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1 Summary

¢ Introduction

e EPOS context, history, rationale

e EPOS by examples

e EPOS process model architecture
e EPOS process tool architecture

e EPOS experiences

e Conclusion

6
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2 Introduction

e Use EPOS toillustrate requirements and choices for model
and tool architectures in PSEEs.

e EPOS emphasis: uniformity, OO, planning,
reflectivity and meta-process, cooperating transactions,
CM+PM.

e EPOS status wrt. implementation and use.
e Lessons learned.

e Conclusion
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3 EPOScontext, history and rationale

3.1 EPOScontext and history

e Open-ended, kernel PSEE.

e CM: Manage evolving software products.

Original change-oriented versioning (COV),
client-server EPOSDB, with structurally OO DDL.

On Unix w/RPC and C-ISAM, in C, with Prolog client DML.

e PM: Manage associated processes, process modeling.

Active PM extensions upon passive EPOSDB.
SPELL: Full OO, type-level info, meta-types.

Schema Manager, PM Assistant (new),
Process Engine and Planner,

Project Manager, Cooper ation Manager and
Wor kspace M anager .

In SWI-Prolog using XPCE graphics and a BMS.
Common SPELL for products and activities, and meta-PM.

e Expert system for Program and (“Og”) System develop-
ment.

Contract ED0224.18457, NTNF R&D Council (1986-91),
part of national IT-program.

e At NTH and partly DELAB in Trondheim (1986-95).
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3.2 Rationaleand design criteriaEPOS PM

e Coverage: Entire software life-cycle, open-ended.

Process support by model definition, enaction, evolution;
both “soft” guidance and “hard” automation/control.
Automatic and manual activities, and hybrids.

Multi-actor, distributed environment.
Coordination / communication: intra/inter-transactions.

e Typed network for activity model;
not only implicit rules and triggers.

Procedure (+triggers): fine-grained operations.
Activity: coarse-grained operations.

e Static reasoning and planning (FORMALS, DECOMP.),
Dynamic execution (PRE, CODE) for “active” DB.

e Model structuring:
— general instances with OO types/meta-types,
— type inheritance,
— instance-level composition of product/activity/project,
— type-level composition by network templates,
— sub-projects with versioning.

e Customization and evolution:
Reflection by meta-types, OO dynamic binding / polymor-
phism, universal versioning of projects (PM+CM), over-
write, ...

e Prototyping environment, Prolog bias. Unix and X.
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4 EPOSby Examples

4.1 EPOSArchitectural Layers

See also [COWL91] [C194] [MCL"95]:

1. Client-server, uniformly versioned EPOSDB.
Structurally OO DDL, Prolog DML, TypeDescri pt or s.
Nested, coop. transactions; version = visible sub-DB.

2. SPELL, behaviourally OO PML extension in Prolog.
Full OO: DDL+DML, PROCs/triggers, type-level attrs,
meta-types.

PM Manager with SPELL Translator/Editor.
SPELL Interpreter: based on one cal | _pr oc predicate.

3. EPOSPM tasking framework, using SPELL.

Task type = activity rule, with root TaskEnt i t y defining:
Dynamic PRE—-CODE-POST,
Static PRE-POST, FORMALS and DECOMPOSITION.

Planner instantiates, Execution Manager enacts,
both in Prolog and using XPCE graphical package.

4. Project-specific types, instances, and tools.
E.g. Fam | y with Interface/Body, Decomposition, Depen-
dencies.

Layers 1-3 are EPOS PM Framework. On Sun-4 and X.
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4.2 EPOSDB and PM application
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Figure 1: The EPOSDB and client architecture.
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4.3 EPOSdistributed architecture

—
L

EM +

Planner

DB
Client

.=

-

------

_______________ ":‘-"-._:)-----.
Sub-DB

(S ’
- -
S eana=="

EPOSDB

Figure 2: EPOS distributed architecture.
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4.4 EPOS process model architecture

EPOSDB, with subtransactions — PROCESS TOOLS:
Parent project/transaction
Meta—typlq_-s| I?
5| P~ Schema Manager
PRE... E
Types CODE... p|E
POST... o t
' O S Execution Manager
Internal process Task \Instances o Ko g' L_ Planner,
model in EPOSDB: network: 1 1 N [ Project Manager
D|g|J
Dlr
Lip
/ RN
b .
Meta-types Meta-types M$ == f\:ﬂ(;(r)]gzrea}’tlon
L
E i
( Types ) ( Types ) R
Instances Instances
[ ] ..
Workspace
Manager

\ /_

Check— put/in

External process,
i.e. an application
with file—based
workspaces:

Figure 3: EPOS process model architecture, with indicated processtools.
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5 EPOSModd Architecture

Model fragmentsin an EPOS process modé!:

1. “Classic” process model: Set of instances (objects and re-
lationships) and their schema (types and meta-types), all
in SPELL.

2. Versioning model information: stored options and rules,
selected choice and ambition.

3. Transaction model information: transaction tree, locks, ac-
cess paths, cooperation protocols.

4. Textual descriptions to express: project, version, product,
and transaction information in a Transaction Description
Language.

5. Temporary graphical descriptions / views of all above.

6. Misc. secondary descriptions: BMS tables, ...

Underlying EPOSDB offers uniform versioning of 1-4;
one view of work-context per transaction/project.

EPOS process model: basically a typed network of chained
and decomposed activity (task) instances.
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Submodels for the following process elementswill be presented
later:

1. BA, Basic ones: activity, product (artifact), human.
2. PR, Project aspects: organization.

3. US, User support: workspace, tools, interop., Ul.
4. VA, Variability: support for evolution.

5. Others: versioning, cooperation, quality, ...
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51 TheEPOSPML: SPELL

SPEL L : Software Process EvolL utionary L anguage [CT92]:

e OO extension of the Prolog DDL/DML of EPOSDB,
to better describe task dynamics and model evolution.

e The extensions include:

— Procedures and their parameters.
— Triggers on the procedures.

— Type level
properties (indirectly provided also by EPOSDB DDL,
but explicit in SPELL).

— Some associated semantics: inheritance and scoping.
¢ Instance- and type-level information specified in two dis-
tinct sections inside a type definition (as Smalltalk).

Only one meta-type for tasks: type-level info hangs on
TypeDescriptors.

e Procedures are inherited by subtyping; redefine bodies.
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Ex. Some of the EPOS Predefined Types.

1 EPOSDB
types
SPELL OO
extensions
Tasking
DataEnfity | SubTasks Framework
| Deriver | | Part | $ Application-

specific types

[ Comp_proj | | Atomic_proj |

<Assignmen> <Emp|oyme®

| Text

Legend:
Humanrole Person
<> Relation
L1 Entty
ﬂ\ Subtype Of

Figure 5: Layered meta-types, types, and instances.

The previous architectural layers are indicated on the left.
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Ex. SPELL for task type called design:

ENTITY_TYPE Design: TaskEntity {
INSTANCE_LEVEL

ATTRIBUTES
Exec-state: ... = % For task implementation.
TaskState: String = "Wait—Active—Term’' % Similarly.
PROCEDURES % See under Schema Manager, Sec. 6.6
i_change(New prop.) =...;
i_delete() = % Delete - Destructor
i_convert(NewT:TID) =...; % Soft change
start() = % seein
restart() = % 6.6
stop() = % similarly.
makegoal (Goal) =.. % Issue a goal for the Planner when building
% sub-network. Is empty dueto atomic task.
TRIGGERS

ON-PROC =... WHEN=AFTER
COND=.. ACTION=...

TYPE_LEVEL

ATTRIBUTES
PRE_STATIC (Inher=append) Pred = Reguirement.statusis created,;
PRE_.DYNAMIC (Inher=append) Pred = Input.stateis satisfied;
CODE (Inher=concatenate) Prog = gather data; invokedesign tool; ...;
POST_STATIC (Inher=append) Pred = DesignDoc.gtatusis edited;
POST_DYNAMIC (Inher=append) Pred = true;
FORMALS (Inher=redef) String = 'in:$Requirement(read)=

out:$DesignDoc(write)’;

DECOMPOSITION (Inher=redef) String = ' REPERTOIRE(Task1, Task2, ...)’;
EXECUTOR (Inher=redef) String = ' <Designtool and parameters>’;
ROLE (Inher=redef) String="<Logical rolename, eg. Designer (seein 5.4);>’

PROCEDURES

i_create(NewTask: TID) % Norma NEW generator - Constructor
subgoal§(...) % Used by Planner in sec. 6.5
% to generate a goal for each itsinputs.

} % Design task type

Figure 6: The Design task type.
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5.2 BA.ACT: Activity or Task Submodel

Task instance = active DB object, in task network (cf. “Petri net”),
incrementally constructed/planned, concurrently enacted.

Task type = activity “ rule” , with a script to be executed.
As a subtype of predefined TaskEnt i ty type.
Two main subtypes: Interactors and derivers.

A task type expresses knowledge about a development step/
tool, and contains:

¢ Dynamic PRE- and POST-conditions for dynamic trigger-
ing of tasks, executing between a sequential CODE script.
Side-effects allowed on such PRE, CODE and POST.

e Static PRE- and POST-conditions for forward or backward
reasoning without executing the CODE.

¢ FORMALS and DECOMPOSITION type constructors reg-
ulate structure of task network.
l.e. network templates or a minimal graph grammar.
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Ex. Task NetworKk:
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5.3 BA.PROD: Product submodel

Product: passive objects, connected by relationships
(task = active object).

Product type: here defined in an OO ERA formalism (OMG-
like), extended with procedures and triggers.

Pre-defined product models available for certain domains
(p.t. software engineering), and supported by tools.

A simple, textual product description language (EPDL) is used
to describe products in the workspace, a mini-MIL.

Ex. Product families with Interface/Body, and with Part O
and Depends_On relationships.

Legend for Rel ationshi ps

............. - Fami | yOf
[ Conposi tion
RN InterfaceC

o, | T L | npl ement edBy
".," —~ DependsOn
.,
I 4,

Desi gnDoc

Li brary Desi gnDoc



EPOS Process Models and Tools 2nd PSSEA Workshop, 20-23 Feb. 1996, Irvine 23

54 BA.HUM: Human/role submodel

Rudimentary modeled:

e Role: generic person (“placeholder” for an activity), with
certain rights and plights. E.g. a Manager, Designer or Pro-
grammer.

Connected to the ROLE attribute in tasks.

e Agent: concrete person filling a role, thus responsible for
specific objects or operations. E.g. “Donald Knuth” or “Bill
Curtis”.

e Team: set of agents.
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5.5 PR.ORG: Organization/project submodel

Project is the EPOS term for execution environment — multi-
user or single-user, large or small:

e Project is high-level task to control sub-DBs / workspaces,
unit of customization / evolution.

e Connected to an EPOSDB transaction.

e Contains:

— General information: name, responsible, informal work
description and change log.

— Work order or modification request.

— Product description (in EPDL), and version description.
— Workspace description.

— Cooperation protocols (see 5.12).

— Resources: time, humans, HW/SW tools.

— Constraints: deadlines, quality goals, own meta-model.
— Subprojects.

All described in a textual Work Unit Description Language,
WUDL.

Strong overlap with project management!
No general organization modeling.
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Project breakdown: Task partitioning and data exchange:

Project P0

Project P 1

Figure 8: Project breakdown: Task partitioning and precommit exchange of data.
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5.6 USTOOL: Tool submodel

Tool instance: passive object of type Execut abl e, “external”
PROC with (file) name. A proxy, not the OS-tool itself.
OS-tool: interactive (e.g. editor) or derivative (e.g. compiler).

Tool task subtype:

e Generalizes and describes an external OS-tool.

e CODE: script to activate and to control tool invocation.
Pre/Post-Actions as envelope.

e Associated OS-tool: via EXECUTOR attribute to Exe-
cutable object, pointing at an independently produced and
versioned OS-tool.

e OStool switches. very special task “parameters”.
Some may change the FORMALS, cf. Unix CC compiler!
|.e. several deriver subtypes (“variants”) for one OS-tool.

Tool invocation: by a networked task instance, cooperating via
a BMS against an external and concurrent OS “thread” that ex-
ecutes the given OS-tool.
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Ex. Toolscoupled to tasks:
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<z (Tasks with actual parms.)

X.list

LD task
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5.7 USWS: Workspace submodel

Very simple DB-W S mapping of internal product structures 1:1
down to Unix files. Allows shared families. Described in TDL.

5.8 US.INTE: Tool Integration submodel

EPOS uses simple shell scripts and manually filtered mes-
sages for asynchronous invocation and communication with
external tools. No explicit model for this.

BMS (Broadcast Message Server) configuration schemas
must be maintained separately.

59 USUI: User Interface submodel

EPOS has no systematic model here, mostly ad-hoc.

The relevant models are displayed both graphically and textu-
ally by their manipulating PSEE tools.
Agenda attatched to the Execution Manager.
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510 VA.EVOL: Meta-process submodel

Explicitly stated by meta-types and related meta-activities and
-procedures in SPELL [JC93], often as a separate task net-
work. Meta-activites include basic mechanisms (e.g., version-
ing, subtyping) for evolving types by ising reflective SPELL, dy-
namic OO binding, versioning in subprojects.

Meta-process covers four major functional aspects:

¢ Planning: prescribing how a given projectis scheduled and
then configured into an appropriate development process
(cf. Planner and Project Manager).

e Tracking/follow-up: guidance on how to collect relevant
data/measures on which historical profile/experience will
be compared and analyzed. Effective directives and guide-
lines are fed back to the project environment for corrective
actions (cf. Project Manager).

e Packaging/learning: describing how experiences and
lessons gained from completed projects are generalized,
formalized and stored for future use (preventive actions).

e Evolution: describing how the entire software process (p-
p, m-p and p-s) is evolved (cf. Schema Manager and new
Task Network Editor).
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Tool support (meta-tool):

e (Re-)Planner: incrementally (re)constructs task network
based on an initial goal and current world state.

e Project Manager: some low-level aspects for project man-
agement.

e Execution Manager: interprets the task network and as-
sists in task execution.

e Task Network Editor (new): changes task network to ac-
comodate to specific needs (changing-on-the-fly).

e Schema Manager: provides support for updating types and
schemas.
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511 VERS: Theversioning submodel

Traditional versioning

e Sequential revisions. May e.g. be used for:

— Corrections
— Adaptations
— Enhancements

e Parallel variants - may be permanent or temporary.

e Merging - combining variants. Problematic.

¢ Delta storage — to save space and record differences.
¢ Attribution — alternative way to select versions.

e Change sets: collection of changes explicit.
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Change Oriented Versioning— COV:

([[mm:l) Version of DB.

.............. - Properties.

Figure 9: Versioning of the database.

e Versions are identified by their logical properties, not ver-
sion ID.

e The DB is versioned as a whole.
e No strict revision chaining.
e Raw merge comes for “free”.

¢ Versions are implicit; result of selecting among properties.

See [Lie89] [MLG'93].
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CQOV (cont’d 1):

e Functional change, primary: > updated fragments
“deltas”.

¢ Version, secondary: accumulated = changes.

e A version is not an explicit object, but the result of a version
selection/evaluation.

e COV is largely independent of data model, and enables
uniform versioning of entities, relationships etc.

COV offers:

¢ Intentional and flexible version selection, based on logical
changes.

e Explicit representation of version space (for locking?).
¢ Versioning being orthogonal to data and its granularity.

e Simpler version selection: done once, not for every object.
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CQOV (cont’d 2):

e Option: (global) boolean variable defining one logical prop-
erty.

e Can be freely combined, possibly constrained by stored
version-rules.

e Choice: for selecting version — binding of true/false to rele-
vant options.

¢ Defines single-version view of the whole database before
product selection.

e Ambition: set of bindings, like the choice — defines scope
of changes being done.

e All versions “within” ambition are affected.

e Version rules. a constraint, a preference, or a default, used
for guiding or restricting setting of ambitions and version-
choices.

e Status properties can be associated with versions, ranging
from “untested” to “released-and-frozen”.
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Configuration Mappings on top of COV

VD, Version-description (+ Preferences and Defaults).
PD, Product-description = (Root objects, ER types).

CD, Config-description = [VD, PD].

CD +— bound Configuration, in three steps:

Cl VC = Bind-choice(VD, version-rules).
C2) Sub-DB = Version-selection(VC, DB).

C3) Configuration = Product-selection(PD, Sub-DB).
C4) Workspace = Check-out(WS-DB-map, Sub-DB).

Product (“AND”) selection after version (*OR”) selection!

Configuration: consistent, complete version of process model;
more than sub-product!
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EPOSDB mappings

_— EPOS DB T
\ //

| ocal prop.

read/ wite

Figure 10: EPOSDB mappings.
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5.12 TRANS: Thetransaction submodel

EPOSDB transaction model [CM91] [NC93] [LL95]:

e A hybrid between strictly nested DBs and shared black-
boards.

e Nested, non-serializable, long transactions, with
version-choice (for read) and ambition (for write);
product modeling done by EPOS-PM outside EPOSDB.

e Cooperatingtransactions. May cross-propagate to and ne-
gotiate with siblings before commit, according to agreed-
upon protocols.

Own EPOS message facility.

¢ Flexible access locks and access paths.
¢ Also short, ACID transactions for critical regions.
e Transactions as DB-objects and rel.ships.

e Local changes in sub-DB, then commit upwards to parent
(which may propagate downwards to remaining children).

¢ Flexible commit / abort / merge policies, with user-defined
consistency constraints and conflict resolution.

e Basic mech. in EPOSDB, domain policies in EPOS-PM.
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e External file-based workspaces, with check-out and check-
in.

e Transaction: work context for customized process model,

with (meta-)types, task networks, and product descrip-
tions.

e Coupled to EPOS projects to define work environment.
E.g. project’'s POST-condition defines commit consistency.

Wor k-Units

e WUDL — A language to spec-
ify planned activities/transactions. Specifications stored in
the EPOSDB, and can be changed dynamically.

e Express work intentions within a workspace, and coopera-
tive behavior.

¢ A work-unit specification includes:

— Name (hierarchical), Description, Product

— Read- and write-sets. Corresponding lock and access
modes.

— Cooperation policies: Responses to notifications.
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Overlap and Propagation

Transactions may overlap and produce conflicts — need pro-
cedures (merge, cooperation) to handle that.

Version-overlap: mutual version visibility; ambitions overlap if
no conflicting option setting.

Product-overlap: shared subsystems; non-empty intersection
of actual product components.

Policies for handling conflicting updates:

¢ Rollback (prevent any overlapping transaction from com-
mitting — intolerable!).

e Priority (e.g. let the first or last “win”).
e Access locks (controlling Read/Write by 2PL).
e Optimistic (“soft locks”).

e Merging/integration (most general, used in EPOS):
either continuous cooperation or pre-commit merge.
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Ex. Parent transaction T, with N children Ti.
Ti works on disjoint product parts.

Ti hides (private) updated modules Mx in local Workspaces;
will gradually “pre”-check-in
(promote) these to shared Workspace pool + ensuing propa-
gation into other Workspaces.

What if Tj wants to delay using a promoted modules Mx from
Ti? :

e Temporarily keeping a local copy of the previous version of
MX,

e By equivalent manipulation with symbolic links or search
paths.

Private WS

pre-check-in?

oM ©
Préserve old
versjion tenporarily?

Figure 11: Partly shared Wor kspaces, same ambition.
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Change propagation between transactions:

¢ Decide mutual version visibility or overlap.

e Set up (“plan”) detailed and pairwise inter-transaction pro-
tocols for pre-commit negotiation and propagation:

— What: limit propagation to certain datatypes, to explic-
itly mentioned objects, ...

— When to receive (and implicitly to send) changes.
+x BUSY: all changes are propagated immediately.

x SEMI-BUSY: Manual confirmation or request.

+ SELF-COMMIT: Made visible after transaction com-
mit.

x* OTHER-COMMIT: integrate changes upon other’s
commit.

— How to accept:

x NEEDING-ACK: need explicit ack after notification.

* NO-ACK: notification always sent, no answer ex-
pected.

— How to copy (Workspace connectivity):

x AUTO-COPY: shared file (only for NO-ACK), etc.
x MANUAL-COPY, e.g. to prepare for merging.

e Planning support by TRAPLAS (6.7):
partition, schedule and protocolize subtransactions.
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5.13 General Model Organization and Evolution

Model structuring:

e General instances with OO types/meta-types,
¢ Type inheritance,
¢ Instance-level composition for product/activity/project,

e Type-level composition by network templates (FORMALS,
DECOMPOSITION),

e Sub-projects with versioning,

¢ Reusable submodels, subschemas ??
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M odd customization and evolution:

¢ Reflection by meta-types: but non-SPELL submodels.

e OO dynamic binding /polymorphism,
¢ Universal versioning (PM+CM),

e Copy and overwrite.
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6 EPOSTool Architecture

6.1 General architectureand examples

............................................................................

PM Application

............................................................................

...........................................................................

Data Mapping and Prolog Interface Client
Client RPC jﬁ

Data Model "Internal” C interface
Interpretation
Server RPC
C Interface
Object Access
Server
Transactions

Versioning (CoV)

Low Level Record Handling

c-1sam ®

UNIX

Figure 12: The layering of EPOSDB and EPOS-PM.
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EPOS layers and data:

Other process tools
Execution Manager PRE/CODE/POST
EPOS-PM Tasking SPELL Vi .
client Srocs heriance Process Engine
on Unix SPELL Interpreter rules.
| | OO SPELL \ \ | B
v Y ]
DDL DML H S attrs
A
RPC Data model
layer
— ’f\—//ji

TransID| Vis.=YES ....... ? Transaction layer

EPOSDB

server Visibility | ...... ?
on Unix

Versioning layer

‘ ....... 2 ‘ Record layer

Index
seq. files j C-ISAM

In EPOSDB lies also schema (TypeDescriptors), versioning
options, and transaction descriptors.

Figure 13: EPOS layers and data.
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6.2

EPOSDB

Client-server, versioned software engineering database,
offering a DDL/DML in Prolog.

Architectural or functional layers:

N o o~ w N

. PSEE as client application on top of EPOSDB:

4. General process tools.
3. Tasking SPELL, with Execution Manager.
2. OO SPELL, with SPELL interpreter.

All above: prev. layers 4, 3, 2.
All below: prev. layers 1.

. Data model layer: in both client and server, using RPC.
. Transaction layer.

. Versioning layer.

Record layer.
C-ISAM, index sequential files.

Unix, flat files.

Data, versioning and transaction model/layers: independent!

SPELL extends EPOSDB data model with:
full OO of DDL+DML, reflection, and tasking.

46
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6.3 SPELL Interpreter: Low-level Process Engine

Type representationTypeDescri pt or s (TDs).
Type operations: type-level PROCs & attrs to
instrument the PSEE tools.

Access/bind semantics of PROCSs, triggers and attributes by
one predicate:

call _proc(Called, Caller, PNane, Paraneters).

Distinguishes between type-level and instance-level PROCs.

For instance-level attributes: use DML predicate names as pa-
rameters.

For type-level attributes:

call _proc(Caller, Called, read/wite,
[ A Nane--A Val]).
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6.4 Execution Manager: Low-level Process Engine

Execution Manager adds tasking and user/tool interface:

¢ One per transaction, acts like a coroutine.
e Cooperates with users by simple Ul, incl. an agenda.
e Cooperates with production tools by a BMS.

e Cooperates with Planner to incrementally (re)generate
plans = partially ordered task networks.

e Handles errorsvia error tasks — exception handling!

e Checks PRE_DYNAMIC conditions of tasks;
non-temporal conditions (RULE: timestamp changed),
temporal conditions (POLICY: when to compile).

e Task states:

— Created: unfinished — used during planning.
— Initiated: waiting for non-temporal PRE conditions.
— Waiting: waiting for temporal PRE conditions.

— Ready:. all PRE conditions fulfilled; waiting for re-
sources.

— Active: execution of the CODE part.
— Terminated: execution finished.

e Goal-directed (lazy, the classic Build) and
Opportunistic (e.g. busy) execution; task-specific.
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EPOStask network internals;

Supertype

Meta—type

subtype_ of
instance__ Task type

PRE
CODE
POST
FORMALS

O
© PROCs, instance— & type—level
DECOMP Zg TRIGGERSs, instance— & type—level
‘O

Type descriptors

Instances instance_of

Task |nstance

O\ taskstate — O
O— =0

subtask-""" \"‘u._.:subtask

Ul Agenda
Task network

O[]0
S oo

production

tool
o

O

files

Figure 14: Task network and typing structure.
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BaM SE —a BM S connection:

e Student group project autumn 1993.

¢ Integrate with the BMS (Broadcast Message Server) of the
HP SoftBench environment.

e Execution Manager runs tools by sending messages via
BMS.

e Messages sent back upon certain events (e.g. tool termi-
nation).

Similar to Adele [BEM93], Process Weaver [Fer93], SPADE
[BFG93] etc. using BMSes like HP SoftBench, DEC FUSE.

Execution M anager, BM S and production tools:

User 1 User 2 User N

Figure 15: System architecture with BaMSE in use.
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6.5 Planner

Planner incrementally (re-)generates task networks [Liu91]
[LCI3]:

e Cooperates with Execution Manager:
receives goals and returns plans for execution.

e Product-level: e.g. horizontal derivation graphs.

e Project-level: e.g. simple task breakdown (see Project Man-
ager for complex planning by humans).

e Replan upon execution failures, i.e. unexpected plan re-
sults, and upon product changes.

Planner internals;

e World State Description: TDs and Product.

e Reasoning on PRE_STATIC and PRE_POST conditions.
Ignores dynamic information (time-stamps, start-up).

¢ Non-linear planning: using FORMALS and
domain knowledge in a production system.

e Hierarchical planning: Expand task with empty CODE,
use DECOMPOSITION and desired inputs/outputs.

e EPOStask types (actions): explicit I/0O, and FORMALS
translated to normal PRE/POST conditions.
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6.6 Schema Manager

The SchemaM anager handles the type library and its evolution:

e SPELL Translator and SPELL Editor/Browser:
inserts new and modifies old types.
Uses a graphical editor (BEATE student project).

e SPELL Analyzer: assesses proposed type changes.

Type-level PROCs subtyped to instrument enhance SPELL
Translator/Editor:

e t Ccreate: depends on various consistency checks.
o t _del et e: OK, unless being referred to.
e t _change:

— Hard changes imply structural changes;
illegal, but may use i _convert to refine (sub)type.

— Soft changes are PM-specific; e.g. changes in
CODE, dynamic PRE/POST, FORMALS, or PROC:s.
Delicate conversions and synchronizations!
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6.7 Project Manager

Manages projects, being high-level tasks attached to transac-
tions, in dialog with humans:

e Start Project: The parent project/transaction must often
delegate to subprojects. Done through its Project Man-
ager subtask and its TRAPLAS tool: define partitioning,
scheduling, and coordination of new subprojects.

e Generate Subtasks. Under the local Pr oj ect task, the
Planner will generate an infrastructure of subtasks,

e InitProject: The new subproject has a config-description,
CD, that represents its sub-database.

e Customise own Cooperation protocols in WUDL, also by
TRAPLAS: negotiation/propagation patterns against over-
lapping sibling projects may be adjusted.

e Customise the Process Schema: The Schema Manager is
used to refine and adapt the Process Schema, that has
been inherited from the parent project, into a more specific
one.

e continued next page...
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e Check-out:
Relevant files are checked-out from the database by the
Wor kspace M anager

e Real Project execution:

—An Atom cProject will in its Devel op subtask,
(re)plan and (re)execute further subtasks.
The Cooperation Manager is used here.

— A Conposi t eProj ect willinits Proj ect Manager
subtask recurse from above.

e Check-in: The Workspace Manager will ultimately check-in
the modified workspace files to the database.

e TermProject: It will commit the current database transac-
tion. The Project Manager of this subproject will notify and
negotiate with the corresponding Project Manager in the
parent project about this.
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Transaction Planning Assistant, TRAPLAS

EPOS Transaction Planning Assistant [CLH95]:

1. Partition transactions or projects, to limit interconnections
between the resulting subtransactions.

2. Schedule the above subtransactions, to ensure a reason-
ably good performance of the overall software process;
and

3. Protocolize the leaf subtransactions to drive the more low-
level database mechanisms, e.g. propagation and negoti-
ation policies, data sharing, and locking.

Uses the following information:

o Write Set (WS): Set of objects written (to) by transaction.
e Read Set (RS): Set of objects read by transaction.

e | mpact Sets (IM): Set of objects affected by transaction, di-
rectly or via dependencies.

e Domain-specific knowledge: product structures, weighted
relationships.
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EX. Impact analysis of two transactions:

Transaction 1 Transaction

2

Figure 16: Example: Impact analysis of two transactions.

TC; — The transitive closure of W S; (full impact of W .S;)
IM;;, =TC; N RS, —The impact of W.S; on RS,

IM;; =TC; N RS; — The impact of W.S; on RS;

IM; = U?_, I M;; — The total impact of W'5,.
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6.8 Workspace Manager

This uses the ECM (EPOSCM) tool to check in/out single files
or groups of such from a workspace against the EPOSDB, us-
ing the textual EPOS Product Description Language, EPDL.

Project structureduring work:

DB structure Cooperation

Directory
tree Parent
Check
Out

Figure 17: Project structure during work.



EPOS Process Models and Tools 2nd PSSEA Workshop, 20-23 Feb. 1996, Irvine 58

ECM has a set of commands to start and close workspaces,
component-wise check-out/in, as well as group check-in.

A workspace can be started based on work-unit specification,
and all components in the read-and write-sets can be checked
oult.

CHAT is a GUI to ECM and includes product and workspace
browsers, as well as special support for negotiation on locked
components as well as components which need integration be-
fore check-in or commit.
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6.9 Cooperation Manager

Essentially interprets protocols according to specified events,
and transfers data and messages accordingly.

Significant events and corresponding actions can be specified
in work-unit descriptions or at run-time. The events are typi-
cally ECM operations (check-out/in, etc.), or message recep-
tion. The actions are ECM-commands and message sending.

These features are implemented by special deamons for each
transaction. These daemons are integrated with CHAT, which
provides message handling functionality.
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6.10 PM Assistant (new)

Meta-process involves much more than Planner and Schema
Manager, and more than SPELL: make a more general PM As-
sistant

¢ Intelligent assistant towards the human process modeler.

¢ Reuse well-proven and existing process models:
must decide architectural formalism.

e Adapt, extend and evolve these;
according to company rules and given feedbacks (met-
rcs).

e Coupled to Experience Database.

Effort just started.
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7 Experienceswith EPOS model/tool architecture

7.1 Experienceswith EPOS process models

Present modeling experiences:

1. Various toy examples.

2. A canonical demo example, both single and multi-user,
20 activities covering design and coding.

3. The ISPW7 example [CAJT91] and parts of ISPW9.
4. Some process examples from Siemens and Ericsson.

5. Experiments with converting RCS based software archives
to COV.

Ongoing:

1. Taking process/product models from nearby ES-
PRIT projects (REBOOT, PROTEUS), and from Sysdeco
(sw house).

2. Using the EPOS code itself.
3. Taking aspects of enterprise models from Statoil.

4. An controlled experiment with NOVIT, a local bank soft-
ware house. The study closely follows-up some represen-
tative projects to collect relevant metrics and data wrt. pro-
cess evolution.



EPOS Process Models and Tools 2nd PSSEA Workshop, 20-23 Feb. 1996, Irvine 62

7.2 Experienceswith EPOStools

Current implementation of EPOSDB:

¢ Implemented in 30K lines of C, third rewritten version.

e Layered architecture, C-ISAM at bottom.

e Prolog API, built on internal C interface with SWI-Prolog.
e DB-mockup for single-user EPOS-PM.

Current implementation of EPOS-PM:

e About 10K lines of SWI-Prolog and XPCE.
e BMS add-on: easy.
¢ Prolog and XPCE: slow and buggy; but fast prototyping.

e EPOSDB + EPOS-PM in client-server mode: tricky debug-
ging!

Also moving platform: Sun-2 to Sun-3 to Sun-4, SunOS to So-
laris, ...

Much time used on (re-)implementation,
no direct industrial use and commercialization of this!
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8 Conclusion

Preliminary model conclusions:

e One PML (SPELL) for product, activity, tool, and project
submodels; and for meta-processes.
But other PMLs for versioning, transactions, ...

e But cryptic and low-level PML(s),
hard to see and understand total model.
Better viewing and Ul needed!!

e Lacks a “soft path” to making activity models,
e.g. starting informally on instance-level.

e Remains work on: CM+PM, cooperating transactions,
QA/PrM and measurement-based process improvement.

e More high-level PML: general process architecture, ver-
sioning, ...
And associated method support!

e Meta-process is more that the SPELL domain!

e Modularize large and partly reusable process (sub)models.

Need more industrial experience!
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Preliminary EPOSDB tool conclusions:

e Optimizations (also for COV).
e Add complex objects, consolidate transactions, ...
e Also APl in C++?

e Commercial DBMS needed for Software Experience
Database!

e Substitute EPOSDB with another (OO)DBMS?
cf. Marvel [BK92] and PMDB [PS91].
OK for data model, but versioning / transactions?

¢ Implement cooperation/versioning model on e.g. group-
ware platforms?
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Preliminary EPOS-PM tool conclusions:

e Good add-on to a (OO)DBMS.
Also via DB-mockup for testing.

e Better Ul needed, in a general PM Assistant.

e More open process tool architecture, not one Prolog pro-
gram.

e PML: now quasi-concurrent, fully OO, reflective Prolog!
Alternative basic PML: concurrent Prologs or Smalltalks, or
CLOS, or commercial PMLs?

e Couple to tools for distributed systems and groupware,
project management and QA?
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