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Abstract

Exploitation of address generation units which are typically provided in DSPs plays an important role in DSP code
generation since that perform fast address computation in parallel to the central data path. Offset assignment is
optimization of memory layout for program variables by taking advantage of the capabilities of address generation units,
consists of memory layout generation and address pointer assignment steps. In this paper, we propose an effective address
pointer assignment method to minimize the number of address calculation instructions in DSP code generation. The
proposed approach reduces the time complexity of a conventional address pointer assignment algorithm with fixed memory
layouts by using minimum cost-nodes breaking. In order to contract memory size and processing time, we employ a
powerful pruning technique. Moreover our proposed approach improves the initial solution iteratively by changing the
memory layout for each iteration because the memory layout affects the result of the address pointer assignment
algorithm. We applied the proposed approach to about 3,000 sequences of the OffsetStone benchmarks to demonstrate the

effectiveness of the our approach. Experimental results with benchmarks show an average improvement of 259% in the
address codes over previous works.
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Table 1. The comparison of the breaking techniques with
small access sequence length.
Bench. eq-APA eq-APA min-APA
avirsy | X W-100)
#ail | time2 | #a/i | time | #a/i | time
2 2 <1 2 <1 2 <1
complex 3 2 <1 2 10 2 <1
612) 4 2 60 3 30 2 <1
6 2 1220 3 70 2 <1
8 2 4760 3 100 2 <1
2 4 <1 4 <1 4 <1
fir 3 3 60 4 40 3 <1
&) 4 3 1720 6 120 3 <1
6 3 140220 6 240 3 <1
8 3 18 md 6 370 3 <1
2 6 <1 6 <1 6 <1
biquad 3 4 660 9 60 4 <1
(12/%5) 4 4 38220 10 140 4 <1
6 - - 10 230 4 <1
8 - - 10 30 4 <1
E 2 2 ME2A Zole] APA €T2|5 H|W

Table 2. The comparison of the breaking techniques with
large access sequence length.

eq-APA o min-APA
Bench. 1 (we100) min-APA (W=100)
(vi/Ish #ai | time | #ai | time | #a/i | time
2l s 30 [ &7 | <1 ] 67 | <1
ibeg I3 9 |10 [ 5 | 10 | 5 | 10
NS I EII NP7 T 7O RV
W2 5T T | - ~ [ @2 | 4o
8 | 122 | %60 | - . 5 | 270
2 377 1110 222 <1 222 <1
motion 3 332 2680 156 20 156 20
s 1) 38 [5%0 T [ o0 | 1ia | 210
BYB) 5T 301 [ w0 | - | - T or [ 260
8 324 | 14330 - - 9% 5770
2 527 2040 219 <1 219 <1
cop |31 8L | 560 | 105 | & | 109 | 7
4 532 | 11360 94 64520 96 1610
GV TS T | - 1 - 1 10 | 7000
8| 533 |20 - — | 101 | 9180
A WY S Adste AAE BT AR Bol: w
A0k2E-L complex (complex multiplier), fir, biquad
(biquad_one_section), jpeg, motion (motion estimation),
cppe] .
R 13} 3 2v 47 A|Rae dolrt e A 2

7%l ArstE minimum cost-nodes breaking A}
€3 APA 23859 T 8AL B
¥ 13 28 47 A& i3 Jise B H2 AR

1 #2& 3=9] 4 (The number of address instruction)
2 CPU A1zte] 29 : msec

3 ¥ (minute)

4 Hd A7 (1 hour) Woll ¢EHA £33 243
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Table 3. The comparison of the results of GOA and APA algorithm with different memory layouts. (W=100)

Bench, K GOA min-APA_OFU min-APA_TB Gain (%)
' # addr_instr | time (ms) | # addr_instr | time (ms) || # addr_instr | time (ms) | OFU/GOA | OFU/TB
2 2 <1 2 <1 2 <1 0.0 0.0
3 3 <1 2 <1 2 <1 333 0.0
complex 4 3 <1 2 <1 2 <1 333 0.0
6 3 <1 2 <1 2 <1 333 0.0
8 3 <1 2 <1 2 <1 333 0.0
2 4 <1 3 <1 4 <1 250 2.0
3 4 <1 3 <1 3 <1 25.0 0.0
fir 4 4 <1 3 <1 3 <1 25.0 0.0
6 4 <1 3 <1 3 <1 250 0.0
8 4 <1 3 <1 3 <1 25.0 0.0
2 5 <1 4 <1 6 <1 20.0 33.3
3 5 <1 3 <1 4 <1 40.0 250
biquad 4 4 <1 3 <1 4 <1 25.0 25.0
6 6 <1 3 <1 4 <1 50.0 25.0
8 6 <1 3 <1 4 <1 50.0 250
2 75 20 57 <1 67 <1 24.0 149
3 58 20 35 10 50 <1 397 300
ipeg 4 42 10 27 30 42 220 357 35.7
6 12 10 21 570 42 1440 -75.0 50.0
8 12 10 21 1280 45 2710 -75.0 53.3
2 260 370 188 <1 222 <1 217 15.3
3 180 290 119 10 156 30 339 237
motion 4 121 200 82 60 114 210 32.2 28.1
6 54 150 53 1330 91 2570 19 41.8
8 47 140 44 3750 % 5770 6.4 4.2
2 164 2740 104 <1 219 10 366 52.5
3 147 2840 74 60 109 70 497 321
Ccpp 4 127 2330 67 1010 % 1590 472 30.2
6 119 1940 63 3810 100 7180 47.1 37.0
8 112 1910 70 7780 101 9280 375 30.7
avg. 238 22.9
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Table 4. The comparison of the results by GOA and initial APA and iterative APA algorithms.
Bench, K GOA min-APA_OFU Iterative min-APA_OFU Gain (%)
# of addr_instrs{{# of addr_instrs [# of addr_instrs|# of iterations| time (ms) Iter/GOA Iter/APA
2 7 57 40 4 <1 467 298
3 58 % 28 3 10 517 200
jpeg 4 42 27 24 5 120 429 111
6 12 21 19 3 1500 -58.3 95
8 12 21 21 2 3810 750 00
2 260 188 170 3 10 346 96
3 180 119 104 4 40 422 126
motion 4 121 82 68 2 180 438 171
6 54 53 42 3 5350 222 208
8 47 44 44 2 11110 6.4 00
2 164 104 9 5 20 396 48
3 147 74 68 2 230 537 81
cpp 4 127 67 64 2 3080 496 45
6 119 63 61 2 11300 487 32
8 112 70 67 3 30450 402 43
average 259 104
ARE W old dA ZE dEy Holopg dA E 5 9= ZE o oiE AE
B HEo| AT E 3ad AL Edle] rjiio) Table 5. The comparison of the number of iterations.
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