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� Graphs and flow graphs

� main flow graph definitions

� strong and weak decomposition

� Flow diagram decomposition

� base subdiagrams

� SCC decomposition

� complexity measuring

� Implementation

� GROOVE implementation

Outline
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nexttrue

false

next

� Full path p in the flow 
graph is a path from the 

start node s to the 
terminal node t . 

Flow Graph Example

� Execution sequence
Seq(p) is the word 

representation of the 
full path p.

s a a1

c

tdb

a2 d1

d2

next

next

true

next

next

false next

Seq(p) = (s next a true a1 next b next d true 

d1 next c next b next d  false d2 next t )

full path p
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nexttrue

false

next

Flow Graph Example

s a a1

c

tdb

a2 d1

d2

next

next

true

next

next

false next
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Flow Diagrams.
Strong Decomposition

IfThenElse. ∆(a, a1, a2)

a1

a

a2

WhileDo. Ω(a, a1)

a

a1

td

d1

d2

true

next

nexttrue

false

next

s a a1

c

b

a2

next

next

next

false next

Definition 1. A flow diagram Φ = (G, s, t) 
is strongly decomposable (or well-formed) 

if there exists an expression exp in the 
Sig-algebra FlowGraph such that 

FlowGraph[[exp]]  ≅≅≅≅ ΦΦΦΦ.

Definition 1. A flow diagram Φ = (G, s, t) 
is strongly decomposable (or well-formed) 

if there exists an expression exp in the 
Sig-algebra FlowGraph such that 

FlowGraph[[exp]]  ≅≅≅≅ ΦΦΦΦ.
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� Sig =
Sort:   fg, pred, func;

Oper: empty, elem, Π, ∆, Ω;

par:   empty:→ fg,

elem: func → fg,

Π: fg fg → fg,

∆: pred fg fg → fg,

Ω: pred fg → fg. 

� FlowGraph:
Dfg = Θ,
Dfunc = θfunc,

Dpred = θpred,

fempty = ε ∈ Θ,
fΠΠΠΠ

: Dfg × Dfg → Dfg,

(Φa, Φb) a Π[Φa / va][Φb / vb]
f∆∆∆∆

: Dpred × Dfg × Dfg → Dfg,

(α, Φa, Φb) a ∆[Φa / va][Φb / vb]

fΩΩΩΩ
: Dpred × Dfg → Dfg,
(α, Φa) a Ω[Φa / va].

Definition 1. A flow diagram Φ = (G, s, t) is strongly decom-
posable (or well-formed) if there exists an expression exp in 
the Sig-algebra FlowGraph such that 

FlowGraph[[exp]]  ≅≅≅≅ ΦΦΦΦ.

Definition 1. A flow diagram Φ = (G, s, t) is strongly decom-
posable (or well-formed) if there exists an expression exp in 
the Sig-algebra FlowGraph such that 

FlowGraph[[exp]]  ≅≅≅≅ ΦΦΦΦ.

Flow Diagrams.
Strong Decomposition
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RepeatUntil. Ф(a, a1)

a1 a

Flow Diagrams.
Weak Decomposition

IfThenElse. ∆(a, a1, a2)

a1

a

a2

WhileDo. Ω(a, a1)

a

a1

true

false

next

a a1

a2

next

true

next

td

d1

d2

next

next

c

b

next

false next

s

Definition 3. A flow graph Φ is weakly 

decomposable if ΦΦΦΦ ∼∼∼∼ Φ′Φ′Φ′Φ′ for some strongly de-
composable flow graph Φ′.

Definition 3. A flow graph Φ is weakly 

decomposable if ΦΦΦΦ ∼∼∼∼ Φ′Φ′Φ′Φ′ for some strongly de-
composable flow graph Φ′.



9

Definition 4. A syntax tree decomposition of a 

weakly decomposable flow graph Φ = (G, s, t) is 
a following morphism:

STD: ΦΦΦΦ aaaa {SyntaxTree[[exp]] | 
FlowGraph[[exp]] ≅≅≅≅ Φ′Φ′Φ′Φ′ ∼∼∼∼ ΦΦΦΦ}

where Φ′ = (G′, s, t) is an strongly decompo-
sable flow graph equivalent to Φ.

Definition 4. A syntax tree decomposition of a 

weakly decomposable flow graph Φ = (G, s, t) is 
a following morphism:

STD: ΦΦΦΦ aaaa {SyntaxTree[[exp]] | 
FlowGraph[[exp]] ≅≅≅≅ Φ′Φ′Φ′Φ′ ∼∼∼∼ ΦΦΦΦ}

where Φ′ = (G′, s, t) is an strongly decompo-
sable flow graph equivalent to Φ.

Syntax Tree Decomposition

IfThenElse. ∆(a, a1, a2)

a1

a

a2

WhileDo. Ω(a, a1)

a

a1
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Base Subdiagram Decomposition 
(Böhm, Jacopini)

� Three new functions T, F, K

� One new predicate ω

� ωωωω is true iff the last boolean 

variable value is true

Theorem 1. For any flow graph Φ1 there exists (at 
least) one equivalent strongly decomposable flow 

graph Φ2 extended by the functions K, T, F and 

predicate ω; in other words, any flow graph is weakly 
decomposable. 

Theorem 1. For any flow graph Φ1 there exists (at 
least) one equivalent strongly decomposable flow 

graph Φ2 extended by the functions K, T, F and 

predicate ω; in other words, any flow graph is weakly 
decomposable. 
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Base Subdiagram Decomposition. 
Extended Equivalence
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Base Subdiagram Decomposition. 
Normalization

L1 = a next A {2 a next A} 1

L2 = a next A 1{2 a next A}
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Base Subdiagram Decomposition. 
Example

nexttrue

false

next

s a a1

c

tdb

a2 d1

d2

next

next

true

next

next

false next

c b

dd1

next

nextnext

truenext

false

T K

T K

T ω

F

ω T

F

next

true

true

false

K

K
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SCC Decomposition (Peterson)

nexttrue

false

next
s a a1

c

tdb

a2 d1

d2

next

next

true

next

next

false next

c

T K

ω

T

F

false true
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SCC Decomposition-2

nexttrue

false

next
s a a1

c

tdb

a2 d1

d2

next

true

next

next

false next

b d

d1
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Complexity Measuring

Definition 1 (cyclomatic number) [McCabe]
The cyclomatic number v(G) of a flow graph Ф

with ππππ predicates is v(Ф) = ππππ + 1 .

Definition 1 (cyclomatic number) [McCabe]
The cyclomatic number v(G) of a flow graph Ф

with ππππ predicates is v(Ф) = ππππ + 1 .

Definition 2 (essential complexity)
The essential complexity ve(Ф) is used to reflect the

lack of structure: ve(Ф) = v(Ф) – m, where m is

the number of base subdiagrams ΩΩΩΩ or ∆∆∆∆.

Definition 2 (essential complexity)
The essential complexity ve(Ф) is used to reflect the

lack of structure: ve(Ф) = v(Ф) – m, where m is

the number of base subdiagrams ΩΩΩΩ or ∆∆∆∆.

Definition 3 (full complexity )
Let vd(Ф) - the number of duplicated nodes in a graph 
Ф. Then the following definition of full complexity V(Ф) 

is used:   V(Ф) = [v(Ф) + vd(Ф)] ×××× ve(Ф).

Definition 3 (full complexity )
Let vd(Ф) - the number of duplicated nodes in a graph 
Ф. Then the following definition of full complexity V(Ф) 

is used:   V(Ф) = [v(Ф) + vd(Ф)] ×××× ve(Ф).
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v = 3, ve= 3, vd= 0,

V = (3 + 0) * 3 = 9

� Copy syntax tree

GROOVE Implementation 

� Decomposition

� Contraction

� Get syntax tree

v = 6, ve= 1, vd= 5,

V = (6 + 5) * 1 = 11

v = 4, ve= 1, vd= 1,

V = (4 + 1) * 1 = 5

� SCC selection
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Results

31228984112721542372761006

64823271526482156505

2963112512183836144

1232517511269103

4124121412992

3838138381

VnVn

Max VMin VResult 
count

VnVn

SCC method (non-deterministic)

Böhm-

Jacopini 
method 

(deterministic)

Initial 
flow graph

#
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Conclusion
� Implementation of flow graph 

decomposition
� Base subdiagram decomposition

� SCC decomposition

� Complexity measuring
� Evaluation of decomposition methods

� Readability degree

� Future work
� Flow graphs with parallelism

� Implementation with real BP models



Thank you for 
your attention!


