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Abstract

In order to meet demands for higher performance and lower power consumption, many
high-end digital signal processors (DSPs) commonly employ non-orthogonal architecture
characterized by multiple memory banks and heterogeneous register sets. To harvest the benefits
provided by this architecture, effective compiler techniques are required. Last year we have
proposed three variable partitioning and instruction scheduling methods. In this project, we
extend them to consider the register assignment phase, and propose two instruction scheduling
algorithms used for non-orthogonal DSP architecture. A hypothetical machine model and related
analytic models are al so defined to evaluate their preliminary performance. Based on our analyses,
two new algorithms obviously outperform previous proposed methods. Moreover, the proposed
algorithm is suitable for various architectures with similar features, which can be used to study
the influence of differing number of resources on the scheduling result.

Keywords: Digital Sgnal Processor (DSP), Multiple Data-memory Banks, Heterogeneous
Register Sets, Non-orthogonal Architecture, Instruction Scheduling
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(multi-dimensional dataflow graph, MDFG) # 77 » # @ &gk 454 » 5w it 4 ’?%ﬂ#ﬁ i%
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AL FRSF (BELR).

Benchmarks [1] [2] [3] (4] (5] [6] [7] (8]
Wave Digital Filter 7 9 9 8 6 85 6 5
Filter 8 13 13 9 115 9 6 55
IIR Filter 2D 20 29 33 25 275 28 16 16
Forward-substitution 7 12 12 9 10 11.5 5 55
THCS 6 8 8 6 6.5 55 4 4
DFT 16 21 21 18 21 185 13 12.5
Floyd-Steinberg 20 | 36 | 37 | 29 | 325 32 18 | 175
Transmission Line 15 20 21 19 18 18 12 12
IIR Filter 1D 11 15 15 11 14 -- 8 8
Differential Equation | 46 | o | 21 | 18 | 215 | -~ | 13 | 115
Solver
All-pole Lattice Filter 21 37 37 35 28 -- 17 16
Elliptic Filter 42 | 62 | 66 | 56 69 - 36 34
[1] Choet d., 2002 [6] RST
[2] Sudarsanam and Malik, 2000 [7] RSSP& RSSA (with RSV R mechanism)
[3] Shiue, 2001 [8] RSSP & RSSA (with RSF mechanism)
[4] RSVR [9] RSSP& RSSA (with RST mechanism)
[5] RSF

L2 FHEE (34 B

Benchmarks [ | (2 | 38 | [4] [5] (6] [7] (8]
Wave Digital Filter 14 16 16 16 155 16 14 13
Filter 1 16 16 16 16 16 11 10.5

IIR Filter 2D 37 64 68 64 64 64 37 37
Forward-substitution 11 20 20 18 175 18 11 10.5
THCS 10 16 16 14 145 14 10 9.5

DFT 33 48 49 a4 a4 14 32 30
Floyd-Steinberg 39 68 70 59 59 59.5 39 39.5
Transmission Line 28 48 48 42 42 42 29 29
IIR Filter 1D 20 32 32 30 29.5 -- 18 18
Differenst;‘l"‘\':q“mio" %5 | 44 | 44 | 37 | 37 . 2% | 255
All-pole Lattice Filter 37 60 60 51 515 -- 35 345
Elliptic Filter 77 136 | 136 | 125 | 1165 -- 75 72




% 1 3. TDAG #p b T 1.

Benchmarks Number of ALU | Critica Number of nodesin each TDAG
nodesin G; |path of G;| original |unfold 2]tiled 2" 1{unfold 3|tiled 3" 1]
Wave Digital Filter 4 6 14 13 135 | 126 | 133
Filter 4 7 11 105 | 105 | 103 | 10.3
IIR Filter 2D 16 7 34 34 34 34 34
Forward-substitution 5 6 11 105 | 105 | 103 | 10.3
THCS 4 4 10 9.5 10 9.3 10
DFT 12 7 32 28 30 26.6 | 29.3
Floyd-Steinberg 17 12 38 375 | 375 | 373 | 373
Transmission Line 12 10 26 26 26 26 26
IIR Filter 1D 8 6 17 17 -- 16.6 --
Differential Equation Solver 11 11 25 225 -- 21.6 --
All-pole Lattice Filter 15 18 33 29 -- 27.6 --
Elliptic Filter 34 19 65 58 -- 55.6 --
¥ 4 9 %% (34 accumulator B #&).
1ALU, 2 acc, 4 reg, 2 mem 1ALU, 3acc, 4reg, 2 mem
RSVR RSF RST RSVR RSF RST
len| # |len| # |[len| # |len| # |len| # |[len| #
Wave Digital Filter | 6 [ 14| 5 |13 (55|13 | 6 |14 | 5 | 13 | 55| 13
Filter 6 [ 11 | 55|105( 5 |105] 6 | 11 | 55|10.5| 45 [10.5
IIR 2D 16 | 37|16 | 37| 16 | 37| 16 | 34 | 16| 34 | 16 | 34
Forward-substitution| 5 | 11 | 55 105 5 |105] 5 | 11 (55 [105| 5 |10.5
THCS 4 |10 4 [95]| 4 |10| 4 10| 4 |95| 4 | 10
DFT 13| 32 (125]| 30 | 13 |315| 12 | 32 | 12 |285| 12 | 31
Floyd-Steinberg 18 | 39 |17.5(39.5| 17 |39.5| 18 | 38 |17.5(38.5| 17 |385
TransmissionlLine | 12 | 29 | 12 (29 | 12 | 29 | 12 | 27 | 12 | 27 | 12 | 27
IIR 1D 8 (18| 8 |18 --|--|8 |17 8 |17 | - | --
Equation Solver 13| 26 |11.5(255( - | -- | 13| 26 |115| 25 | -- | --
All-pole Lattice Filter| 17 | 35 | 16 (345 -- | -- | 17 | 33 | 16 |31.5| -- | --
Elliptic Filter 6|7 |34|72| - | --]13]| 70 (305|665 - | --




# ¥ 5. F %% 5% (3% 4 register B k).

1ALU, 2 acc, 4 reg, 2 mem 1ALU, 2 acc, 6 reg, 2 mem
RSVR RSF RST RSVR RSF RST

len| # |len| # [len| # |len| # |len| # |len| #

Wave DDigital Filter | 6 | 14| 5 | 13 |55| 13| 6 |14 | 5 [ 13| 5 | 13
Filter 6 | 11 [55(105| 5 |105] 5 | 11 | 5 |105| 4 |105

IIR 2D 16 | 37|16 | 37|16 | 37| 16 (37| 16| 37| 16 | 37
Forward-substitution| 5 | 11 | 55 |10.5( 5 (105 5 | 11 | 5 [105| 5 |10.5
THCS 10| 4 |95| 4 |10| 4 [10| 4 |95| 4 | 10
DFT 13 | 32 [125]| 30 | 13 |31.5| 13 | 32 |12.5|285| 12 {30.5
Floyd-Steinberg 18 | 39 |17.5|39.5| 17 |39.5| 18 | 39 |17.5|39.5| 17 |39.5
TransmissionLine | 12 (29 | 12 | 29 |12 | 29| 12 (29 | 12| 29| 12 | 29
IIR 1D 8 18| 8 |18 - | -] 8 (18| 8 | 18| - | -
Equation Solver 13| 26 |11.5|255| - | - | 13| 25|12 | 23| -- | -
All-pole Lattice Filter| 17 | 35 | 16 |345| - | -- | 17 [ 35| 16 | 33 | - | --
Elliptic Filter 6|7 |34 |72| -] -]3]|73|305(695 -- | --

14 6. B E (4 dataALU B ).

1ALU, 2 acc, 4 reg, 2 mem 2ALU, 2 acc, 4 reg, 2 mem

RSVR RSF RST RSVR RSF RST

len| # |len| # |len| # |len| # |[len| # |len| #

WaveDigital Filter | 6 | 14| 5 |13 (55| 13| 6 | 14| 5 | 13 [ 55| 13
Filter 6 | 11 |55 (105 5 [105] 6 | 11 | 55|10.5| 45 |105
IR 2D 16 |37 |16 | 37| 16 | 37 | 12 | 39* | 13 | 40* |12.5| 40*
Forward-substitution| 5 | 11 | 55105 5 (105 4 | 11 | 4 |10.5| 45 (105
THCS 4 10| 4 |95| 4 |10] 3 |10 3 [95| 3 | 10
DFT 13 | 32 [125| 30 | 13 |31.5] 12 | 34* [11.5|32* | 13 | 35*
Floyd-Steinberg 18 | 39 |17.5(39.5| 17 |39.5] 15 | 41* |16.5|45.5*| 17.545.5*
TransmissionLine | 12 | 29 | 12 [ 29 | 12 | 29| 8 | 28 | 11 [29.5*| 11 [29.5*
IR 1D 8118| 8 | 18| - | - | 6 | 18 | 7 [185*% - | --
Equation Solver 13 | 26 [11.5|255| - | -- | 10 | 25 [11.526.5% -- | --
All-pole Lattice Filter| 17 | 35 | 16 (345 -- | -- | 16 | 33 | 14 [35.5% -- | --
Elliptic Filter 6|75 (34 |72 -] -1]127|80*|29 |80*| -- | -
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¥ 7. 7 %% 5% (34 dataALU - accumulator i #).

1ALU, 4 acc, 4reg, 2 mem

2ALU, 4 acc, 4reg, 2 mem

RSVR RSF RST RSVR RSF RST

len| # |len| # |len| # |len| # |len| # |[len| #

Wave Digital Filter | 6 | 14 | 5 | 13 |55| 13| 6 | 14 [45| 13 |55 13
Filter 6 | 11 | 55(105| 45|105] 6 | 11 |55 |10.5]| 4.5 |105

IIR 2D 16 (34| 16|34 |16 (34| 10|34 |10|34| 9 |34
Forward-substitution| 5 | 11 | 55 (105 5 |105] 4 | 11 | 4 [105| 4 |105
THCS 4 10| 4 |95| 4 (10| 3 |10| 3 |95 3 [ 10

DFT 12 (32| 121285/ 12 (30| 10| 32| 9 |28 |95| 30
Floyd-Steinberg 18 | 38 | 17 |37.5| 17 (37.5| 13 | 38 | 14 |39.5(13.5(39.5
TransmissionLine | 12 [ 26 | 12 | 26 | 12 [ 26| 8 | 26 | 85| 26 (85| 26
IIR 1D 8 (17| 8 |17 | - | - | 6 (17| 6 | 17 | - | -
Equation Solver 13|26 |125/ 25| - | --]10| 25| 10 [255| -- | --
All-pole Lattice Filter| 17 | 33 | 16 (305 -- | -- | 16 | 33 | 13 |30.5( -- | --
Elliptic Filter 35| 67 |305(635| - | - | 23|70 (24|68 | - | -

% ¥ 8. 7 B %% (34 memory bank i #k).

1ALU, 3 acc, 6reg, 2 mem

1ALU, 3 acc, 6 reg, 3mem

RSVR RSF RST RSVR RSF RST

len| # |len| # |[len| # |len| # |len| # |[len| #
WaveDigital Filter | 6 |14 | 5 [ 13| 5 | 13| 4 |14 | 4 [126]| 5 |133
Filter 6 | 11 |55(105|45|105] 6 | 11 |53 |10.3| 4 |10.3

IIR 2D 16 (34| 16|34 |16 (34| 16| 34|16 | 34| 16 | 34
Forward-subgtitution| 5 | 11 | 5 [105| 5 |105] 5 |11 | 5 [10.3| 5 |10.3
THCS 4 10| 4 |95| 4 (10| 4 |10| 4 |93 4 | 10

DFT 12 (32| 12|28 |12 (30| 12| 32 | 12 |26.6| 12 | 30
Floyd-Steinberg 18 | 38 | 17 |38.5| 17 (38.5| 18 | 38 | 17 |38.3| 17 [38.3
TransmissionLine | 12 | 27 | 12 | 27 | 12 | 27 | 12 | 27 | 12 | 27 | 12 | 27
IIR 1D 8 (17| 8 |17 | - | - | 8 | 17| 8 |16.6| - | --
Equation Solver 13 | 25 |115|225| - | -- | 12| 25 |(11.3|216| -- | --
All-pole LatticeFilter| 17 | 33 | 16 (315 -- | -- | 17 | 33 |156| 30 | -- | --
Elliptic Filter 35|68 |305(65| - | - |3 |68 (35364 - | -

n




