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Classical Theoretical Informatics

g THE ALAN TURING YEAR

A Centenary Celebration of the Life and Work of Alan Turing

-

2012
celebrated as the greatest computer scientist of the 20" century.

Basics of theoretical informatics:
Turing Machines (1936)



Theoretical Informatics in a nutshell

alphabet 2; finitely many symbols a3, b, ¢, ...,z
words X countably many ab, ca, aca, ...
functions f: 2* ---> X*; uncountably many

Some of those functions are “computable” (countably many).
Each computable function can effectively be computed
* by acomputer (with unbounded store)

* by an amazingly simple kind of machine, a Turing machine.

Yet, no computer can compute more functions.
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So, the theory of computable funcuons
is frequently considered THE theory of informatics.



1. Informatics comprises
communication

—

e

How establish reliable communication?
By sending acknowledgements, copies, etc.,
i.e. by means of distributed algorithms (“protocols”).

Complexity is not in computation but in communication.



2. Informatics comprises
non-ending behavior

SOC “always on”
cloud
elevator control

business informatics “24/7”

classical view: .
new view:

terminating behavior is intended,  infinite behavior is intended.

infinite behavior is mistaken. terminating behavior is mistaken.



3. Informatics comprises
causal independence
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Distributed Systems and Distributed Runs
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a variant: i-th b before i-th f

a deterministic system
no alternatives
one behavior (run, execution)
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more general ...

the beer hall pattern:
“... so that people are continuously criss-crossing
from one to another.” ... to click their glasses




... a partially ordered set of events

what is this formally?
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This talk:

1. Aspects that exceed classical Theoretical Informatics
2. Towards a Theory of Services
3. Composing many services
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The World of Software

Classical Programming: _
Concepts Languages Implementations
fr 2% o> 2
termination is undecidable
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Semantics should be mathematics!

Requirement:
In analogy to programming languages:

The semantics of a service is a mathematical object!

True, this is presently not the case.

BUT WE SHOULD spend effort into this!
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Interaction is represented as composition

Requirements:

The — elementary — notion of composition of services
is a (simple!) mathematical (or logical!) operation.

For services S and T,
the composition ST
IS a service again.

(Frequently, S@® T does not interact any more.)

~def

D

19



The algebraic structure of services

Given:
e aset & of services,
* a composition operator ® : S x & £ §,

This yields the algebraic structure
(S @).

20



Models of services

a ... a transition system
with channels

for asynchronous communication

—— with its environment.

Semantics of S:
During a computation, each
channel funnels a stream of data.

technically: not too convincing
a relation on — infinite — streams



How to compose services?

S®T Y \
/N
S b b T

c\ / €

Composition ST
has pending channels.
... IS @ service again.

The world consists of
composed services
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Requirements at composed services

SOT
i/ \ ¢ Together, services may

/ \ accomplish a requirement, p.

S :b:b T

\\ /e1 ... as CTL* formulas:

C
S and T communicate boundedly S®T”AG n-bounded
S and T communicate responsively S ® T” AGEF responsive

With target states:

S @ T weakly terminates S ®T” AGEF terminal

S @ T is deadlock free S®T” AG (terminal £ target)
S @ Tis lifelock free S®T?” AGEF target

23



For a requirement p ...

S®T

Y\

/

S :b:b T

N/

C e
S and T communicate boundedly

S and T communicate responsively

With target states:

S @ T weakly terminates
S @ Tis deadlock free

S @ Tis lifelock free

Def.: Let p be a requirement
on services.
(i) Sand T are p -partners
iff S®T” p

(ii) S is substitutable by T
iff for all U,
SA®U” pimpliesTOU” p

| on—thE-ﬂV'
subStitutiOn

(iii) Uis a p-adapter forSand T
iff SOUDT” p
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properties of services

Quests at the partners of a service, S,
w.r.t a requirement p :

Does S have p-partners at all ?

Is T a p-partnerof S ?

How construct a canonical p -partner of S?
How characterize all p -partners of §°?

Controllability

Composability
“most liberal”
Operating Guideline

25



a general goal

Description of
semantics and (in particular) composition of services:

- on a high level of business logic.
- not on a low level of implementation details.

Describe system properties |



The algebraic structure of services

I”

Given: the “classical” requirement

easet S of services, p : weak termination

* a composition operator @ : § x & £ §, . _
derived notions

* a set Q of requirements p,, ..., p, .
(w.r.t some p):

This yields the algebraic structure

(& ©,Q). S may be substituted by S*:

semp(S) - semp(S’)
For S, T e §, peQ,

T isa p- partner of S, S and T are equivalent:

iff ST p. Semp(S) = Semp(T)
Uadapts S and T:
Let sem (S) =4 the set of SOUBTY p

all p - partners of S. 27



This talk:

1. Aspects that exceed classical Theoretical Informatics
2. Towards a Theory of Services

3. Composing many services
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Example: a supply chain

Raw Materials

RM @ Su ® Ma @ Di @ Cu @ Co no mekeP::;lufactunno

LS

Consumer Customer

29



Example: an adapter

socket @ adapter @ plug no brac/(ets/

30



The algebraic structure of services

Given:

*aset & of services,

o aasgoasitioeoperator @ : S x S £ §,
* a set Q of requirements p,, ..., p, < &.
This yields the algebraic structure

(53 @ ’ Q)



Wanted

A generic notion of “Service” (component) such that:

* Aservice S has aninterface and an inner part.
* Two services S and T may be composed
along their interfaces, yielding a service S®T.
 The interfaces of S and T have fitting elements.
* Fitting elements of the interfacesof S and T
turn into inner elements of SOT.

Problem: a minimal set of requirements at such services
and their composition @
such that @ is total and associative.



a halve composition
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A fundamental idea:

A services” S interface is partitioned
into a left and a right port S;and S, |

ﬁi W input and output
E i ‘ customer and supplier
Supplier .
N provider and requester
Manufacturing
RM@®Su®Ma®Di®Cu®Co producer and consumer

— buy side  and sell side
Qh"'_“'

Distribution

L

Consumer

Customer

34



two Ports

S b 4| T [l | ] Y |b
—
VY AN
e € e €
right left right
port S, port T, port T,
|dea: ForSDT,

A services’ S interface is partitioned compose

into a left and a right port S;and S, | S, with T, .
35



composition along ports
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... IS associative!l

\d f/ \ d f
\ /
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= S®(TOU)
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... more detailed

Cy

38



R, and L, fit perfectly

Cy

O
(A
L,

C,

5
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Composition €, &~ C,

C12

el

L1, R1,

be
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... it is not always that simple
C,

s 659

1 2 RZ
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Composition €, &~ C,

42



This works nicely:

C, C,

<‘

—
[N
A
=
—
N
A
N
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... unfortunately

C, C,

e

1




Port with multiple label

Two nodes of R, You can not avoid this!
are labelled alike!

45



... what to do here ??7?

O
(A
L

1 Rl RZ

graphical convention:

Idea: lower < upper.

n equally labelled

nodes in one port Glue

are indexed 1, ... n. equally labelled and

equally indexed nodes.
46



... what to do here ??7?

C, C,

- —>

o
O
L

O
(A
L

1 2 R,
1 graphical convention:
Idea: - lower < u
pper.
Equally labelled nodes
in one port Glue
are ordered. equally labelled nodes

both n-th in their order.
47



An extreme case

all labels alike.

48



An extreme case

Cy

all labels alike.

49



An extreme case

all labels alike.

50



... ahother extreme case

B F
a B

A C E

all labels different. F
"

results in @

o

A

o1



... a tricky property

dad pays, mom selects,

mom vend. mach
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... a tricky property

dad pays,

dad

mom

mom selects,

kid drinks.

vend. mach

T
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A variant of the vending machine

dad pays,

dad

mom

mom selects,

kid drinks.

vend. mach

T

r@

%

l

7
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Ports may overlap!

N,

N2
provider ’O O_’|requester

55



exclusive requester

N1
provider

OH

{

3

N2
requester

R,

a vaVia”t:
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sharing requester

a vaVia”t:

N,

N2
provider ’O O_’|requester

R1 Zg ?\"L
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sharing requester

N, N,

provider ’Q"'requester

Zg R@\'L



second sharing requester

N1
provider

N;

’Q—"req uester

AN

e

™

QL

N,’
equester
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second sharing requester

N1
provider

N,’
requester

N;

O"'req uester

a1l
AN
Zg ) ™

60



third sharing requester

N2H
requester

N,’

requester _ _
skip the primes:

2
provider requester N;
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generic sharing requesters

P
provider

generic
reques-
ter Q :

Q
(_@/ requester
) o Q
requester
D
Q
M requester
R
JoSa
Q
@ >requester

P~ Q
w” Qe

P~ Q

P~ Q
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prefer this variant?

P
provider

generic
reques
ter Q :

Q

(_@/ requester

- Q
requester

)I Q
requester

o

5 o e

>requester

P~ Q
w” Qe

P~ Q

P~ Q
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prefer this variant?

P
provider

generic
reques
ter Q :

(_@/ requester

o

Q P~ Q
w” Qe
Q
- Q Pe Q
requester o Q
)| Q P~ Q
requester
just make

>requester

=) member o
a member of L
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Cyclic composition: The philosophers

ouflsoutinoulinouse

@]+ [

Thisis Ace~> B«a~>~C« D E
The problem: How glue™ 77?
Construct the closure (A~ B &

65
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Cyclic composition: The philosophers

Thisis A~ B« Cs-Dsx~ E
The problem: How glue ?

Construct the closure (A~ B &
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... With a generic philosopher

JI@NPIN@uPIn@NEIn@ |

algebraic form: (psz pe~ pe
pez )
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The algebraic structure of services

Given:

e aset & of services,

* an associative composition operator @ : & x & £* §,
* 3 unary closure operator, ( )¢

* a set Q of requirements p,, ..., p, < 8.

This yields the algebraic structure

(5; D , ( )CIQ).
. neutral element(s)

e () =0F

Extend/refine the structure conservatively!

Study its algebraic laws!

Build your systems accordingly!
Squeeze it all into tools!



... On your request

Don’t like labels at all? Do with ordered ports.

Prefer one interface instead of two ports?

However:

Order without labeling,
interface without two ports:
both not too expressive!

Take L=R.
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The algebraic structure of clouds

@6@3

CLOLUD COMPLUTING

70



ICTERI
Kiev, June 24, 2016

the end
Service Orientation as
a paradigm of computing g s
Informatik
Wolfgang Reisig
Humboldt-Universitét zu Berlin TTh@@

Programming
. Prof. Dr. W. Reisig
1. Aspects that exceed classical
Theoretical Informatics
7. Towards a Theory of Serv
| y services

ices

3, Composing man



