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A Debugger Framework for Heterogeneous System on Chip
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Abstract: The heterogeneous system on chip has the characteristics of customization to meet the specific
requirements of applications and has become the mainstream solution in many fields. However, users need to face
program errors brought by various computing resources when developing on heterogeneous system on chip, and it is
also a great challenge to build a unified debugger framework for different heterogeneous system on chip. To solve the
above problems, a debugging framework for heterogeneous system on chip is proposed in this paper. A general
interface of the debugging framework for heterogeneous processor is designed in this framework, which enables
developers to quickly build heterogeneous debuggers through the framework functional interfaces. The debugger
framework is rich in functions. It realizes debugging of heterogeneous multicore programs through thread switching
and performances analysis of heterogeneous programs. Compared with traditional hardware debugging, the debugger

generated by the framework loads heterogeneous programs faster, which is 5.5 times the read memory rate and 16.5
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times the write memory efficiency, and the debugging speed is greatly improved.

Key words: heterogeneous system on chip; debugger; heterogeneous debugging; multicore debugging; perfor-

mance analysis
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Fig .2 Heterogeneous on—chip resource control diagram
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Fig.3 ET simulation module diagram
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1. bp=bp_addr_exit(addr) ;
2. if bp is not exit then
3. bp = create_bp(addr) ;
4. bit = get_bp_bit(addr) ;
5. add_bp(bp);
6. if bit is exit then
7. bp_handle_fst(bp) ;
8. else
9. bp_handle_sec(bp) ;
10. end
11. else
12. instrNew = bp—instrNew;
13. end

14. et_write(core_id, et_addr, instrNew) ;
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B < T AR R IBUTH
1. bp=bp_addr_exit(addr) ;
2. if bp is not exit then
3. print_error( )
4. else
5. bit = get_bp_bit(bp) ;
6. if bit is exit then
7. instrbit = bp_rsu_fst(bp) ;
8. else
9. instrbit = bp_rsu_sec(bp) ;
10. end
11.  remove_bp(addr);
12. end

13. et_write( core_id, et_addr, instrbit) ;
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1. Initialization

2. for not end of all_cores do
3. if run_core is scaned then
4. set_thread_debug_array (run_core) ;
5. end
6. end

8. for run_core in debug_array do
9. thread_switch (run_core) ;

10. end
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FT-Matrix—gdb JF #f profile T AE , 8 B 24 Fi 4
R R HE RS L fork O) BREAY £ A2 F-iE R . 2
AT R, FHEFREFH sigaction () PRI E M
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Bk 4 profile {5 S E
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Kt « profile 5 5%

1. Initialization;

2. fork( )5
3. if child_pid == 0 then
4. sigaction(child_SIGUSR1, parent_to_child1( ));
5. sigaction(child_SIGUSR2, parent_to_child2( ));
6. else
7. initprof( );
8. createlist( );
9. sigaction(timeCLK , prof_handle( ));
10. sigaction(parent_SIGUSR1, child_to_parent1( ));
11. sigaction(parent_SIGUSR2, child_to_parent2( ));
12. end
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profile Jit FE A R DA ANTE VL 5 Frs . 1 B
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PRECERE LS S
1. IN parent_process;

2. setimer( ) ;
3. sigqueue(timeCLK) ;
4. sigqueue(child_SIGUSR1) ;
5. while not get parent_SIGUSR2 do
6. end
7. getinfotolist( ) ;
8. sigqueue(child_SIGUSR2) ;
9. while get parent_SIGUSR1 do
10. displayinfo( );
11. deletesigaction (parent) ;
10. exit_process( )3

13. end

profile Jii P2 T HEFE O CRS UNGT 35 6 s . T iE A
FEVEIXET , #2003 child_SIGUSR 155 )5 , SR HC 1 Hif
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L 6. profile FHEFE DAY
LA : child_SIGUSR1 %5, child_SIGUSR2 {5 %>
Hi i« parent_SIGSUSR 1155, parent_SIGUSR2 {55, il K4 it 7k
(EEES)
1. IN child_process;
2. while get child_SIGUSR1 do
3. getinfo( );
4. sigqueue(parent_SIGUSR2) ;
5. end
6. halt( );
7. while get child_SIGUSR2 do

8. continue( );
9. end
10. while pc is exited do
11. sigqueue(parent_SIGUSR1) ;
12. deletesigaction(child) ;
13. end
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41 ZWRE

DOGS Wk ZHHELLLE FT-Matrix 2 51 7 i 1] E 2%
THIEL ) S A8 22 A% A0 B A5 5 P B o R TR] R 80 1
1 22 R A 325 /N B i A 2O A b AT R
DOGS 12k 5 HE 42 52 5] 4k A= 1 (1) FT-Matrix—gdb, LA
] B Ak 2 S, i G 5 1 S A R e e D A
HEATIE , WA = A7 T X DOGS HEAEHEA T ITAf .

(1) FT-Matrix—gdb SZH¢ A JEIR T AE 4= & .

(2) FT-Matrix—gdb X HEML .

(3) FT-Matrix—gdb 5 & et {4 JTAG 3/ 2%
T DA S X L
4.2 EXRFAK RN

FT-Matrix—gdb ¥ 12l 2 fig 09 +* & B DL FT-
Matrix—gdb ELA (4 IR DI 4], 28 5 K Rt 9 1l
i, Ft—Matrix WD) REF W14 1 IR .

FT-Matrix—gdb 5 4 #2 /5 B0 AT, Wi s i,
T2 P 4 L AT S T RE W B S TR . S A IR R
main BR5C F 3T 7 4 (b main) , T2 P 4k 22 3047 (c
24, RFE BT ) main W7 254, FE R AR BREE (n
)  BEAF—24484 (b =b_sum(a)). 7 AR
EEEAAT A (s A5 4) , A b_sum () BRECH 72 7 4k
SLPATAr A MR AR
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Tab.1 Debugging function list

RS Ui HHFH DOGS A4
W7 i SCRFERAIT AT A RITI P BT break ; delete ; watch 4%
AR SCREXT 4 SRy 7w ARy AR e ) R print; display ; set; info local ; info args 55
FEK LA BT info register %
IEES SRS, AR D) thread id ; opencore id; sethmode args %4
FeARMmAZE AR R A AR A A step;next;continue;list%
PEREIIAE SRl R s BRI 3K profile 45

(FT-Matrix—gdb) b main
Breakpoint 3 at 6x3efe: file main. ¢, line 39.
(FT-Matrix—gdb) ¢

Continuing.

Breakpoint 3, main () at main. c: 39

39 a=fl();
(FT-Matrix—gdb) n
40 b =b_sum(a);

(FT-Matrix—gdb) s

b =b_sum(a—-1 000) at main.c: 16
16 int b=6;
(FT-Matrix—gdb) ¢

Continuing.

Breakpoint 2, 0x60000000000029¢6 in exit ()

A5 LA XA

Fig.5 Basic functional test diagram

4.3 RS ZIARK AL

FT-Matrix—gdb i 5 #4) 2 &% 72 7 I 25 A 3 ks
A S AR Y I an & 6 7 . &1 6 Hh i
N6 M ST Z AR FIEAT . IR thread fiy 4 Y14
AR 2, 2 L 1 DT 34 2.

(FT-Matrix—gdb) info thread
Id Target 1d

Frame

6 core 5(opened) 6x600060880600060 in cl_start ()
5 core 4(opened) 6x066000880006060 in cl_start ()
4 core 3(opened) 6x000000886000000 in cl_start ()
3 core 2(opened) 6x000000880000060 in cl_start ()
2 core 1(opened) 6x600000880000000 in cl_start ()
1 core O(opened) 6x066000880006000 in cl_start ()

(FT-Matrix—gdb) thread 2

[Switching to thread 2 (core 1(opened))|

#0 6x600000880000000 in cl_start ()
He6 FH#2%Em#kirH

Fig.6 Heterogeneous multicore switching display diagram

4.4 profile Zh &g MK

FT-Matrix—gdb Yy profile I 8 & FT-Matrix & %1
S F Z2 A2 AL B I 3 5 A A5 T RE L profile TR RE 7
YA R P 3 A T ) o LG RN Y e SR H DG
. LA FT-Matrix 51 S5 A 20 BRET [ B 19 2 I 253153
Yrge it 8 544 P8 IR Y R A TG, 5 FT-Matrix—
gdb 1) profile U) g 45 th MR 45 R A7 X% e . 3R 2 |
78 10°K 10° 5 10° AR ERFR - 300 HE . Herh A R

OB I R K, B ok B P12 1 R, C pRIL
AL IR ER 1B 4 R BORIE 21 B 06 pR K. 36 2 s, 7E7)
UK I, A RS C ek B 1R 22 AR R
R A TR 22 O SR 23X P A R BSORT HE T B e R
B2 AME R, FT-Matrix—gdb 2 7 A £
(432 15 8 profile JIAEHH K , 16 21 U KO A FAT 28 e
P B BRECH R LS - iy h AR 2 2 B,
FEARZE AEERR YR B R R R R R 2
BOR . B A IR e IR PR OB 38 22, I 30RO
PRI S5 25 R /N profile ) BT R S K R
AR AT A ETE

#* 2 Matrix ik 5 profile ik 3t tb
Tab.2 Matrix test compared with profile test

10* circulate Matrix—test profile—test Exror rate
A Function 25.50% 28.57% 3.07%
B Function 19.43% 19.04% 0.40%
C Function 55.07% 52.38% 2.68%
10° circulate Matrix—test profile—test Exrror rate
A Function 24.18% 25.87% 1.69%
B Function 19.76% 19.40% 0.36%
C Function 56.04% 54.72% 1.32%
10° circulate Matrix—test profile—test Error rate
A Function 24.10% 24.29% 0.19%
B Function 19.79% 19.69% 0.10%
C Function 56.11% 56.02% 0.09%

4.5 FT-Matrix—-gdb 5 JTAG i3 Lt

FT-Matrix—gdb 5 AL E 1Y JTAG A5 {3 1% [F]—
A 1.6 Mb K/ 1) 53 46 3 A e 28 47 8 e 2 0 3t
DR ZE R 3 fis .

FRPEHE 3 X o5 FT—Matrix—gdb 4288 5K S8
JTAG B A3 3 i 284 R 19 5 000 475 , i 2 7 e 3 38
PR FT-Matrix—gdb i3 N £7 3 382 JTAG 19 5.5 1% , 24
JEITAG 5 NAFHE R 16.5 15105 AR 35 NAT
BT AR T JTAG X A1, DOGS 1 2%
HESE A Bl A TR AR AR o TR S A R ) A %
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#3 JTAGAiL S5 FT-Matrix—gdb Uiz Xf b
Tab.3 Comparison of JTAG debugging
and FT-Matrix—gdb testing

HiH IDE ({)5 B4 30 MHz) FT-Matrix—gdb
A ] 18s 0.003 3 s

BN 712 kB/s 3916.71 kB/s

S NAF 203 kB/s 3368.98 kB/s

5 RES5RE

ASCHEH DOGS HEQR——Fh P X 544 v | R4
R AR HE L . 3% DOGS HE SR i #/E R S S Bl 57
¥ g — R, SEEEEAR () PR T R, 8 A 2 A D 4 5
BSEA R Y 1Y 2 A% R DI e N HLSE B TR BT
IHBE . A A IR 2% 5 JTAG B 2R R BEFT X% EE , fin
AR Y R R, SR L AR 5.5 4% R 3L
B WNARBCRR 16545 , P80 B R KL & . AE FT-
Matrix 54 22 4% Ab B 28 (AR ZR S5 F R AE i LAk L, 1%
DT I 52 BT — 2K 1 7] FT-Matrix 544 H 1 R 40
(1) AR PRI RS % AR P PRI AR 3 A FT-Matrix &
B 77 i DL K ARM S5 A 88 2%, I H 3628 FT-Matrix
Z Y IDE 7= 5 .

AKX P T 2K, FRATTHRE X 12 K 2R AE 2R Y
LR 7 AT #E— 2505« 1) 1% S A PR A AE 2R T
AEFZ DT 11 profile DI AE & 5 BELKLE T8 3 2) A SCH
BTN} T FT-Matrix £ 5140 B 2§ 426 ARM+DSP 544 5
G, A7 A A FER 2R A 51 40 ARM+FPGA A% 544
ARG AKX TV BFISEAF N AR LRG0
IR AT HE SR RS A LA St — 20 58 3% DOGS HEZR ) g 4% 1
FE.
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