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1. Introduction

.
E21] - e i " 1:'1-‘ : :
L SEEEEE Hot spot \ Mail server Arc. Distribution
Application ice N = L ; service
Providers : = == : =

(including Fuiji Xero DocuShare : =
Document
' management :
: server

aq A
| |
—4 ,/J —4 ,/'} Internet e *‘—
Remote offices Centrallzed server -
Mobile sales : :

_ _ : MFD Copy,
Copying Machine MFD (Copy & Fax) Fax, an((j PrFi)r)\/ter)

Multifunction
device

Portalization of offices
Networked MFD using MFD with

various new features

e o
l:

Copy: B/W — Color, Speed up

Copy/Fax — Integrated ——
Information distribution from MFDs
Document management using MFDs
Meeting various business
needs using MFDs
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Increase of SW size about a MFD in Fuji Xerox
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Combination test increases exponentially

35000 4 A
LOnIy 15 factors make
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Aim of HAYST method and Tool

B Quality improvement using combination testing.
B Efficiency of test for time to market.

- At first, creation of test matrix by orthogonal
array using HAYST method was done using
Excel. It took average 2 weeks that is, man-

hours of 10 man-days (= 50 man-hours) for
creation of test matrix.

10 man-days

(0O factors
20 constraints

[L128 Orthogonal array ]
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Orthogonal array

FaCto r Character modification

factors and levels

Factor Level

Bold OFF
L4 orthogonal ON
array OFF
ltalic
ON
Underline OFF
ON
Level
; FUJI XErox @,)




Allocation result

Factor

L4
Orthogonal array

Test No.1

Test No.2

Test N0.3

Test N0.3

Result

Test Result

Test Result

Test Result

Test Result

Level
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Combinations that the orthogonal array covers.

L4 orthogonal . Under D | Under | . ||
Bold Italic | —
array line combinations [SEEEENERRRRENIN R s .
OA Exhaustive
Test No.1 OFF | OFF | OFF ACEAN%e OFF | OFF | OFF | Noa | B
na | FPFI——T—1T——1T——1 = e 0 H
Test No.2 teStlng Test No.2 OFF OFF X 1 M7 teStlng
Testnos SEIE Bold I /
5000
Test No.4 Test No.4 OFF No.2 .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Test No.5 OFF OFF X

Test No.6 OFF No.3

Test No.7 OFF No.4

Test No.8 X

OFF

Italic

In all the combinations, the combination that does
not exists in the orthogonal array also appears
(However, Test frequency expands in an exponential
manner) If seen properly, No. 2, 3, 5 which does not
appear in the orthogonal array are unit test content

All the combinations between 2 functions
exits.

(This state can be defined as combination
cover rate 100%)

© 2010 Fuji Xerox Co., Ltd. All rights reserved.
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Coverage of Lg orthogonal array

Using [g orthogonal array, you get 3

combination test.
A B CDEF (;' (1) Pair combinations: 100%(84)

1 2 3 4 5 6 C,X4=84
(2) Triple combinations: 90%(252)
-C3X8=280

(] ] m M )
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2. Outline of HAYST method

Reflecting to
development strategy

in early stage
Design Execute
s Strategy A (_ '« <Tool> A B

« FV/FL table e Ralph’s MatrixTester e <Tool>
« 6W2H chart Data-dri\_/en
» Noise/State automation

e Analyze IS AR | Mplement i 7

B The purpose of 6W2H is to find rough factors
B The purpose of Ralph’s chart is to find factors and levels

=
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View point to select factor and extraction method (6W2H)

Development ’ ’ Customer’s view point Problem: For whom?
view point (ExpectationX Context) Customer’s customer
Why(Aim) Expectation : How much(Value, Volume) Whom
What(Specification) Context : Where, When w
: Plan, development, Evaluation, — With the question of 6W2H, the
How(Design) Business should gather and review - yraa5yre of implicit value is opened!

Eg) You can find other factors with ‘Why?’

1. Think of the factor of the function called ‘Underline’
2. Purpose = The character should be remarkable

3. Search for other factor with same purpose

4. Search for ‘Expand’, ‘coloring’, ‘enclose in circle’, etc.
5. The found factor should be more with a combination

with ‘underline’ ! Mr A Mr B Mr C

e
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Example of Ralph’s chart: Electronic pot (factors/levels)

<Noise>
External temperature
External pressure

Setup place(Kitchen, inside car, inclined table, collapsed)
No power (Remove the cord, momentarily no power)

<Active noise>

Prank of children (It inclines and seems like coming out, put a seal on the stem outlet

and put a finger on the water inlet)

Continuously press the button

<Input>
Contents (Water, Detergent, Ice, water
+ solid object)
Water quantity (Empty, 1,2,3,4, Full
tank)
Water temperature(0, 10, 50, 90, 100)
Cover state (ON, OFF)

\ 4

Idle

\ 4

Boil

Keep warm [«

A

Error

£ |

<Output>
Hot water of 100 degree

| Calcium remove mode i

Boil lamp blink
Maintain temperature lamp off
Temperature display

Independent test is necessary? «

Beans, Cup ramen, Corn soup /

U read {} write

<Status>
State (Idle, maintain temperature)
Target temperature (High, saving, milk)
Error status?

Test types

Combination Test

Performance (Time till it boils)
Abnormal system Test
Operability Test

Scenario Test

Status transition Test (and timing)

© 2010 Fuji Xerox Co., Ltd. All rights reserved.
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3. Design policy of HAYST method tool

@ Instinctive usability

B Using instinctively without seeing the manual
lcons used in GUI are instinctive
Technical terms of Design of Experiments are not used

“Operation guide” to navigate the operations was prepared

® Integration of latest assignment technigue

B Function and attribute were neatly separated

Especially attribute was largely used

-~
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4. Functional outline of HAYST method tool ¢ Input ¢

¥ MatrixTester — [Varenne K3.mxi * (72 M35 o ] 4 Output Mathod
B 77E REE FTA A5A--ELD ZEIE FHOACERG THOIAMREM SRS B8hEiTW POTERGC) Do AL =S| Con Str ai nt £lE|8
DAer2b e 2cDo HEBREBRE 9 4% a3 g A3
Qe dl :Hh@H@EEﬁl@\lEEI.IJQﬂuI)@@;%‘GE| "”%c
=l Varenne_K3mxi = | | 1670y TS L —FManuan | =
- ' &) Job &Tvpe @ A1 594 x 841 mm) A2 420 x B9 mm).A3 @97 . 1]
[ @ Secure Print-Retrieve Document Name D &1 B9 = B mm)
[+ @ Dielayed Print-Retrieve Document Mame @ A2 420 x 594 mm)
BRI Paper Select-Paper Siee @ A3 (207 x 420mm) . .
[+-18) Paper Select-Paper Tray @ Ad 210 « 207 mmdStatement 65 x 85" Lede., (23T J(I030TTY Welg htl ng
[+]- E} BEvpass Tray-Feed Orientation @ A4 @10 x 297mm) ples
B D Tranzparency-Ihzert Paper between Transparencies @ Statement 6.5 = 857 | Staple_Bottom Right
i) ON @ Ledeer (1 x 1772 8 [1 Staple_Bottom Left
D OFF () AG (148 % 210mm AR (105 » 148mm),B5 0182 . 2120 9 |2 Staples, Bottom
[_]..@ Tranzparency—-Print on Separatars = A5 (148 x 210mmi] 101 Stapls (Mix
O A6 (05 = 148mm) 11 | 2 Staples (Mix
i) Blark Separators
) @ BS (182 x 257mm) 12 | MuLL
i) Print on Separators -
 Postoard {4 x 6% _
H--@ Tranzparency-Feed Separators from s Photn 91 (8 v 7% 0 5

\} Auta

D Tray 1 Input type Explanation

T oy 2 i Gopacy Factor (Parameter) Name of parameter to be combined

jjjjj T i Gosecty) Level (Value) List of values existing in parameter
u..@?:é Trar§ pase) Importance of factor Factors are grouped and _|t |s_p053|ble to specify strength for group
51./18) Stapline Importance of level Importance of level (Weighting)
Eiﬁﬁ% 2;'5?; for Mixed Sistied Pagsy | CONSEHAINE information Constraint condition in combination between levels
g% Dy et Assignment method Normal assig_nm(_ant, Partial comb_ination assurance, rating assurance,
= B) Outout Color Level consolidation, Room technique, Strength 3, PICT calling
i P Detection bug Type of bug
B e information _ _
- [£) Graphics-Tnage Adiustment Made Specific factor Value generation type, Fixed value, Sequence number
D e e omstin Form style Form style at the time of Excel output
= 2 Imaee Setives-dpply 0 Elenent. | Ao execution support | Windows Dialog GUI information for auto execution

information

T
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4. Functional outline of HAYST method tool

Process

r!«i| MatrixTester — [Varenne_K3.mxi ¢ ] £
B 7» B FEED ) A3A-aED ERE FROADERG THPAREEM SiIRE BEhEITW POTIEIRG el sH 8]
| x| =]
-73 =0 | % VRIS ZERE-F y
e &aF
J—
E-@ﬁrenne_ﬁ LT ¢ HAVSTAEBS(N S DL —FMANUAL |
#-{8) Job &T i 2S-SR EHERE Q. [ #AH]
D__% Seoure |!. & HAYST+ERRHAEE (B |
[#1-12) Delayec B 3ITH—ALL EOHEEIERER. [ FAN] A A
 HAYSTHEREREEA = Enegead
' Part combination assurance
- [£) Paper € S HAYSTER SRS H T IS AEERLET, ML [nAN]
-[2) Bypass
E1{2) Transp: C SEASAHEE)
SO oN a
Ly OFF [ FATHEOEHREFEIT LR
[—]@ Tranzp: .
‘_) Blal 34524k P EGE x|
D Prir =AM IS 1T o =D F (R PR E AT A S TR DI
e1{8) Transp: FEnEd.
D ut i34 )53 553 i34 )53 ™
: ! s IJob &Tvpe e
i | [E | [1& | [iE | [E |
Mormal Print Enter Document Ma.. futo Enter Dacument Ma.. Landscape
Secure Print futo Retrieve Tray 1 futo Retrieve Partrait
Sample Print Tray 2
]..@ 2 Sided Print Delayed Print B4 Tray 2 (High Gapaci..
2-[2) Collate [ Save to Mailbox [ Trav 3
) . . . [ Trav 3 (High Capaci.. /’
3| @ Stapling for Mixed Size(Mi [Pl Tray 5 (Eypass)

]--E} Cutput Method

A

]--E} Offzet Stacking
]--E} CQutput Golor

)V SV )

%Qf process

]”?2_) Copies
]--@ Graphice—Output Color
]--@ Graphica—Output Fecoenition

Explanation

/

Normal assignment

Basic assignment to orthogonal array

| E} Graphics—Print Made

]--E} Graphics-Image Adjustment Mode
]-- Graphiczs-Image Auto Correction
]--@ Image Settingz—Apply to Element

Part combination
assurance

Process to issue substantial combinations partially for important factors

]--E} Image Settings—Document Elements

Coverage assurance

Process to increase lines of matrix till it reaches specified coverage

a8 O O e O o O o O e O e O O O O e O O O O

]--@ Color Balance-fdjust Color Balance

]--E) Color Balance-Tareet Golor
1[4} Prfila SattinanPeafila

Aggregation level

Process to generate matrix by orthogonal array of specified size

Room technique

Generation of nesting in orthogonal array

Orthogonal arrays of
strength 3

Assignment where all level combinations between any 3 factors are
appeared.

PICT call

Conversion into form where tool (PICT) of Pairwise can be read

© 2010 Fuji Xerox Co., Ltd. All rights reserved.
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4. Functional outline of HAYST method tool ¢ Output

) MatrixTester - [Varenne_K3.mxi * (¥ MIIAEE - YHIHAF1 —[128/1281)] I ]
H 77 E REE FTEW ASH-EL ZEE SRSAOERG) SHIZREM oirE) GEEEfTA PCTEMEC) ko) Aol & x|
DA riboée2oans B0 BEE™ | Y |6 D H

Qe @aFT x20D@BPRDEREONDOR &I Test Matrix

W | 4 | /2 Pee [p | Pl | 100 188 /Page | HAYSTAR,
ho. | g&hETs | TR [ #F Job &Tvpe | Secure Print-Ratrieve Document Mame | Delaved Print-Fetrieve Document Mame | Paper Select-Paper Size | =
Amw“ Mormal Print | Enter Document Mame Enter Document Mame A1 B34 % 341 mm?
MA 2 - - Zecure Print Enter Document Name Enter Document Mame A2 420 « B4 mmd
MA 2 - - Sample Print  Enter Document Name futa Fetrisve &2 297 % 420mmd
A 4 - - Delaved Print  Erter Document Mame futa Fetrisve A1 B34 % 341 mmd
MA S - - Save to Mail.. | Auto Retrieve Enter Document Name A2 420 x B2 mm)
MA 6 - - MNormal Print  Auto Retrieve Enter Document Name A3 297 x 420mm)
MA 7 - - Secure Print | Auto Retrieve fiuto Retrieve A1 B34 % 84T mm)
| - - Sample Print | Auto Retrieve fiuto Retrieve A2 @20 x B9 mm)
| g - - MNormal Print  Auto Retrieve Erter Document Name a4 @10 % 297mm)
Ma 10 - - Secure Print | Auto Retrieve Enter Document Name Statement 65 x 8570
MaA 11 - - Sample Print  Auto Retrieve Auto Fetrieve Ledeer (11 % 1773
MaA 12 - - Delayed Print | Auto Retrieve Auto Fetrieve Ad 210 % 297 mmd
MA 13 - - Save to Mail. Enter Document Hame Enter Document Mame Staterment .5 = 8570 _
MA 14 - - Marmal Print  Erter Document Mame Enter Document Mame Ledeer 01 % 1770
MA 15 - - Zecure Print Enter Document Name futa Fetrisve A4 210 % 207 mmd
MA 16 - - Zample Print  Enter Document Hame futa Retrieve Statement 5 = 8573
MA 17 - - MNormal Print  Auto Retrieve Enter Document Name A5 (148 x 210mm}
MA 18 - - Secure Print | Auto Retrieve Enter Document Name A6 (105 % 148mm}
MA 19 - - Sample Print | Auto Retrieve futo Retrieve BS (182 x 257mm}
MA 20 - - Delayed Print | Auto Retrieve futo Retrieve Postoard 4 x 670
MAa 5 - - Save to Mail..  Enter Document Mame Erter Document Name Photo 2L & x 770
Ma 22 - - MNormal Print Enter Document Mame Erter Document Name A5 (148 % 210mm}
MA 23 - - Secure Print Enter Document Hame Auto Fetrieve A6 (105 x 143mm}
Ao - - Sa
A - - No P
Ma® - - b Type of out_put _ Explanation
ﬁ ZME - 5 Test matrix Result of assignment to orthogonal array
v - - & - - - - - -
HA2 - - Sa Test script Orthogonal array is output to Excel in script format in each line
MA a0 - - Mo - N
Al - - S Appearance status Appearance frequency and combination that does not appear
ﬁ e _ = Rating Rating of combination between 2 factors and 3 factors
ﬁ G - o Round Robin table Round Robin table indicating appearance status of level combination
- - a
A ® - - De between 2 factors and 3 factors
4] A 27 - - La'y - - - - - - -
il ] Constraint graph Graph indicating hierarchical status of constraint and that data table
Test analysis result Result of analysis of existence position of bug based on the test result

- FUJI XeroxX @)
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4. Functional outline of HAYST method tool ¢ Output ¢
¢ Rating
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ErE—F
BEEMSOZHIZA T ZRIE
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Item 2 parameters 3 parameters

Combination rating 87.0% 61.5%
Number of all the combinations excluding constraint 9614 407054
Number of combinations covered by matrix 8364 250515
Number of combinations not covered by matrix 1250 156539
Total of constraint combination 31 4167
Number of parameters considered in combination 39 39
Number of values considered in combination 143 143
Matrix size estimate from degree of freedom 105 105
Template size L128 L128
Number of test items 128 128

[ 2ri5—5R0 | 31505 |

87.00% 6154%

00 53% 82.47%

=] "

014 407054

8364 250515

1250 156533

a1 4167

29 2

143 143

HAYSTHERE — HAYSTER:

105 105

L128 123

128 128

B | AT |
-~



4. Functional outline of HAYST method tool ¢ Output

Round robin table

INn the tool, color coding of cells is done, and device to easily detect the existence
location of combination bug (Yellow, Red) and test leakage (Grey) was innovated.
© 2010 Fuji Xerox Co., Ltd. All rights reserved 19 FUJI xe rox .)}



4. Functional outline of HAYST method tool
¥ Constraint graph

Job &Type Layout—Fit New Paper Size Layout—Multiple-Up Layout—Image Orientation

Copies Graphics—Print Mode [~/ Paper Select—Paper Size / Layout-Image Order Layout—Draw Outlines
X,

=</
e
2 Sided Print Paper Select—Paper Tray
=<

\\\

Auto Tray—Paper Type Preference Bypass Tray—Paper Type for Bypass Tray Bypass Tray—Feed Orientation

Stapling

| When there is chain of constraint relation, since the
constraint relation becomes a tree structure, review of
Collate Output Method direction of factor becomes difficult. Then, graph is
created of constraint relation and function to output it
iNn Excel file is developed.

Offset Stacking

-y
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5. Characteristic algorithm of HAYST method tool

® Part combination assurance
B Difference between Pairwise and HAYST

INn Pairwise tool of PICT etc, total strength (How many combinations
of factors will be assured”?) can be specified, but part combination
assurance is hot supported.

In HAYST method tool, after executing assignment to normal
orthogonal array, method of adding insufficient combinations from the
view point of strength for specified factor group was adopted.

This is because a large amount of combination between 3 factors is
already seen in orthogonal array.

® Conversion to PICT format

® MatrixTester can call PICT tool.

-~
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6. Effect of HAYST method tool

Functional comparison

strength specification,
additional generation

Item PICT HAY ST method tool
Importance of factor None Present
Importance of level None Present
Constraint information Handling of NULL is Auto
manual
Assignment method 3 types of normal 7 types of normal assignment,
generation, part combination assurance, rating assurance,

level consolidation, Room technique,
strength 3 and call PICT

Particular factor

None

Value generation format, fixed value,
sequence number

Form output

Table format to EXCEL

Table format to EXCEL,
free form to EXCEL (each test case)

Auto execution support

None

Windows Dialog GUI support

Appearance status

Not required
(All appearances are

Present

assumed)
Rating calculation None Rating between 2 factors,
Rating between 3 factors
Round Robin table None Present
Constraint graph None Present
Test result analysis None Present

© 2010 Fuji Xerox Co., Ltd. All rights reserved.
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6. Effect of HAYST method tool

Generate test case

Size of factor to be PICT HAY ST method tool
combined Strength 2 Normal generation
: : 3’ 13 (47.2%) 16 (55.6%)
Without constraint 30 20 (60.1%) 54 (92.1%) n small test
15117~29
432 36 (80.1%) 256 (98.7%) | [ PICT is
413%9% 29 (84.0%) 256 (99.0%)
2100 16 (91.4%) 128 (99.6%) better
10% 216 (20.4%) 345 (24.3%) |
48° 89 (37.5%) 64 (31.9%) In big test,
2124198101 6* 163 (60.7%) 128 (58.5%) | — HAYST is
2114718131 6° 338 (59.5%) 256 (55.7%) |  petter
With constraint
NO. Factor size Number of Number of Number of PICT Number of
constraints of constraints of Test cases HAY ST method
factor unit level unit test cases
1 2234352617113 33 272 180 (68.2%) 159 (65.9%)
2 2°3°4'5'%6'11" 8 91 79 (63.4%) 106 (74.0%)
3 211324° 8 17 29 (71.6%) 41 (81.2%)
4 2°3°4'5%6’ 6 25 65 (58.4%) 82 (70.0%)
5 2;7131?353207212%1 15 356 Process aborted 1600 (34.3%)
14°17

© 2010 Fuji Xerox Co., Ltd. All ri

For assignment of multi level, multi factors with constraint used in normal test,
HAYST method tool equivalent to PICT tool of Pairwise.

ghts reserved.
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5. Conclusion

¥ Conventionally, HAYST method tool was developed
® Various assignment technigues are installed in HAYST method tool

® Any one can use it easily, and man-hour could be reduced from 60
hours to 2 hours as compared to the case without tool

® For assignment of mullti level, multi factors with constraint used in
normal test, HAYST method tool equivalent to PICT tool of Pairwise

@ In future, | will make a more effective tool

-~
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Thank you for your kind attention
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Test life cycle process in HAYST method.

MTest plan (Why)

Unit Test

Unit Test

IntegrationTest
Sub System Test

\ 4

System Test

System Test

Acceptance Tes

Acceptance Test

© 2010 Fuji Xerox Co., Ltd. All rights reserved.

- Past bug information

- Market condition/Customer
environment

- Project status

+ Minutes/Memo

| Test analysis
Test target

Applicable Test level
without fail
- Decision of test target

+ List up the Test target in

@Test analysis (What) @ @Test design(How)
+Test base +Test model
- Requirement/Specification - Test model application
Design - Combination model

- Status transition model
- Blow model
- Test technique selection

| Test design
(technique)
Test condition

Decision of test condition

+ Maximizing of coverage
rate in Test model
+ Test case

26

Customer’s Step Basic idea HAYST Aim
R equirem ent 1.Stratagy / Plan |Make the test strategy in early stage of SLCP Quality strategy | Total opt.
an alysi S 2.Analysis Identifying test targets and completeness of test FV table Effective
3.Archtecture Overall structure designing and requirement Ralph’s chart Effective
e : 4.Design Identifying test conditions (Factor/Level FL table Efficient
Specification 9 ying ( )

v 5.Execution Identifying test combinations and auto execution MatrixTester tool | Efficient

Test strategy ---* Reflecting to development strategy/development plan

BTest implementation/
execution (Do/Check/Act)

-+ Test data/Soft

- Test environment structure
- Test data creation
- Test sequence of Step by step
- Test auto script development
- Test control tool preparation

| Test sequency creation/
implementation

Test Result
Functional evaluation result
- Credibility evaluation result
- Performance evaluation result
- Delivery decision
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