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1. Introduction
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Document management using MFDs
Meeting various business 
needs using MFDs



Increase of SW size about a MFD in Fuji Xerox
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Combination test increases exponentially
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Aim of HAYST method and Tool

Quality improvement using combination testing.

Efficiency of test for time to market.Efficiency of test for time to market.

• At first, creation of test matrix by orthogonal 

array using HAYST method was done using 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

70 factors
20 constraints

L128 Orthogonal array



Orthogonal array

Factor Character modification
factors and levels

L4 orthogonal A B C

Factor Level
OFF
ON

Bold

factors and levels

g
array A B C

1 0 0 0

ON
OFF
ON

OFF

Italic

1 0 0 0

2 0 1 1

OFF
ON

Underline

2 0 1 1

3 1 0 1

4 1 1 0
Level
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Allocation result

Factor

L4
Orthogonal array Bold Italic Underline Result g y

Test No.1 OFF OFF OFF Test Result

Test No.2 OFF ON ON Test Result

Test No.3 ON OFF ON Test Result

Test No.3 ON ON OFF Test Result
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Combinations that the orthogonal array covers.
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array Bold Italic Under

line
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line L4
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All the combinations between 2 functions 
exits.
(This state can be defined as combination 

%)

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
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cover rate 100%) manner) If seen properly, No. 2, 3, 5 which does not 
appear in the orthogonal array are unit test content



Coverage of L8 orthogonal array

Ａ Ｂ Ｃ Ｄ Ｅ Ｆ Ｇ

L8 Orthogonal array Using L8 orthogonal array, you get 8

combination test.

( ) %( )Ａ Ｂ Ｃ Ｄ Ｅ Ｆ Ｇ
１ ２ ３ ４ ５ ６ ７

１ １ １ １ １ １ １ １

(1) Pair combinations: 100%(84)

7C2×4＝84

(2) Triple combinations: 90%(252)１ １ １ １ １ １ １ １

２ １ １ １ ２ ２ ２ ２

(2) Triple combinations 90%(252)

7C3×8＝280

３ １ ２ ２ １ １ ２ ２

４ １ ２ ２ ２ ２ １ １

５ ２ １ ２ １ ２ １ ２

６ ２ １ ２ ２ １ ２ １

７ ２ ２ １ １ ２ ２ １

８ ２ ２ １ ２ １ １ ２
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2. Outline of HAYST method

Reflecting to 
d l t t t

• Strategy
Design

• <Tool>
Execute

development  strategy 
in early stage

• FV/FL table
• 6W2H

• Ralph’s 
chart

• Noise/State

MatrixTester • <Tool>
Data-driven
automation

Analyze Implement

The purpose of 6W2H is to find rough factors
Th f R l h’ h t i t fi d f t d l lThe purpose of Ralph’s chart is to find factors and levels
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View point to select factor and extraction method (6W2H)

Problem: For whom?
Customer’s customer

Development 
view point

Customer‘s view point
(Expectation× Context）

Why(Aim) Expectation： How much(Value, Volume) Whom

What(Specification) Context： Where, When, Who

Plan, development, Evaluation, With the question of 6W2H the
How(Design)

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

Plan, development, Evaluation, 
Business should gather and review

With the question of 6W2H, the 
treasure 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 S h f th f t ith3. 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
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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 

<Output>
Hot water of 100 degree

Idle

BoilKeep warm+ solid object)
Water quantity (Empty, 1,2,3,4, Full 

tank)
Water temperature(0, 10, 50, 90, 100)

Cover state (ON, OFF)

Calcium remove mode (3 min)
Boil lamp blink
Maintain temperature lamp off
Temperature display

BoilKeep warm

Error

read write

St t

Independent test is necessary?

Test types

• Combination Test

Beans, Cup ramen, Corn soup

<Status>
State (Idle, maintain temperature)

Target temperature (High, saving, milk)
Error status?

• Combination Test
• Performance (Time till it boils)
• Abnormal system Test
• Operability Test
• Scenario Test
• Status transition Test (and timing)
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• Status transition Test (and timing)



3. Design policy of HAYST method tool

Instinctive usability

Using instinctively without seeing the manual

Icons used in GUI are instinctive

Technical terms of Design of Experiments are not used

“O d ” h d“Operation guide” to navigate the operations was prepared

Integration of latest assignment technique

F i d ib l dFunction and attribute were neatly separated

Especially attribute was largely used
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4. Functional outline of HAYST method tool ◆ Input ◆

Constraint

Weighting

Input type ExplanationInput type Explanation
Factor (Parameter) Name of parameter to be combined 

Level (Value) List of values existing in parameter 
Importance of factor Factors are grouped and it is possible to specify strength for group 
Importance of level Importance of level (Weighting)Importance of level Importance of level (Weighting)

Constraint information Constraint condition in combination between levels 
Assignment method Normal assignment, Partial combination assurance, rating assurance, 

Level consolidation, Room technique, Strength 3, PICT calling 
Detection bug Type of bug 
information 

Specific factor Value generation type, Fixed value, Sequence number 
Form style Form style at the time of Excel output 

Auto execution support 
i f i

Windows Dialog GUI information for auto execution 
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4. Functional outline of HAYST method tool ◆ Process ◆

Part combination assurance

Type of process Explanation 
Normal assignment Basic assignment to orthogonal array 
Part combination 

assurance 
Process to issue substantial combinations partially for important factors 

Coverage assurance Process to increase lines of matrix till it reaches specified coverage 
A ti l l P t t t i b th l f ifi d iAggregation 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 ll C i i t f h t l (PICT) f P i i b d
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PICT call Conversion into form where tool (PICT) of Pairwise can be read

 



4. Functional outline of HAYST method tool ◆ Output ◆

Test Matrix

Type of output Explanation 
Test matrix Result of assignment to orthogonal array 
Test script Orthogonal array is output to Excel in script format in each line 

A t t A f d bi ti th t d tAppearance status Appearance frequency and combination that does not appear
Rating Rating of combination between 2 factors and 3 factors 

Round Robin table Round Robin table indicating appearance status of level combination 
between 2 factors and 3 factors 

Constraint graph Graph indicating hierarchical status of constraint and that data table
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g p p g
Test analysis result Result of analysis of existence position of bug based on the test result 

 



4. Functional outline of HAYST method tool ◆ Output ◆

Rating 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 143Number 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
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4. Functional outline of HAYST method tool ◆ Output ◆

Round robin table

In 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
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location of combination bug (Yellow, Red) and test leakage (Grey) was innovated.



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

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

constraint relation becomes a tree structure, review of
direction of factor becomes difficult. Then, graph is 
created of constraint relation and function to output it 
in Excel file is developed.
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5. Characteristic algorithm of HAYST method tool

Part combination assurance

Difference between Pairwise and HAYST

In Pairwise tool of PICT etc., total strength (How many combinations 

of factors will be assured?) can be specified, but part combination 

assurance is not supportedassurance is not 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 adoptedview 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.

C PICT fConversion to PICT format

MatrixTester can call PICT tool.
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6. Effect of HAYST method tool ◆ Functional comparison◆

Item PICT HAYST method tool 
Importance of factor None Present 
Importance of level None Presentp
Constraint information Handling of NULL is 

manual 
Auto 

Assignment method 3 types of normal 
generation

7 types of normal assignment,  
part combination assurance rating assurancegeneration, 

strength specification, 
 additional generation 

part combination assurance, rating assurance, 
 level consolidation, Room technique,  

strength 3 and call PICT 
Particular factor None Value generation format, fixed value, 

bsequence 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 supportpp g pp
Appearance status Not required  

(All appearances are 
assumed) 

Present 

Rating calculation None Rating between 2 factorsRating calculation None Rating between 2 factors, 
Rating between 3 factors 

Round Robin table None Present 
Constraint graph None Present 
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Test result analysis None Present

 



6. Effect of HAYST method tool ◆ Generate test case◆
Size of factor to be 

combined 
PICT HAYST method tool 

Strength 2 Normal generation 
34 13 (47.2%) 16 (55.6%)

313 20 (60 1%) 64 (92 1%)Without constraint 313 20 (60.1%) 64 (92.1%)
415317229 36 (80.1%) 256 (98.7%)
41339235 29 (84.0%) 256 (99.0%)

2100 16 (91.4%) 128 (99.6%)

In small test
PICT is
better

1020 216 (20.4%) 345 (24.3%)
4786 89 (37.5%) 64 (31.9%)

212410810161 163 (60.7%) 128 (58.5%)
211421813166 338 (59.5%) 256 (55.7%)

In big test,
HAYST is
better( ) ( )

 
No. Factor size Number of 

constraints of 
f t it

Number of 
constraints of 

l l it

Number of PICT 
Test cases 

Number of 
HAYST method 

t t

With constraint
better

factor unit level unit test cases 
1 2253443526171131 33 272 180 (68.2%) 159 (65.9%) 
2 2233415161111 8 91 79 (63.4%) 106 (74.0%) 
3 2113243 8 17 29 (71.6%) 41 (81.2%) ( ) ( )
4 2535445467 6 25 65 (58.4%) 82 (70.0%) 
5 2173144351627181

91141171202211
15 356 Process aborted 1600 (34.3%) 

F i t f lti l l lti f t ith t i t d i l t t
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 For assignment of multi level, multi factors with constraint used in normal test, 
HAYST method tool equivalent to PICT tool of Pairwise.



5. Conclusion

Conventionally, HAYST method tool was developed

V h ll d HAYST h d lVarious assignment techniques 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 toolhours to 2 hours as compared to the case without tool

For assignment of multi level, multi factors with constraint used in 

normal test, HAYST method tool equivalent to PICT tool of Pairwise

In future, I will make a more effective tool
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Thank you for your kind attentionThank you for your kind attention
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Test life cycle process in HAYST method.
Customer’s

Requirement
analysis

Step Basic idea HAYST Aim

1.Stratagy / Plan Make the test strategy in early stage of SLCP Quality strategy Total opt.

2.Analysis Identifying test targets and completeness of test FV table Effective

T t t t

y

Specification

3.Archtecture Overall structure designing and requirement Ralph’s chart Effective

4.Design Identifying test conditions (Factor/Level) FL table Efficient

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

Test strategy

③ ④Test design(How)
⑤Test implementation/
execution (Do/Check/Act)②Test analysis (What)①Test plan (Why)

Reflecting to development strategy/development plan

＋Test base
・ Requirement/Specification

Design
・ Past bug information
・ Market condition/Customer 

i t

Unit Test
Unit Test

IntegrationTest

＋Test model
・ Test model application

- Combination model
- Status transition model
- Blow model

＋Test data/Soft
・ Test environment structure
・ Test data creation
・ Test sequence of Step by step
・ Test auto script developmentenvironment

・ Project status
・ Minutes/Memo

↓Test analysis

IntegrationTest
Sub System Test

System Test
S t T t

Blow model
・ Test technique selection

↓Test design
(technique)

Test auto script development
・ Test control tool preparation

↓Test sequency creation/
implementation

Test target
・ List up the Test target in 

Applicable Test level
without fail

・ Decision of test target

System Test

Acceptance Test
Acceptance Test

Test condition
・ Decision of test condition
・ Maximizing of coverage

rate in Test model
・ Test case

Test Result
・ Functional evaluation result
・ Credibility evaluation result
・ Performance evaluation result
・ Delivery decision
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g Test case Delivery decision


