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1 Background and Purpose

Distributed systems are such systems as executing distributed processing among com-
puters cooperating with each other. Users of a distributed system can use resources
included in it independent of their locations. Technologies supporting such systems have
progressed as network technology advances. Recent distributed systems consist of many
software components like Web servers, plug-ins and database servers. Deployment and
communication paths of those components are complex. Administrators of distributed
systems need documents describing their structures.

We can use natural languages and graphical modeling languages to describe such
systems. Both of them are not appropriate to describe such complex systems precisely
and readably. The other way of describing them is vocabularies of XML, for example
OSD and DSD. But they are hard to read, because their purpose is to automate the tasks
of software deployment. We need a documentation method to describe such systems
precisely and readably.

In this paper, we propose the documentation method describing distributed systems
with a formal specification language. Administrators of distributed systems can under-
stand their whole structure by reading documents with the method, so they can deploy
software components precisely. This method focuses on deployment and communication
paths of their components to describe a whole structure. A formal specification language
can describe such systems without ambiguity, because it uses fixed formal vocabular-
ies and notations. The method consists of formal definitions with the Z notation and
guidelines to describe documents with them.
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We expect administrators can deploy software components precisely using the resulting
documents.

2 Documentation Method of Distributed Systems

We discuss the elements which compose the documents of distributed systems to describe
the formal documents.

The purpose of the documents is to clearly express deployment and communication
paths of software components. Developers of distributed systems describe documents.
The readers of the documents are administrators of distributed systems. They examine
software deployment with documents when they setup such systems or get into trouble.

Four elements of the following relate to deployment and communication paths of those
components.

e Deployment of each component

e Relations between components in deployment,
e Communication paths between components

e Relations between components in their roles

An example of the first item is that a software component should deploy which host.
The second is a set of components which deploy on a same host. The third is the com-
munication route of data between components. The fourth is only download, because it
affects the deployment of components.

We adopt the Z notation as a formal specification language to describe the documents.
Administrators can read them using basic set theory and predicate logic. Documents
describing real world with a formal language tend to become incomplete, because real
world is much complex. To solve this problem, we provide definitions and guidelines
to describe distributed systems formally. The developers can describe the documents
formally with the definitions and guidelines, and readers also can read with them. The
documents described with a natural language tend to be ambiguous, because the natural
language is hard to describe conditional statements and inclusion relations clearly. They
can describe the documents easily using logical connective of the Z notation.

We decide the whole structure of the documents from writers and readers point of
view. We suggest the definition and the guidelines to describe documents formally. The
structure of the document is the name of the distributed system, lists of function’s name
and well-known ports. Other structures consist of each function of such system. The
following list is a structure of each function.

e Name of the document, Outline of the function
e Lists of components

e Constraints of deployment



e Communication paths of components

To define software components and hosts and network formally, we express them as
a set, because the Z notation is based on the set theory. We define the method of
communication paths to describe a flow of communication between components as a
sequence of them. The guidelines of them always describe both components and protocols.
We provide the method to describe relations between components in deployment. In the
guidelines of communication paths, we provide guidelines about a relay of communication
and broadcast.

As example of documentation, we describe the document of VEDICI, which is one
of the distributed systems. VEDICI is a system that it combines distributed software
components on the World Wide Web. Some targets in this paper are a few functions
of VEDICI composing as a system of distance learning. We describe VediciRepository
and OhpDataModelServer as functions of such system, and we show that the method can
apply against a real example. VediciRepository has a function to edit some files in the
web server from web browser. In VediciRepositoty, we provide an example of download
as the relation of components. OhpDataModelServer has a function to show OHP data
as electric teaching materials. In OhpDataModelServer, we provide an example of relay
of communications and broadcast.

The guidelines of this method include informal sense, so the writer may describe
documents by mistake. We will need to exclude ambiguity of those guidelines, for example
formal guidelines or semantics checking tool of this method. Therefore, the writer can
make documents more precisely.

3 Summary and Future Works

In this paper, we developed the documentation method of distributed systems focusing on
deployment and communication paths of software components. Therefore, administrators
of such systems can understand the whole structure. We discussed the elements and the
methods for describing documents of distributed systems. We decided whole structure of
the document based on the result of discussion. At last, we described VEDICI as a case
of such systems. Thus we showed that the method can apply a case of such systems.

As future works, we need to provide detail definition to tell more information of
distributed systems to readers of documents. The documents need to describe all the
information that it is in sight from readers. Thus, we should prepare the definitions or
the guidelines about relations other than download.

In addition, we need to exclude some ambiguity in the informal guidelines. To show
the method not to be a partial method, we need to confirm that the method can describe
about other case of distributed systems. Therefore, we can tell administrators the whole
structure of distributed system precisely.



4 Background and Purpose

gouogobgdgboboogbboobuoobboobooboboboboobooooban
goooo
gbbouogbbuoobbbuoogbbbuooobbbuooobbooooobn
gboboobdaog
gbobboogobbbuooogbbbuooobbboooobobbooooboo
Oooboboboboboboboboobooooooooo Webd oo o
gbobboogobbbooobboboogoobooon
gbobbuoogbbboooobboooobbooobbbooobboooobn
gbobobuooodgobobod
gbobbuoggbbbuooobbooobbooobbbbooobboooobn
gobooodg
gboboboogobbbuooobbobboogobobuogooobon
gbobbouoggbbouoobbouooobbbuoobbobooobnbooooonon
gbbobuooobbbuoooobbon
gbbooogbbboooobbouogbboooobbboooboboooobn
gboobogooobogooboo
gbobbuoggbboboogobboodgboogbbbouooobbbuoooooboon
gobobuoogobboboogooo
gbobbuoogbbbouooobbuoobbboooobbbooobbboooobn
obooooboobooboobg Zzooobboboobooboobodg
gbobbuoogbbbouoobbouoobbuooobbbuooobbbooobn
gbobboogobbbooobboboogboobobooon
gbobbuoggbbouooobbouogobbooobobbooonobooooon
gbogbodgbobobobobobuoobobbobuoobobooobuobobobodgbg
gbbbouogbbbouoobbouogobbbouogbbbuoobbooagobn
gobooo
gobobuoggbbbuooobbobuooobbbuooobbooobobboooobon
goboboodgobbbooobbobboogobobuooobbboooon

5 Desigin and Description of Formally Document

gobbuooggbbobuoooobobooooboboooobobbooooobooo
gbogdbbbuogogdobbuooobbbbooobbbuooobbbuoooobn
gbbboodbobbooobobbbuoogn
gbobbuoodgbbboooobbuoobbbooobbbuooobbuooooon
gbobbuoooobbbuoooobobooooboboooobobobog
goboboogobbobuoooboboogoobooo
gbobbuoggbbboooobboooobbooobbbooobboooobn
gobooo

e JOOOODODO
Deployment of each components



e JO0DOOODOODODOO
The relatin of Deployment to ohter components

e JOOOOODO
The communication paths between components

e JIJIUDODO (DOODDODO)
The relation between components

gbobooggbobbougoboogobobboogobobbooonoboooonon
gooobdad
godguobbbooooobobobboooouobbobooouoobbooooon
gog
gbobboodgobbbuooobbbooooboo
gboboboogobbbuoobbboooobbbouoooobobog
gboboouoggbbobougobbooobobbooobboboooonobooooonon
obhoooobooobooboobuozobobooboooo
googuobbbdoooubbbodoooouobbbooooobbboogoan
goo
gbbooobobbduoobbbuooobbboooobbbooobbooogobn
gobobooooggn
gbobobuoggbbbuogobbooooobbbooobbbuoonobbooonon
goobooodg
gbbuooogbboooobboooobboooobboooobbooobn
gbobbuoodgobbbooobbn
gobbuoggbbouoobboouooobbbuooobbbuooobbooonon
gboboboooobbbooobboboogobobooon
gbobobuoodgobobbooobboooobbbooobobbooobbboooonn
gbobbuooogbbbuouooobbbooogg
gbobboboooobbboooobbboooobbobuooobobbbod

ooooooooo
Name of document and introduction of the function

o0oooo
List of components

goooo
Constrant of deployment

Oooooon
Communication paths of components

obooboobooobboobobbooboobooboobooboobo Zz
gbobboogbobboooobbboodgbbboaon
gbbboogobbbuoobbboooobbbuooobbooooboo



O0000000000DoD00oooDo0ooooooDoooooooooOooon
O0o0o0oOoooooo

OO0O00000O00DO0o0O0o0DOOoDoO0ooo0obOo0bOOooDooooooooon
Ooooooooo

O000000000doo0oDo0oooDoooooDoooooooooooon
O0000dpooOoooad

0000000000000 pFUODOOODODOOODOOOOOOOOOOODOOO
0000000000 DOO000oooOoo0onOo VEDICIOOOoOoooo

VEDICIOOODOOODOODODOOOoDoODOoOooooooo WebdOooooooooa
ooooo

VEDICIODOOOOODODODOOOODODOOOoOooooOoooooooooooooa
O0O000oOooooo

VEDICI O O 0O 0O O O VediciRepository, OhpDataModelServer 0 O 0 OO0 OO0 0O OO
OO00D00O00O00000O0bOO0O00D00o0bOOooOooooDoooooDoooOoog
Oooood

VediciRepository DO Web OO0 O O000 WebOOOOODODODODODOOOOOOOO
Oooooooo

VediciRepository U0 000000 0OO00O0O0OO0ODOOOODOOOOOOOOOOOO

OhpDataModelServer 0 OO0 OO0 O000OO0 OHPO WebOO OO OOOOODOOOO
Ooooooooad

OhpDataModelServer DD 0000000 DODO00O00OO0DODODOOOOODODOOOOO
Oooooooo

OO000000O00DOO0o0bO0oD0o0o0ooobOo0bOooDoOoooooooooon
OO0O00000OO00oOOo0DOOo0oooooon

OO0O00000O00DO00O00oOOo0oOooDo0ooooobOOooDoOOoooooOooon
DO0O00o0dooooooon

O00d000oO0o0doooDoooDoooOooo

6 Summary and Future Works

0000000000000 000000000D00b00o0ooooooooooon
0000000000000 00DO00O00o0ooooooooooooog

0000000000000 000DO00DO00D0000bO0bODOO0oO0oOOO0DOon
O000D00DO00O00000O000oogn

00000000000 DO00D0DO00O0ODO0ODODOOoO0ODO00O0ODO0O0O0DbDO0On
ooo

O00000000000 VEDICIODOODOODOODODOoOoooooboboooo
0000000000 0o0oooon

0000000000000 0000O00DO000O00O0bO0bODOO0DbOO0bOOoO0DO0n
OO0o00oon

O000000000000000D0O000D00DO00DOO0DO0OD0O0OO0A0this paper, the
relation between components is download which affects the deployment of components.



gobbuoggbbbuooobbbouoobbbuooobbboooobboooonon
gbobbuoogobbbuooobbboooobbobooon
gbbuooogbboooobboooobboooobbboooobbooobn
gbobbuoooobbbdoogon
gbobobuoggbbbooogbbooobbbooobbobuooonbboooonon
gbobboooobbbooobobbbooon
goboboboobogobboboooobbobuoooobbboogoobooo



