
Standard Form 298 (Rev 8/98) 
Prescribed by ANSI  Std. Z39.18

412-268-5090

W911NF-09-1-0273

56390-CS.297

Technical Report

a. REPORT

14.  ABSTRACT

16.  SECURITY CLASSIFICATION OF:

Writing concurrent applications is extremely challenging, not only in terms of producing bug-free and maintainable 
software, but also for enabling developer productivity. In this article we present the Æminium concurrent-by-
default programming language. Using Æminium programmers express data dependencies rather than control flow 
between instructions. Dependencies are expressed using permissions, which are used by the type system to 
automatically parallelize the application. The Æminium approach provides a modular and composable mechanism 
for writing concurrent applications, preventing data races in a provable way. This allows programmers to shift their 

1. REPORT DATE (DD-MM-YYYY)

4.  TITLE AND SUBTITLE

13.  SUPPLEMENTARY NOTES

12. DISTRIBUTION AVAILIBILITY STATEMENT

6. AUTHORS

7.  PERFORMING ORGANIZATION NAMES AND ADDRESSES

15.  SUBJECT TERMS

b. ABSTRACT

2. REPORT TYPE

17.  LIMITATION OF 
ABSTRACT

15.  NUMBER 
OF PAGES

5d.  PROJECT NUMBER

5e.  TASK NUMBER

5f.  WORK UNIT NUMBER

5c.  PROGRAM ELEMENT NUMBER

5b.  GRANT NUMBER

5a.  CONTRACT NUMBER

Form Approved OMB NO. 0704-0188

3. DATES COVERED (From - To)
-

UU UU UU UU

Approved for public release; distribution is unlimited.

AEminium: A Permission Based Concurrent-by-Default 
Programming Language Approach

The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department 
of the Army position, policy or decision, unless so designated by other documentation.

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS
(ES)

U.S. Army Research Office 
 P.O. Box 12211 
 Research Triangle Park, NC 27709-2211

Languages, Theory, Performance, access permissions,  data groups

REPORT DOCUMENTATION PAGE

11.  SPONSOR/MONITOR'S REPORT 
NUMBER(S)

10.  SPONSOR/MONITOR'S ACRONYM(S)
    ARO

8.  PERFORMING ORGANIZATION REPORT 
NUMBER

19a.  NAME OF RESPONSIBLE PERSON

19b.  TELEPHONE NUMBER
Pradeep Khosla

SVEN STORK, , KARL NADEN,  , JOSHUA SUNSHINE, , MANUEL 
MOHR, , ALCIDES FONSECA ,  PAULO MARQUES,, JONATHAN 
ALDRICH,

611102

c. THIS PAGE

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments 
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington 
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.  
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection 
of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

Carnegie Mellon University
5000 Forbes Avenue

Pittsburgh, PA 15213 -3815



ABSTRACT

AEminium: A Permission Based Concurrent-by-Default Programming Language Approach

Report Title

Writing concurrent applications is extremely challenging, not only in terms of producing bug-free and maintainable 
software, but also for enabling developer productivity. In this article we present the Æminium concurrent-by-default 
programming language. Using Æminium programmers express data dependencies rather than control flow between 
instructions. Dependencies are expressed using permissions, which are used by the type system to automatically 
parallelize the application. The Æminium approach provides a modular and composable mechanism for writing 
concurrent applications, preventing data races in a provable way. This allows programmers to shift their attention 
from low-level, error-prone reasoning about thread interleaving and synchronization to focus on the core 
functionality of their applications. We study the semantics of Æminium through ?Æminium, a sound core calculus 
that leverages permission flow to enable concurrent-by-default execution. After discussing our prototype 
implementation we present several case studies of our system. Our case studies show up to 6.5X speedup on an eight-
core machine when leveraging data group permissions to manage access to shared state, and more than 70% higher 
throughput in a Web server application.
























































































