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Abstract: Software pipelining is a loop optimization technique that has been widely implemented in modern
optimizing compilers. In order to fully utilize the instruction level parallelism of the recent VLIW DSP processors,
DSP programs have to be optimized by software pipelining. However, because of the transformation of the original
sequential code, a software-pipelined loop is often difficult to understand, test, and debug. It is also very difficult to
reuse and port a software-pipelined loop to other processors, especially when the original sequential code is
unavailable. In this paper we propose a de-pipelining algorithm which converts the optimized assembly code of a
software-pipelined loop back to a semantically equivalent sequential counterpart. Preliminary experiments on 20
programs verify the validity of the proposed de-pipelining algorithm.
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, (digital signal processor, DSP) el
, VLIW(very longinstruction word) DSP ,
VLIW DSP ,DSP
[2~4]
, , Texas Instruments TIC6X  StarCore SC140 DSP
, CPU , ;
, , DSP , :
, (DDG). , DDG
20 ,
1 TIC62 (5
MVK 0X32,B0
MVC CSR,B8 ZERO A4 ZERO B5
AND - 2,B8,B4
MVC B4,CSR SUB B0,5,B0 MVK 0X2,A1
L1 [BO]B L2
LDH*++A0(4),A3  LDH*++B7(4),B4
LDH*+A0(2),A3  LDH*+B7(2)B4 [BO]B L2
LDH*++A0(4),A3 LDH*++B7(4),B4
L2: LDH*+A0(2),A3  LDH*+B7(2),B4 [BO]B L2 MPY B4,A3,B6 ['A1]JADD B6,B5,85
LDH*++A0(4),A3 LDH*++B7(4),B4 [BO]SUBBO0,1,B0 MPY B4,A3,A5 [IALJADDA5A4A4  [A1]SUB AL1Al
L3: LDH*+A0(2),A3  LDH*+B7(2),B4 MPY B4,A3,B6 ADD B6,B5,B5
MPY B4,A3,A5 ADD A5,A4,A4
MPY B4,A3,B6 ADD B6,B5,B5
MPY B4,A3,A5 ADD A5,A4,A4
MPY B4,A3,B6 ADD B6,B5,B5
MPY B4,A3,A5 ADD A5,A4,A4
ADD B6,B5,B5
ADD A5,A4,A4
Fig.1 Software pipelined loop of dot-product function in TIC62 assembly code
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3 ,AddB6,B5B5 AddA5A4A4

1 , 2 ,
2 : [5].
MVK  0X32, BO
ZERO A4
ZERO B5
LE: LDH *++A0(4), A3
LDH *++B7(4), B4
LDH *+A0(2), A3
LDH *+B7(2), B4
[BO] SUB BO, 1, B0
[BQ] B LE
MPY B4, A3, B6
NOP
MPY B4, A3, A5
ADD B6, B5, B5
ADD A5, A4, A4
Fig.2 The semantically equivalent code of a software pipelined loop of dot product in TIC62 assembly code
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1 MVK 0X32,B0
2 ZERO A4
3 I ZERO B5
4 SUB B0,5,B0
5 I MVK 0X2,A1
6 [BO] B L2
7 LDH *++A0(4),A3
8 I LDH *++B7(4),B4
9 LDH *+A0(2),A3
10 I LDH *+B7(2),B4
11 I [BO] B L2
12 LDH *++A0(4),A3
13 I LDH *++B7(4),B4
14 L2 LDH *+A0(2),A3
15 I LDH *+B7(2),B4
16 I [BO] B L2
17 I MPY B4,A3,B6
18 I ['Al]  ADD B6,B5,B5
19 LDH *++A0(4), A3
20 I LDH *++B7(4),B4
21 I [BO]  SUBBO,1,B0
22 I MPY B4,A3,A5
23 I [!Al]  ADDA5A4A4
24 I [Al]] SUBALLA1
25 LDH *+A0(2),A3
26 I LDH *+B7(2),B4
27 Il MPY B4,A3,B6
28 I ADD B6,B5,B5
29 MPY B4,A3,A5
30 I ADD A5,A4,A4
31 MPY B4,A3,B6
32 I ADD B6,B5,B5
33 MPY B4,A3,A5
34 I ADD A5,A4,A4
35 MPY B4,A3,B6
36 I ADD B6,B5,B5
37 MPY B4,A3,A5
38 I ADD A5,A4,A4
39 ADD B6,B5,B5
40 ADD A5,A4,A4
Fig.3 A segment of TIC62 assembly code
3 TIC62
3 (DDG).
, k-1 |k ,
3 Il -y 2 :
4
LDH *++A0(4),A3  LDH*++B7(4),B4  MPY B4,A3,A5 ADD A5,A4,A4 [BO]SUB BO,1,B0 [A1] SUB AL1AL
LDH *+A0(2),A3 LDH *+B7(2),B MPY B4,A3,B6 ADD B6,B5,B5 [BO]B L2
LDH *++A0(4),A3 | LDH *++B7(4),B MPY B4,A3,A5 ADD A5,A4,A4 [BO]SUB BO,1,B0 [Al] SUBALLAL
LDH *+A0(2),A3 LDH *+B7(2),B MPY B4,A3,B6 ADD B6,B5,B5 [BO]B L2
LDH *++A0(4),A3  LDH *++B7(4),B MPY B4,A3,A5 ADD A5,A4,A4 [BO]SUB BO,1,B0 [Al] SUBALLAL
LDH *+A0(2),A3 LDH *+B7(2),B4 PY B4,A3,B6 ADD B6,B5,B5 [BO]B L2
LDH *++A0(4),A3  LDH *++B7(4),B4 ADD A5,A4,A4 [BO]SUB BO,1,B0 [A1] SUB AL,1AL
LDH *+A0(2),A3 LDH *+B7(2),B4 MPY B4,A3,B&_ ADD B6,B5,B5 [BO]B L2
LDH *++A0(4),A3  LDH*++B7(4)B4  MPY B4A3,A5 ADD A5,A4,A4 [BO]SWB BO,1,B0 [A1] SUB ALLAL
LDH *+A0(2),A3 LDH *+B7(2),B4 MPY B4,A3,B6 ADD B6,B5,B5 [BO]

Fig4 Datadependence graph (DDG) of running example
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Tablel Experimental result
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1
ot Software-Pipelined loop De-Pipelining result
ssembl h
A bly code Characteristics Initial count Body length Count value Body length
Dot product_1*>  Normal 43 1 50 14
Dot product_2*>  No postlude 50 1 50 14
Dot product_3 Sub & branch in prelude only, no postiude 57 1 50 14
Dot product_4° Branch in prelude only, no postlude 51 1 5 14
Dot product 5 Normal 50 1 50 14
FIR* No postlude 32 3 32 15
FIRnorld® No postlude 16 2 16 15
IR? No postlude 100 4 100 13
Codebook? No postlude,conditional branch in loop body 32 2 32 9
Vec_mpy* Normal 75 3 75 16
Latsynth* Normal 200 5 200 25
wvs Normal 49 2 50 16
Add_test* No postlude 5 2 5 6
Loop_test_1* Branch in prelude only 50 2 50 6
Loop_test 2" Branch in prelude only 100 2 100 7
Loop_test_3" Branch in prelude only 100 3 100 7
Loop_test_4* Normal 50 5 50 11
Loop_test 8" No prelude 20 9 20 21
Loop_test 12" No prelude 25 23 25 27
Loop_test 16" No prelude 50 17 50 35
4
: [6,7] :
[8]’ Java )
[
DSP ,
VLIW (0]
, VLIW
, VLIW
VLIW DSP DSP e
[11]
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