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Conclusion
The	result	is	that	the	full-text	search	engine	with	
document	freshness	score	is	expected	to	be	
significantly	effective	against	normal	Lucene	score.
Eventually,	availability	for	finding	documents	was	
improved	using	the	system	considering	business	
document	freshness.	
In	the	process,	some	knowledge	regarding	what	
kind	of	document	office	workers	need	for	their	job	
was	found.	It	is	mentioned	that	document	
freshness	is	especially	important.
Furthermore,	we	will	conduct	on-the-spot	
inspections	in	our	facility.

Pre-Experiment
Procedure	of	determining	α:
Step	1:	Set	α	as	1.0.
Step	2:	Choose	the	best	queries	in	average	

precision.
Step	3:	Assess	with	the	queries.
Step	4:	If	average	precision	does	not	decrease,	

change	α	and	back	to	Step	3.	

Efficiency	Test
Procedure	of	calculating	MAP:
Step	1:	Search	with	48	queries	respectively.
Step	2:	Count	collect	results.
Step	3:	Calculate	Average	Precision	per	query.
Step	4:	Calculate	MAP(Mean	Average	Precision).

TABLE	III.	MEAN	AVERAGE	PRECISION	(MAP)	FOR	
48	QUERIES	IS	ACCURACY	OF	FULL-TEXT	
SEARCH	ENGINE.	

Test	Condition

Fig. 3. the	document	freshness	score.	c-score	is	
content-based	score	and	f-score	is	document	
freshness	score.	α	=	0.01.	

Access	Pattern

Background
Previously	on	our	research…
Academic	office	workers	have	to	find	documents	
for	business	purpose.	Besides,	to	find	documents	
is	comparatively	difficult	for	me.
That’s	why	a	full-text	search	engine	was	
introduced.	The	search	engine	was	set	based	on	a	
result	of	questionnaire	investigation.
Full-text	search	engine	on	file-server	contributes	
to	improving	the	operation	of	business.	

Introduction
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Fig. 2. Distribution of frequency to reference 
period is approximated as an exponential dist.

In	Tokushima	University.
Academic	office	workers	struggle	
finding	documents	everyday.

So,	we	took	a	questionnaire	survey	and	realize	
why	we	are	busy	and	stressed	out	by	finding	
documents	on	our	file	storage.

According	to	the	survey	result,	there	is	a	
characteristic	pattern	to	time	axis	in	the	file	access.	

A	brand	new	score	with	freshness	is	proposed.	
Then,	we	tested	and	compared	MAP	of	Lucene	
normal	score	with	the	proposed	score.

A	questionnaire	survey	was	carried	out

1)	The	details	of	work
2)	Business	hours
3)	Operating	time	on	terminal
4)	Average	document	reading	and	writing	time
5)	Specific	document	information

to	find	out	the	details	of	file-server	usage	for	
19	staffs.	(5	teachers,	8	technical	staffs	and	6	clerical	staffs)

• The MAP of TF- IDF with Freshness is greater 
than originally TF-IDF. 

• According to a Wilcoxon Signed-Rank Test (Z 
= −3.1367, p < 0.05), the score of TF-IDF with 
document freshness is more likely to find 
documents which academic office workers. 

Score	Type	 MAP	 Variance	
TF-IDF	 0.4348	 0.2030	
TF-IDF	with	Freshness	 0.6772	 0.1589	

Time Max 75% Ave Med 25% Min
Working 12.00 8.00 8.05 7.88 7.19 6.00
Operating 10.00 8.00 7.13 7.38 6.25 3.50
Referencing 7.00 2.75 2.20 1.75 1.00 0.00

TABLE	I.	STATISTICAL	DATA	OF	FINDING	DOCUMENTS	
IS	BASED	ON	SELF-REPORTED,	IN	HOURS,	
RECORDED	TO	TWO	SIGNIFICANT	FIGURES.

Fig. 1. Both frequency distributions of extension (ordered 
document type) and file number per directory are 
approximated as power distribution curves.

These	curves	of	statistical	data	are	
approximated	as	power	distribution.	
Ø scale	invariance.	

→	Proceed	analysis	to	improve	accuracy

Fig. 4. Both frequency distributions of extension (ordered document type) and file number per directory are shown in those figures. Those figures show both
distributions are approximated as power distribution curves.

On the other hand, the questionnaires were filled out based
on target staff’s memory. The result of questionnaires includes
the date of referencing to each specific document. The curve
of frequency to reference period is approximated as a power
distribution or an exponential distribution in Fig. 5.

y = 40.589x−0.45 (4)
y = 12.513e−0.005x (5)

Equation(4) means the power distribution function, and Equa-
tion(5) means an exponential distribution function. If the
period of late one week is insignificant, the curve could be
approximated as the exponential distribution.

III. METHODS

The full-text search engine should have functions of filter-
ing and sorting. Because almost all staffs prefer not to look
through a dozen of irrelevant documents. Thus, the search
engine must index documents with some arguments including
path, last update and file type. The score of search engine
is based on VSM (Vector Space Model) with TF-IDF (Term
Frequency - Inverted Document Frequency) [2] as content-
based relevance.
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q. coordq,d is an adjustment item according to a rate Rt,q of
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root of Nd,t which is the number of containing a word t in a
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Fig. 5. Distribution of frequency to reference period is approximated as a
power distribution curve, and an exponential distribution curve.

tfidf t,d is a weight to a document d relevant to a word t.
scoreq,d is a document relevance score composed of TF-IDF
and other items.

A. Scoring with Freshness

Some researchers have eyes on document date and fresh-
ness for web search [3] [4], freshness for news and blogs [5],
and freshness of term frequency for document search [6].
Another researches issue the importance about availability of
human memories [7]. Thus, document freshness is adapted into
the document relevance score, and the document freshness is
designed the basis of exponential distribution function from
the result of document accessing analysis.

c-scoreq,d = e
scoreq,d

maxscore (13)

f -scored = e
ln(decay)

scale |x−origin|−offset (14)

where maxscore means the maximum score of scoreq,d per
query in Equation(13). In Equation(14), origin is the latest
indexed time. scale is three, decay is 0.99, and offset is one,
these parameters are for the decay function with distance from
origin . Equation(14) is derived from the exponential distribu-
tion function of Equation(5), because eln(0.99) ≃ e−0.005.

score ′q,d = α · c-scoreq,d + f -scored (15)

where α is 0.01, means balancing item between c-scoreq,d
and f -scored. Equation(15) is composed of the content-based
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Proposed	score:

TABLE	II.	TARGET	DOCUMENTS	AND	KEYWORDS

48	queries	to	target	documents	
are	used	for	test.

Average	referencing	time	is	2.2	h.	
Ø 27%	is	referencing	time.	


