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 Grid workflow is an important programming model for the Grid
 a Grid workflow consists of a set of activities, and
 a set of control flow/data flow dependences

 Grid workflow composition
 selection of workflow activities
 specification of control flow and data flow dependences
 time consuming and error prone process, optimization takes 

longer time
 Abstract Grid workflow

 using abstract activities reduces the user effort to select activities
 the selection among hundreds abstract activities is still challenging

 Automatic Grid workflow composition
 different from that in Business Process Management, Semantic Web 

Services, and requires high quality: portable, fault tolerant, optimized
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A novel ADD graph based approach for automatic composition 
of high quality Grid workflows



Existing Work
 Existing work suffers from one of the following drawbacks:

 Limiting to specific workflow notation systems such as Petri Nets
 Focusing only on simple constructs like DAG 
 Cannot handle or do not consider alternative control flows
 No workflow optimization
 Only generating workflow instances from workflow templates
 Assuming workflow tasks has ranks

 Our approach goes beyond existing work:
 A general solution
 Generation of alternative workflows, thus support fault tolerance
 Considering workflow optimization
 Generation of workflows with branches and parallel/sequential 

loops
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Abstract Grid Workflow Language 
(AGWL)

 XML-based language for describing scientific Grid workflows at a 
high level of abstraction

 A rich set of control flow constructs
 sequence, parallel, if, switch, while, doWhile, for, forEach, 

parallelFor, parallelForEach, dag, alternative
 data flow links: source data port ➔ sink data port

 in case of multiple sink data ports, each receives a data copy
 data collection

 properties and constraints
 the main interface to ASKALON



Abstraction in AGWL
Activity 

Function (AF)

Activity Type 
(AT)

Activity 
Deployment 

(AD)

abstract:
semantic description

abstract:
syntactic description

concrete:
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RAMSHist RAMSModeledAtmosphere

AF.I AF.O

SeaSurface

Month

Jun Qin, Thomas Fahringer, A Novel Domain Oriented Approach for Scientific Grid Workflow Composition, SC’08.

the meaning of the data, referring  to a 
concept/class in an ontology
Example: 
  Month, EvenMonth, 
  ModelParameter, RAMSModelParameter

data semantics

storage related info of the data, such as 
storage type, content type, etc.
Example: 
  File in FileSystem, 
  integer in Memory, 
  string in Memory

data representation



Definition of the Grid workflow 
composition problem

 STRIPS (STanford Research Institute Problem Solver)
 initial state, goal state, actions

 Apply STRIPS into Grid workflow composition
 state: a set of Data Classes, indicating the 

availability of data
 initial state: user provided data which can be 

consumed by activities
 goal state: user required data which must be 

produced by the composed workflow
 action: Activity Function



Definition of the Grid workflow 
composition problem

AF

state1: D1, D2.1, D3,

D1

D2
D4

state2: D1, D2.1, D3, D4

RAMSHist

state1: Month, SeaSurface

Month

SeaSurface
RAMSModeldedAtmosphere

state2: Month, SeaSurface, RAMSModeldedAtmosphere

state1 ⊨AF.I
(entails)

state1 ⊨ AF.I

D2.1 is subclass of D2  according to ontology



Definition of the Grid workflow 
composition problem

can be consumed by workflow activities. The goal state in-
dicates the user required data which must be produced by the
composed Grid workflow.

– action: AFs are the actions. AFs can consume and produce
DCs, thereby states can be changed and the goal state can be
reached. Note that in the domain of Grid workflow compo-
sition, the consumption of data does not make it unavailable
because AFs can work on copies of data.

For a given state si, an AF can be included (i.e., applied) in a
workflow when si entails AF.I , denoted by si ! AF.I . Given two
sets of DCs P and Q, P ! Q is defined as follows.

P ! Q =

(
true ∀q ∈ Q : (q ∈ P ) ∨

(∃p ∈ P, p is a subclass of q)
false otherwise

(1)

P ! Q is true if and only if for any q ∈ Q, P subsumes q or
P subsumes a subclass of q (see Section 1 for the explanation of
subclass). For example, if P = {D1, D2.1, D3}, Q1 = {D1, D3},
Q2 = {D2, D3} and Q3 = {D1, D4} (Di or Di.j indicates a data
class, and Di.j is a subclass of Di for any natural number i and
j), then both P ! Q1 and P ! Q2 are true, and P ! Q3 is
false, i.e., P ! Q3. For example, the AF illustrated in Fig. 1 can
be applied in the state si = {Month,SeaSurface}, where Month
and SeaSurface are either the initial input data provided by users or
the output data produced by any AF which is already included in the
workflow. The new state after applying the AF to si is si+1 = si ∪
AF.O, i.e., {Month,SeaSurface,RAMSModeledAtmosphere}.

We consider a Grid workflow composition problem as an AI
planning problem which is defined by the function

f : (sinit, sgoal,AF) → w

where each component is described as follows.

– sinit is the initial state.
– sgoal is the goal state.
– AF is the set of AFs among which some AFs will be selected

for the composition of the Grid workflow w.
– w is a DAG of AFs connected by control flow edges. The

AFs in the DAG fulfill the following restrictions:
1) sinit ! AF.I for any AF which has no incoming con-

trol flow edges
2) sinit∪

`S
AF ′∈AF′ AF ′.O

´
! AF.I for any AF which

has incoming control flow edges. Here AF ′ is the set
of predecessors of this AF.

3) sinit ∪
`S

AF.O
´

! sgoal

Automatic composition of Grid workflows with loops and branches
is explained in Section 5.5.

4. ADD GRAPH AND NOTATIONS
This section defines the ADD graph and the related notations

used for the explanation of our algorithm. The notations are ex-
plained through the example ADD graph illustrated in Fig. 2, where
rectangles labeled with D0, D1, ... are different DCs and round cor-
nered rectangles labeled with AF0, AF1, ... are different AFs. The
edge connecting from Dj to AFi indicates that the AF requires Dj

as input. The edge connecting from AFi to Dk indicates that the
AF produces Dk as output. The dotted round cornered rectangles
are used to group a set of AFs to improve the readability of ADD
graphs. The notations at the bottom of Fig. 2 are explained below.

Contributing AF (cAF): For a given state si, an AF is said to be
a contributing AF if and only if (si ! AF.I)∧ (AF.O− si )= ∅).
That is, si entails AF.I and AF.O includes some DCs which are

not in si. In other words, the AF can be applied in state si and
applying the AF to si can produce new DCs. For example, in Fig. 2,
AF0, AF1 and AF2 are three cAFs of the superstate S0 (explained
below).

Superstate: Applying all cAFs of a state si to this state causes
the transition to a new state. We call the new state a superstate
(analogy to superset in set theory) because it is a union of all pos-
sible states which can be reached from si by applying any of these
cAFs. Let us denote a superstate by S, the initial superstate by
S0 and let S0 = sinit. Let us also denote the set of all cAFs of
a superstate S by cAF (S). For example, in Fig. 2, cAF (S0) =
{AF0, AF1, AF2}, cAF (S1) = {AF3, AF4, AF5}, cAF (S2) =
{ AF6, AF7, AF8, AF9 } and cAF (S3) = { AF10 }. Applying
cAF (Si) to Si causes the transition to Si+1 which is defined as:

Si+1 = Si ∪
 

[

AF∈cAF (Si)

AF.O

!
(2)

Contributed DC (cDC): It is obvious that Si+1 always contains
some newly contributed (i.e., produced) DCs which are not in Si.
Let us denote the set of all cDCs in a superstate S by cDC(S).
Then, cDC(Si+1) = Si+1−Si. For example, in Fig. 2, cDC(S1)
= {D2, D3, D4}, cDC(S2) = {D5, D6, D7}, cDC(S3) = {D8,
D9}, and cDC(S3) = {D10}, as illustrated by rectangles with
blue (or gray) background. We also consider all DCs in S0 are
cDCs, that is, cDC(S0) = S0 = {D0, D1}.

ADD Graph: An ADD graph γ is a triple 〈A,D,
−→D 〉, where D

is an ordered list of superstates (namely, S0, S1, ..., Sn). For each
superstate Si ∈ D, cAF (Si) ∈ A.

−→D is a set of dependences each
connecting either from a DC in Si to a cAF in cAF (Si) or from a
cAF in cAF (Si) to a DC in Si+1, where i ∈ [0, n). The depen-
dences connecting to (or from) a cAF indicate the corresponding
input (or output) DCs of the cAF. Note that n will be used in the re-
mainder of this paper to indicate the index of the final superstate in
ADD graphs. In the example ADD graph illustrated Fig. 2, n = 4,
D = {S0, S1, ..., S4}, A = {cAF (S0), cAF (S1), ..., cAF (S3)}.
All dependences in

−→D are represented as directed edges in Fig. 2.
An ADD graph has the following properties:

(a) For any i, j ∈ [0, n)∧i )= j, cAF (Si)∩cAF (Sj) = ∅. That
is, all cAF (S) are disjoint. This is obvious because (i) if an
AF is a cAF of Si, it cannot be a cAF of any later superstate
Sj , where i < j ≤ n, due to the fact that applying the AF
can not produce any new DC, and (ii) the AF also can not
be a cAF of any earlier superstate Sk, where 0 ≤ k < i,
because it is a cAF of Si. Therefore, the AF can not be a
cAF of any other superstate, that is, all cAF (S) are disjoint.

(b) For any i, j ∈ [0, n] ∧ i < j, Si " Sj . That is, each super-
state contains at least one more DC than any previous super-
state. This is illustrated by Eq. (2)

(c) For any AF in cAF (Si), AF.I∩cDC(Si) )= ∅ and AF.O∩
cDC(Si+1) )= ∅. That is, any cAF in cAF (Si) must con-
sume (or produce) at least one cDC in Si (or Si+1). This is
obvious based on the definition of cAF.

Dependence: In an ADD graph, a node N can be either a DC
or a cAF. Node Nj depends on node Ni, denoted by Ni δ Nj , if
there exists a path from Ni to Nj in the ADD graph. For example,
in Fig. 2, D1 δ D3, AF0 δ D7, AF5 δ AF7, and D3 δ AF10.
Obviously, D8 does not depend on D4. In addition, we also say
that a node N depends on itself, that is, N δ N . It is obvious that
the dependence relationship is transitive. For reasons of simplicity,
Ni δ sgoal will be used in the reminder of this paper to indicate that
∃D ∈ sgoal, Ni δ D, i.e., sgoal depends on Ni.

  The Grid workflow composition problem can be defined by the 
function: 

- sinit: the initial state
- sgoal: the goal state
- AF: the set of AFs among which some AFs will be selected for the 

composition of the Grid workflow w
- w is a DAG of AFs connected by control flow edges

1) sinit  ⊨ AF.I for any AF which has no incoming control flow edges
2) sinit  ∪ (∪AFʼ∈ AF’ AF.O) ⊨ AF.I for any AF which has predecessors

3) sinit  ∪ (∪AF.O) ⊨ sgoal



A Simulated Domain
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 Data Classes (DC)

 Activity Functions (AF)



A Simulated Domain
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ADD Graph Creation
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Notation: dependence
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Notation: dependence
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altAF(S0):   {AF0, AF1}
altAF(S1):   {AF3, AF5} {AF4, AF5}
altAF(S2):   {AF6, AF9} {AF7, AF9} {AF8}
altAF(S3):   {AF10}
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altAF(S0):   {AF0, AF1}
altAF(S1):   {AF3, AF5} {AF4, AF5}
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altAF(S0):   {AF0, AF1}
altAF(S1):   {AF3, AF5} {AF4, AF5}
altAF(S2):   {AF6, AF9} {AF7, AF9} {AF8}
altAF(S3):   {AF10}
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altAF(S0):   {AF0, AF1}
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altAF(S0):   {AF0, AF1}
altAF(S1):   {AF3, AF5} {AF4, AF5}
altAF(S2):   {AF6, AF9} {AF7, AF9} {AF8}
altAF(S3):   {AF10}
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Workflow Extraction
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Why Alternative Workflows

 To support fault tolerance

 Why fault tolerance?

 services and computers of distributed systems may fail unexpectedly

 services may be registered or unregistered at any time without intimation, 
may happen even during workflow execution

 Especially important for the Grid due to its dynamic nature.

 Alternative workflows is helpful

 service associated with alternative activities may still available

 alternative activities may run on different computers

 Automatic generation of alternative workflows makes ASKALON very different 
from other systems.
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Workflow Optimization
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Workflow Optimization
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Workflow Optimization
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Algorithm Analysis
W is the set of all possible workflows, given a set of x AFs, an 
initial state sinit and a goal state sgoal

Proposition 1. The worst case execution time taken by our 
algorithm to find an element of W is a quadratic in x if W ≠ ∅. If 
such an element is not found by our algorithm, then necessarily 
W = ∅. 

Proposition 2. If an element of W is found by our algorithm, the 
number of the superstates of the ADD graph is minimum, which 
also means that the length of the DAG workflow is minimum.

ncAF(S) Input Output
ncAF (S0) {D0, D1} {D2, D3}
ncAF (S1) {D1, D2} {D5, D6}
ncAF (S2) {D5} {D8, D9}
ncAF (S3) {D3, D8, D9} {D2, D10}

Table 1: ncAF(S) and Their Input and Output DCs

are required because there are x AFs to be compared. Because
|cDC(Si)| = 1, expanding to S2 requires x − 1 basic operations,
expanding to S3 requires x − 2 basic operations, and so on. The
maximum total number of the basic operations is:

x + (x− 1) + (x− 2) + ... + 1 =
x2 + x

2
Note that if

S
AF∈AF AF.O ! sgoal (in which case W == ∅),

our algorithm can return no solution found after the first x basic
operations. !

Proposition 2. If an element of W is found by our algorithm, the
number of the superstates of the ADD graph is minimum, which
also means that the length1 of the DAG workflow is minimum.

PROOF. Let us assume the algorithm finds a solution when expand-
ing the ADD graph to Sn. This means that ∀i ∈ [0, n), Si ! sgoal.
Therefore, n is minimum. !

5.5 Branches and Loops
With the help of AGWL constraints [11], our algorithm can be

extended to compose Grid workflows with loops and branches. The
example constraints related to workflow composition are to access
elements of a data collection in parallel, to produce a DC when
another DC is produced, etc.

Branches: Users can specify constrains for the goal state to ob-
tain workflows with branches. For example, the goal state sgoal =
{D9, D10(agwl:precondition=“D6==true”)} means that the com-
posed Grid workflow must produce D9 and D10, and D10 must
be produced when D6=true (assuming D6 is a boolean). In this
case, we first compose a workflow by invoking our algorithm with
sgoal1 = {D6, D9} as the goal state. The result is an ADD graph
with Sn " sgoal1. Then we compose another workflow with sinit =
Sn and sgoal2 = {D10} as the goal state. Then we connect these
two workflows through a DecisionNode which has an outgoing
edge with the guard [D6=true] connecting to the second workflow.
The else branch is empty in this case. Two branches are merged at
the end of the second workflow.

Parallel Loops: In the initial state, users can also specify a data
collection and how each data element is allowed to be accessed. For
example, sinit = { D1 (agwl:cardinality=multiple, agwl:access-
order=parallel), D2} means that the user provided data is D2 and
a collection of D1, and all D1 can be accessed in parallel. In this
case, we can compose a workflow by invoking our algorithm with
sinit = {D1, D2} as the initial state. Then we can invoke the com-
posed workflow in the loop body of a parallelForEach which
iterates over the data collection of D1. Automatic composition of
workflows with parallelFor is also possible if users specify the
initial state, for example, sinit = {D1(agwl:value-range=1:10:3,
agwl:access-order=parallel), D2}, where 1:10:3 indicates the loop
counter, i.e., from 1 to 10 step by 3.

Sequential Loops: Users may specify a goal state {D9, D10

(agwl:postcondition=“D10 < 0.1)” } which means when D10 is
produced, its value must be less than 0.1 (e.g., a threshold value).
A workflow with a sequential loop is required in this case. To com-
pose a workflow with sequential loops, our algorithm first com-
poses a workflow with sgoal = {D9, D10}. Then it checks the pos-
sibility of sequential loops. Let us assume the workflow illustrated
1The length of a finite DAG is the number of edges of the longest
directed path.
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Figure 6: An ADD Graph for Generation of Sequential Loops

in Fig. 4(d) is considered for sequential loop generation. The corre-
sponding simple ADD graph is shown in Fig. 6. Based on the ADD
graph, we can obtain the input and output DCs of ncAF (S) as Ta-
ble 1. Our algorithm checks output DCs starting from ncAF (S3)
(because it produces D10) to see which DCs can be input to any
previous ncAF (Si)(i < 3) and thereby produces new D10. It is
obvious that D3 produced by AF10 can be input to AF4 (the red
dash line), which consequently updates D10 (the blue solid line).
Based on this, a workflow with a doWhile loop can be generated,
and AF4, AF8 and AF10 are sequentially executed in the loop
body. In case of multiple possibilities of sequential loops found,
user interactions are required. The detailed algorithm for gener-
ation of sequential loops is illustrated by Algorithm 4. Line 3 – 9
find in which superstate the input DC D is first produced. Then, the
algorithm tries to find DCs ∈ Sk which are not ncDCs and can be
input to a ncAF of a previous superstate and thereby further update
D (line 11 – 17). This process is done for all previous superstates
except S0 (line 10 – 19).

6. EXPERIMENTAL RESULTS
Our algorithm is implemented in Java as part of the ASKALON

Grid application development and computing environment [10].
The reasoning part is implemented using the Jena APIs [20]. We
evaluate our approach through three series of experiments: (i) the
composition of a Grid workflow in a simulated domain, to test
how our algorithm behaves in the case where thousands of AFs
are available; (ii) the composition of a real world Grid workflow
application in the meteorology domain to illustrate the execution
time of our algorithm for a real world case; and (iii) the com-
parison of the execution time of optimized and non-optimized real
world Grid workflows. The first two series of experiments are con-
ducted on a normal desktop computer with 2 GB memory and one
2.4 GHz Intel Core 2 Duo CPU. The Java runtime environment
used is JRE 1.5.0_16. In the third experiment, we execute a real
world Grid workflow application on the Austrian Grid [1] through
ASKALON [10]. A subset of the computational resources which
have been used for the third experiment is summarized in Table 2.

In the first experiment, we developed an ontology which contains
thousands of AFs (namely, AF0, AF1, ...) and thousands of DCs
(namely, D0, D1, ...). In order to measure the worst case execu-
tion time of our algorithm, as described in Section 5.4, these AFs
are defined in the following way: AFi accepts Di and a random
number (between 0 and 10) of DCs from {D0, ..., Di−1} as input,
and produces Di+1 and a random number (between 0 and 10) of
DCs in {D0, ..., Di−1} as output. Thus, all AFs can be pipelined.
The reason that we use a random number (between 0 and 10) of
DCs as input and output of AFs is based on our experiences in
multiple scientific domains such as material science, astrophysics
and meteorology where the number of the input and output ports
of workflow activities varies from 0 to around 10. This observation
actually makes the composition of Grid workflows more difficult
if a classic state space searching based AI planning algorithm is
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Branches & Loops
 Branches

 sgoal={D9,  D10(agwl:precondition=”D6=true”)}

 STEP 1: sinit1=sinit , sgoal1={D9, D6}, to obtain ADD graph with Sn ⊨ 
sgoal1, thereby get workflow W1

 STEP 2: sinit2=Sn,  sgoal2={D10}, get workflow W2

 STEP 3: the workflow is W1 , followed by an if construct where W2 is 
the then branch, else branch is empty 

 Parallel Loops
 sinit={D1(agwl:cardinality=”multiple”, agwl:access-order=”parallel”), 

D2,}

 STEP 1: sinit={D1, D2}, get workflow W

 STEP 2: put W in a parallelForEach construct, which iterates 
over data collection D1



Sequential Loops

 Sequential Loops
 sgoal={D9,  D10(agwl:postcondition=”D10<0.1”)}

 STEP 1: sgoal={D9, D10}

 STEP 2: find the start/stop point of the sequential 
loop

 STEP 3: insert doWhile loop
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Experimental Results
 Experiment 1

 the composition of a Grid workflow in a simulated domain,
 Hardware and software environment

 2GB Memory, 2.4 GHz Intel Core 2 Duo CPU, JRE 1.5.0_16
 Ontology Setup

 thousands of AFs and DCs: AF0, AF1, ...
 thousands of DCs: D0, D1, ...
 each AF has random number (between 1 and 10) of input and output DCs

 AF0: (D0) ➔ (D1.1)

 AF1: (D0, D1) ➔ (D2)

 AF2: (D2) ➔ (D1, D3.2)

 AF3: (D0, D1, D3) ➔ (D4.1)
 ...
 AF100: (D3, D12, D35, D82, D90, D93, D100) ➔ (D5, D23, D52, D73, D101.8)
 ...
 AF20000: ...



Algorithm Execution Time
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Experimental Results
 Experiment 2

 the composition of a real 
world Grid workflow MeteoAG 
in the meteorology domain

 19 AFs in the ontology

 algorithm execution time:

 0.54 seconds for non-
optimized version

 0.64 seconds for 
optimized version
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Experimental Results
 Experiment 3

 the comparison of the execution time of the optimized and non-
optimized MeteoAG

 Austrian Grid testbed

Algorithm 4: Sequential Loop Generation
Input : simple ADD graph

data class D ∈ sgoal associated with a postcondition
Output : A workflow with a sequential loop if success, or a

message otherwise.
build the ncAF (S) input and output table, as Table 11
B := ∅ // set of triples each indicating a possible sequential2
loop
k := 0 // index of a superstate where D is first produced3
for ncDC(Si) := ncDC(Sn) to ncDC(S0) do4

if D ∈ ncDC(Si) then5
k := i;6
break;7

end8
end9
repeat10

forall D′ ∈
` S

AF∈ncAF (Sk−1) AF.O − ncDC(Sk)
´

do11
for ncAF (Sj) := ncAF (Sk−1) to ncAF (S0) do12

if ∃AF ′ ∈ ncAF (Sj) ∧ D′ ∈ AF ′.I ∧ AF ′ δ D13
then

// D′ in Sk can be input to AF ′ at ncAF (Sj)
put a triple 〈D′, k, j〉 into B // found a seq.14
loop

end15
end16

end17
k := k − 118

until k == 019
if B == ∅ then20

return sequential loop is impossible21
else if |B| == 1 then22

return create a workflow with a doWhile loop based on23
B

else if |B| > 1 then24
return user interaction is required25

end26

Grid Site CPU # GHz LRM Location

karwendel Dual Core
AMD Opteron 8 2.4 SGE Innsbruck

altix1 Itanium 2 8 1.4 PBS Innsbruck
schafberg Itanium 2 8 1.4 PBS Salzburg
altix1jku Itanium 2 8 1.4 PBS Linz

c703-pc1801 Pentium 4 8 2.8 Torque Innsbruck
c703-pc2601 Pentium 4 8 2.8 Torque Innsbruck

Table 2: The Austrian Grid Testbed

used, due to the huge number of states. In this experiment, AFs are
defined as below:

AF0 : (D0)→ (D1)
AF1 : (D0, D1)→ (D2)
AF2 : (D2)→ (D1, D3)
AF3 : (D0, D1, D3)→ (D4)
· · ·

Then we compose Grid workflows using these AFs. Obviously, we
obtain a workflow consisting of a sequence of AFs. Although the
structure of the composed workflow is simple, the number of the
basic operations invoked in our algorithm is maximized. By spec-
ifying a suitable initial state, e.g., sinit = {D0}, and a goal state,
e.g., sgoal = {D1000}, we can obtain the worst case execution time
of our algorithm.

Fig. 7 illustrates the experimental results of the execution time
of our algorithm with two curves: the total execution time, the
execution time of the ADD graph creation phase. The x-axis is
the number of AFs. We can observe that the execution time of
ADD graph creation is very close to the total execution time, i.e.,
most of the execution time of our algorithm is spent in the phase
of ADD graph creation. The trend analysis shows that the worst
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Figure 7: Execution Time of Our Algorithm in the Worst Case
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Figure 8: Memory Usage of Our Algorithm in the Worst Case

case total execution time of our algorithm to compose a Grid work-
flow is a quadratic in the number of AFs. If 1000 AFs are defined
in ontologies in a certain domain, our algorithm can compose a
Grid workflow (or return no solution found) in 7.04 seconds in the
worst case. It is 20.70 seconds in case of 2000 AFs. We also mea-
sured the heap memory usage in Java virtual machine (JVM) when
composing these Grid workflows with our algorithm. The results
are illustrated in Fig. 8, where the values are calculated based on
the measurements of java.lang.management.MemoryMXBean, the
management interface for the memory system of JVM provided
since Java 1.5. Because of the automatic garbage collection mech-
anism of JVM, we consider the heap memory usage illustrated here
as an estimation of the amount of the memory that are allocated for
the objects of our workflow composition program, including the
objects for storing the ontologies and the objects required by our
algorithm itself. According to what we observed, roughly 10% of
the heap memory is used by the latter. We can conclude that our al-
gorithm uses a reasonable amount of memory. Note that the actual
memory usage of our workflow composition program as provided
by the operating system is usually higher than those measured here.

In the second experiment, we compose the real world Grid work-
flow application MeteoAG using our algorithm. MeteoAG [28] is a
meteorology simulation application based on the numerical model
RAMS [7]. The simulations produce precipitation fields of heavy
precipitation cases over the western part of Austria at a spatial and
temporal grid in order to resolve most alpine watersheds and thun-
derstorms. The ontology, provided by the Institute of Meteorology
and Geophysics, University of Innsbruck, consists of 19 AFs. We
composed the MeteoAG workflow with and without the workflow
optimization phase enabled respectively and obtained two versions
of the workflow as illustrated in Fig. 9. Note that the workflow con-
sists of two nested levels of parallel loops. The loop body of the
inner loop (corresponding to a simulation case) is a DAG, in case
of the optimized version, or a sequence of activities and a parallel
section, in case of the non-optimized version. The total execution
time for the composition of the two workflows is 0.64 seconds for
the optimized version and 0.54 for the non-optimized version. We
conclude that our algorithm is fast enough in this case.
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Summary
 We formalized the Grid workflow composition problem based on the 

STRIPS language
 We presented a novel ADD graph based algorithm for automatic 

composition of high quality Grid workflows: portable, fault tolerant 
support, optimized.

 Our approach
 provides a general solution for automatic Grid workflow composition
 can generate alternative workflows automatically
 considers workflow optimization
 can compose workflows with branches and loops

 To the best of our knowledge, ASKALON provides the only widely 
used workflow systems with a general solution for automatic 
workflow composition
 others are built for demonstration of concepts

 Future work
 partially known initial state



Thank you
 For more information:

 ASKALON: www.askalon.org

 AGWL: www.askalon.org/agwl

!

!

http://www.askalon.org
http://www.askalon.org
http://www.askalon.org/agwl
http://www.askalon.org/agwl

