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Solution
The quotient of assume-guarantee contracts is defined as a first-order
expression:

That is, a contract C’’ is a solution to our problem iff it refines the quotient
C/C’. If we represent refinement with arrows , in the following diagram
the quotient is the element with the universal property that one of the
arrows exists iff the other exists:

Before our work, a closed form expression for the quotient was not known.
We proved that the quotient of assume-guarantee contracts is given by

Impact on Society
Our work
- Supports “plug-and-play” methodologies.
- Formalizes component specifications and aids the interaction of an OEM with

its suppliers.
- Helps system designers identify exactly the specifications that need to be

implemented in a design.
- Yields faster design of safer and more secure automobiles, planes, factories,

etc.

The Problem
- Given a top-level specification C = (A,G), and the specification C’=(A’, G’)

of a component to be used in the design, we want the least-stringent
specification of a component, C/C’, that
composed with C’ refines the top-level spec.

- The quotient identifies the “missing
specification” C/C’ in the design.

Scientific Impact
The quotient operation is useful in any application that seeks to identify
functionality that still needs to be implemented. Our example use-cases include
finding the specs of missing functionality for an ALU, and for the vehicle network
used in a cooperative collision avoidance application.

Among other applications, we have
distributed control, requirement
engineering, and controller synthesis.

Impact on Education
Our theory is an important contribution to contract-based design. It will be
taught in embedded design courses at UC Berkeley.
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What are Assume-Guarantee Contracts?
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()⌦ C0
<latexit sha1_base64="TqEzUyo0eW5p8FkUWXEBprHvw8I=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksYr2URAQ9FnvxWMHaQhPKZrtpl242YXcilJCLf8WLB0W8+jO8+W/ctDlo64OBx3szzMzzY8E12Pa3VVpZXVvfKG9WtrZ3dveq+wcPOkoUZR0aiUj1fKKZ4JJ1gINgvVgxEvqCdf1JK/e7j0xpHsl7mMbMC8lI8oBTAkYaVI/q59iNgIdMYzckMKZEpK3sbFCt2Q17BrxMnILUUIH2oPrlDiOahEwCFUTrvmPH4KVEAaeCZRU30SwmdEJGrG+oJGajl84eyPCpUYY4iJQpCXim/p5ISaj1NPRNZ36jXvRy8T+vn0Bw7aVcxgkwSeeLgkRgiHCeBh5yxSiIqSGEKm5uxXRMFKFgMquYEJzFl5fJw0XDsRvO3WWteVPEUUbH6ATVkYOuUBPdojbqIIoy9Ixe0Zv1ZL1Y79bHvLVkFTOH6A+szx9smZWn</latexit><latexit sha1_base64="TqEzUyo0eW5p8FkUWXEBprHvw8I=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksYr2URAQ9FnvxWMHaQhPKZrtpl242YXcilJCLf8WLB0W8+jO8+W/ctDlo64OBx3szzMzzY8E12Pa3VVpZXVvfKG9WtrZ3dveq+wcPOkoUZR0aiUj1fKKZ4JJ1gINgvVgxEvqCdf1JK/e7j0xpHsl7mMbMC8lI8oBTAkYaVI/q59iNgIdMYzckMKZEpK3sbFCt2Q17BrxMnILUUIH2oPrlDiOahEwCFUTrvmPH4KVEAaeCZRU30SwmdEJGrG+oJGajl84eyPCpUYY4iJQpCXim/p5ISaj1NPRNZ36jXvRy8T+vn0Bw7aVcxgkwSeeLgkRgiHCeBh5yxSiIqSGEKm5uxXRMFKFgMquYEJzFl5fJw0XDsRvO3WWteVPEUUbH6ATVkYOuUBPdojbqIIoy9Ixe0Zv1ZL1Y79bHvLVkFTOH6A+szx9smZWn</latexit><latexit sha1_base64="TqEzUyo0eW5p8FkUWXEBprHvw8I=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksYr2URAQ9FnvxWMHaQhPKZrtpl242YXcilJCLf8WLB0W8+jO8+W/ctDlo64OBx3szzMzzY8E12Pa3VVpZXVvfKG9WtrZ3dveq+wcPOkoUZR0aiUj1fKKZ4JJ1gINgvVgxEvqCdf1JK/e7j0xpHsl7mMbMC8lI8oBTAkYaVI/q59iNgIdMYzckMKZEpK3sbFCt2Q17BrxMnILUUIH2oPrlDiOahEwCFUTrvmPH4KVEAaeCZRU30SwmdEJGrG+oJGajl84eyPCpUYY4iJQpCXim/p5ISaj1NPRNZ36jXvRy8T+vn0Bw7aVcxgkwSeeLgkRgiHCeBh5yxSiIqSGEKm5uxXRMFKFgMquYEJzFl5fJw0XDsRvO3WWteVPEUUbH6ATVkYOuUBPdojbqIIoy9Ixe0Zv1ZL1Y79bHvLVkFTOH6A+szx9smZWn</latexit><latexit sha1_base64="TqEzUyo0eW5p8FkUWXEBprHvw8I=">AAACAHicbVBNS8NAEN3Ur1q/qh48eFksYr2URAQ9FnvxWMHaQhPKZrtpl242YXcilJCLf8WLB0W8+jO8+W/ctDlo64OBx3szzMzzY8E12Pa3VVpZXVvfKG9WtrZ3dveq+wcPOkoUZR0aiUj1fKKZ4JJ1gINgvVgxEvqCdf1JK/e7j0xpHsl7mMbMC8lI8oBTAkYaVI/q59iNgIdMYzckMKZEpK3sbFCt2Q17BrxMnILUUIH2oPrlDiOahEwCFUTrvmPH4KVEAaeCZRU30SwmdEJGrG+oJGajl84eyPCpUYY4iJQpCXim/p5ISaj1NPRNZ36jXvRy8T+vn0Bw7aVcxgkwSeeLgkRgiHCeBh5yxSiIqSGEKm5uxXRMFKFgMquYEJzFl5fJw0XDsRvO3WWteVPEUUbH6ATVkYOuUBPdojbqIIoy9Ixe0Zv1ZL1Y79bHvLVkFTOH6A+szx9smZWn</latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- A contract C = (A,G) consists of sets A and G of behaviors which are
assumptions and guarantees, respectively, for the component.

- Contracts have a partial order called refinement. Contract C’ = (A’, G’)
refines C, written C’ ≤ C, iff G’ ⊆ G and A ⊆ A’. Refinement is related to

substitutability: a contract can be replaced with a refinement without
altering the functionality of a design.

- Contracts have a binary operation called composition, which represents
the concurrent operation of two contracts. It is given by


