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> Associate professor at Western Norway University of Applied Sciences

» Background:
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Program languages
Concurrency

Formal modelling & Semantics
Types

Static program analysis

Cost analysis

Multicore architecture
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What are workflows?

Single Workflow

Courier Company
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What are cross-organisational workflows

Multiple connected workflows

Courier Company taboratory
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Not so good experience,
perhaps because of not so ideal workflows

Fikk sjokk pa Gardermoen

Camilla Bernal og sannen Axel fikk sjokk da de métte vente i &tte timer p& Gardermoen, uten tilgang til mat og

drikke.

o

https://www.dagbladet.no/nyheter/fikk-sjokk-pa-gardermoen/74126855
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How workflows are usually planned?

Current State of the Art

Workflow of a
Cross-Organisational Process

Changes can be inconsistent:
> Partners make changes to their own workflow (Wi).
» Changes are immediately reflected in the whole workflow, and effects of the
changes are unclear.
» Manual check & changes are required for inconsistencies & errors
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What we want to achieve?

Breakthrough targeted by CROFLow
Experience

Workflow Model of a model
Cross-Organisational Process

Changes are consistent:
> Partners makes changes to their own workflow model (Mi) in the framework
» Changes are then automatically propagated to the whole workflow
» The revised model is simulated & verified according to task dependencies
» Changes are implemented after the model is modified
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How do we achieve that?

Three phases

Phase 1: formal workflow modelling

Phase 2: automated task and resource scheduling, and
bottleneck discovery

Phase 3: automated plan revisioning

based on formal abstract executable models, and integrates
concurrency theory and programming language theory
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Some preliminary results

» Core modelling language with the notion of

® Resources
® Task dependency

» Cost analysis, specifically WCET, for workflow models
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The language

P:=R CD {T x; s}
Ru=[r—(b,Q)
CD:=class C {T x; M}
M::=Sg {T x; s}
Sg::=T m(T x) DP
DP ::= CM | DP v DP
CM:=C.m| CMANCM
T ::= B | Fut(B)
B:=C|Bool|Int]---
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ex=x | b | fs| this
fsu=f7|fsAfs
rs:=01{Q}Urs
rid =0 {r} U rid
su=x=rhs| skip | if e then s else s
| await 77 | add(rs) | hold(rs)
| release(rid) | return e | s ; s
rhs::=e | new C | f.get
| e.m(e) after fs | e!m(e) after fs
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Our models
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1| [r1 +(true,{Driver, TruckDriver,5}),r2 +(true,{ Driver,VanDriver,5}),r3+(true,{Van, Delivery,1500}),. . .
Ty,

13

class Retailer{
Unit sale(Retailer rt, Supplier sp, Courier cr){

w Warehouse;
|f(|n—War=house){
f1 = Ipack(wh) after dI 5;
wait(f1);} // wait for packing
else.
fa = Isupply(sp.cr) after di 15;
wait(f2);} // wait for supply
f3 = Ideliver(cr) after |
f3);} // wait for dellvery confirmation

Ful<U|\|l> f1; Fut<Unit> fz; Fut<Unit> f3; Warehouse wh;

class Warehouse{
Unit pack(Warehouse wh){
cost(k1);} // Packing time

class Supplier{
Unit supply(Supplier sp, Courier cr){
Fut<Unit> fy;
cost(kz); // Packing time
f4 = \deliver(cr) after di 10;
wait(fa):}

class Courier{
Unit deliver(Courier cr){

Rid r;

r = hold({Driver,VanDriver,5},{Van,Delivery, 1500} );
cost(k3); // Delivery Time

release(r);}

{
Retailer rt; Supplier sp; Courier cr;
rt = new Retailer; sp = new Suppli
sale(rt,sp,cr) after di null;

r = new Courier;
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Cost Analysis

Workflow
Model

Tsa(l,

1.
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Off-the-shelf
solver

Cost
equations

Execution time
analysis

Approximated
time

W,0,t,t,5) =
Tsal', ¥/ 0,t0,t',5")

if s is s';s”, and
Wt t) = Ts, (I, ¥,0,tq,t,5)

. (LW +e g t+e) if s is cost(e)
. (LW +Coy, Mg, mt +Cpy) if s is x=m'(0', &) after s dl ¢/, and

D=((I',¥,t,,t') =transs, (I, ¥,0,ts, t, get F(fs)) | fs € 5},
and,
mtq = max(ta(D)), and
mt = max(t(D))

(Lf = Sm(0)], ¥, mtg + Cr, mt)
if sis f=!m'(0',€) after fs dl ¢/, and 0’ € Sy,(0), and
D={((I', ¥, t),t') =transs, (I, ¥, 0, ts, t, getF(f5)) | s €5},
and,
mtq = max(ta(D)), and
mt = max(t(D))

(ULf = Sm(©)), ¥[Sm(0") = € - (Cnr, 0)], mta, mt)
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Prototype of a tool

Resources

RPL Program
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Simulation

Analysis

Translation into
ABS program

Execution with
ABS compiler

WCET Analysis

Constraint set
of RPL
program

Console Output

)/
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Type system

> Type system ensuring task dependency, and no deadlock in the
workflow models.

(T-Sync-CALL)
conform(fs, DP)
Vf e fs. T+ f:Fut(B)
TFe:C TFe: T T(C)(m)=T—T:DP

[+ e.m(e) after fs: T

Proposition - Deadlock freedom

A cycle in the transitive closure of the dependency graph of a well-typed
program implies that no method call to any member of a cycle (SCC) can
be made in this program (i.e. especially not from the main entry point).
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Next steps

Phase 1: formal workflow modelling

Phase 2: automated task and resource scheduling, and
bottleneck discovery

Phase 3: automated plan revisioning

Violet Ka | Pun CroFlow 16 May'23

16 / 18



First phase
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Other phases

Phase 1: formal workflow modelling

Phase 2: automated task and resource scheduling, and
bottleneck discovery

Phase 3: automated plan revisioning

Questions?

https://croflow.github.io/
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