
The Pacemaker Formal 

Methods Challenge

Jeong Ki Kim

Computer and Information Science

University of Pennsylvania

jeongki@seas.upenn.edu

Contents

 Background knowledge

 The Pacemaker Challenge

 7 Timing Cycles



Background: The human heart

 Four chambers: atria & 

ventricles

 Electrical stimulus in the right 

atrium  heart’s chambers  

contract & pump blood  the 

ventricles do the same

 When this system does not 

work properly, a pacemaker 

may be used to regulate the 

heart rate

 Deliver electrical stimuli, or 

paces, over leads with 

electrodes that are in contact 

with the heart

 May detect natural cardiac 

stimulations, called senses

 Must satisfy three requirements:

 The heart rate must not be too fast

 The heart rate must not be too 

slow

 The ventricles must contract at a 

particular interval after the atria 

contract

Cardiac 

Pacemaker



Overall System

 Physician diagnoses the symptom using 
pacemaker, and decides mode/parameters based 
on diagnostic results and knowledge/experience, 
specifically for a particular patient

 Pacemaker works (pacing and sensing) 
according to the configured mode and 
parameters.

The Pacemaker Challenge

 The formal method challenge problem issued by the 

Software Certification Consortium (SCC), hosted by 

the McMaster University's Software Quality Research 

Lab (SQRL)

 Boston Scientific has released into the public domain 

the system specification for a previous generation 

pacemaker

 The reference hardware platform was developed by a 

ECE design group at the University of Minnesota.



The Pacemaker Challenge

 Requirements Document (Boston Scientific)

 35 pages, informal natural language (English) and 

tables

 Domain knowledge has been summarized in a book, 

“Cardiac Pacemakers Step-by-Step”

 Main areas:

 System: DCM, leads, pacing pulse, brady modes and state.

 Diagnostics: monitoring, battery status, etc.

 Bradycardia therapy: definition of user programmable 

parameters (e.g. rate limits, delays).

The Pacemaker Challenge

I II III

Category Chambers 

Paced

Chambers 

Sensed

Response To 

Sensing

Letters O – None

A – Atrium

V – Ventricle

D – Dual

O – None

A – Atrium

V – Ventricle

D – Dual

O – None

T – Triggered

I – Inhibited

D – Tracked

 Bradycardia operating modes

 23 programmable pacing modes, e.g.
 VOO: ventricle paced, no sensing (and no response to sensing)

 VVI: ventricle paced and sensed. Reaction to sensing a QRS is to 

inhibit the pace.

 DDD: both chambers paced and sensed. Sensed P and QRS can inhibit 

a pace, sensed P can trigger a ventricular pace.







AV CROSSTALK

 Sensing of the atrial stimulus by the ventricular channel

 The atrial pacing rate increases







Wenckebach upper rate response
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