library - 3.
Maon-linear "-axis’' functio
Routines for nurerical in
Real-time timer functions
Yectar library - 64 bit floa
Interface to Excel spread
Dermaonstration of interfac

1 Show'theLane
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A mission-critical application usinigib
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Graphical User Interface

GUI without pain.
GUI can be automatically generated.

Before BlackBox, GUI design would take extensivierf

Under BlackBox, GUI is not a problem anymore.

Work can focus solely on the algorithm.
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The developer’s “GUI without GUI”

During development, command procedures can bedcaflimg “commanders”.

#2 BlackBox

File Edit Attributes Info Dev Tools Controls  Text S0OL Obx Tuk Chls  GrPlotter  GrDAQDemo  Infodesk  Mulki Pac Toc Wands  Window  Help

NEE
compiling "TtExamplez™ 180 3‘ MODULE TestExampleZ: ﬂ
TetExamplez unloaded IMPORT Math, 2tdLog: [ *server modules®)

r = 3.0
PREOCEDURE Do * ;
s1 = {0..15} VAR
1: INTEGEER; r: REAL; =l,s2: 32ET;
BEEIM
52 = 1..4
¢ d r := Math.Round { 3.1415 ] ; [ *math?)
i = 30 =l := BITZ (0OFFFFH); (*hit pattern ¢1111..)7%)
g2 = =21 * (1..4%; (*hit twiddling™)
i := ORD (=2); {*hits ——> integer”®)
EtdLog. Stringi"r = "j;
gtdLog. Beal {r); Stdlog. Ln; frtoutput section®)
tdlog. 3tringi{"=sl = "1;
tdlog. Set (=11 ; Stdlog. Ln; i*rote "." notation®)
tdlog. 3cring("s2 = "i1;
StdLog. Bet (=s2); S5tdLog. Ln;
Ztdlog. 5tcringi{"i = "J;
StdLog. Int (i) ; StdLog.Ln;
EMND Do
END TetExampleZ.
ﬂTstExampleE . Do
|1 | 4
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Automatic GUI builder

« It is well known that usually most development efie burnt on developing GUIs.

* Not under BlackBox! GUI development has been "dshith the automatic builder

= BlackBox
File Edit Attributes Info Devw Tools Conktrols Lawouk S0OL Obx Tuk Chls GrPlotter  GrDAQDemo  Infodesk Mol

MODULE [etExamplel) o

IMPOERET StdLog;

Wands

Pac To

X

Link; ITstEHampIe'I
WARE i * : INTEGEER;

] 4 Ermpty | Cancel |

DPROCEDURE Add * ;
BEGIN
gtdLog. 8tring("0ld 1 = "); 8tdLog.Int(i); StdLog.Ln;
=i+ 1; . . =loix
tdLog. String ("New 1 = ") 2tdLeg.Int(i1); Stdleg.m!i i . —
END Add; [ add

PROCEDURE Sub * ; -~ Sub
BEEGIN 5 :
StdLog. String("0ld 1 = "); 2tdLog.Int{i); 2tdLog.Ln;:
i :=1 - 1;
ftdLog. 2tring ("New 1 = "); 2tdLog.Int (i); 2tdLog.Ln;
END Sukb:;

END TstExamplel. -
4| | M
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Automatic GUI builder

You do not have to think of the GUI too much.

 \Write your procedures, declare the variables...
o ... focus on the algorithm.
* Then press the button and you will get the GUI.

Other SW builds the GUI code skelettwat you have to fill in.

BlackBox does just the opposite.

 You write only the application code

» GUI panelsare automatically built.

 GUI code does not even exist.
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Graphical User Interface panels

* Under BlackBox, the GUI panels do not contain angec
» GUI can be automatically generated using builthretaprogramming” facility.

* After being generated, GUI panels can be custairigehand to suit the planned use.
» Several different GUIs can be put on top of theeaoftware.
* GUI can be customized without rewriting the code.

* End-user GO-NOGO panels can coexist with the “edx@&l”. The code stays the same.

* Module TgcCmd and the
auto-generated GUI displayed
side-by-side. The GUI can be now
rearranged by hand, some buttons ca
be deleted, other buttons can be adde
and GUIs of other modules can be
mixed with this one.

* [t usually takes a very short time
to design highly useful GUIs.

 All TGC panels have been created
this way.

#=rBlackBox

Fle Edit Attributes Info Dev Tools Confrols Text SQL Obx Tub Ctls GrPlotter GrDAQDemo Infodesk Mulki Pac Toc Wands Window Help

a {Tgc)Cmd

This ElackBox code is copyright (c) by Wojtek 3kulski zZ004.
Note: we make an explicit assumption that one motor operates tilt, another operates tip,
and another operates piston. This was the case for the tiled mirror @ssembly. Tt will not
be the case for the tiled grating assembly.
To Do: modify InditDay to use a separate camera.
= Conmanders € %)
ORT
icodpi, [#fresorce used: move flag#)
Ipacgipi,
&cﬂnits, TgcTools,

dLog, Math,

DFTs :=
AutoP

FilterDFTs, Windows :=
:= LibidutoPlot,

Plotters := LibPlotters,
Vec := LibVectors, Mat := LibMatrices,
R := LibReals, 3h := Lib3inhixis, IVec
I := LibIntegers, M :=
(* Windpi, WinfDi; *)

FilterWindows,

Plot3D := LibPlot3D, Poly := LibPolyPlotters,
LibPlotHook, Fmtrs := LibFmtrs,
:= LibIVectors, Misc := LibMisc,

Math, Ports, Fonts, Controllers, Dialog, 3erwices;

COHST
modWane = "TgcoCnd™:
modRevision = "0I3G dual grating assemblwy.”:
nunlearFieldImages = 1; (* *1 is good to reduce CCD' noise, but bad for turbulence®)
(*internal constants®)
Fellow = 65535;
purple = 16711935;

defaultPlotiettings = [AutoP.gridTics, MutoP.timeStamp, AutoP.dateStamp};
debuy = TRUE; (*TRUE will fwrn on some diag printouts in Log#)

TYPE
Tnit = TgcUnits.Unit;

Action = POINTER TO BECORD (Serwices.dction] END: (*backgr periodic task™®)
VAR

=18 | X]

:I.

MODULE e ; Mow 18, 2004 (0813) i
(*User command package for TgclUnits. BlackBox 1.4 Tiled Grating Compressor project.

{Tac)Cmd I
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ShowTwinlmages |
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Interfacing with hardware

All HW interfacing is handled via DLLs.
DLLs are called by BlackBox.

Several HW projects have been completed with Blask&l UofR.

CAMAC, USB, video frame-grabber card, mechanicalaiors,

distance-measuring interferometer (DMI).
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Steps in HW interfacing

* Collect information regarding your HW, example mags, and available DLLSs.
* Read BlackBox Help --> Platform-Specific Issues.
o Install the DLL and its support software (if ary) your computer.

» Study example C programs and the .h files provisei the DLL.

« C naming conventions are somewhat standardized.
e int, short, orlong are standard, but how abddit LENTRY(BOOL)?

e Such non-standard C names are #defined in thkesprovided by the DLL vendor.

 \Write an interface module using “unmanaged” Pascal.

« Write an API module, a test module, and test GUI.

e Connect the HW and exercise the DLL using the &gk

o If you recompile the DLL interface module, you leaw restart BlackBox.
e ... Or, use another instance of BB environment$dttee DLL module.
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“Unmanaged” Pascal is used to interface with DLLs

* Windows DLLs usually have no safety whatsoever. Dhés that interface with
HW arekernel mode driverthat can wreak havoc. Extreme care has to be used
when passing parameters to the DLLSs.

» Safety of C/C++ cannot be increasedPascal safety has to be decreased.

« “Unmanaged” Pascal is compatible with C. (And ceash just as easily as C.)
 Locally decreased safety is marked with the keyhWoYSTEM.

« C-compatible arrays and data structures are mawvkbduntagged].

e C-compatible pointers are formed with SYSTEM.VAWESYSTEM.ADR.

» C-compatible pointers and data structures shoelldomfined to low-level code.

* Never make use of unmanaged variables in high-leascal code.
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Example: a complete subsystem

Safe, managed

Unmanaged + managed
Pascal code.

Unmanaged Pascal code
(as unsafe as C).

Unsafe C code.

GUI test panels
Exercises SW during development|
Not used in the high-level system.

|

MODULE Ourtest
Exercises ARuurina development.

Not used in the high-leve: svstem.
= — —|

UrApl
Maps low-level functions
to high-level functions.

Maps the DLL functions
to Pascal functions.

Their.DLL

Talks to vendor hardware.
Provided by the vendor.

Simple panels
for testing.

Typically present,
but not in this project.

AcquireAll,
InitApparatus,
TestOneChannel,
etc...

Opt, Sample,
SetFormat,
etc...

OPT, READ,
SAMPLE,
etc...



DLL interface module (functionally equivalent tofile)

The interface module establishes “mapping” betwiekeh and Pascal functions .

It ¥

MODULE OurDll  [“TheirDII"]

IMPORT SYSTEN <

(*This module can only contain DLL mappings, but no code.*)
(*It is functionally equivalent to a C header file, l.e.,.h?*)
END OurDII.
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Entering the domain of unmanagedscal code

The example OurAPI module contains both managedianthnaged code.

MODULE OurApi ;

IMPORT SYSTEm_L , —

VAR
errorFlag - :BOOLEAN; 4
msg *  ARRAY 128 OF CHAR
errBuf : OurDlIl.chrBufferType; AZ*C— buffer for DLL data*)
errPtr : OurDIl.chrBufferTypePtr; (*Cpointer to the above?*)
END OurApi.
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Example: mapping C-strue?» Pascal

An arbitrary C-struct> corresponding unmanageéascal.

typedef struct SingleDataOutput {
INT32 pos data; // position
UINT32 time_data; //time
UINT32 vel data; // velocity
} SingleDataOutput;

Suppress Pascal type-safe information
TYPE

SingleDataOutputType * = RECORD [untagged]
pos data *:INTEGER;
tim _data *:INTEGER;
vel data * INTEGER

END; \

Pascal export mark
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Examples: mapping C-array® Pascal

An arbitrary C-array> corresponding unmanageascal.

Like all unmanaged code, requires keyword SYSTEM.

CONST bufLen =512;

(* Cconpatible array of 8-bit chars, null-termnated. Has to be
all ocated by the caller (either on stack or heap). *)

chrBufferType * = ARRAY [untagged] bufLen OF SHORTCHAR;
chrBufferTypePtr * = POINTER TO chrBufferType;

(* C-conpatible array of 16-bit integers. Has to be allocated by the
caller (either on stack or heap). *)

int16BufferType * = ARRAY [untagged] bufLen OF SHORTINT;
int16BufferTypePtr * = POINTER TO intl6BufferType;
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Example: DLL-function uses C-array Pascal

DLL function uses C-array> corresponding unmanagedscal.

DLLENTRY(INT16) OPT (char * ret_str) // Original C-declaration

/| Parameters of the DLL function:
/[ - char * ret_str

Il - used to pass back some string
Il
// Return INT16: - number of characters in ret_str

Corresponding unmanaged Pascal in OurDl|

PROCEDURBpt * [* OPT] (* Mapping C-2Pascal in QurD | *)
(
infoPtr : chrBufferTypePtr (* Declared on previous slide *)
): Int16; (* Return value, 16-bit *)

... continued on next slide
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Continued: DLL-function uses C-array Pascal

DLLENTRY(INT16) OPT (char * ret_str)

PROCEDURBOpt * [* OPT]
(infoPtr : chrBufferTypePtr
): Int16;

PROCEDURHnIitApparatus *;
VAR
errBuf : OurDIl.chrBufferType;
errPtr : OurDIl.chrBufferTypePtr;
BEGIN
errPtr = SYSTEM.VALOurDIl.chrBufferTypePtr, SYSTEM.ADR (errBuf));
nchar := OurDIl.Opt ( errPtr );

Note: the line with VAL and ADR is an unmanagedike-ltypecast, which is as
dangerous as it would be in C.
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Another example

DLLENTRY/(int) Theirlnit(char *portname, unsigned int baudrate);

TYPE PtrSTR = WIinApi.PtrSTR;
PROCEDURE Theirlnit * ["Theirlnit"]
(portname : PtrSTR;

baudrate : INTEGER
): INTEGER;

numBoxes := OurDIL.Theirlnit("COM1", 19200);
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Example: interfacing with WIinAP|

A complete set of Windows system calls is providatth BlackBox.

PROCEDURExampleApiCall ( < typical Pascal declaration
hDevice : HANDLE; < Windows 32-bit pointer
controlCode : INTEGER; < ctrl code, hex
buffer . PtrVoid; < Dbuffer address
bufferSize : INTEGER < Dbuffer size
): BOOL;
result ;= WinApi. ExampleApiCall ( < calling in user code
hDevice,

< Windows pointer

0220000H, < ctrl code, hex
SYSTEM.VAL (PtrVoid, SYSTEM.ADR (buf) ), < Dbuffer address
SIZE (bufType ) < Dbuffer size

... continues on the next slide
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Example: interfacing with WInAPI, cont.

... continued. / Suppress Pascal type-safe information

TYPE bufType = ARRAY [untagged] 100 OF BYTE;
VAR buf :POINTER TO bufferType;

result := WinApi. ExampleApiCall ( < example user call
hDevice,
0220000H,
SYSTEM.VAL (PtrVoid, SYSTEM.ADR (buf) ),
SIZE (bufType )
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Example: parallel port interfacing

PC parallel port is the simplest HW we can playhwit

Collect information:
Parallel Port Completdy Jan Axelson and her websitgw.lvr.com

Choose the most promising DLL. Install it on yoonguter.

Based on the above, | chose Inpout32.DLL frwww.logix4u.com

Try to understand example C programs. (See nei.}li

Disentangling the examples was easy in this caganlygeneral it takes a while.

Write an interface module, see next slide.

Connect the HW and exercise the DLL.
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Example: parallel port interface module

File Edit Attributes Info Dev Tools Conkrols Text 3S0L Obx Tub Ctls  GrPlotter  GrDAGQDemo  Infodesk Mokl Pac Tgo Wands  window  Help
& InpoutTest.cpp N [m[ ] | Inpout32DLL

{

4

/4 InpoutTest.cpp

ghort =tdcall Inp32
roid

: Defines the entry point for the console applicat,;

i —
#include "stdafx.h"

#include "stdio.h”

#include "string.h' C exal I lp e
#include "stdlihb.h™

/% ———-Prototypes of Inp and Outp--- */

{short PortlAddressz)

_stdcall Out32 (short PortAddress, short data):

int main{int argc, char® argw[]

int data;

if(argo<l)
{
J/too few command line argquments, show usage
printf("Error : too few arquments \niyn***** Uzage ***¥**\n\nInpout

wInpoutTest write <ADDREZS: <DATA=‘\m\ninthhyn™);

}
else if(!'strcmp (argv[l],"read™)

i
data = Inp32(atoifargw[2])):
printf("Data read from address %s is 3d ‘\n\n\n\n",argv[2],data);

'
else if(!'strcmp (argv[l],"write™))
{
if (arge<d)
i
printf ("Error in arguments supplied™):
printf (MyntEEEE Tzage $*5 Y% \pinInpoutTest read <ADDRESS> Ynor

LADDRESS> <DATA=\niniyn\n\n")j;

}

elze

{

out3Z (atoi (argv[2]) ,atol (argw[3]))
printf("data written to Is\ni\n\n",argv[2]):
}

-

| M

[#*BlackBox interface module for inpoutIz.dll. (o) Wojtek Skulski 2004

O source code from www. logixdu.com. Download and unpack

inpout3s source and bins.zip

The directory "test applications™ will contain C apps to test the DLL.
The following Ffunctions are defined by the DLL. mOd u I e

_stdeall  Inp32 (short Portdddress):

_stdeall  Out3z (short Portdddress, short data).

short
roid #1
HMODULE TstInpout3ZDll ["inpout32™]
INPORT SIYSTEM:
CCNST
modHame * "TstInpout3z™; (*Module identification®)
modRevrision * "BElackBox HUW interfacing demo.™:

TYPE
short* = SHORTINT: [* see BlackBox Help -» DPlatform-Specific Issues *)

E:G ____________________________________________________________________________
Inp3= gelt one byte of data from the parallel porti.

The data 2tem iz 16 bits, but we should use only & bits.

PROCEDURE Inp32 * ["Inp32"]
!

addr short [# HW address of the parallel port#)
i : short; [ * returns 1é-bpit signed int, wse only lower § hits#*
E:{- ___________________________________________________________________________
Out 3z send one byite of data to the parallel pori.

The data item is 16 bits, but we should use only § bits.

PROCEDURE 0Out32 * ["Out3iz™]
[
addr
dta
1:

[* OW address of the parallel port#)
[* data item, 14 bits,

short;

short use only lower & hits #)

END TstInpout3zZDll.

< |

-
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