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Motivation



method immutable String readLine(shared File f) {
f.readLine();

}
…
Array<Int> charsPerLine = new Array[lines];
for (Int i=0; i<lines; i++) {
     charsPerLine[i++] = count(readLine(file));
} sequentialpar
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Lessons Learned

(i) Æminium is not practical 

(ii) Æminium is not efficient



What if access permissions were inferred?

(i) Æminium is not practical
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– control(dg) - the control flow of other operations in datagroup dg may
be altered. This is the case with return statements, breaks, continues, ifs
and whiles.

In the previous approach, a full analysis of the AST was possible due to a
two-pass verification. In the first pass, invocations produced a call(dg) per-
mission, and aliasing e↵ects produced merge(dg1, dg2) permissions. On the
second pass, these permissions were replaced with the true permissions, that
could be looked up in the rest of the program. The new approach converts
the two passes into one. Aliasing is handled in-place, using HashMaps to find
the right permission of the aliased element. When finding a method invoca-
tion, the current element being processed is saved, and the compiler processes
the method declaration first. When it is complete, it returns to the method
invocation and the method data-group is already available. The only place
in which this is not possible is in recursive (direct or indirect) calls. In this
case, the stack detects loops in the recursion, uses the partial permissions, to
fill in the recursive invocation for the full permission. This process is now a
two-step process only for recursive calls, reducing the analysis time in all other
operations.

int f(int n) {
if (n < 2) { // read(n), control(f)

return n; // write(return), control(f)
}
int a = f(n - 1); // call(f), read(n), write(a)
int b = f(n - 2); // call(f), read(n), write(b)
return a + b; // read(a), read(b), control(f), write(return)

}

Listing 1 Examples of Signatures in Fibonacci Program

In this phase, whenever some operations can have di↵erent results, such as
the case of an if statement, a conservative approach is take, leaving the union
of the two possible branches, as the signature for that node. This approach does
not perform thread-level speculation, guaranteeing instead the same semantics
of the original programming and supporting I/O and other operations that
cannot be transactional. One such example is that all accesses to external
objects, such as the System.out object, are inside a single global datagroup.
This bottleneck can be removed by explicitly expressing the signatures for
those methods in a special signatures file.

4.2 Method Cloning

Executing a method in parallel may not always be worthwhile. For instance,
in the Fibonacci example, the cost of creating a new task is higher than the
cost of executing the method for a low input number. Thus, creating a task is
only useful when another thread can execute it. As such, the alternative is to
execute the original method sequentially after a certain point.
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int f(int n) {
if (RuntimeManager.shouldSeq())

return jpar_sequential_version_of_f(n);

if (n < 2) {
return n;

}
Future<Integer> b_tmp = new Future<Integer>(task -> f(n-2));
Future<Integer> a_tmp = new Future<Integer>(task -> f(n-1));
int a = a_tmp.get();
int b = b_tmp.get();
return a + b;

}

Listing 2 The Fibonacci program translated with futures, without considering the special
case.

When the Future object is instantiated, the task is marked for execution
and an available thread may start to execute it. When the get() method
is called, the current task awaits for the execution of the task and reads its
result.

The main decision to make is where to introduce the Future creation, max-
imizing parallelism while keeping the same semantics of the original program.
The main requirements for the position of the Future creation are:

– Must not be declared before the declaration of all used variables;
– Must not be declared before an expression which may return inside that

method;
– Must not be declared before an expression which may change the control

flow inside that block (break, continue);
– Must not be executed before an expression that may write to a variable

accessed inside the lambda;
– Must not be executed before an expression that may reads a variable that

is written inside the lambda;
– Must be before the Future get() call.

Considering these requirements, Algorithm 18 is used to find the best po-
sition to create the future, considering ✓ as the function that for an AST node
returns its access permission set, meth the method in which the invocation
is found, node the invocation being processed and stmt the statement being
analyzed. block is the current block being analyzed. This block starts with the
most outer scope (the method body) and moves deeper until it is the scope
block in which the invocation is defined. This order tries to maximize how soon
can the invocation start to execute. Finally, this algorithm outputs the Hard
Dependency, which is the instruction after which the Future can be safely in-
troduced, and the Soft Dependencies, a set of already defined tasks which the
current future will have to wait to execute.

The invocation parallelization is completed when the Future declaration is
at the right position, the Future call is at the invocation site, and there is a
granularity control introduced in the beginning of each parallel method.

Spoiler Alert



Dynamic Granularity Control

(ii) Æminium is not efficient





Parallel Programs



Cut-off Mechanisms

Cut-off = 3

Cut-off = 1

© Lei Wang, ICT China
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Results



Machine Learning: 
Program Features

• For-Loop (or not) 

• Unbalance 

• # Kernels 

• Branching Factor 

• Nesting Level



Minimizing useless execution time



Conclusion

• The ideas from Æminium outlived the project. 

• We have adapted ideas from the PL research at 
CMU to other contexts (Æminium to Java) 

• To solve performance issues, we are going back to 
PLT…



Future Steps

• Using type systems to infer execution time, memory 
and energy. 

• Using dependent type systems for automated 
program synthesis and improvement, through 
genetic programming.
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