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MiniZinc

1 set of int: myDomain = 1..2;
2 var myDomain: x; var myDomain: y;
3 constraint x != y;
4 solve satisfy;

x 1 y 2 x 2 y 1
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MiniZinc

1 set of int: myDomain = 1..2;
2 var myDomain: x; var myDomain: y;
3 constraint x != y;
4 solve minimize x;

x = 1 ∧ y = 2 x = 2 ∧ y = 1
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MiniBrass

1 set of int: myDomain = 1..2;
2 var myDomain: x; var myDomain: y;
3 constraint x != y;

1 PVS: prefer2 = new WeightedCsp("prefer2") {
2 soft-constraint x2: 'x == 2' :: weights('1');
3 soft-constraint y2: 'y == 2' :: weights('2');
4 };
5 solve prefer2;

x 1 y 2
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QosAgg – Example

1 workflow {
2 graph: A -> (B | C);
3
4 aggregation cost: sum, sum;
5 aggregation latency: sum, max;
6
7 provision a4 for A: cost = 4, latency = 1;
8 provision b2 for B: cost = 3, latency = 2;
9 provision b3 for B: cost = 2, latency = 4;

10 …
11 }

Listing 1: Sample QosAgg work昀氀ow
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QosAgg – Big Picture
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Figure 3: Architecture for global work昀氀ow optimization
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Demo – Linear Work昀氀ow

1 workflow {
2 graph: Search → AddToBasket → Checkout →

Payment → Shipping → Confirmation;
3

4 provision search_ads for Search;
5 provision basket_ads for AddToBasket;
6 …
7 provision search_sb for Search;
8 …
9 }

Listing 2: Linear online shop work昀氀ow
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Demo – Attributes and Aggregation

1 workflow {
2 graph: Search → AddToBasket → Checkout →

Payment → Shipping → Confirmation;
3
4 aggregation cost: sum;
5 aggregation latency: sum;
6
7 provision search_ads for Search: cost = 27,

latency = 17.3;
8 provision basket_ads for AddToBasket: cost =

16, latency = 6.7;
9 …

10 }

Listing 4: Adding attributes and aggregation 8/23



Demo – Attributes and Aggregation

1 include "shop_wf.mzn";
2 solve minimize wf_aggregated_cost +

wf_aggregated_latency;

Listing 5: Simple constraint model using the online shop
work昀氀ow
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Demo – Loop, Choice and Parallel Composition

Search
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Figure 4: Visualization of the work昀氀ow for our online shop
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Demo – Loop, Choice and Parallel Composition

1 workflow {
2 graph: (Search → AddToBasket)^4 → Checkout

→ (CreditCardPayment + OnAccountPayment)
→ (Shipping | Confirmation);

3
4 aggregation cost: sum;
5 aggregation latency: sum, max;
6
7 …
8 }

Listing 6: Work昀氀ow model for the extended work昀氀ow
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Demo – Loop, Choice and Parallel Composition

1 include "shop_wf.mzn";
2
3 constraint wf_reachable[wf_CardPayment_inst];
4
5 solve minimize wf_aggregated_cost +

wf_aggregated_latency;

Listing 7: Enforcing user selection in the constraint model
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Demo – Non-Constant Attributes

1 include "shop_wf.mzn";
2
3 var bool: ads_subscription;
4 var int: cost = wf_aggregated_cost + if

ads_subscription then 23 else 0 endif;
5
6 solve minimize cost + wf_aggregated_latency;
7
8 …

Listing 8: Constraint model with subscription
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Demo – Non-Constant Attributes

1 …
2 attribute cost of var int;
3 aggregation cost: sum;
4 aggregation latency: sum, max;
5
6 provision search_ads for Search:
7 cost = if ads_subscription then 17 else 27

endif, latency = 17.3;
8 provision basket_ads for AddToBasket:
9 cost = if ads_subscription then 11 else 16

endif, latency = 6.7;
10 …

Listing 9: Work昀氀ow model with subscription
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Demo – Categories

1 …
2 attribute cost of var int;
3 aggregation cost: sum;
4 aggregation latency: sum, max;
5 attribute provider of PROVIDER;
6 category provider;
7
8 provision search_ads for Search:
9 provider = ADS,

10 cost = if ads_subscription then 17 else 27
endif, latency = 17.3;

11 provision basket_ads for AddToBasket:
12 provider = ADS, …

Listing 10: Work昀氀ow model with provider category 15/23



Demo – Categories

1 include "shop_wf.mzn";
2 …
3 solve minimize cost + wf_aggregated_latency +

wf_all_category_changes;
4 …

Listing 11: Constraint model with provider avoidance
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Demo – Checkpoints

1 include "shop_wf.mzn";
2 …
3 var float: latency =
4 wf_checkpoints_latency[wf_Shipping_pre];
5 solve minimize cost + latency +

wf_all_category_changes;
6 …

Listing 12: Constraint model with latency at checkpoint
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Demo – Preference Model

1 include "defs.mbr";
2
3 PVS: cfn = new CostFunctionNetwork("cfn") {
4 soft-constraint cost:
5 'cost';
6 soft-constraint latency:
7 'latency' :: weights('2');
8 soft-constraint catChanges:
9 'wf_all_category_changes' :: weights('5');

10 };
11
12 solve cfn;

Listing 13: Preference model
18/23



Demo – Output

1 Selection graph for wf:
2 Search=search_e100 →
3 AddToBasket=basket_ads →
4 Search=search_e100 →
5 AddToBasket=basket_ads →
6 Search=search_e100 →
7 AddToBasket=basket_ads →
8 Search=search_e100 →
9 AddToBasket=basket_ads →

10 Checkout=checkout_ads →
11 OnAccountPayment=onaacountpayment_sb →
12 (Shipping=shipping_sb | Confirmation=

confirmation_e100)

Listing 14: Output – Part 1 19/23



Demo – Output

13 Latency: 88
14 Cost: 140
15 ADS subscription: false
16 Aggregations for wf:
17 cost: 140
18 latency: 107.7
19 Category changes for wf:
20 provider: 0
21 Σ changes: 0
22 Valuations: mbr_overall_global = 228;

mbr_overall_local = 0.6949943869777885

Listing 15: Output – Part 2
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Performance
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Figure 5: Execution times for several numbers of provisions per task
and choices
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Possible Future Work

• Performance improvements
• Online optimization
• Extended work昀氀ow modeling:

• Conditional path choices
• Probabilistic decisions
• Compensation actions
• …

22/23



Agenda

Motivation

Soft Constraint Programming with MiniBrass

Modelling Work昀氀ows with QosAgg

Extensive Example and Demo

Possible Future Work

Discussion



Discussion
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Elias Keis
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� elkei
� elkei24
� @EliasK242

23/23

mailto:elias.keis@tum.de
https://gitlab.com/elkei-groups/mthes
https://gitlab.com/elkei
https://github.com/elkei24
https://twitter.com/EliasK242

