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PAPER Special Section on Digital Signal Processing

Code Optimization Technique for Indirect Addressing

DSPs with Consideration in Local Computational

Order and Memory Allocation

Nobuhiko SUGINO†a) and Akinori NISHIHARA††, Regular Members

SUMMARY Digital signal processors (DSPs) usually em-
ploy indirect addressing using address registers (ARs) to indi-
cate their memory addresses, which often introduces overhead
codes in AR updates for next memory accesses. Reduction of
such overhead code is one of the important issues in automatic
generation of highly-efficient DSP codes. In this paper, a new
automatic address allocation method incorpolated with compu-
tational order rearrangement at local commutative parts is pro-
posed. The method formulates a given memory access sequence
by a graph representation, where several strategies to handle free-
dom in memory access orders at the computational commutative
parts are introduced and examined. A compiler scheme is also ex-
tended such that computational order at the commutative parts
is rearranged according to the derived memory allocation. The
proposed methods are applied to an existing DSP compiler for
µPD77230(NEC), and codes generated for several examples are
compared with memory allocations by the conventional methods.
key words: DSP compiler, indirect memory addressing, mem-

ory allocation, code optimization

1. Introduction

Digital signal processors (DSPs) are now widely used
to implement various real-time applications, such as fil-
ters, FFTs, CODECs, MODEMs, various control sys-
tems, etc. The programming of such real-time al-
gorithms on DSPs, however, is nontrivial, cost and
time consuming work; programmers are often required
to write an efficient (short in execution time) pro-
gram/code for real-time use, and hence they need to
know details in both processor architectures and algo-
rithms.

In order to reduce such heavy programming load,
software tools such as high-level languages and its com-
pilers are very important. Many programming tools
and compilers are presented by venders and researchers
[1]–[5]. In Ref. [4], [5] DIMPL (Digital network IMPle-
mentation Language) and its compiler have been pro-
posed. In these compilers, an efficient program benefits
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from effective use of registers. Efficient access of mem-
ory in a program, however, is as important as effective
use of registers in order to derive an efficient program.

In many DSPs, memory content is accessed indi-
rectly through address registers (ARs) [13]–[15]. Al-
though AR must be updated before memory access,
simple AR update operations such as increment or
decrement (AR ±1) operations can be concurrently
performed in one instruction cycle besides data opera-
tions such as addition, subtraction and date movement.
When the code requires to read a datum from memory
or to write a datum into memory, an AR must be up-
dated before the corresponding instruction cycle. If AR
update amount is beyond the totals of simple AR oper-
ations, additional one instruction cycle is required for
substituting memory address for AR (immediate AR
load operation), which becomes overhead in a program.
In order to derive an efficient program, reduction in the
number of such immediate AR loads is very important.
An appropriate memory address allocation can utilize
AR ±1 operations as much as possible and can save
immediate AR loads. The problem to find such an ef-
ficient memory address allocation is called as “memory
allocation issue.” Besides, DSPs usually have multiple
ARs and utilization of these ARs can improve memory
access. The problem to find an appropriate memory
access assignment into multiple ARs is called as “AR
assignment issue.”

In Refs. [6]–[12], for a DSP with these indirect
memory addressing operations, methods to derive a
memory access pattern with less overhead codes have
been studied. These methods model program variables
and AR operations by an access graph (AG). Liao [6]
proposed a heuristic method to search a maximum-
weighted Hamiltonian path in the AG. Leupers [7]
introduced AR ±1 and ±k operations, and gave a
method to utilize additional registers. Wess [8] for-
mulated memory address allocation problem by a ma-
trix form and employed various numerical optimization
techniques such like simulated annealings (SA) or ge-
netic algorithms (GA).

These methods provide excellent memory access
with less AR loads within a separated memory access
optimization issue of overall code generation scheme.
For further reduction in overhead codes, however, ef-
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fective combination of memory allocation method and
other code generation and/or optimization techniques
is very important. In the ordinary code generation
scheme, a memory access sequence is given in accor-
dance with the computational order of the program,
where we still have freedom of choice in appropriate lo-
cal computational orders. This paper presents a new
memory address allocation method based on the graph
representation, where local computational orders in a
given program is utilized. In order to apply the method
to the existing compilers, a new compiler scheme is
also shown. Note that the proposed memory allocation
method is a heuristic method, so that it gives an effi-
cient memory allocation with less computational cost.

2. Memory Addressing

When reading a datum from memory or writing a da-
tum into memory (in general, access of a datum in
memory), memory address corresponding to the da-
tum must be pointed by some ways, which are called as
memory addressing modes. In general purpose proces-
sors, several memory addressing modes such as immedi-
ate addressing, indirect addressing, indexed addressing
mode, and so on, are provided, so that programmers
easily implement various data structures. These ad-
dressing modes are well utilized in compilers for high-
level languages such like C.

As for DSPs, memory addressing modes are rather
poor than general purpose processors in return for high
performance in computation and low-chip cost. Almost
all the DSPs have indirect addressing modes [13]–[15].
They have so called address registers (ARs) to point the
memory addresses to be accessed. In this paper, the
following simple indirect addressing mode is assumed
[10].

Memory addressing mode of a DSP model

• Memory is accessed only by AR indirect addressing.
• AR can be post-modified (or auto-modified) by one
(AR±1),

AR← AR± 1

besides arithmetic operation or data movement at
one instruction cycle (even though memory is not
accessed at that cycle).
• Immediate AR load(hereafter AR load)

AR→ nnn(nnn:Destination Address)
costs one instruction cycle only by itself.

Some of DSPs [13], [14] have more sophisticated AR up-
date operations such as AR±2, modulo AR±1 update
operations, multiple AR operations and etc., and the
corresponding memory allocation methods are consid-
ered in Refs. [11], [12]. In this paper, the simple ad-
dressing model is employed. The reasons are (1) to
simplify the problem and hence algorithm, and (2) to
measure contribution of local computational order over
reduction in memory access overheads. The methods
for DSPs with sophisticated AR update operations are
investigated in future.

Let us think of memory address and AR operations
with a simple example, signal flow graph of a second
order IIR filter shown in Fig. 1. After an appropriate
computational ordering, intermediate codes are derived
as shown in left hand side of Table 1. A denotes the
temporary variable which keeps the intermediate result
in the register. The left hand side in Table 1 shows
memory access address sequences and AR operations
for a given computational order. In this case, by use of
appropriate memory allocation method [9], [10], 3 im-
mediate AR loads are required. They are marked by
“LDs” in the table.

In the intermediate code, however, we may choose

Fig. 1 2nd order IIR filter.

Table 1 Intermediate code for Fig. 1 and AR update.

Memory Memory Allocation Memory Memory Allocation
Cycle

Intermediate Code
Access and AR Operation

Intermediate Code
Access and AR Operation

1 A← v0 ×m0 v0 0 A← v0 ×m0 v0 0
2 A← A + v1 ×m2 v1 1

) + 1
A← A + v2 ×m1 v2 3

) LD

3 A← A + v2 ×m1 v2 2
) + 1

A← A + v1 ×m2 v1 2
) − 1

4 v3 ← A v3 3
) + 1

v3 ← A v3 1
) − 1

5 A← A×m3 None A← A×m3 None
6 A← A + v1 ×m5 v1 1

)
− 2

A← A + v1 ×m5 v1 2

)
+ 1

7 A← A + v2 ×m4 v2 2
) + 1

A← A + v2 ×m4 v2 3
) + 1

8 v4 ← A v4 4
) LD

v4 ← A v4 4
) + 1

9 A← v2 v2 2
) LD

A← v2 v2 3
) − 1

10 v1 ← A v1 1
) − 1

v1 ← A v1 2
) − 1

11 A← v3 v3 3
) LD

A← v3 v3 1
) − 1

12 v2 ← A v2 2
) − 1

v2 ← A v2 3
) LD

# of AR loads 3 # of AR loads 2
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different computational order at codes 1–3 and 5–7.
The right hand side in Table 1 shows memory access
address sequences and AR operations for an appropri-
ate computational order. In this case, only 2 AR loads
are needed, and 1 AR load is saved. As the above exam-
ple shows, if freedom in local computational orders is
considered at memory allocation, memory access with
further less overhead codes is expected.

3. Memory Allocation Method

3.1 Access Graph and ALOMA [9], [10]

The memory allocation method in this article is based
on ALOMA (Address LOad Minimization Algorithm)
[9], [10]. This algorithm inputs a memory access se-
quence, which is defined directly and uniquely from a
given program code. An example memory access se-
quence is shown in Fig. 2(a). The algorithm determines
memory allocation of program variables, and AR up-
date operations required between memory accesses.

In the algorithm, a given memory access sequence
is translated into a graph notation, namely an access
graph (abbreviated as AG in the followings), where
each vertex and edge denote a variable to be accessed
and a constraint on memory allocation, respectively.
AG notation is quite useful to represent constraints over
memory allocation issue under indirect memory ad-
dressing mode with automatic address update scheme.
Although there exist other notations like matrix rep-
resentation form [8], one may rewrite these notation
into the AG notation by some manners. Note that
even though the corresponding access sequence is di-
rectional, AG edges are not. The reason is that AR
can be always updated to both +1 and −1 directions,
and that the memory address allocation reverse to a de-
rived memory allocation gives the same result in terms
of number of AR loads. After an appropriate mem-
ory allocation, memory addresses are assigned for all

(a) Memory access in 5th order wave digital lattice filter

(b) The AG for (a) (c) An example line graph
derived from (b)

(d) A memory allocation for (c)

Fig. 2 An example AG.

vertices, and hence, we can find required AR update
amount or a set of AR operations at each AG edge.
If this required amount does not meet for realizable
AR update amount (i.e. # of AR operations allowed at
that edge), then we need immediate AR load operation,
which becomes an overhead code.

For example, the AG of the memory access se-
quence in Fig. 2(a) is shown in Fig. 2(b), where the
numbers labeled on each arrow in Fig. 2(a) and each
edge in Fig. 2(b) denote the lengths, which correspond
to the number of AR operations allowed between these
two memory accesses. Therefore these numbers repre-
sent the maximum AR update ranges by use of AR±1,
and they are called as “access lengths” or just lengths.
Then, the algorithm removes appropriate edges from
the given AG in order to remove forks and cycles in the
AG, and AG is transformed into a line graph(s) or a
chain sequence(s). For an example AG in Fig. 2(b), if
we remove the edges b–e, b–c, and b–d, then we have a
line graph as in Fig. 2(c). Finally, along with the line
graph(s), an address location for every variable is de-
cided. In return, immediate AR loads are sometimes
required at the memory access corresponding to the re-
moved edges according to their length, since removal of
edges between two vertices (or variables), namely u and
v, means that we lose the constraint to allocate u and v
in the adjacent memory addresses. The exact number
of AR loads for a given memory access sequence is not
apparent until memory addresses are decided. For the
above example, we have the memory access sequence
with memory allocation as shown in Fig. 2(d). In this
example, we need two AR loads at removed edges b–c
and b–d. Meanwhile, AR update at edge (b, e) can be
realized within its permissible AR update range.

3.2 Local Computational Order

In a given program, there exists a local (consecutive)
code part in which we may freely choose its computa-
tional order without violating the intended computa-
tion. Such a part consists of commutative operators,
so that it is called as commutative code block in this
paper. An example commutative code block in inter-
mediate code level is shown in Fig. 3. In the figure, the
operands ‘a,’ ‘b’ and ‘c’ are program variables. They
are stored in memory space, while the other operands
‘r1’ and ‘r2’ are kept in arithmetic registers. We may
freely compute this code block in various order such like
r1 → a → r2 → b → c, r1 → b → a → r2 → c and so

Fig. 3 Example of a commutative code block.
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Fig. 4 Example commutative subsequences.

Fig. 5 Memory allocation examples for Fig. 4 (address
allocation a : 2, b : 3, c : 1).

on.
According to computational orders at commuta-

tive blocks, we then have various versions of access se-
quences. For example, memory access subsequence of
Fig. 3 in the order of r1 → a→ r2 → b→ c is given as
Fig. 4(a). When we take another computational order
r1 → b → a → r2 → c, then we have the correspond-
ing memory access subsequence in Fig. 4(b). For these
various access sequences, derived memory allocations
differ each other. For example, if variables a, b, and c
are allocated to addresses 2, 3, and 1, respectively in
the above example, as results shown in Fig. 5, we need
1 AR load for (a), but no AR load for (b).

Since a memory access sequence is derived from a
program code, computational order for a given program
is already decided beforehand, and so as for commu-
tative code blocks. In the compiler in [4], [5], [9], [10],
computational orders for commutative code blocks are
just tentatively decided. This is the usual case for other
compilers.

If we examine all the possible access sequences by
exhaustive manner, we have the most efficient memory
allocation together with the computational orders at
commutative blocks. Evidently, however, it is not prac-
tical. When the numbers of commutative code blocks
and total program variables in commutative blocks in-
crease, the number of access sequence to be examined
increase enormously. For example, wave filter of 17th
order in Table 2, we have 8 commutative blocks with
16 program variables. By the rough estimation, it takes
about 1–2 days to complete 28 = 256 exhaustive trials
under the Pentium III 800MHz personal computer or
Ultra-sparc workstations, where it takes several min-
utes for memory allocation method. In fact, there exist
instructions, which do not require any accesses for pro-
gram variables in memory space, such like arithmetic
instructions performed on registers r1 and r2 in the
above examples. In such cases, the number of trials
increases rapidly. Therefore, a heuristic method based
on ALOMA is employed as described in the followings.

(a) (b)

Fig. 6 AGs for Fig. 4.

3.3 Commutative Subsequence and AG

Since we have to consider a large number of versions of
memory access sequences in memory allocation proce-
dure, as mentioned in the last subsection, we then have
their corresponding AGs. For example, AGs for sub-
sequences in Figs. 4(a) and (b) are given in Figs. 6(a)
and (b), respectively. In this paper, a memory access
subsequence at a commutative code block is called as a
commutative subsequence. In the Fig. 4, commutative
subsequences are covered by dotted curves. The cor-
responding AG edges are shown by the thick lines in
Fig. 6. It should be noted that there usually exist AG
edges for non-commutative subsequences, which are de-
picted by the thin lines in the figure for illustration.

For the simplicity of a memory allocation algo-
rithm, it is quite benefiticial to introduce an AG, which
unifies several versions of memory access sequences over
the commutative code block. Moreover, a new weight-
ing function is employed at commutative code blocks, so
that the memory allocation method utilizes freedom in
local computational order at commutative code blocks
by memory accesses out of their subsequences. There-
fore, memory allocation constraints for commutative
subsequences are less significantly considered as AG
edge weights, when a given access sequence is translated
into AG. After the memory allocation, an appropriate
computational reordering procedure for commutative
code blocks must follow in order to utilize the derived
memory allocation without introducing additional AR
loads.

If we give too loose constraints for commutative
subsequences, program variables in the subsequences
are allocated to the scattered addresses in memory
space. Thus, it causes significant increase in the num-
ber of AR loads. On the contrary, too tight constraints
mean almost same constraints used in the previous
method ALOMA, and give the same result in AR load
reduction. In this paper, the 9 different strategies for
the translation of commutative subsequences into an
AG are experimentally examined.

Here, several new terms are introduced for expla-
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Fig. 7 Narrow and wide commutative subsequences.

nation of strategies. In Fig. 4, vertices marked ‘I’ and
‘O’ denote the variables accessed previous and next to
the subsequence, respectively. They represent the en-
try and the exit of the subsequence. Since we can-
not change the access order of I and O in each sub-
sequence, the first and the last arrows are differently
handled from the other arrows. These entry and exit ar-
rows are refered as terminal-arrows of the commutative
subsequence, while the other arrows are refered as the
narrow commutative subsequence. An overall commu-
tative subsequence, which includes the terminal arrow
is called as the wide commutative subsequence. These
terms are illustrated in Fig. 7. Note that a wide com-
mutative subsequence includes I and O, while a com-
mutative subsequence or a narrow commutative sub-
sequence do not include the vertices I and O. Code
blocks corresponding to wide and narrow commutative
subsequences are refered as wide and narrow commu-
tative code blocks, respectively.

By use of these terms, the 9 strategies are the fol-
lowings. Corresponding AGs for the above memory ac-
cess example are illustrated in Fig. 8.

Strategies for a commutative subsequence

1. Use the original AG (Strategy 1 of Fig. 8).
2. Ignore AG edges at every narrow commutative sub-
sequence (Strategy 2 of Fig. 8). AG edges which
correspond to terminal-arrows of the subsequence
are remain as the original AG. This strategy means
that the memory allocation of the variables in the
narrow commutative subsequence is determined by
the constraints out of this subsequence. Then,
reduction in AR loads is expected by computa-
tional rearrangement for narrow commutative code
blocks.

3. Slightly consider AG edges at every narrow com-
mutative subsequence by means of small weighting
factors as the dotted lines in Strategy 3 of Fig. 8
shows. AG edges which correspond to terminal-
arrows of the subsequence are remain as the orig-
inal AG. This strategy means that the original
memory access orders at narrow commutative sub-
sequences are less significantly considered in the
memory allocation procedure, so that the memory
allocation of the variables in the narrow commuta-
tive subsequence is almost determined by the con-
straints out of this subsequence.

Strategy 1 Strategy 2 Strategy 3

Strategy 4 Strategy 5 Strategy 6

Strategy 7 Strategy 8 Strategy 9

Fig. 8 Strategies for a commutative subsequence.

4. Ignore AG edges within every wide commutative
subsequence (Strategy 4 of Fig. 8). This strategy
means that the memory allocation of the variables
in the wide commutative subsequence is deter-
mined by the constraints out of the subsequence.
Then, reduction in AR loads is expected by compu-
tational rearrangement within wide commutative
code blocks.

5. Slightly consider AG edges for every wide commu-
tative subsequence by means of small weighting
factors as the dotted lines in Strategy 5 of Fig. 8.
This strategy means that the original memory ac-
cess orders at wide commutative subsequences are
less significantly considered in the memory alloca-
tion procedure, so that the memory allocation of
the variables in the commutative subsequence is
almost determined by the constraints out of the
wide subsequence.

6. Ignore AG edges for every narrow commutative
subsequence, but slightly consider AG edges for
terminal-arrows of the commutative subsequence
by means of small weighting factors as the dot-
ted lines in Strategy 6 of Fig. 8. This takes a
middle strategy between the strategies 2 and 4
in handling terminal-arrows of commutative sub-
sequences. The AR edges for terminal-arrows are
less significantly considered than those in strategy
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2, but more significantly considered than those in
strategy 4.

7. Ignore AG edges for every narrow commutative
subsequence. AG edges from ‘I’ to the subsequence
and from the subsequence to ‘O’ are slightly con-
sidered.
Slightly consider all the possible memory access
orders within a subsequence at every commuta-
tive block. Consequently, this forms a clique graph
with small weighting factors for variables included
in the subsequence as shown by dotted lines in
Strategy 7 of Fig. 8. This strategy is the extended
version from the strategy 6, and it gives rather
tight constraints between I (O) the variables in
commutative subsequences, so that I (O) is ex-
pected to be allocated in the addresses adjacent to
one of the variables in commutative subsequences.
Note that pseudo-AG edge length between I (O)
and each variable in the commutative subsequence
is assumed to be 1.

8. Slightly consider all the possible memory access
orders for every wide commutative subsequence by
means of introducing pseudo-AG edges with small
weighting factors between all the variables in the
subsequence (including I and O). Consequently,
this forms a clique graph for variables in the wide
subsequence as shown by dotted lines in Strategy
8 of Fig. 8. This strategy gives rather tight con-
straints arround the variables in wide commutative
subsequences, so that these variables are expected
to be allocated in the addresses adjacent to one an-
other. Note that pseudo-AG edge length between
I (O) and each variable in the commutative sub-
sequence is assumed to be 1.

9. Slightly consider all the possible memory access or-
ders for every narrow commutative subsequence by
means of introducing pseudo-AG edges with small
weighting factors between all the variables in the
subsequence (without I and O). Ignore the AG
edges for terminal-arrows of the subsequence. Con-
sequently, this forms a clique graph for variables in
the narrow subsequence as shown by dotted lines
in Strategy 9 of Fig. 8. This strategy gives rather
tight constraints arround the variables in narrow
commutative subsequences, so that these variables
are expected to be allocated in the addresses adja-
cent to one another.

In some of the above strategies, original weight for
edge e in a commutative sequence is replaced by quan-
tity we. For such small weighting factor we in strategies
3, and 5–9, the following 2 manners are examined in this
paper.

1. Absolute manner: we = w0,
where w0 denotes a uniform small weight. Giving
such a uniform weight for every edge means that we
ignore its length in the memory allocation proce-

dure. In this paper, the uniform weight w0 = 1/N
is employed, where N denotes the number of vari-
ables in an overall sequence. The number 1/N im-
plies a number less than the average edge length
in a given sequence.

2. Relative manner: we = wkw(e),
where wk denotes a small weighting factor, and
where w(e) denote the original weight on edge
e. Using the original edge weight multiplied by a
small number wk means that its length is slightly
considered in the memory allocation procedure. In
this paper, 1/N is used as wk in order to give obvi-
ous distinction between the original and the com-
pensated edge weights.

Strategies with larger or smaller w0 or wk are also ex-
amined for several example sequences for the compar-
ison. In such over or under constrained cases, better
memory allocations are hardly derived.

3.4 Outline of a New Memory Allocation Method

The extended ALOMA for commutative code blocks
is called ALOMA-LCO (with consideration in Local
Computational Order). The outline of ALOMA-LCO
is given as the followings.
ALOMA-LCO

1. Translate a given memory access sequence into the
AG by use of one strategy among the strateties
mentioned above. Let the derived AG as the initial
graph G for the following procedures.

2. Remove edges with length l ≥ |G| − 1, where |G|
denotes the number of variables in G.

3. In the following procedures, edges between two ver-
tices are handled as an edge group. Let two ver-
tices u and v, and the edge group between u and
v is represented as (u, v).
For each edge group (u, v) in G, evaluate the cost
function benefit(u, v) [9], [10],

benefit(u, v)=
fork(u)+fork(v)+cycle(u, v)

w(u, v)
.

(1)

For a vertex v, fork(v) [9], [10] means its fork count,
and is defined as

fork(v) = max{deg(v)− 2, 0}, (2)

where deg(v) denotes the order of vertex v.
For an edge group (u, v), cycle(u, v) [9], [10] means
its cycle flag and is defined by

cycle(u, v)=




1, edge group (u, v) is
included in a cycle.

0, edge group (u, v) is
not included in any cycles.

(3)
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In the denominator of the cost function Eq. (1), the
weighting function w(u, v) is given by

w(u, v) =
∑

e=edge in (u, v)
w(e), (4)

where weight w(e) for edge e is given by

w(e) =




we

(for e in a commutative sequence)
(N − le)(N − le − 1)
(N − 1)(N − 2) (otherwise)

(5)

In the above equation, N denotes the number of
variables in an overall sequence, and le denotes the
edge length of edge e. When edge e belongs to a
commutative subsequence, its weight is replaced by
we according to the strategy as mentioned in the
last subsection. When edge e does not belong to a
commutative subsequence, w(e) estimates the the
number of AR load at the edge of l length, when
this edge is removed in the graph linearization pro-
cedure [9], [10].
Totally, the cost function benefit(u, v) estimates
how many forks and cycles in G are removed at
the cost of AR loads for the removal edges (u, v).
Although benefit gives less AR load estimations
for the commutative subsequences by the compen-
sation, they are expected to be recovered after the
appropriate computational rearrangement, which
is mentioned below.

4. Find an edge group with the maximum benefit and
remove it from G .

5. Repeat 3–4, until G becomes a line graph or line
graphs.

6. For the vertices in the derived line graph(s), mem-
ory addresses are decided.

4. Compiler

The above proposed memory allocation method is in-
corporated with the DIMPL compiler [5]. The diagram
of this compiler is shown in Fig. 9. The compiler first
reads the filter network description, and decides a com-
putational order. According to the decided order, the
compiler generates a DSP assembler code together with
a memory access sequence. Then, the new memory al-
location method is applied for this sequence. Note that
the sequence is extended to mark subsequences of com-
mutative code blocks.

In the original DIMPL compiler, the computa-
tional order has already been decided before memory
allocation, so that the computational orders at the com-
mutative code blocks must be rearranged in the fol-
lowing procedures. Therefore, the new compiler feeds

Fig. 9 Diagram of the proposed compiler.

the derived memory allocation back into the computa-
tionl ordering part and settles orders at commutative
code blocks. Note that the memory access length at the
commutative subsequence is the very important issue in
this rearrangement procedure. When the memory ac-
cess length at a commutative sequence does not meet,
additional AR loads are required.

The proposed memory allocation method is easily
applicable to other compilers, because its input consists
only of an access sequence of program variables and
additional marks on commutative code blocks. Addi-
tionally, however, the pre-procedure to detect commu-
tative code blocks and the post-procedure to rearrange
computational order at commutative code blocks are
required.

5. Results

The proposed method with strategies is applied to a
compiler for µPD77230 (NEC), and codes are generated
for several filter examples. Since these filter examples
include rather complicated memory access sequences
and they include several number of commutative blocks
as well, they are appropriate for the comparison.

Table 2 shows the comparison of the generated
codes by the proposed method and the existing method
[10] in terms of the number of AR loads. In the same
table, the numbers of their commutative code blocks
and total variables included in these blocks are shown.
The number of AR loads for the proposal method is the
minimum number of AR loads among the above men-
tioned 9 AG strategies for commutative subsequences.
For reference, the numbers of AR loads by those 9 AG
strategies are shown in Table 3, where strategies X-1
and X-2 denote the results by the strategy X together
with weighting factors given in the relative and abso-
lute manners, respectively. From Table 2, the numbers
of AR loads are reduced by appropriate utilization of
the commutative code blocks for memory addressing.
From Table 3, strategies 2 and 3 give slightly better
memory allocations for several examples. These strate-
gies consider freedom of computational order in narrow
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Table 2 Code generation result (µPD77230:NEC).

Total Total # of Commutative Code # of AR loads
Examples Steps Variables AR updates Blocks (# of Vars.) Method in [10] Proposed Method

Lattice(5) 39 5 13 0(0) 2 2
Lattice(10) 85 5 32 0(0) 7 7
Cascade(6) 34 7 22 3(6) 4 4
WDLF(5) 46 5 12 2(4) 1 1
WDF(5) 71 14 33 3(6) 8 7
WDF(7) 113 23 53 4(8) 14 11
WDF(9) 145 32 75 8(16) 20 17
WDF(11) 180 40 90 5(10) 27 23

WDF(13) 214 49 110 6(12) 39 34
WDF(15) 253 59 132 7(14) 47 45
WDF(17) 294 69 154 8(16) 59 54

WDLF() : Wave Digital Lattice Filter (Order)
WDF() : Wave Digital Filter (Order)

Table 3 Comparison of strategies (# of AR loads).

# strategy 1 2 3-1 3-2 4 5-1 5-2 6-1 6-2 7-1 7-2 8-1 8-2 9-1 9-2

Lattice(5) 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

Lattice(10) 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7
Cascade(5) 4 5 4 5 6 5 4 5 4 5 4 5 4 5 4
WDLF(5) 1 2 2 2 1 3 1 3 2 3 3 2 2 1 1
WDF(5) 8 7 8 8 7 7 7 7 7 7 7 7 7 7 7
WDF(7) 12 12 12 12 11 11 11 11 11 11 15 11 15 11 11
WDF(9) 20 19 19 19 17 17 17 17 17 17 20 17 20 17 17
WDF(11) 27 24 24 24 23 23 23 23 23 23 26 23 26 23 23
WDF(13) 39 34 34 34 35 35 35 35 35 35 35 35 35 35 35
WDF(15) 47 45 45 45 50 50 50 50 50 50 48 50 48 50 50
WDF(17) 59 54 54 54 61 61 61 61 61 61 58 61 58 61 61

WDLF() : Wave Digital Lattice Filter (Order)
WDF() : Wave Digital Filter (Order)

commutative code blocks. Other strategies, however,
does not give better memory allocations, so that the
constraints of these strategies are thought to be over
or under constrainted in the memory allocation pro-
cedure. Therefore, strategies 2 and 3 are said to give
rather more appropriate constraints to the proposed
memory allocation procedure for these examples. How-
ever, more detailed analysis must be continued in order
to show their effectiveness in general.

6. Conclusion

For a DSP with simple indirect memory addressing
mode, a new memory allocation method which utilizes
freedom in local computational orders for reduction in
memory access overhead is proposed. This new method
is applied to the existing DSP compiler, where the com-
piler scheme is extended for compensation in computa-
tional order for the derived memory allocation. Codes
generated by this compiler include less memory access
overhead for several examples.

More detailed analysis of the proposed method and
their improvement must be continued. Memory al-
location methods for sophisticated AR operations or
multiple ARs will also be studied in near future. For
further reduction in memory access overhead, an allo-

cation method utilizing global computationl order for
memory allocation or a method combined with other
code optimization techniques will be investigated.
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