


faster execution. Moreover, real-life processors always have a 
limited number of input and output operands, but this work does 
not address the architecture constraints for the templates.  
A more general method for application-specific instruction-set 
extension is presented in [2]. The authors define the candidate 
extended instruction to be a convex directed acyclic subgraph 
(which is defined as a cut) with certain input and output 
constraints. They use a branch and bound method to identify a 
single cut in a basic block with maximum speedup. The algorithm 
can be also extended to find the best set of disjoint cuts in 
multiple basic blocks with maximum sum of speedup. However, 
the complexity of the branch and bound algorithm grows very fast 
when the number of instructions becomes large. Also, the 
objective to maximize the sum of speedup of each individual cut 
may not result in the minimum execution time. More importantly, 
cut reuse is not considered in this work. 
A complete ASIP compilation flow is proposed in [19]. The flow 
contains two phases: instruction selection and instruction 
mapping. The authors use either a greedy algorithm or the method 
in [2] to solve the instruction selection problem. Symbolic algebra 
is used to estimate the cost of every specific instruction and to 
map the application to the generated instruction set. The objective 
of the mapping is to decompose the polynomial representation of 
the code into a minimum number of polynomial representations of 
the instructions. Again, the goal to minimize the instruction 
number cannot guarantee the minimum execution time, since an 
extended instruction could have a latency of multiple clock 
cycles. 
Interestingly, instruction overlapping (or operation duplication) 
may also improve the resulting execution time, while most prior 
works only generate extended instructions with disjoint node sets, 
either during instruction selection [2][19], or DAG mapping [13]. 
Figure 2 shows a data flow graph in which two subgraphs share a 
multiplication operation. The operation will be duplicated when 
the subgraphs are implemented as two extended instructions. 
Clearly, the operation duplication provides more opportunities for 
speedup, as opposed to the non-overlapping constraint assumed 
by previous works. 
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Figure 2. Operation duplication. 
In this paper, we propose a new performance-driven approach to 
the application-specific instruction generation for the configurable 
processor architectures problem (or ASIP compilation problem, 
for short). The problem is solved in three steps. We first 
enumerate all candidate patterns for the given data flow graph, 
subject to the given constraints. Instruction set selection is then 
performed in the second step. A cost function that considers the 
occurrence, speedup, and area cost of a pattern is calculated to 
guide the selection. In this step, a graph isomorphism algorithm is 
used to count the occurrence of a certain pattern. In the final step 

which is called application mapping in this paper, we map the 
data flow graph into the selected patterns to minimize the total 
latency by binate covering. 
Our contributions in this work are as follows: 
� This work transforms the application mapping problem to a 

library-based technology mapping for the area minimization 
problem, which has been extensively studied in the logic 
synthesis domain. Any existing algorithms to solve the 
minimum-area technology mapping problem, such as binate 
covering [20] and tree-based decomposition [20][15], can be 
applied. 

� This work allows the operation duplication implicitly during 
the cut enumeration and the mapping, and thus potentially 
achieves a higher speedup. 

� In contrast to previous works, our optimization goal is the 
minimum execution time, which is the actual performance 
metric of the processor. 

The rest of the paper is organized as follows. We formulate the 
ASIP compilation problem in Section 2. Section 3 introduces our 
algorithms to solve the problems, including pattern enumeration, 
pattern selection, and application mapping. Experimental setup 
and results are presented in Section 4, followed by conclusions in 
Section 5.  

2. PROBLEM STATEMENT 
Traditionally, applications are specified by programs in high-level 
languages. Compilation optimization algorithms are usually 
performed on the control data flow graph (CDFG) derived from 
the program. A control flow graph consists of a set of basic block 
nodes and control edges. Each basic block node is a data flow 
graph in which operation nodes are connected by edges that 
represent data dependencies. We use G(V, E) to denote a data 
flow graph, which is essentially a DAG. Without loss of 
generality, we assume G(V, E) contains only one source node and 
one sink node. Otherwise, a new source or a new sink could be 
added into the graph, and edges from the new source to the old 
ones and those from the old sinks to the new sink could be 
constructed to meet the assumption. In addition, We assume that 
G(V, E) is already decomposed according to a given basic 
instruction set, so that every node (except the source and sink) 
corresponds to a basic instruction. 
We define a pattern p as a cone. For a node v in the DAG, a cone 
of v, denoted as Cv, is a subgraph consisting of v and its 
predecessors, such that any path connecting a node in Cv and v 
lies entirely in Cv. v is the root of Cv. And in our case, a trivial 
pattern contains only one node and can be implemented as a basic 
instruction. A non-trivial pattern satisfying given constraints 
(described below) can be implemented as a special instruction. 
We will not distinguish the terms pattern and extended instruction 
hereafter.  
Every pattern p is associated with execution time in software, 
execution time in hardware, input and output numbers, and 
occurrence, etc. In addition, every non-trivial pattern is also 
associated with an area usage when it is implemented in custom 
logic. For a trivial pattern, we define its execution time in 
hardware to be equal to that in software.  
Since most existing configurable processors only have one write 
port in register file (or memory) [24][8], we only consider the 
instruction format with multiple inputs and single output (MISO). 
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