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IN TRODUCT ION

The exlstenee of pauses at certain points of utterances has

long been noted. So¡ne references fron bhe latest decades are

the followin8: Lounsbury (1954), Goldnan-8i81€r (1958)'
Boomer (1965)' Gårdlng (1967), Beatble (19?9)' curnent
interest in speech producLion has focused on pauses as fhey
seet! t'o be ir0portanL clues bo speech planning actfvlties' 3ee

e I But¿ernorth ('1980), Kempen and Hoenkaûp (1982)' Pause

behaviour in slEultaneous interpretablon has been studled by

e g Goldnan-Eisler (1972)' Barj-k (19?3) and váE1ing (1982)'
The rel.aLlon between pauses and anxiety is treated by Cook

(1969). DLfferencea in pause behaviour between nen and ttonen

are treated bY Elnarsson (19?B).

Measuring pauses and speech segnents by hand on spectograns'
oscllloBrans or their digital equivalents gives detailed
information aboub the speecÌt signal. But it is tiBe-consuming
and requires Sood training in phonetics. Many lingulsts would

welcome an autonalic pauseneter as a sinple tool for
determining the pause characlerisLics of utterances. An

autonatic pauseøeter may process the spèech siSnaI and display
or prÍnt diegrams ênd tables showing !he durations of pauses

and speech segnents'

Autonabic pause measuring equlpmen¡ developed in recent years

is Dentloned by e g Barik (1973), Beattie (1979). It has not'
however, been discussed rnuch among linguists and phoneticians



to r¡hoE such instruments should be of great interes¡,
Autonatic pause¡!eters do not belong to the stendard equipmen!
of Iinguistie or phonebic laboratories, although Lheir
potential for speech research is very pronising.

the purpose of this paper is to describe a siEple aulonatic
pausene¿er whicb can be built eE errl¡ depar¡nen¿ where a

nicnocompuLer and some sbandard electronÍc conponents are
availabl-e. The pausemeber Lo be presented exists in two
versions: One ( 1 ) i.s a display (reaI tine) version which
shows the duratÍon of bhe pauses or apeech segmenbs as you
produce then.

The other (2) is a nore exac¡
tine rialues for subsequent
displays and prfnt-outs. This
the duraflon of ell pauses and
averagè durabions and sbandard
dlagrams,

version t'hat stores neasured
use for varlous conputatj-ons,
second version prlnts tables of
speech segnents, coEpu¡es Lhelr
devlations and pIo¿s varlous

The hardrrare has been developed by Jönsson, bhe prograns (in
Basic) hevè been wrltten by Sigurd and Mandersson has assisted
in the conception and deslgn of the systen. Sigurd has
$rit¿en the body of thls paper. Jönsson and Mendersaon have
nrlbten Lhe description of the pause-speech decision unlt and
cont,ributed to the discusslon of the probleDs of
distinguishing pauses 1n speech.

PAUSES AND SPEECH SEGMENTS

To bhe diseourse enalysb the pauses of focal inLerest
those between paragraphs, clauses, phrases and words. I'le

call these discourge pauses, Such pauses of interest
marked by (p) in the folloning exanple:

I sar¡ a (p) redr¡inged blackbird (p) It was (p) perehing in
a (p) redbud !ree.

The beginnlng of the utterance can be depicLed as in fig l

are
r¡i11
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UTTERANCE

r(1) r (2) r(3) r(4) r(s)

PAUSE

I SAI,J A REDÍ¡INGED BLACKBIRD IT...
s(1)=r(2)-r(1) s(2)=r(4)-r(3)

? ( 1 ) =r (3) -r(2) p (2) =r (s) -r (4)

T(i): Tirne reading number i
S(j): Speech segment nunber j
P(k): Pause number k

Fig 1 Idealized view of the pauses and speech segments in
speech

The basls of the pauseDeters are the tine (c1ock) readlngs at
monents l¡hen there ls a change fron pause lnto speech or vlce
versa (T(f)). The duratlon of ã speech or pause segnenÈ can
be derLved by subt¡.acting a preceding tine reading fron the
current readlng. Generally the duratlon of a speech segnent
(S(J)) can be conputed by deducting uneven readlngs fron even
ones ãnd pauses (P(k)) by deducting even readlngs fron uneven
ones. Given the duration of a1l speech and pause segnents
further calculations can be undertaken.

The decislon r¡hether there is a peuse or a speech segment Ís a

binary declslon and 1t l"s not easy to take. A hunan listener
¡ûay nark pauses by ear and even measure t,hem roughly by a stop

| ,"uu." I rause 
lseer*r
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rratch, but as is seen on any spectrogram or in experimentj.ng
wlth autoEatlc pauseneters it j.s not eãsy to design en
autonatic device l¡hich achleves results in accordance ¡.rith
humen preception.

DETERMINING THE PAUSES OF SPEECH

A pause may be

energy present
which of côursê
pauses should

defined as a bime segrûent thêre is no
filled pauses,

wâVr discourse
segmentg of no

pracLice.

Disregarding bhe
cannot be defined
be discoverable by
problens, however,

so

in
J-ooking for
turn up in

where
called
this

energy. SeveraL

One problen 1s the fact, thaL there are segments where there 1s
no energy even within individual speech sounds, e g in stops
such as Þ, tr k in such words as apa, ata, aka, or even Ionger
j.n appa, alta, acka. The duration of the silent phase of the
stops in the first $¡ords can be as much as 175 msec, the
second 2OO msec, ¡{hen pronounced by a Swede. These peuses
could of course be of interest and the pausemeber to be
presented can easlly. measure lhe durabion of pauses 1n such
stops if set to do so. Bub such pauses should not be counbed
anong Lhe discourse pauges.

Another problem is the low energy of such sounds as f, th, h.
A pause detection device designed t.o ûeasure dlscourse pauses
musb be able to skip the pauses lnherent to certain spêech
sounds such aa sLops, but stiII react to weak speech sounds.
If the device finds pauses at stops and weak speech sounds
within words it r.ril1 reglster too nany pauses. If it does not
note the extrstence of weak sounds in the beginning or et the
end of certaln words ¿he duratj-ons of ut¿erances and pauses
t/riIl not be correct

Rabiner & Schafer ( 1 978 ) have discussed the dj.fficulty of
deterninlng bhe beginning and end of words ånd state that they
are difficult LÕ locate if there are
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1 tteak fricatives (f, th, h) at the beginning or end

2 Heak plosive bursts (p, t, k) at the beginning or end

3 Nasals at the end

4 Voiced frlcatLves that becone devolced at the end of word3

5 TralLing off of vol¡e1 sounds at the end of an utterance

Rablner & Schafer describe an algorithm that 1s intended to
discover the beglnnlng and end of utterances (speech segnents)
on the basis of two tine-donain neasurenents - energy and
zêro-crossing rate. We have to rely on sl-npJ.er methods ln the
pauEemeter to be described. The general constructlon of tlle
pauseneter is sbol{n tn fig 2.
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lAPE

UICROPITONE

Functiog

Decides llhether
peuse or speech
segnent is at hand

Measures changee

beÈ!úeen pause and

speech.
Computes (and

displays) the
durations of
pauses and epeech

aegDents.
Draws dÍagraus
and prinÈs teblee.

SCREEN

PRINTER

Fig 2 Block diagrarn showing the overall concepÈ and
funcÈion of the pausemeter

Anplifier

iavelope
de tec to r

Comparatot

Comput er
prograltr
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THE SPEECH-PAUSE DECISION UNIT

The speech-pause declsion unit distinguishes between speech
and pause by comparing Lhe signal envelope with a predefined
threshold. The signal envelope is deterr0ined by an envelope
detector and it is assumed that the envelope suifably
approximates the shorL-time signal energy. The principle of
the unit is sho$¡n in fig 3a. The speech signal is first
anplified. Then the signål- envelope is deterûined by the
envelope detector where the time constant is variable. The

output froo the envelope detector is compared v¡ith a threshold
in the cornparator. The outpub from the conparator is either 0

or 1 and thls signal is tesbed by lhe !ûicrocotr¡puter every 20

ms.

Fig 3¡ sho!¡s the circuit diagran and component values. Even

non-engineers should be able to build it. The diode at the
data ouLput limlts the output voltage to positive values. A

LED circuit is also used to indicate the result of the
conparison and facilitate the use of the devíce

the input signal to be processed is taken fron a tape recorder
either fron a nicrophone or a tape. The tape recorder level
meber is use.d. for speech Level adiustments. The tine constânt
can be varíed. A tine constant of about 33 ns is found to be

suibable in nost cases. thls value ls also used in a slnilar
devlce Dentioned in the literature. Hov¡ever' it is not only
the time constant but also the threshold value that affects
the speech/pause desiclon. Thls Level is not varlable.
lnstead the input anplLflcation can be varled and is edJusted
so that the LED circuit índicates that the unlt ls working
properly.
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Amp Cone

Ampl¡flsr EnveloÞ dotcctor Comparator
wlth var¡able
t¡mo conslant

Fig 3a

Fig 3b

PAUSEMETER
CIRCUIT DIAGRAM
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Main features of speech-pause decision unit.
Circuit. diagram of speech-pause decision unit.
Lower curves show the decisions of the speech-pause
decision unit for trdo cases wíth smal1 and large time
constanÈ respectively. The signal shown here is a
Morse signal rvhich has been used in calibration and
Èest ing. I
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THE REAL-TIME PAUSEMETER

The overall design of the pauseneter is shol¡n in fig
real-tine version is characterized by the folLowing
(cf the print-out of the progran at Appendix I).

4. The

feâtures

(e g printer)
necessary to ask

The program starts by asking for the nur¡ber corresponding to
speech (LÀT TAL VARA PÂ OCH TRYCK PÂ J, trLET SPEECH BE ON AND

PRESS Jn). This number is lhen used as response to the
quesbion SKRMN DENNA SIFFRA VID ? ( trWRITE THIS NUMBER AT

The nunber may change Ì¡ith the equipment
connectêd to the computer; that is why it ís
this queslion.

The conputer is now ready for measurin8 as long as J ls held
down (TRYCK J FöR MATNING' IPRESS J FOR MEASUREMENTT). The

real-time pauseneter displays the duration of the successive
speech and pause segnents by building a vertical diagram on

the screen where the colunns grow to the right. The colunna
grow as the speaker speaks or ¡nakes a pauae. I'Jhen a pause or
speech sêgDent is finished its duration 1s Siven by lh" 1âst
figure and the computer starbs neasurlng and displaylng the
growth of the next (pause or speech) segnent. Speech segment

columns are fiIIed with T rs while pause colu¡ons are fil1ed
with Prs. The screen nay be filled uj-Lh 22 coluBns at a time
and Lherefore a short uttePance can often be shos¡n in full- on

the screen. One may take a photo of the screen (no print-out
facilities are lncluded 1n this real-tlDe version) to 8et a

record of the pause structure of the utterance recorded.

The precision of the real-tíne version is linlted and the
results should be used with care. The real-tÍme version is,
however, very good for displaying typical pause-speech
relations. One nay e g talk spontaneously and record the
pauses and speech segments imEedÍately for presentation in
cIass. TypicalIy speech segnents last 2-3 seconds while
pauses last 0.5 second and the corresponding graphic pattern
is easily seen' The real-tlne version of the pausemeter may
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.)

F=1

X=F
?

T2 = TIME

D =T2-T1

T1 =T2

=0

PR,TNT P-COLUMN

LENGTH D

F=0
?

F=1

PRINT T-COLUMN

LE}¡GTII D

X¡ INPUT (0,/1)

T: SPEECS. (1)

P: PAUSE (0)

F! TEST VARTABLE

Fig 4 Flow chart of real-time pausemeter
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be used to show how long one is âble to speak wi¿hout pausing.
Ib may be connected to a radio to show differences in pauae

behavÍour between speakers, languages elc. It is important to
remember that this version does not store any values and the
speech nust be recorded if it is to be examj.ned further.

The function of the real--t,ime pauseneLer is very slnpIe. The

input number appears in INP (5etr). If this nunber equals the
nunber in the test variable Ff the system assunes that speech
is going on, the tlme 1s read and printed at lhe screen at bhe
end of the column of Trs (tine 55). If the input sfgnal 1s
not the nunber for speech the systen reads the clock and

starls building the pause column (line 60).

The program includes a scale factor (0.
can be changed if the colunns of the
grow ab a different' speed. The tine ls
and is assumed ¿o be fong enough
meter.

05, lines 55, 60 ) whlch
diagram are required to

PEEK(65oo8f)read in
for thls vêrs1ón óf t.he

THE PNINTING PAÜSEMETER

The flov¡ chart at fig 5 shows the rnain features of the
pauseneter, A print-oub of the progratn is found 1n Appendix
II. The conputer starts by asking how long pauses (or speech
segnents) should be skipped (HUn LLNGA PAUSER OCH TALSEGMENT

SKALL övEnH0PPAS?) If 1 is Lhe response segments shorter than
20 msec are skipped i if 2, segments shorter than 40 Dsec etc
(1ine 15). The systen then asks for the nuEbers for speech
(ta1) and for pause which vary according to the equipnent
abtached and therefore need to be specified by the operator
( lines 17 -19) .

The systern then asks whether it is to start measuring (SKALL

JAC BöRJA MATA J,/N). If J is preased it starts and goes on

until CTRL-A is not pressed. (It is thus not necessary to
hold J down for the whole measuring period, as is the case
Î¡1th the real-time version. )
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In llne 110 the counter for Llne val.ues (N) is set to O end

bhe tes¿ varlable F is set to the pause number prevlousJ.y
entered by the operator, to Beke bhe neber start by measurfng
the change fron the pause value (= the beglnning of a spèech
segnent). In the flow chart fig 5 the tèst variable has been
given Lhe values 0 and l.

Line 120 sets the clock by lnserting the values 255 ln both
celLs froû which the count down starts. The !0easuring loop 1s

130-170. Llne 130 checks v¡hether there is a change in the
input signal, as this.is what the systen looks for' If so bhe

clock 1s read by Iines 143-147. A cerbain correctlon is done
1n 11nes 1lt3r 144, due to lhe design of the compuLer clock'
Ltne 148 checks erhether enough time has passed since the Iast
neasurenent Ì¡as taken. If fhis is the case the tine readlng
is stored by l-ine 150, if nob the systern returns to line 130'
Linè 155 prints a T (tal, speech, talk) or a P (pause)
preceded by a nunber on !he screen for the infornatlon of the
operalor. Llne 160 inverts the value of the test varl-abte.
Llne 170 checks hrhether more than 1000 val-ues have been
stored, whieh is the maximum of the presenb version. If not,
the process continues.. ïf Dore than 1000 tlne values have
been stored or the process has beên stopped by pressing CTRL-A

llne 180 prlnts the stored values on the screen. Line 190

asks whether a print-out is required (öNSKAS UTSKnIFT). If a

print-out is requlred thls 1s handled by 2OO-22O.
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=0

N=0

G= (LENGTH OF SEGMENT TO BE SKIPPED)

Flor¡ ch¿rt of påuseneter. X is an ínpuÈ variable var:ying
beÈween I (speech) and 0 (pause) and given by the com-
parator (pause detector). F is a heLp va¡iab1e varying
between I and 0 for comparison. G is a variable set by
Èhe operaÈor and used to avoid measuring too shorÈ
pauses and speech segments. The system notes changes in
che input signal and reads the Lime whenever a change
is noÈed. The Èime readings (T(1) to T(N)N are stored
Ëo be processed l-ater.

+

Fig 5

X F?

F=l

F=O

REÄD

CLOCK

PROCES S

READ I NG S

r(1)-r(N)

F=1
7

STORE T(N)
N=N+ I

THAN G SEC
PASSED ?

VE MORE

13



Line 225 asks wheEher a reducLion of the values is requlrèd.
If 0 is pressed no reduction is made, if 1 or higher number is
pressed a reduction of 20, 40, 60 etc msec 1s made. Thls
reduction affects the end of all- subsequent calculabions of
speech segrnenta as can be seen froû line 227 where every other
value ls reduced by the vâIue glven. A print,-out is also
offered. Note thåL the original tine values cannot be
refrieved once they have been changed.

The next parts of lhe program give various tabl"es and
diagrans, calculated on Lhe basÍs of the time values obtained.
LLnes 229-280 caLculate the duration of the successive time
segments, the total duration of speech segnents, the average
duration and the standard deviaLion. If required a print-out
is nade. Llnes 340-470 offer the same inforDation for pauses.
Lines 480-570 offer a table of bhe duration of successive
pause and speech segnenls. Lines 600-660 offer the same

infornation in the shape of a histogram (STOLPDIAGRAM),

Ltnes 700-845 offer a diagran shor.ring the difference between
the duration of a speech segnent and lhe precedíng pause. The
values are plotted as a star that noves around 0. It moves to
the right (i.s positive) if the speech segmenl is longer than
the preceding pause and to the Ieft if the pause is Iongêr
than the following speech segnent. NornaIIy people talk more
than they pause and the stars are consequently generally found
to the right of Lhe zero line. This diagram 1s offered as an
exanple of the klnd of diagram a program can be designed to
present. The diagran waa devÍsed to study the relation
betÞ¡een the duration of pauses and speech segments, For
exanple, Beattie ( 1 979 ) has hypolhesized that alternabing
cycles of fluent and hesitanb speech would be reflected in
pause duratlons being shorter or longer than speech duratlons.
This Írou1d appear in our plot as alternabing concentrations to
the right and Ieft of zero respeclively,

The print-out for version (2) is illustrated at AppendÍx III.
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CONCLUSI ON

Autooatlc pauseneters will facllltrate the lnvestlgatlon of
overall pause behaviour in speech, but .for detailed
lnfor¡¡ation about the speech slgnal spectrograns are still
required. The features of pauseneter progranq cán'easity. be

nodified to meet special requirenents. ( custon g?d" ì . Thg

versions presented have been found helpful i¡ certaln kfnds .of
investlgatlons. The real-tlne versio.n is a corive4isnt
pedagogical tool for presentlng typical or lndivid,ual
pause-speech patterns in clasê or for explorative pur.poses.
The printing version has been used by Kårlna Vanllng for
detailed studi e s o i pause behaviour during sinúiianequs
lnterpretlng. Such studies could hardly be un.derLakeh i;ttf¡out
the aid of an autonatlc pauseneber. The neters presented will
be used ln experlnents in psychollnguistics and phonetics and

ít is assuEed that new and better versions wll1 be developed.
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APPENDIX I

Real-tine pausemeÈe ç

1 
' 

"qEÂLTTIIE PAUSHEIER SEPÎ 19ð21,1 
' 

'LET SPEECH BE DN AND PRE9S J'10 CEl.V! â r INp(ãAt).'"TAL,.
12 ; .I.IRI?E,THIS 

NU}IBER AFTER ?'' I ¡NPUT T¡
1! j l:tET 8¡LENCE ÊE r¡N /ììlÞ F,RE€Ê'J" , ò¡i'vx I ¡ t¡¡Þrog¡t,,,pAugE', I Ír'¡pU¡ pr
?O PO¡(E å5o04ft25$f r pOKE A5OO9&2tSf I Ft.Fr', ?lXàO¡ I T2tãof ¡ ilÍ.O¡?5 r cHRli{l2) ¡ I npREgB .r FOE HEA6URÈüENî; - '
30 EET XX.
35 IF Xx()",t" coTo 20
40 IF INP(54¡)ÈFf Tt-tEN 45
41 T1T:12f i IF FIÈTT TI,IEN Fr?P* ELSE F¡ITI42 ¡F NI(22A THEN Ni.NÍ+ll ELSE:r CHRX(12) . Ntrot
:? II:PEET16s90er) r år=pEEril6rooat,_tt , ¡r ¡ii-_i¡ THEN Âr.25$f50 T2Í.2Sålr(23Í*-Att+?SSf-Âl I DI.12f_T1t
?! lF-f!"Tr ?HEN r ÇuB(Nr,oxlrsrntn¡cxrpii.r,a+l.oz*nr r Goro BoóO , CUR(NÍ,O;)rgÌRtNcI(Df*,trBoi.OZ*DÍ I COiO åõ-

1
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APPENDIX II

PrinEing pausemeÈer

¿.¿.¿¿ L¿¿¿¿¿ ¿¿¿L¿¿¿ ¿ ¿¿ ¿¿¿¿¿¿ ¿¿ ¿ ¿¿¿¿¿
5 RE¡r PAUS¡(RMRE JAN e2 BS
10 D¡H Tr(tOOOt'
15 I "HUR LÂNGA PAUSER (OCH TALSEG¡ÍENT) SKALL öVERHOPPAS?fÉ2O r,lSEK'2=4O üSEKr25
=O,5 9EKr5O.1 SEK" I INPUT cf
17; ',EN SIFFRA SYNS NÄR lAL PÂGÂR OcH EN ANNAN NÄR PAUS.LÂT TAL VARA PA (RöTì L
A¡IPA) tlCH TRYCK PA J" I cET Vn
IB, "TAL :"INP(59¡} !' "SKRIV ETENNA SIFFRA VIN ?" I ¡NPUT Tr I''TRYCK PA J V
ID FAUS. 3 GET VX I , '.PAUS=,'INP(5êT)
19 t "SNRMENNA SIFFRÁ VtD ?" ¡ INPUT pt
20 PRTNT "STDFPA llED CTRL-A.SKALL JAc BöRJA |'!ATA.J/N" 3 cET Ux
3C' IF öX(}"J'' THEN GOTO 20
9Ð FRINT CHRX(12'
11O .NÍ=Ot r Fl'Pl I REtl 8ðRJA SÞK TAL
12O POKE óãOOA;,255 i PONE ó5OO9t,255
130 IF INP(58r)()Fi T|ìEN 143
14O ¡F INP(56T}01T THEN GOTO T3O ELSE 1åO
143 ÂI=FEEK(ó3OOSí) -rf
L44 lF Ãf=-Lí THEN AIÈ2551
!47 12'=236* (255-FEEr ( ólOO9¡ ), +255-Al
148 Cr.I=Tzt-Îf(Nf, ! IF C;)GlI THEN 13r)
15O NXiNI+l¡ r Tl(Nf)ÉT2I
I55 IF INP(5ST}=TI THEN 

' 
INP(Iê'" T" ELSE i INP(58I'" P"

1åO IF FfePf THEN FÍ=TX ELSE Ff=Pt
170 IF NX(1000t THEN GOTO r30
180 FOR Zl=lt TO NI r , Tl(Zí) r NEXT Zf
l9O t "öNSKAS UTSRRIFT.J/N' I INPUT Ox
?00 rF ox()'J" ÎHEN 229
21O OPEN "PRr" ASFILE 1
220 FOR ZIÉlt TO Nt r PR¡NT rlr"T"Zt"r"Tf(Z;) ¡ NEXT Z¡ I CLOSE 1
2?' PRINT "dNSKAS REDUKÎION AV TALSEGIIENT PGA EFTERSLÄPNINGE?NEJ=OIITT=2o I'ISEKI2
X=4O MSEK ETC" r INPUT Ul¡
226 lF öLl.ot îHEN ?29 EL9E 227
227 FOR ÄX=zf T0 NI STEP 2t I Tf(Af).Tt(Àt)-Ut¡ I NEXT At I FOR Zfslt 10 Nt I t
T¡(Zlt 3 NEXT Z: r r 'õNSKAS UTSKR?J/N'
2?8 INFUT 8x r IF Ox()'.t" THEN ?29 ELSE OPEN "PR?" ASF¡LE t ¡ FOR Zf:lI 1O NI r
t .1'"T"Zf"t"îla?l, . NEXT Zf I CLOSE I
229 PR¡NT "ðNSKAS TIDSLÄNGDER J./N?" r TNPUT Ox
230 rF 0x()'J'THEN 340
r.¡O NrX.FlX(N1./2) r N2f.ztNl; : l,l¡.11
245 DIt'r T1(sOOf)
25O FOR lll-21 fû N2f STEP 2f I T1(f.l*i..O2r(î'X(U¡r-T¡lLJl-ltr, e ; "TAL9ËGr'1ËNT'r.t¡'
t"Tl(t'l¡)" SE¡(" | fil.Íf+l| . NEXT Ut
2áO FOR Zlrl¡ TO I'lf I V.V+TI(Z¡) ¡ NEXT Zf I r "TOTAL IALLANGD|"V" SEU" I L=V/H¡
r t TIIEOELLÄNED| "L" SEK"

27O FOR ZX.ll TO H¡ r S=S+(11(Zf)-L)û2t I NEXT Zf
2SO D:SQR(St/il; r I "STANDARDAVVTKELSEN¡"D" SEK'
3OO t "öNSKAS UTSKRIFT?J/N" : INPUT Yx
310 rF Yr()"J" GOTO 340
3rS OFEN "PRr" ASF¡LE I
32O ¡lr=1¡ ! FOR ut:21 10 N2t STEP 2t: 11(llt).'O2*(Tf(Ufr-Tt{U;-l¡)) | t .l'"TAL
SLUltLNl fif"r'T¡(l'll)' SEl(" e ñI=Èll+lf ! NEXT Uf
33O 

' 
*I'"TOTAL TALLANGDI"V" gEK" I 

' 
T1'''I'EDELLANGOI"L" SEK"

335 t rlr'STANDAREAVV¡KELSENT"O" SEK" I CLOSE I
34O t 'õNSKAS PAU9LÄNGDER?J/N" I INPUT Alf
35O tF Àx()"J" THEN 48O
360 DIll PI(5OO¡) I KlcO¡
370 FOR Uf.s TO N2f-rr STEP 2¡ I K¡.NI+1l I ptil(¡):,O2*(TI(UI)-Tt(Ut-l¡'' I r "
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PAUS"ßI"."Pt(t(¡t" 6Eß" I NEXT ttf
360 FOR ZfÈlr 1O KÍ I H!tl+Pl(Zt, ! NEXT Z¡, i r "TOTAL PAUSLANCD!"H'SEK" I B.H/t(I â r "ÌIEDËLLÁNGD| "8" SEK"
39O FOR Zf.lf TO Nl r CrC+(pt(Zf,-A)Í¡2¡ I NEXT Zt
4OO l.t.goR(C)/Kt L "STANDARDAWIKELSET.t¡- SEK"
41O t "UNSKAB UTSKR¡FT?\!/N" i INPUT Ox
4t5 IF Ox().J. THEN 4SO
42O OPEN "PRr" ASF¡LE 1
430 FOR Zt.1t 10 K¡ . r .tr"pAtjs.'z!',r"pttztr" sEK" r NEXT zt
440 t rl,'TOTAL PAUSLANctrr"H" SEK"
45O I .r.r"ñEDELLAN6DT"B" SEK"
460 t rl''STANEARI'AVV¡KEL6Er "tl" SEK"
470 CLOSE t
4S(t t 'þNSKAS PAU9-IALTAAELL?II/N" I ¡NPUT Ox
490 rF Ox()"J' THEN GOTO óOO
500 FOR Ztå1¡ TO Hl+l¡
505 r "TAL "Zi"r"Tl(Zf)., sEK.,
5rO ¡F Zt()Kl+lf THEN r "PAUS"Zf"r"Pl(Ztr" SER'
515 NEXT Zr
545 t "UNÊKAS UTAKRIFT?J/N' I INPUT 8x
547 rF 0x(r"J" THEN COTo óOO
l4g OFEN "PR!" ASFILE 1
5ãO FOR Zl=1 TO Kf+i.
560 r 11'"TAL "Zf"¡'T1(Zf)" SEK'
565 IÊ ZX<)K¡+tt THEN i rlr"pAUS"Zf"r"pl(Zt)" SEK"
sås NExr zt
570 CLOSE 1
600 I 'UNSI{AS STOLPDIAGRAÈI?J/N'' ¡ INPUT OX
á10 tF ex()'J" ÎHEN 700
612 ? SPACEX(4)"l"SPACEX(4)"2"SPACEX(4)"3"SPACEX(4)'4"SpACEx(4).S-gFACEx(t).6.Sp
ACEX(4) "7"SPACEX(4) "8 SEK.
é15 FOR ZX=1X TO KX+lt
ó2O r STRINGX(11(Zt)*Str84)23
621 lF Zt< )KT+l; THEN r STRINGE(Ft(ZX)+5t,SO)Zt
é30 NEXT Z*
635 I "öN6NAS UTSKR¡FÎ?J/N' i lNPtJl'er
640 IF Sx('"J" THEN 700
é43 OPEN "PRr" ASFILE 1
645; *l,SPACEX(4)"1'SPACEE(4,.2"SFACEX(4)"3.SPACEX(4).4"SpACEx(¡1¡"S"SPACEX(4)"ó
"SPACEX(4)'7"SPACEX(4t.A BEr-
ó47 FOR Zl=1Í TO Kt+lf
óãO t TITSTRINGx(Tt (Zi)*3Í'84'ZÍ
655 IF Zt()KX+lf THEN r rl,SlRINcx(pl(ZX)*5t,8rl)Zt
óéO NEXT Zf ¡ CLoSE I
7I)O 

' 
^öNSKAS TAL-PAUSDIFI:ERENSDIAGRAM?J/N" I INPUT 8X

710 ¡F Sx()"J' THEN AOO
7t5 t SPACEX ( 11 ) "5"SPACEX( 6) " -O+"SPACEX ( é ) " 5"
72O FOR Zi=2t TO K¡+lX
73O A1X=2lfT1(Z¡)-zI*Pl(Zt-1f )+191
74O r SPACEX(Att) "*T"ZÍ.-p"Z;-¡t
750 NEXT ZX
gOO t 'öNSKAS UT9KRIFT?" ¡ INPUT Qx
810 IF ex()"J" THEN gZO
413 OPEN "PRr " ASF¡LE I
g2O i *L r SPACEE ( 1 1 )'S"gpACE! ( 6 ) " -O+'.SPAÊEX ( 6 ) "5,'
825 FOR ZI32 TO Kt+lf
A27 ALU= ?U*T L ( ZX, -zL+P L ( Zt - LX, + LqX
830 r ;Ir SPACEX(Alf ) "*T"Zi"-p-71-7*
440 NEXT ZX
s4s cLoEE I
s70 sToP
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APPENDTX III

PAUS 1r ,5 SEß
PAUS 2r .06 gEK
FAUÉ 3I IlA SEK
PAUS 41 1.Og gEK
Í,AUS.5r .9ó SEK
TOTAL PAUÉLANEDI E.38 SEK
I|EDELLÄM!n| ,47ó SEr
STANnARDAW¡KELSET . 15913å SEl(

the me uremenÈ of sh rt I uence uiÈh 5 auses

TAL9EGNENI lr 1.7å SEK
TALSECMENT ?r l.åå SEK
TAL5EGI"ENT 3r l,t4 sEK
1ALSEE¡IENT 4â 1.74 ÊEN
TAL9EGMEN? 5r f,6ó 6Eß
TALEEGI'IENT 61 1.ó gEl(
ÎOTAL TALLANGDT 9'56 SEß
íEDELLANGBI 1136571 SEK
ËTAÀ|DAFIDAWIIíELSENT .22S1S? SEK

T 1r ?4
T ?r 11?
1 31 137
T 4¡ ?2O
1 3t 223
T 61 2gO
17t289.
T gr 376
T ?r 43O
T lor 113
'T 1l r 541
'l !2¡ 62L
T 13r 623

TAL lt
PAUÉÌ 1.
TAL 2r
PAUS 2r
TAL 3r
FAUB 3,
TAL 4r
PAIJB 4t
lAL 5r
PAUS 5r

t,7å gEK
.5 SEt(
1.66 SËK
.oå sEK
1. ¡4 AEK
.1A SEK
1.74 6EK
1. O8 5E¡(
T.åA SEK
r 56 SEß

lAL 61 1.å SEK

I
I.lTTTTTT
PPl
TTTTlTTl

2
TTTTT 3

3
TTTTTTTT
PPPPF 4
TTTTTTTT
PFÉ
lTTTTTTT

23
I

4

5

6

4 5 6 7 SSEK

5 -O+ 5
+1 2-P I
*1 3-P 2
+T 4-p 3

ÍT 5-P 4
*T 6-P 5
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