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A programmer's introduction

t o*Skil |"tdreesei gn
By Avner Ben

Background

[&illtreelis a high -level programming-like language, developed by Avner Ben to specify object-oriented
software design. Originally intended as a specification language, Skilltree has so far been used
commercially mostly to generate code and to enforce code documentation discipline. Reverse engineering
functionality is under construction, to reinforce and complete this usage of the language.

The Skilltree compiler, in development since 1999, is about two thirds complete. It iswritten in Python,
with the final intention of becoming an open source system.

The Skilltree compiler is available as both Windows executable and Python source at the [3kill -Drivend
Design site - http://www.skilldesign.conV . The site also features articles (including this one) and guide and

sample foils.



http://www.skilldesign.com/
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Developers facilities

A typical programmer practice isto specify the design in Skilltree to some degree of detail and then take
the time to do the following:

1. Generate code. For the programmer, code generation is the natural conclusion of the design
process. For the designer, code is yet another design view, generated intermittently, to assess the
design.

2. Inspect reports. The Skilltree support software produces useful reports in both textual and
graphic formats.

a. Component and Entity summaries. These reports expose the static aspect hidden below
the functional Skilltree specification.
b. Facility summaries. Detailed reports of the functional aspect of the design.
3. Publish programmer's documentation (from the Skilltree design).

The following examples demonstrate this usage. The Skilltree Source isin the figures 10-11.

Code generation

Figures 1 and 2 show theresult of code generation. The programming language selected is C++. Two files
were generated: a header file declaring class [Code Folder Console View [and a codefile, defining its
methods. Other languages available at present for code generation are Python and C#.

The generated code is Human readable and maintainable. It is devoid of unintelligible symbols meant for
machine use. Apparently, the code was documented by a person with a highly-formal and consistent style.
The style is Skilltree and the comments are tak en from the Skilltree database. The Skilltree reverse
engineering facility (under construction) will read both code and documentation, as long as the
documentation is in correct Skilltree syntax and is found at meaningful locations.

The Skilltree compiler generates code starters, featuring all specified classes, functions, algorithms and
associations. The presence of fine detail - such as argument types and names and return types - depends
upon the degree of detail of the design. It is up to the programmer to fill the fine detail needed to compile
the code, namely: atomic skills and variables.
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Fig. 1. Generated code Starter for the main script and Main function . This C++ code was generated for a component
containing a class and a global function (see fig. 10 for the original spec). The documentation at the top of the component
file and above the class is the very description given by the designer. Above each method appears its skill. Above each
imperative statement appears the skill relied upon. In some occasions, it is preceded by reliance conditions, such as
“MANY” for loop. Message passing is preceded by “Message”. The space left for the implementation of atomic skills is
indicated by “TODO...". Variable declaration is generally left for the programmer, with some exceptions: "model_(line 37)
is a member implementing an association. The iterator at line 27 results from the loop condition and the container's
support for the iteration protocol.

Fpeten:

001: // The base for this code was translated fromthe

002: // - "countlines" design by Skilltree conpiler 0.5.29.0 (23-Muy-2007)
on Sat

003: // - Jul 14 19:43:43 2007

004: // Software product: countlines ("Countlines")

005: // Software conponent: CodeFol der Consol eVi ewAsm (" Code Fol der Consol e

Vi ew
006: // - Assenbly") The "countlines" |ibrary console application
007:
008: #incl ude "CodeFol der Consol eVi ewAsm h"
009:
010:
011: namespace clinesCon {
012
013: // class CodeFol der Consol eVi ew
[0 R e e e R
015: // "Code Fol der Console View' - A sinple console Human interface for the
016: // - 'countlines' library
017

018: // "to initialize Code Fol der Console View
019: CodeFol der Consol eVi ew: : CodeFol der Consol eVi ew( CodeFol der aCodeFol der)

020: . nodel _()
021: {

022: }

023:

024: // "to display Code File line statistics in folder on consol e"
025: voi d CodeFol der Consol eVi ew: : print Report () {

026: /1 MANY file IN Model: "to print Code File statistics"
027: for (CodeFolder::iterator it = this->nodel _.begin(); it != this->nodel_.end();
028: ++it) {

029: /'l Message: "to get Code File nane"

030: (*it).get CodeFil eName();

031: /'l Message: "to get Code File statistics"

032: aStatisticsRed = (*it).getStatistics();

033: /1 "to print Code File sumuary |ine"

034: /1 TODO

035: }

036: /'l Message: "to get Code Fol der statistics”

037: t hi s->nodel _. get CodeFol der Statistics();

038:

039: /1 "to print Code Fol der statistics"

040: A

041: /1l "to print grand total"

042: /[l TCDO ...

043: /1 ...end "to print Code Folder statistics"

044: }

045:

046: // "to run display Code File line statistics in folder on console"
047: void main() throw(error) {

048: /1 "to get Code Fol der nane"

049: /1 TODO ...

050: /1 QUTPUT invalidation: Folder nane

051: if (/* see condition above */) { throw error; }

052: /1l Message: "to initialize Code Fol der"

053: aCodeFol der = new cli nes: : CodeFol der () ;

054: /1l Message: "to initialize Code Fol der Console View'

055: aCodeFol der Consol eVi ew = new CodeFol der Consol eVi ew( aCodeFol der) ;

056: /'l Message: "to display Code File line statistics in folder on console"
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Fpeten:

057:
058:
059:
060:
061:
062:
063:

aCodeFol der Consol eVi ew. print Report () ;

/1 EXIT: Folder not found

if (/* see condition above */) { throw error; }
} /1 end namespace clinesCon

/1 End generated code

Fig. 2. Generated code starter for a class. The documentation at the top of the component file and above the class is the
description given by the designer. Above each method appears its skill. The skill documentation here includes also
"design by contract” details: preconditions (“input”, “premise”), post-conditions (“output”, “new state”) and premature “exit”

conditions.

001: // The base for this code was translated fromthe

002: // - "countlines" design by Skilltree conpiler 0.5.29.0 (23-My-2007)
on Sat

003: // - Jul 14 19:43:43 2007

004: // Software product: countlines ("Countlines")

005: // Software conponent: CodeFol der Consol eVi ewAsm (" Code Fol der Consol e
Vi ew

006: // - Assenbly") The "countlines" library console application

007:

008: #ifndef CODEFOLDERCONSCLEVI EWASM H

009: #defi ne CODEFOLDERCONSOLEVI EWASM H

010:

011: #include "CodeFol derAsm h" // Code Fol der Assenbly

012:

013: namespace clinesCon {

014:

015: /'l "Code Fol der Console View' - A sinple console Human interface for

the

016: /1 - 'countlines' library

017: cl ass CodeFol der Consol eVi ew

018:

019: public:

020: /1 "to initialize Code Fol der Console View'

021: /1 Input: Code Fol der.

022: CodeFol der Consol eVi ew( CodeFol der aCodeFol der) ;

023: /1 "to display Code File line statistics in folder on consol e"

024: /'l New state: Code Fol der statistics displayed on console on file

025: /1 - and total |evels.

026: voi d printReport();

027: private:

028: /| Associ ations:

029: /1l "Nodel" - 1:1 Code Fol der by val ue

030: /'l \Where used:

031: /'l to iterate in Code Fol der

032: /'l to get Code Folder statistics

033: codeFol der nodel _;

034: }; /1 end class CodeFol der Consol eVi ew

035:

036: } // end nanespace clinesCon

037:

038: #endif // CODEFOLDERCONSOLEVI EWASM H

039:

040: // End generated code



A programmer's introdudedghon to 5dOi 1 1tree”

Static analysis

Skilltreeis a functional specification language (an extension of traditional Pseudocode. Skilltree design is
about skills Owhat the software product can do - and reliance upon skills Owhen to use them. The
collaboration map is not specified in the design, but rather results from (automated) analysis of skill
reliance. These reports present thisinformation for the designer to inspect and, in turn, reflect in the design.
The component dependency map (fig. 3) gives abird-eyels view of the entire design. It also exposes cyc lic
dependencies, allowing the elimination of this nuisance early in the design.

The entity summary (fig. 4) lists the skills of the entity and its collaboration map. The collaboration map
supplies the information needed to draw a class diagram (manually; a UML export facility isunder
construction). Collaborations are largely summaries of so many Creliancelinstances (listed separately).
However, the designer may wish to upgrade some of these collaborations to [associationsl]

The [skillOconcept isin the core of Skill-driven design. The objective of the Skilltree language is to
facilitate capturing the (functional) requirements of the software product and preserving them all the way
down to code (and back). Skilltree, true to the original object-oriented spirit, assumes no miraculous
transformation from problem domain to solution domain constructs - only linear refinement and exposition
of detail at the level they become relevant. This explains the insistence on specifying [SkillsC{capabilities,
functional requirements) in the design, rather than imperative statements (as in traditional Pseudocode).

A skill generates a contiguous body of code - method, code block or statement - depending on how used. It
is characteristic of either an entity or an entire component (to allow for Cprocedural Cesigns) . Skill names
- unlike method names - are unique in the entire product, to preserve their statu s as functional requirements
of the product. (CVirtual CBkills are an exception, being implicitly qualified by their entity, to allow
substitutability).

An entity is a container of skills, suggesting common functionality. It generates a class (or class template,
or function library - as specified by the designer).

A component is a container of entities, suggesting common functionality. It generatesa classlibrary. The
Software product is a (flat) container of software components. The Skilltree database (atext file written by
the designer) specifies one software product and may import the interfaces of so many other software
products.

Fig.3. Generated Component summary document page . The report names the entities and facilities in the software
component and shows its dependencies on other components.

Code Folder Console View Assembly ("CodeFolderConsoleViewAsm"). The "countlines" library console application.

Native entities: [ICode Folder Console View [
Facilities: (ICode Folder statistics display O
Components that Code Folder Console View Assembly collaborates with: [ICode Folder Assembly [

Code Folder Console View
Assembly

[>[ Code Folder Assembly
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Fig. 4. Generated entity summary document page . The report names the skills of the entity and shows its collaboration
map in both graphic and tabular form, distinguishing formal associations from simple reliance instances. The table details
the reliance instances.

Code Folder Console View ("CodeFolderConsoleView"). A simple console Human in terface for the "countlines" library.

Knows how...

"...to initialize Code Folder Console View"

"...to display Code File line statistics in folder on console"
"...to print Code File statistics"

"...to print Code Folder statistics"

"...to print Code File summary line"

"...to print grand total"

[elleNelelNoNeo)

Collaboration graph

Code Folder Console View

Code Folder (of Code Folder Assembly)

Code File (of Code Folder Assembly)

Collaboration table

Entity Association Skills
Code Folder . wooa. " it
(of CodeFolderAsm) i "Model" - 1:1 by value to get Code Folder statistics
Code File i "to get Code File name"

i Using

(of CodeFolderAsm) "to get Code File statistics"
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Dynamic analysis

Facility inspectors show algorithm Pseudocode (object-oriented) in graphic and textual formats, allowing
the designer to study collaboration in detail .

A facility isaskill tree, either beginning aroot operation or cut from another facility (for whatever reason).
Its stands for a step in a use case of the component (available to whoever uses it, including other
components). A facility has one or more root skills (relied from outside the current scope) , which may rely
upon skills, which, in turn, may rely upon skills, etc.

[Facility[is among the only Skilltree constructs that do not generate useful code. (The other cases are
examples of reliance on concrete virtual skill overrides and asynchronous reliance). These three belong in
the - functional yet non-procedural - realm of use-case-driven design.

Fig. 5. Tree view of a facility. This object-oriented Pseudocode is similar to the original Skilltree (see figure 10). The
responsible entities (message receiver types) are concentrated in the right column. Reliance attributes are hinted by icons
(such as the icon for “MANY"” in line 6). Reliance conditions are available online in tool tips (not displayed here). The
complete documentation of each skill is available online in a pop-up window. The online inspector also allows collapsing
and expanding nodes (that have depth) and jumping to continuation facilities.

17" to run display Code File line statistics in folder on console

2: L. to get Code Folder name

3 L. to initialize Code Folder Code Folder

4 L. to initialize Code Folder Console View Code Folder Console View
5: L. to display Code File line statistics in folder on console

6 ‘== to print Code File statistics

7 L. to get Code File name Code File

8 L. to get Code File statistics

9 L. to print Code File summary line Code Folder Console View
10: L. to get Code Folder statistics Code Folder

11 L. to print Code Folder statistics Code Folder Console View
12 L. to print grand total

Fig. 6. Generated facility summary inspector. This “wire chart” format summarizes the collaborations specifi c to the
present facility.

Code Folder Console View
Assembly

Code Folder (of CodeFolderfAsm)

Code Faolder Console View

slals/alels l

Code File {of CodeFolderAsm)




A programmer's introdudedghon to B8d4Oi 1 1tree”

Programmer[s documentation

The reports are generated from the Skilltree - rather than the code. Of course, this requires the Skilltree
model to be well-detailed and consistent with the implementation. The reverse engineering facility Owhen
available Owill make this areality.

Fig. 7. Generated programmer guide docume nt. This report lists all components, classes, methods and data members
(implementing associations) It also shows some method complexity statistics.

Component CodeFolderConsol eVi ewAsm
("Code Folder Console View Assembly") The "countlines" library console application.
Namespace: clinesCon.

Class CodeFolderConsol eView
"Code Folder Console View" - A simple console Human interface for the 'countlines’ library.

CONSTRUCTOR - "to initialize Code Folder Console View".
Input: Code Folder.
Receives :CodeFolder.

Public method printReport - "to display Code File line statistics in folder on console".
New state: Code Folder statistics displayed on console on file and total levels.
Complexity: 7 reliances (3 messages), 1 nesting level, 1 decision.

Private variable model : codeFolder
Association 1:1 with Code Folder by value

Unbound functions

Function main - "to run display Code File line statistics in folder on console".
Facilitates: "Code Folder statistics display"”.

Raises error.

Complexity: 4 reliances (3 messages), 2 breaks.

Fig. 8. Generated exported API documentation This table lists all components, classes and methods that are exported
(available as API). The format is intended for use in a non -Skilltree related programmer’s guide document.

Component CodeFolderConsol eVi ewAsm
("Code Folder Console View Assembly") The "countlines" library console application.
Namespace: clinesCon.

Class CodeFolderConsol eView
"Code Folder Console View" - A simple console Human interface for the 'countlines’ library.

CONSTRUCTOR |"to initialize Code Folder Console View". Receives :CodeFolder.
Input: Code Folder.

Public printReport |"to display Code File line statistics in folder on console".
New state: Code Folder statistics displayed on console, file and total levels.

fig. 9. Generated failure condition documentation this report lists all premature “exit” conditions and contract invalidation cases and
their programmatic treatment.

Entity Condition Action
"Skill" (method)
Code Folder Console View Folder name error

"to get Code Folder name" (main)

Code Folder Console View Folder not found error
"to get Code Folder name" (main)
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Appendix

The Skilltree source used to generate figures 1-9.

Fig. 10. A facility from the original Skilltree design. Note the similarity to the object-oriented Pseudocode in figure 5.
Skilltree is a line-oriented indent-based language. Each line begins with a reserved "line type” keyword - “Facility” in line
1, “SKILLTREE” in line 2 and “RELIANCE" in line 3. Skilltree keywords are capitalized for convenience - Skilltree parsing
is case-insensitive. Indentation denotes reliance. The indent-level number is for convenience and may be skipped. This
code has been rewritten and beautified by the Skilltree compiler. The original iteration (freely-written by the designer)
omitted many of these line type keywords whose presence is optional.

001: FACILITY Code Fol der statistics display

002: SKILLTREE 1 to run display Code File line statistics in folder on
consol e

003: RELI ANCE 2 to get Code Fol der nane

004: RELI ANCE 2 to initialize Code Fol der

005: RELI ANCE 2 to initialize Code Fol der Console View

006: RELI ANCE 2 to display Code File line statistics in folder on console

007: RELI ANCE 3 (MANY file IN Model): to print Code File statistics

008: RELI ANCE 4 to get Code File nane

009: RELI ANCE 4 to get Code File statistics

010: RELI ANCE 4 to print Code File sunmary |ine

011: RELI ANCE 3 to get Code Fol der statistics

012: RELI ANCE 3 to print Code Fol der stati stics

013: RELI ANCE 4 to print grand total

Fig. 11. An entity from the original Skilltree design. This code from the top of the Skilltree file specifies the product,
component, entities and skills and their contract. Actually, most of this content was re-arranged here courtesy of compiler.
The original version had these details mixed with the facility (for a demonstration of the procedure see the Skilltree primer
at http://www.skilldesign.com/design/2/1/0.html ). Continuation lines begin with hyphen.

001: SOFTWARE COVPONENT Code Fol der Consol e Vi ew Assenbly

002: I TEM IS The &quot; countlines&quot; |ibrary consol e application
003: | MPLEMENTATI ON APPL| CATI ON

004: NAME CodeFol der Consol eVi ewAsm

005: MODULE code/ CodeFol der Consol eVi ewAsni CodeFol der Consol eVi ewAsm
006: NAMESPACE cl i nesCon

007:

008: SKILL to get Code Fol der nane

009: USAGE CONTRACT

010: QUTPUT Fol der name (WHEN | MPCSSI BLE error)

011: SKILL to run display Code File line statistics in folder on console
012: USAGE CONTRACT

013: EXI T Fol der not found (ACTION error)

014: | MPLEMENTATI ON METHOD

015: SI GNATURE nai n()

016:

017: [/l "Code Fol der Consol e View Assenbly" entities

018:

019: ENTITY Code Fol der Console View

020: EXPORTED

021: ITEM 1S A sinple console Hunan interface for the &quot; countlines&quot;
022: - library

023: | MPLEMENTATI ON CLASS

024: NAME CodeFol der Consol eVi ew

025:

026: /1 "Code Fol der Console View' special skills

027: SKILL to initialize Code Fol der Consol e View

028: USAGE CONTRACT

029: I NPUT Code Fol der

030: | MPLEMENTATI ON METHOD

031: S| GNATURE i ni ti al i ze(aCodeFol der : CodeFol der)

032:
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033:
034:
035:
036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:
047:
048:
049:

050:
051:
052:
053:
054:
055:
056:
057:
058:
059:
060:
061:
062:
063:
064:
065:

/1 "Code Fol der Console View' inplenented skills
SKILL to display Code File line statistics in folder on console
USAGE CONTRACT
NEW STATE Code Fol der statistics displayed on console on file
- and total levels
| MPLEMENTATI ON METHOD
S| GNATURE pri nt Report ()

/1 "Code Fol der Console View' node skills
SKILL to print Code File statistics
USAGE CONTRACT
NEW STATE (1) Code File statistics |line displayed on consol e,
- (2) Code File statistics accunul at ed
SKILL to print Code Folder statistics
USAGE CONTRACT
PREM SE Code Fol der Statics conputed
NEW STATE Code Fol der statistics total |ines displayed on
screen
I NPUT Code Fol der statistics

/Il "Code Fol der Console View' leaf skills
SKILL to print Code File sunmary line
USAGE CONTRACT
NEW STATE Code File statistics line displayed on console
I NPUT Code File statistics
SKILL to print grand total
USAGE CONTRACT
PREM SE Code Fol der Statics conputed
NEW STATE Codef ol der summary |ine displayed on consol e

/1 "Code Fol der Console View' associations
ASSOCI ATION 1:1 Code Fol der BY VALUE ROLE Model
DEFAULT RECEI VER
| MPLEMENTATI ON nodel : codeFol der *



