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Intro — The growth cost of verification

3x increase from
2001 10 2013

Env 15% Gate Sim 4%

Test Dev 18%

30% annualized
growth rate

Engineering Effort

2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2011 2012 2013

Source: Simulation user companies, Synopsys
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Problem statement — Resource Usage

Requests for license / -
| |

time_stamp per 12 hours
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Problem statement — Repetitive debugging

[ TESTCASE 1 ] [ TESTCASE 2 ] [ TESTCASE 3 ] [ TESTCASE 4 ]

Common

Power related

Specific sequence related Bus related Mem. related

Debugging
the same error

AGAIN >

It’s too LATE for
debugging

CRITICAL error...
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Let’s assist verification engineer |
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Let’s assist verification engineer |

Grouping similar test cases
to prevent repetitive debugging!
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Let’s assist verification engineer |

Grouping similar test cases Prioritize the important test
to prevent repetitive debugging! case or dissimilar test cases!
[ Cohmon ]
[ Power related ]
[ Specific sequence related ] [ Bus related ] [ Mem. related ]
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Let’s assist verification engineer |

Grouping similar test cases Prioritize the important test
to prevent repetitive debugging! case or dissimilar test cases!
[ TESTCASE 1 ] { TESTCASE 2 J [ TESTCASE 3 ] [ TESTCASE 4 ]
[ Coqhrpon ]
[ Power related ]
[ Specific sequence related ] [ Bus related ] [ Mem. related ]
® Automatically run low-

prioritized testcases when
resource is idle
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Let’s assist verification engineer |

Grouping similar test cases Prioritize the important test
to prevent repetitive debugging! case or dissimilar test cases!
( ___R__ ________________ %

|
! [ TESTCASE 1 1 [ TESTCASE 2 J [ TESTCASE 3 ] [ TESTCASE 4 ]

I [ Specific sequence related ] [ Bus related ] [ Mem. related ]

o o o o o T D D D D B B EEE BEE B \EEE B B B e B B B B

Optimize data preprocessing
and ML processing

by using distributed system.

Automatically run low-
prioritized testcases when
resource is idle
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Proposed Algorithm flow

a Data Simple l Without-TCP
€ansing Clustering . .
( . Random
Component l -
Tokenizin —_———t——— [
J { ' \| Farthest-First
| Weighted | Selected \ / Selected
- N I Clustering I Clustering Model - \ TCP Algorithm
Component o« Closest-First
Vectorizing | . )
( )
Dimensionality Clustering ] EUS,;&Z?VU;[SQ
Reduction Evaluation J
- J
Data Preprocessing Clustering Phase Model Selection Test Case Algorithm Selection
Phase Prioritization Phase
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Test name vs. Test log file

_________________________________________

---------------------------------------------------------------------------------

______________________________________________________________________________

.......................................
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Test name vs. Test log file

TEST.-FEATURE_AA.- -OPTION_111:0PTION 222
TeSTLFEATURE_AALFEATURE YV 6i>"ﬁ6i\i"i'ii' """""""""""
TEST-FEATURE_BB-FEATURE_YY--OPTION_555-OPTION 333

Intuitively grasped similarities
But Lack of information ...
Not always corresponding with actual
behaviors
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Test name vs. Test log file

TEST"FE','L\'%URE"X/K _FEATURE xx"6|5'ﬁ6'|i|"'1"1'i}opﬂom 222 Log file
TEST NAME INCLUDED FILES CLASS
TESTr-IEiEX'I-'UFiiE--AX"F-I-EA:I:UI-QHE"VY- r6i>"T_|_6|_\i"i_ii_"_"""""""""E
-------------------------------------------------------------------- —— ERRORS MODULES SEQUENCES
----------------------------- ) A LOT OF DATA !

Intuitively grasped similarities
But Lack of information ...
Not always corresponding with actual
behaviors
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Test name vs. Test log file

TEST.-FEATURE_AA- -OPTION_111:0PTION 222 el
A TEST NAME INCLUDED FILES CLASS
TEST"F"EXT'UEE'Z\}& """"""""""" 6i5'T'|'6"|\i"i'1"1'""""'""""""E
------------------------------ e Sl ERRORS MODULES SEQUENCES
--------- | A LOT OF DATA !
TEST FEATURE_BB ___________________ OPTION 555 ___________________ | p
Intuitively grasped similarities Not only Big data for test cases
But Lack of information ... But also Reliable !
Not always corresponding with actual |dentify unrevealed similarities
behaviors
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Data preprocessing Phase

Data ] ( Component ] ( Component ] ( Dimensionality
Cleansing J L Tokenizing J L Vectorizing J L Reduction
| Tokenized Components Term Frequency — O
| xx: >:< x .. 4 L ]
. (error, class, sequence, ...) Inverse Document Frequency P21 Do (Ea
log file S Tte
77777777777777777777 power ] [ clock ] [ cpu [0.236, -0.141, 0.000, 0.045], % «?
77777777777777777777 \ J [0.006, 0.652, 0.270, -0.556],
,,,,,,,,,,,,,,,,,,,, —_— ¢ ~ — [0.305, 0.569, -0.028, 0.496], _ o3
,,,,,,,,,,,,,,,,,,,, | master ] [ camera | [0.421, 0.195, -0.058, 0.477],
,,,,,,,,,,,,,,,,,,,, ) i [0.236, -0.141, 0.000, 0.045], )’:Cl
B secuip | (_ppmu_J _bus PR
- | 4 amba ] [ monitor 2 o
) ’ [0.844, -0.001, 0.763, 0.201]]
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Clustering Phase — KMeans

@ O
Simple 0 o 0 [ ] d’ = [ ]
Clustering o o 0 - Q ) —
o y 0 o \ 0 F
@) ® O ®
l o o 0 e \ { C =
0 a a
(TTTTE T \ “oo oo als “oo
: Weighted :
: Clustering }
Clustering
Evaluation

Clustering Phase
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Clustering Phase — KMeans

(@) @)
Simple 0 o 0 [ ] d’ = [ ]
Clustering o o 0 - Q ) —
. > - > a\ 5 ¢
@) ® O ®
l B 8 o @ \ { Q =
0 O 0o e 0 [
P TN oo 0o o oo
: Weighted :
: Clustering }
D (@) @)
O (] 0 a O a
0 - 0 . O O
Clustering 0 g, ‘3 0o .l 0 e
Evaluation ‘0 o 5 e 0o o
-0 a: 0 a 0 ]
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Clustering Phase \ Test Cases with the \

. Weighted test cases
Important components
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Clustering Phase — Measurements

Elbow method

Distortion and silhouette score for the optimal k

—e— distortion

\ The highest silhouette score

( Elbow point

silhouette

10

SYSTEMS INITIATIVE

20 30 a0

10

F0E

06

Fod

Foz2

0.0

silhouette score

Silhouette score

t-SNE result of K-means clusters using PCA

- . (b-a) / max(a, b)
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Test Case Prioritization Phase

Cluster C

Cluster A

Cluster B
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Cluster A

TESTCASE A1

Cluster B

TESTCASE B1

Cluster C

TESTCASE A2

TESTCASE C1

TESTCASE B2

TESTCASE A3

TESTCASE C2

TESTCASE B3

TESTCASE C3

TESTCASE A4

TESTCASE B4

TESTCASE A5

TESTCASE C4
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TESTCASE B5

TESTCASE A6

TESTCASE C5

TESTCASE B6

TESTCASE A7

TESTCASE C6

TESTCASE C7

TESTCASE C8
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Test Case Prioritization Phase (Cont.)

: : Error and
Random Farthest-First Closest-First : :
runtime-wise
O o O O
O O
O s O - O
[ ) [ ) O [ ) [ )
S S © S
® o
O O 0O
O O o
Randomly from clusters the farthest distance the closest distance shorter run time and
from the centroid from the centroid have more errors
of each cluster. of each cluster. from clusters.
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Result — Clustering

K-means cluster distribution

t-SNE result of K-means clusters using PCA — —-«= with XXX components
®. y —= with YYY components
. s xd e 1 =00 -+ with ZZZ components
o B testcases in cluster
20 : g 3000
o
’ . = 2500 -
i i s
e 15 E
< - i? E 2000 ----- NS -l
40 o]
- T
-60 -40 -20 0 20 40 E '1!'\"1
Y 1500 -_\- -
For small set of project .
1000 -- .
- Number of log files: about 35000
- Number of total components: about 4500 500 o
: 231 280 ooy 200 273
- Optimal K: 18 J = .

7 B 9 10 11 12 13 14 15 16 17
cluster index
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Result — Test Case Prioritization

Comparison TCP algorithms of Clustering

400 1
350 1 90% errors .
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Result — Test Case Prioritization

Comparison TCP algorithms of Clustering
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Result — Test Case Prioritization (Cont.)

Test Case Prioritization method

Time for detecting 90% errors
/ Total run time (%)

Ratio of test cases for
detecting 90% errors (%)

Without TCP 368.57 hours / 459.52 hours (80.2%) 100 %
Farthest-first 73.08 hours / 315.37 hours (23.2%) 76.1 %
Closest-first 166.89 hours / 288.22 hours (57.9%) 97.7 %
Random 96.7 hours / 325.25 hours (29.7%) 875 %
Error-count/Runtime-wise 106.79 hours / 386.02 hours (27.7%) 90.6 %
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Conclusion

- Reduced overall verification time and wasted resources

- Efficiently automated design verification flow with machine learning
and system
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The end

* ijin.choi@samsung.com
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