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Enhancing Distributed Monitoring and Debugging

by using State Reduction Techniques
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Abstract

In a distributed system, detecting whether a glegical predicate is true
on the global states is fundamental for testing @etaligging the program.
Detecting predicates by examining all global st&ésne consuming due
to the combinatorial nature of the problem. Thipgrgproposes the

notion of composite state of which a sequence etetion states can be
combined. An efficient algorithm is also developedhis paper to
perform the state combination and predicate deteat an online
manner. Based on the notion of composite statejetextion result can
still be correct, and the performance of the nayodthm is improved as
the number of states to be evaluated is reduced.

Keywords: Distributed computing, Distributed monitoring and

debugging, Global predicate detection.
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I. If €%, et € h; and k < £, then eF—e?

'I-'
2. If ; = send(m ) and e; = receive(m), then e;—e;,
3. If e—e' and e’ —€”, then e—e”.

s

e>e P EIVEE ez FRMGE A Ao 2w — B 4
TAPT RIS PEEMA KA R AT R EERE R

T G R RR Tl S B o



DRELYOFETEHS TA G RFEM G RAHELE

4 >

FhaFlEMAEe > e & e —er N

4l
"
D
-4
T
@
3
‘\3\»1,
b
¥l
@
o

AT L #HF (concurren) > el e’ # T2 e

‘_.

ARG R AN - BRA K (posed &GS (H—)

T AT FT Pl A A ARa il

BEEY TIPS f G-

ok

iz G EIE o F|p o & BARA 0+ 2K (total order o 14 % i

fespfesnT fe U8 B H & -
22 2RAE v HfE R

ROOR A P R REARFEREE Ko R A A
BARA PHEER Qe TR o AR RET N S 4T L
Gldo: BN U E A E PR L E R TR T EHER o
2 A B fk (global statesy — B n = ek b b i 3 e

Y =(0n 00 B E - EA - BRI -

AECR P B Brod(Cu)EE 2 Y HRH- B3R & 3
5 - B A B¢ e 4o E(initial prefix)e 2t C= h tuh, 2. ohy™ s

Ho (C, CoueyCp) HEBHH BARA i F #2515 & §305 3

B2

(€ CovnnyC) i = 3 2 (el & )f A I
4



: \ o, C C
(frontier) » %7 &](Cy, Co...,Cn)BI B 2 Bk (o1, 62 °...0n Cn) ’

4o 14T .

7Y 4k 7Y 4k
* - Fketr 3 - Ry i
\C} ~ C2
1 2 | 3 4
e, e , e e
P .- ! | 1
) ) —
T T 3 .
p o % e € %
2 ° ® \ .
[ 5 \ \ ~
83 83 833 \\. €3 \\ 933
P3; —e . .
\ \ \
1)
1 i ! |
e € ;
4 4 |
;‘04 L @ l\

time ———=

e

AN

ASHR P E L BRA R REEREE T ER 0 g

A4 EFE(UNRA A RSP R EE e p 2 ELY T R

RrAMEGR A 2AMGEE - B AL AR R - Ko g

|

T2 oA -BREPA T CEETE2EE ALY RE- Hho B F

ARNEEEIFRPEERT R ARGT A - BN E

il

= »
oo
IRy
—mie
-l
_H\
W
(i}
B

- BEEFRIAPF AT B A e eF (T o



R AL - BERHBRYLAA L o AT > T
BaBELAS BAL RS e BER-APT 4Lz v P43 G 7

% Ald] o

g
&
L

K P 33 H#s & VC[L..n] (4> & [0,...,0]) @ £ =
SRRk SRR 4o [B]

F4A P A4 - 2 (send, receive, or internal) £ pF 48 VCI[i] # 4
(VCi[i]: = VCI[i]+1) - @

AP #FE- 4L B B4 VC 2 E mVC i3t 41 o (5)

TAE PR R A 02w BT 375 VG =max(VCi,mVC): (6)
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3.1 2 A& (GPE :Global Predicate Evaluation)
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i sfoen- B Sl Bk - A2 A pp TR A (T f§ 4 checker)

fEsmh @@ p 7 A p,.p, B2 B AR R 2
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R QPN EHF L ppE- BrAREDIFE fHAL K
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[ Checker process

Detection
Module
Checker process |
Detection Composition
Module Module
State queues State queues
(a) (b)
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ABLE - BAF ARG Y B G B EAURE o 4 ST A g
® = i gL(Front Pivot): — Fid § 5 & (Si,begin s+, Si,end y % 7 7

send¥ # > @ ¥ % - @& i Sibegink 3 &~ & > P Si,beginfi
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4.2 TIAF &R 4 8 SR K A
A &21% CM (Composition Module);x & /% % - 2k it B 71 chidi
FLEE3IN S CMiFE 2B 56,7 FE2? g% S, A&mA P
% X B 2 d(Sy) H A Sy REE (T2 ER O HRE
Xi ik iy Sy hiE) o
B 5 v Procedure FO)E_F 5 42 5 P A % X Bk fs B 400
F-composition state? 2 F-pivote gz 8 ik B 4R % X ~ X+1 > X+2---

AR > B P F sendE i* L gk oo

procedureF

fend = pivot =x; //intialize index
last ? the index of last state in process Pi;

while (fend < last) and (e;s.n44 IS NOt @ send event) do
fend ? fend+ 1;
if d(Sipivor =d(S;ena) then
pivot? fend;//update pivot

end if
end while
FQ) H2)
;_h_w e AN .
[variable] 5 8 1 4 6 3
[index] 0 1 2 3 4 5

fend “fend fend fend  fend fend

pivot pivot

B 5: Front Pivotjx & ;*

13



B 6 - Procedure R@_% 5 R-composition state2? Procedure F()
K B 338 3| receive® i Lok o

procedureR

rend = pivot = x; /finitialize index
last ? the index of last state in process Pi;

while (rend < last) and (€, ,¢n4.1 iS NOt @ receive event) do
rend ? rend + 1;
if d(si,pivot) = d(si,rend) then
pivot ? rend; //update pivot

end if
end while
R(1) R(2) R(3)
N
) ”~ ~
[variable] o 1 4 _ 5 _ 8 3 _ 6
[index] 0 \1 2 f 3 /Y 4 5/ﬂ
rend rend rend rend rend rend
pivot  pivot pivot

B 6 : Rear Pivoty & j*
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Algorithm 3 CompositionModule(s; pegin, 5ilast)

I

[E¥]

Lh = L

by =

10:
11:

12;

»

13:
1 4:
L5

16
L7
1 &:
B2
20

Input: a sequence of states s8; ceare. 8 lget M process
..P'

Output: a list of intervals and pivot states that
represents the states s; .:nrt..8i last

pivot List + {}
I +— start

while z < last do
/* find F-interval and R-interval starting from
@i
(81, fbegins 8i fend) < f(8iz)
(=9i.1'bEngn: Si.rend.] L ?'(31'-1':]
/*choose the longer interval®/
if fend > rend then
Add (84 hegin+ 8ifend) to pivot List,
T+ fend =1
else
Add (8;rtegin: Sirend) to pivotList.
T +— rend—+ 1
end if
end while

return pivof List;

B 7:CM; 7%+
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omnetpp.iniz & fLfe ¥ AL & 975 Lk &

F il R A4 H TR o Omnet #2530 e

Iz OMNeT++/Tkenv - Tictocl

RN ER R

‘-1::.
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Ve

A Omnet+ 28

L7 % 0 Ao 8 44

\.

_L‘ R

O

WD A R

3;

S

-~

-8

M

#—r_

File Edit Simulate

Trace Inspect View Options Help

BEEVE M PO IR R R

Fun #0: Tictoc]
|Msgs scheduled: 0

Ev/sec nfa

|Event#55 IT=1

[Next na

g [ﬁ (Tictocl) Tictocl

=2

== <

% & fm[>

k]

I(Tictocl)T\mmﬂ (id=1) (pt043FFB50)

@ Tictoc (Tictoct =

B scheduled-even

Ls BEE Hoiicuray @ NI

sec

gsd=6664
52 = 7655
053 = 7645
gsl=6664
gsl = 7664
52 = 6674
053=5674
gs2 = 6665
gs3=6655
gs1 =674
052 = 6674
gs2=5675
53 =5665 node(2]
lastl=7

rhegin0=0, rend0=1, pivotd=1, value0=0
fthegin0=2 fend0=5, pivotl=4, valugl=7
theginl=6, tend0=7, pivotd=7, valuel=9
last1=5

fthegin1=0, fend1=2 pivotl =1, valuel=0
rheginl=3. rendl=6. pivotl=3 valuel=8
last2=6

thegin2=0, rend2=4, pivot2=2, value2=3 4]
rhegin2=5, rend2=7, pivot=7, value?=12632256

Tictoc!

lasti=6

thegind=0, fend3=2, pivotd=1, valued=1
thegin3=3, fend3=7, pivot3=7, value3=12632256
 Event #62 T=21 Tictoc]nade[1] (TxG1, id=3), on selimsg TRIGGER_ONE' (chessage, id=2)
* Evert#63 T=23 Tictocl node[3] (Txel, id=5). on selfmsg TRIGGER_OME' (cMessage. id=6)
** Event #64 T=25 Tictocl.node[0] (Txc1, id=2), on selfmeg TRIGGER_ONE' (cMessage, id=0)
<I> No more events — simulation ended at event #65, t=25.

“* Calling finish() methnds of modules

B 8: =
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Ja* 425 NO~N34¥ 2 %4 % % 424 Checkeris £ p5 - %

A FAIRLPN A G BB 9 104 -

Variable: 0:initial
0~9 1:send
2:receive

[2,0,0,0]

NO
N1 [05.1,1]
0,4,1,1%,0
[1,0,3,0]
N2 ¢ 3
it \ 0.0} U
10.0.10,00; ‘
N3 e Y wag;
01\0J0\,0,0,2,O,01, . L 1200001 . 05,1400
'.OnQL YU | \‘\ 0,0,0,2,1,1 ‘.' \“ ‘l,0,5,l,l,\‘0,1l\ '

Checker—¥+ ¥ "x \

y v v ¥ M M y VT
020000 031002 041182 103042 041,312

BlO: * AT EwF ARG LOEHR

Variable:0~9 ;)':;Ielrlltéal

2:receive

[1,0,0,0] [2.0,0,0] [3,2,2,2]

| D—
R0,0,0,S,O U /\
(1,2,0,0] [1,3,0,0] 3,2,2,3,9,2

1,0, 2
N1 s
ﬂ i 2,0,0,8,0 U
””” 2,2,2,6,0
N2 [ogﬁ,O] [1.22,0] 230 [22RE
N
2,2,0,5,0
0,0,1] 200031 1130081 [1,ﬁ2,2] [1,2,2,3

N3
O
\ %‘2'0’0'1'2& \1,2,2,0,7,2%2-3\0'5-1 \,2,2,3,6,1
Checker 1,2,2,2,0,2

NO

I:':L

lﬁm:@*ﬁ&@@ﬁiﬁﬁﬁﬁﬁﬁﬁ

17



AR 4o 119 e

—
o
( [usf

CMigh 2 f s T2 g2 77

Procedure F F}\l) F(2) F(3) F(4)
. -~ ~
[variable] H 8,0 0 0 0 3 . 8 .
[index] 0 1 ) f 3 “\ 4 X 5 \ 6
pivot pivot  pivot Ppivot
Procedure R R(1) R(2) R(3)
[variable] 8 0 0 0 0 3 8
O—— 0 "o
[index] 0 1 f 2 3 4 5 6
pivot pivot pivot
F(1) . R(B®
T @)
[variable] o8 0 0 ., 0 0 .. 3 8
[index] 0 1 7 2 f 3 \ 4 v\ 5 \ 6
pivot pivot

Bl 110 3/ £ B8R & F B Rl o+ 7R g
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