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Challenges on CPS software design:
• Complexity (e.g. 100 million lines of code in a premium car).
• Stringent requirements on timing and other design metrics

(performance, reliability, extensibility, etc.).
• Usage of multicore and distributed platforms.
Current practice:
• Lack of timing consideration in task generation.
• Gap between task generation and task mapping.
Our approach:
• Model-based software synthesis (MS2) framework that integrates task

generation and task mapping with consideration of timing and other
related design metrics. Model-based software synthesis (MS2) framework overview
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Constraints:
• Task execution order.
Design metrics: 
• Extensibility: capability to accommodate 

modifications and upgrades.
• Breakdown factor: timing robustness of 

the system.

Constraints:
• Reusability: no false input-output dependency.
• Code size: no code duplication among tasks.
Design metrics: 
• Modularity: number of generated tasks. 
• Timing: output latencies.

Runnable Synthesis: 
Constraints:
• Reusability
• Code size
• Execution order
Design metrics: 
• Modularity
• Schedulability

Task Synthesis: 
Constraints:
• Execution order
• Schedulability
• End to end latency
Design metrics: 
• Communication cost

ApproachDesign	ObjectivesFunctional	Model

Synchronous Reactive FSM

Synchronous Block Diagram (Single rate)

Synchronous Block Diagram (Multi-rate)

• Metrics to measure 
extensibility and 
breakdown factor

• Heuristic for 
multitask generation 
and scheduling.
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Alg. 2. Optimal modularity, best 
possible timing, while guarantee 
reusability and code size

Alg. 1. Optimal timing, best possible 
modularity, while guarantee 
reusability and code size

• Defined Firing Execution Timed 
Automata (FETA) to capture timing 
behavior throughout the flow.

• Runnable synthesis: algorithms to 
optimize  abstract schedulability.

• Task synthesis: algorithms to 
evaluate schedulability and optimize 
communication cost.
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Robustness improvement Latency (left) and Modularity (right) with timing first algorithm 
and modularity first algorithm

Schedulability improvement in 
runnable synthesis

Synchronous Block Diagrams (multi-rate, multi-core)Synchronous Block Diagrams (single-rate, single-core)Synthesizing Synchronous FSMs
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