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CHAPTER 2

A bursty teletraffic low with an intensity of zero

Let us show here that the dynamics in ordinary queueing models is too narrow to describe
real teletraffic streams in highly flexible telecommunication networks. In other words, the
ordinary queueing theory may describe a quite small range of performances in detail.

First of all, in Sections 2.1 and 2.2, we recall an experiment from [5] of simulating
overflow traffic in a network whose developement is in progress so as to incorporate ex-
tensive flexibility into future telecommunication services. Section 2.3 shows that there are
self-similarities in measures of the overflow. In Section 2.4, based on the self-similarity
observation, a mathematical model of the overflow is given by the Lévy dust, which is
a stationarization of the range of a Lévy stable subordinator. Section 2.5 discusses the
implication of the modeling. The overflow is shown to exhibit infinite intermittency, which
- -impliesthat the ordinary measure of the traffic volume, namely, the traffic intensity is no
longer available. o

1. Statistical multiplexing in the ATM network

Here we describe the issue for which the experiment is made. The issue arises in
developing statistical multiplexers in the networks based on a commom framework called
Asynchronous Transfer Mode. Let us begin with the ATM statistical multiplexer.

ATM has been given considerable attention as a key technology achieving integrated
services on a common communication network (e.g., [6] and [7]). In an ATM network,
communications between terminals are performed by transmitting a quite large number of
data packets with a fixed length, where each packet is called a cell. Variable bit-rate codings
(see [8] and [9]) has been proposed being applied to real-time ATM communications. This
is because these codings produce intermittent cell streams with a high peak-to-mean ratio.
Then individual communications between terminals are expected to efficiently share a
common high-speed transmission line by a queueing function. This sharing method is
often called statistical multiplexing (e.g., [10]).

Characterization of cell streams is necessary to design the statistical multiplexer. In
fact, because each real-time communication service requires a short delay bound, the queue-
ing function discards the cells that are is delayed for more than the bound. Therefore, for
each communication service request, the statistical multiplexer must make an accept or
refuse decision so as to maintain the communication quality, which is called call admission
control (see [11]). If there is a measure for cell streams through which the communication
quality can be described, a reasonable call admission control can be given (e.g., [12]).

2. An experiment for characterizing video cell loss streams

For constructing a measure of communication quality, the following experiment is made
with a video cell stream in [5]. Using the time series data of video cell generation as the
input stream, a single server queue with several independent input streams is simulated
on a computer to describe the statistical multiplexer. The time points of cell losses are
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- TABLE 1. The attributes of the statistical multiplexer data-driven simulation.

Model single server queue with a finite buffer

Service time 53 byte /155.52 Mbit = 2.7 x 107° sec

Buffer size 10

Arrival process superposition of 14 video cell streams
Video cell stream '

Source information TV program (news)

Coding method inter-frame coding with 30 frames/sec

Coded bit rate mean: 6.4 Mbit/sec, peak: 13 Mbit/sec

Generated cell size 48 bytes (53 bytes in transmission)

Measured utilization of server | 64 %

Measured loss probability 1.0%

Measured cell loss points 104 points in 7.3 sec

measured. In the experiment, each customer has a deterministic service time that corre-
sponds to the cell transmission time required by a common transmission channel. Table 1
summarizes the experiment.

The inter-frame coding is explained as follows. A video consists of a time series of
pictures. Each picture is called a frame. The inter-frame coding generates cells that
contain of the difference information between consecutive frames. The number of cells
generated between frames thus depends on the motion in the video.

Note the cut-off scales (e.g., [13]) for the data. The generated cell stream of an indi-
vidual video channel is associated with a 33-mil sec. inner cut-off (the shortest meaningful
time scale), whereas the superposed input flow with A = 33/14 = 2.4 mil-sec. inner cut-
off. The outer cut-off (the longest meaningful time scale = observing time) of the overflow
data is given as 7' = 7.3 sec. The cut-off range of the data, with respect to log;, z is then
given by (—2.6,0.9) with the length 3.5.

Fig. 1-(a) shows that the measured cell loss points {t;}1<j<y With 0 < t;_; < ¢; <
T = 7.3, N = 104 where each vertical line indicates when a cell loss occurred. The figure
indicates that the cell loss process is strongly intermittent because there are a few very
large intervals where no cell losses occurred. Fig.1-(b) magnifies Fig. 1-(a) in 0 < ¢ < 0.9
with the scaling factor p = 8.1

3. Self-similarities in measures of the cell loss data

Statistical measures of data with power laws are often called self-similar because the
power laws signify that there are invariances with respect to some scale-translations (see
[14]). We show that measures of the cell loss data exhibit this special property.

Self-similarity in the inter-cell-loss time distribution
Let u be the measured inter-cell-loss time distribution defined by

',12?(0,:3]: =% Card({j|t; ~ tj—1 < z}), forz > 0.

Here Card(S) for a set S denotes the total number of elements in S. Fig. 2 shows the tail
of the measured distribution p. The power law (the Pareto-Zipf law; see, e.g., {13])

(3.1) px, +00) o

Tom
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can be seen in a log;, = -range (—2.1,0.4) with an index oy, = 0.8. The law (3.1) signifies
that the mean intermittent time tends to the infinity.

Self-similarity in the power spectrum
Let {Z(t)}r>t>0 be the counting function Z(t): = Max{j|t; < t}. Fig. 3 shows the power
spectrum (periodgram) S(f) of the measured cell loss process defined by
. )
/ exp~ V1 dZ(t)
0

(3.2) S(f): =%

Because the data {t;}i<;<n is associated with the cut-offs (A, T'), the function S(f) is
meaningful in frequencies 1/(2A) 2 f 2 1/T. Here we note that the Nyquist frequency of
the data is given by 1/(2A). Hence, the available frequencies of the spectrum are limited
from 0.20Hz to 200Hz. The power spectrum exhibits a power law (1/f fluctuation):

(3.3) S(f) oc o

Here, the exponent 7y seems very close to that of the inter-cell-loss tail o,,, namely,

(3.4) 0 < Y ~ Ot < 1

4. Modeling with the Lévy dust

Here we discuss mathematical modeling of the self-similar data stream characterized
by (3.1)-(3.4).

Concerning physical errors in communication channels, [15], [16], and [17] coonsider
the model with the self-similarities (3.1)-(3.4) that is free of outer cut-off T’; in other words
the model exhibits similarities in f — 0 direction. On the other hand, based on the spectal
study given in [18], a local model with the similarities in f — +oc0 direction can be given.
The model which is free of both inner and outer cut-off is mentioned by [19] and called
the Lévy dust in [14] because the model is based on the Lévy stable subordinator (e.g.,
[20]). However a complete mathematical construction seems to have been omitted for the
Lévy dust. Here we construct the Lévy dust and show the self-similarities (3.1)-(3.4) on
the basis of the Palm theory.

The Palm theory
Roughly speaking, the Lévy dust is given by stationarizing the range of the stable subordi-
nator. Such stationarization was first developed by C. Palm to derive relationships between
the equilibrium state of time and customers in queues for a class of point processes, whereas
its generalizations have been extensively studied (see [21]). Here we recall the Palm theory
for non-decreasing processes with stationary increments, which is essentially the same as
the case of stationary point processes presented in [22].

Let X = {X(t)}wer be a real-valued, non-decreasing, and right-continuous stochastic
process with stationary increments on the real line R. We assume X is continuous in
probability and X (0) = 0. The random measure defined by the increments of X is denoted
by dX. Consider the random measure Lxdz defined as the X-image of the Lebesgue
measure dz on R. Namely, [p fLxdz) = [g f(X(z))dz for all non-negative measurable
functions f on R. In general, the random measure Lxdx is no more stationary. To
stationarize Lydz, we consider the following definition. Let M denote the totality of non-
negative and locally finite Borel measures on R. Let {T;}scr be the flow on M defined by
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(Tsm)(B) := m(B + s) for all Borel subsets B C R and all m € M. Let 90t denote the
Kolmogorov o-field on M. For v > 0, define a o-finite measure @, on (M, M) by

X(v)
(4.1) /M o(m)Qy(dm) = E /0 (T, Lydz)ds

for all nonnegative measurable functions ¢ on (M,9%). The measure @, is finite if and
only if EX (v) < +o00. The stationarity in dX implies that of (),. Namely, @, is invariant
under the flow {Ts}ser. The stationarity in dX also implies @, = v@, for all v > 0.
Therefore, measures @), with v > 0 will be identified with each other.

In queueing theory, the process X is usually defined on the integers Z expressing
arrival times of customers. The equation (4.1) is called the inversion formula whereas the
probability law of Lxdz corresponds to the Palm distribution ([22]).

The ergodicity of @, follows from that of the increments dX. The following ergodic
property characterizes the equation (4.1), which is essentially the same as (1.3.18) of The-
orem 1.3.12 in {22]:

PROPOSITION 4.1. If the random measure dX is ergodic,

t
linolo E—é—,ﬂ/o go(Tsm)m(ds) = Ep(Lxdz)) for Q,-a.e. m € M,

t—

for all non-negative measurable function ¢ on (M,9M), and all v > 0.

The Lévy dust and its self-similarity

DEFINITION 4.1. Assume that X = {X(¢)}icr is a stable subordinator. Namely, X is
a non-decreasing stochastic process with stationary and independent increments and with
the Lévy measure 027 17*dz|(0,+o0) for some 1 > o > 0, o > 0. The equivalence class of
the invariant measures {Q,}, > 0 defined by (4.1) is called the Lévy dust associated with
X.

By definition, the Lévy dust is a totally infinite stationary random measure. Let us
show a self-similarity in the Lévy dust. For r, H > 0, let Ry ) denote the renormalization
on M defined by (Ruzrym)(B) := r~#m(rB) for all Borel subsets B C R. The same
symbol is also used for the renormalization of the process X as (RwX)(t) := r~7 X (rt)
for all ¢ € R. The self-similarity in the stable subordinator R(j/a-X =4 X implies the
following self-similarity. Here =4 denotes the equivalence in the probability laws.

PROPOSITION 4.2. The Lévy dust {Q,}u>o associated with a stable subordinator X
with a characteristic exponent o is invariant under the renormalizations {R(ar) }r>o-

(We ommite the proof.)

Self-similarities in the measures of the Lévy dust
Below we show that the self-similarities (3.1)-(3.4) will be observed if we measure the Lévy
dust in a natural manner.

Consider a point data {t;}1<j<n given by a coarse graining of a sample Lévy dust with
a Lévy measure 0z "%dz(0,+00). The inner-cut-off is assumed to be A. The characteristic
exponent is chosen to be a = a,.

The Pareto-Zipf law (3.1) can be explained as follows. For large N, Proposition 4.1
implies,

Card({jlt; — -1 < &) ~ ENx[(0,1] x (A, 7]
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for z > A, where Nx[(0,a] x (b,c]] := Card({0 < ¢t < a|b < X(t) — X(t —0) < ¢} for
a,b,c > 0 with ¢ > b. The Lévy-Ito decomposition (e.g., see [20]) implies

EnxX[(0,1] x (b,d]] = 0/ z™7dx,

which yields (3.1).
Proposition 4.1 also implies, in the sense of generalized functions,

(4.2)

T
: ~fsv/=1
tg?w 0.7 /0 exp m(ds)
for @,-a.e. m € M, which is a version of the Wiener-Khinchin theorem (see, e.g., 23] and
[24]). The self-similarity of the power spectrum (3.3) with (3.4) directly follows from (4.2)

and the self-similarity of X.

— E'/exp—fs\/——_lLXdS) _ E/exp—fX(S)\/——_ldS
R R

REMARK 4.1. The increments d.X are not necessarily independent for the arguments
above. In fact, Proposition 4.2 and the spectral self-similarity are valid if X is a non-
decreasing self-similar process with stationary increments whereas the Pareto-Zipf law may
require pure-jump samples in addition. Therefore the Lévy dust is just a typical example.

5. Infinite intermittency and its implications

So far, we have described a teletraffic stream measured in an experiment. Based on
self-similarity, we have given a mathematical modeling of the measured stream. Let us note
here how complex the stream is in view of ordinary performance evaluation. In conclusion,
we will clam that complex dynamical aspects may play an essential role in developing the
foundation of highly flexible sharing systems as well as in reviving teletraffic engineering.
Infinite intermittency

In the last section, we showed that the measured teletraffic stream can be modeled on
the basis of a nondecreasing self-similar process X. In this model, the total volume of
the statistical law diverges. Namely, @,(M) = 4o00. In fact, (3.1) implies EX (v) = +c0
for all v > 0. More generally, EX(v) = +00 holds for all non-trivial nondecreasing self-
similar processes X with stationary increments, which can be shown from the results in
[25]. The divergence EX(v) = 400 corresponds to the infinite mean length of individual
intermittences, which is called infinite intermittency by [19]. Thus, the measured teletraffic
stream exhibit the infinite intermittency for which the statistical law is not a probability
measure. In other words, the dynamics of the measured stream may be too variable to
allow a finite invariant measure.

Dynamics in the ordinary queuveing theory
Of course, ordinary queueing theory has paid much attention to variability in traffic
streams. However, the attention goes no further than tracing non-Poissonian streams
by increasing the number of moments that can be set independently. Here such moments
are variances and correlations of basic random variables in traffic streams. In other words,
it has been tacitly assumed that the traffic streams can be characterized by a number of
these moments.

Concerning complex traffic streams, [26] reported that a car traffic stream in an ex-
pressway exhibits a spectral self-similarity. However, attention was not paid by teletraffic
engineers because there is little connection between car traffic and telecommunications net-
works. Very recently, [27] and [28] have shown that traffic streams in a local area network
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exhibit a self-similarity. The self-similarity reported there may be called second-orde. In
fact, [28] notes that the measured streams exhibit divergent variances in inter-occurrence
times, whereas the mean traffic intensities are well-defined. Hence, at least we may define
the scale of the traffic volume.

On the other hand, the traffic stream characterized as (3.1)-(3.4) may be said to exhibit
first-order self-similarity. For this traffic stream, we cannot apply the traffic intensity to
measuring the volume scale. Therefore the scale designs, as well as the control design, are
also impossible for this stream on the basis of ordinary queueing theory. Hence, this traffic
stream is a counter example of current teletraffic engineering.

Complex dynamical aspects
The infinitely intermittent stream provide us with interesting viewpoints for the new foun-
dation of sharing systems as well as a counter example.

Firstly, complex dynamics like infinitely intermittent streams may be essentially con-
cerned with high flexibility. For example, variety and emergency of services require complex
specifications, such as the hierarchical protocol suite, whereas the specifications control the
dynamics in sharing systems under various scales of time and space. If the dynamics al-
lowed in the systems is limited to a narrow range, such complex controls seem useless and
hence the variety and emergency are not incorporated into the systems.

The reason for the weakness of ordinary performance evaluation may be given in this
point of view. Namely, effective performance measure as well as concepts and principles
for highly flexible systems might have been originally characterized based on a large va-
riety of complex dynamics. Ordinary evaluation, however, tries to obtain performance
characterizations by studying a narrow range of dynamics in detail. For example, detailed
dynamical characteristics will rapidly change depending on tempeorary situations. There-
fore the detailed characteristics based a narrow range of dynamics cannot provide us with
the performance characterization of systems under developement.

Consequently, the performance theory of highly flexible sharing systems seems neces-
sarily to be constructed on a large variety of complex dynamics. To demonstrate the role
of the complex dynamics, the folllowing chapter discusses the scale merit, which is one of
the most important ordinary principles in sharing systems.
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24— VRl
Proposition 5.1 DEE&MHEWITRZA O n EXFr— VT v 72E2 5. G L AR, M
Zat¥-—% nMAEL, BEMI Ly 7 EABERENIEETEZONEET 5. (3.3) DiiEkkz
BAL, {L(t)} & {S@)} CHiET 5 ss-siictBf & 20z v 2hen, (Mo()}, o) b
{Ms®)},as) £33, (3.3)L 1, n A HHKREVEE, MR SNMEAES L nl/*s fEsNn 2,
[BIEESR | CEHi$ 572012, FEBRNy 7 7 AR 21 2 5EHE — NOEEE nl/os
B, fEo T n R — VT vy 7ENR AP 3, #hEEIC '

AV = ({o(n)nes=a5 1, (¢) + o(n/+=4a5)}, { M(t)})

THAbN5.

THEOREM 5.2. $ERRERRIRE) L7 AP o8y 7 7 ittEE Ul iz, 4 — VAl

Ul = o(n)n="U[1]

(5.1)
v = (1/055 - 1/aL)Hs/(HS — HL)
1) . 22T, o i@ Zzslowly varying function T 5.

Inhs, HETIRERBOREICE T, AF—VT7y TRy FeFAY vy VR4
L) 2MREEAS A5, F/2, BEO M/G/1 T y=12HILLTWEDIZHL, KEFINVCT
i, EROEREIY )b LEZLNS,

EXAMPLE 5.1. R —=NVT v 7FA)y beFXY v NRH%E { ss-si HFREMEREATERIZ
FETHHEEZS. (5.1) b, H#1/a #-TH<1/a) tb ss-siEfNEERED
FEEZREIZLV., 20X 2F0fFfEE, Kesten& Spitzer® HOHILBEZ HWTREN5S,

Kesten-Spitzer O BECHLLER[33] 0 < a<2,1 < 8<2, &L, B o,0 & b OoREED

(Lévy &EBIE[36]) {& (1)}, {(a(t)} £ 25, Lt,z), >0, —c0o <z <+00) &z I
5 {(a(t)} DREFEE[29]E T 5. Lt x) X ¢ B L CERRIIIERETH S, {50}, {& (1)}
 {&(t)} ot za—k L, {((t)}, #€oT, {{(t,z)} LML ET D, HERBE {Kog ()}
% .

Kenl®) = [ " 4t 2)det (@) + [ e miz

CEET D E, (Kap(t)) ss-sHBETH ), DR H,
1 1
(5.2) 5" a5

TEZ5N5[33).

ZIT, 0<a<lil, {61} ZEMMmMAREL L, {Kep(t)} 1 ss-silfigmanc
HY, BERATADHMIEE o ORESMERD. Thhb L= {Kqag(t)} L T(3.3)
KEoTEE S MBICRESRMLCLER o(n) PEARKTELHHAIIGBICHNS Z L &,
(Ly+ -+ + L) /o(n)nt* 52 2 HERMEOFIA tight ThHI LB LTELS) M i,
Bl o b0 sssififilgeEdmge 25, 2 (5.2 La<l<B &b H#1/adbhs.
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6. LB

EOHUZR Py 2R ET— D OBEINABBITHOAr — VI ZZEE Lz, ML E
BB, BHELTAY Y b - AUy POREIERMICIETEETH L. £0T7IHEDH S
BREOTSTICERTAEE, SUFAF—NEFTVOERIEITTEZONS. TOL ) REGE, &
BERBICIIHAD A Y vy NI ThAZ LIk A, TOZ LI, BERIICHEKRADPHEE L2
OEEHE, LTLAIRRLTOWEWIEEREBLTWS, KETIIIOMEZRHL 5.
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CHAPTER 4
BERSOTRGIRESE —EREHEORL -

I A7 AMERREEMIASET L TV A M Lo WEE TR E B9, MRS Mo®EER I L CERR 2
S ERAL. T, FEICBVWTEROBEFAEN THSL I EE2EETH. KIS, BERESD
TR IRER 2T 4. B, THifbo THESEZ A, HEMOBREZ2HFEL ) 218
LLT, ‘ERABE (TiRL2EHOHBM) »FERRNWEATL. YAFLOEHEHED
BT AL, BELHEEN LR R TERLLC, KEMRICEETS. T/, £2ET
L ARICBITHEFEELHE Y, GEHEAKE LTRET A, 512, EEI B ML T4
THIERFEETS.

1. TLBIC

FHIT5 L BEEIFTELBRICH LI LI, BREFLVAES) . Fbi75IE, BolEEs
SEM LB 2 LR E - INAHE (BR) #EHTANMEAL LTERESR, 20%, #OK4 LB
HATHVWLhTER., FbFA2RICLAEROFRIE YTy 7 T8 EFTNS. —F, HHRL
HERORELERIC, HIESEERHETTVWA, YAF20ME (LBEEE) IS5k y ZikiaE
HALL, FHAH0BEAICEYT, BESHES IRk EKEIF TV,

BHALIIEA R TEBPRLTER, EB, ODA0OBRE - EFVORME - ELPOEA - Y3 2L
—vavEEQORLE - FHEIIEY - VORE - FUHEOR LE, £ ORFOERNLEIRTDH
B, BETIE, BbE NSy TROFERLEE EMUED, 7ML HIE - FlE o/
FEORE LA RET AT L INTVE[44]. ThHIZEANLMELRRTSET, EER
HeEl® 7Y,

BEbIcr§ AR DO BE, EUTELERLICIMICHLT 20 LI b0THS, Hib,
WML, BENRICELIONTVUEIEGTSHY, Py 7T - FHATFIERICE > T,
St LTRbNns. —7, IRLEEG T A E ML, AEt v, MM L EREFmoM
ZBESIC, BANZEELZER - RELTWLEEZLNS. ¥, Py 7HOBEMIIZEL
{, FBHAFOBBHEBEIIIPDLLLOPFRVWEEIo0d ), HEEEIZTHIEVLNIVIZE
Doodhb. FlziL, EELPHEE-/ Sy ZiiE, Py VRENO THrOEVIN-X b
B AED B 2 S ATVR[42). COBE, MLy ZRENRBREE TR L 2VET TR,
BIEE (ABGEEE) 12X ABERBEORENF & IC W, T2, BEEEOBEM TP EEEE 2o
T A, {toT, HHHEEANEGLE LT, FERTOENRELZE L KD S Z LIZBET
v, EHEOEER - BRER T2 REANTICIY Adk, MEOHEEEZHL T
REBEBTHA.

EHIERBTREZ LI, BHEOAIHE - VATFLADOREI{ESsTVBLEVWIHETHA.
L, WEEDRVATFLAOENICECHES TH (RELEZHIEZTVWDHLIAD) FHHITH
DEFHIZE->T, BEERMEZRELTWA, KB, #HITHS0BEN - BEENERF IS U TERL
L, #0OLT, SHEBEY - CABHRB STV, COREERIEESEZILASETVS, —
5T, MOREL, HOMLPORDVIEKRTIARLEZLIREES ., HE, FEEBREL,
Foby 7 RMERTREALL) ET BB EIBESNSL, ThIE, ZMEDERGICHETS
THhTHOMIZE 2T, FOEGROMR: - KEDRMES. o T, WHEIIBORER LB
FEELEDVHoTVEEELLND., YATFLADOREARRLAHEH THE, HHEMIL, BD
KEEOMETHE - AW SNIREEHTHA . BHOBIREIZWE, BHEEIYE IR
ENELEE LTibha 2 L, ROFHEOER L L CHETHS).
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ML, THEEECHELIEZELT, YAF20MEEdH ULABEATICHIAFTFIhE Z &
PEFE LW, £72, PPLBERZTRITINE, @OREREVATLAORENEESPRZ S,
—7%, EROFLITHIEG I ZEESEE L T EE L EER) , Py s TELINIETC. #
MEMEZ SR & T A8IRIE, BEROATHDENZRAA I EDVPHBL I LZREL TN,

AETIR, ZOL)2EAPS, EHEOTREBOENDOHEEFHD2DO, VERERHIE O Bk
ICBITAEEOMELRT S, 2HTIE, BEREORS,L, EROEETH L BEROMES - &
ReoWL, BENLEEEROLEREIERTS. 3HTIE, BEHICHDINSEEZRDTHE
BER DL, BEECSEHGOWMKERI ONLIL2EET L. 4H T, HOBRIERELT
WAHHEEY, TRRZEROBHME ( W ) LRX, TOBXEME TS, TREtkIZ L 2880
REDH E LT, BER, BREERE, BHLET5. 5HTE, AEHOTREO RS2
SHL, WOBRNPREELEBBORS PO 25 ZEREERETSH. 6HITIE, TREOHRFIZED
E, HOBEDRX) vy F2ERTLH. PUKXELLET 7L AHBOXY) v P 2RBT L. £/,
BBEPEEEEZ ) DT EZERHL, EM L EROBRIIH LT, ERANEHAES5Z 5.

2. RERRORR & BE % hrEER O LB

PR 2 RS &5 A BRI, MREER & LCOBBHROBRRTZRELTVAD, £ I TERHT
&, MEREEE L L COBBREFORIEERL, AREOHHETINT L I LPRETH2HFER
I, E0, BEREZLOERICERL, WO 5 HEN R EERZ OLEE TR 5.

2.1. HALMURERO G . EHELEESUETELICELLT, WOBIES T, B
SIDEEHIMRTHELL Y. HAMEEERF O TERL TONE, ZOBRBEERIZEI-T,
COEAEDD 26T AY v FARENZITNER G2V, $EoT, HAHEREEROEIIL, ThE:
AUy PERBIZL > TREVEL > T 5. G, FOEN LI P VD > ThRWDT, KH
DIREHRICIGERATE 2, #2C, JZTIF, HESELT, [WEE0HEMEE, WMok
ALPDREIEREED] LIRELLD. Bib, BERORHE, AREOHMHEZAYy FELT
ENZTRZIADPTHERLLY.

2.2. BERNAY v M. FOTHEROTEIL, BBEORHLHLLIZ LD, B, &
HIRBEORED, BHTFOMERE - Py 7HOBEICEDLIIIKFEL TV L2202l LR
Y52 LTha. ZOBEVFEBFETM (B8R Tbd. Py 7 TEOEEEZSFI TV
HOWE, BERFICME SRV, TP, BEROATTEER XY v ORI, WBEREOILBICfh
bW, INERE).

Ay bOEH AL, YATLOME s W LT, s DFEEEYE Q(s) 2#LT, sDHLE
s1 > 0XYy h2BHLAZIOTHS. EoT Ad good if G(Q(s1),Q(s2)) £V I
R ks, BERE Q) DHELXMEET5. & G 13, BERYE Q(s) THRA B INS
EETAVWCHERRALEETE LY. —F, BEOPTREROEHA T A7 L DESZ KB
TELLEXTRVWODE, WBBOBMICHETIRE, BFEE, ANPTey 7 IlRoNLS. f
2, BHLEBORBERIBEROBETIIED N2V, HL, BEORBICHETIHETHN
W, BERVRREIRESE LTROONL I W, FHEOEREEE LR Z & OB)# 2 5
HRIZEERIRODPSE > TWARBRE L ZEZ 5Nk, BR2E 2 REROBEEN TS
HELDIE, Q(s) 2BUT, FHHERELPEZLY G IURFETELLEZIRLNSL. 29
LT, BERICL TR A y FOSHAR, HERK  BFEE- ANy 7 0lFkzH
WRRBOBHICRAETE S, 22T, WEAEOBENEICIFEROATIEEERIOPL2VO
T, & G AT, REBERABEOMIE (VRSN ZHTHS. ThzAwiud, G ITRER
BOLBOEWITRAETE S,

2.3. BEHUAY v FOIRE, BEBEEKOAI STV ATFLAOEL - TEROAY v b eiH L
5 EDVHETLEWHAIIZE W, Flz i, ERAEPLEFREYHBOEARBIIFHTE 2V, ¥
7z, WHMLOERE LT, LIFLIIEZ LML AHELD, BEREOLOHNATIRAYS 2.
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ﬁﬁﬁ%%ﬁ%@x#—wa/Ffﬁ%?é‘&%%%ﬁ,ﬁ?ﬁ Lo TELHEBHFOL
K GEBOER) I VERHLA) Y PThHY, BERTHLIMEOD DT,

2.4. FAY v MM E LTOEER. R, MEEOSHLE LT, Ao L VWER
Mol VAT AMBERMOEGRERTH O LWL, BEELRVOIMTIGAES 5 . ORI,
BERORMICHA Z ETHREEINS. EE, BEROBELZSTITNE, BEFITHEOTA) v
MIESZELEERTHLZ EIDDS ._ﬂ%&“LLO EEDICHR- X 512, EESE
GREOBELE U-HEOBRIZHT-H-DICERIN. 22T, 8205 0I1Z5E! &iof
WT, DAy MIBBHZH I YVUMICEELIETTHE, ZOXA) v F2EHT AL LETEL
R Z T 5 -0 IEERIIEY IR, o T, BHEHRICL > TEASINAEMHIEYICR
HEAMESHIRY, MOBEOERGIIL B ALLEN D7, o T, MORELREHBOATY v
F%Vﬁ?éﬁﬁ%%%ﬁ%mf%%f%&(&%,ﬁﬂf@&w

2.5. BRI T A 7 LR OV B, ﬁﬁ AVEOFA) Y OB THLDIZxL, #BAS
BRI LA ) v FafEo, SR, &, BIROBILAOFNSHL P TH S, EoT,
AEEOA) v P EIZ, ﬁ%ﬁéﬂ%%ﬁ#%ﬂ ARERICE D ZH2iE, FAY Y FOEBRTH
HEEEESHICbo T, XYy bOBEH, b, AT ARRBWICIRZ 5 HEEER #MET&%

3. HHEHEKE LTOMIEE

B TR, BOBHOEETEMTHICIE, VAT A - BEBEOICEZ 5 HEEER W
BChbH., TlE, T, EDLHIRDDTHA) 5. WK -  ®@HEOAFTLBHRT LI LT,
ﬁ%moﬁb5££®$ﬁﬁb# BNB7EAH) . RETIE, K - BEEOEANFBHMEIC &
HTEREETAS.

3.1. BEM. WBEL, HEZAREO 7O LAZMRETS. BEOEERIE, Z0L) %7
m%xﬁﬁggéé LIHES . —F, SHOTOLAN D> T, BBEDITA NDERTE LW

X, BEDLAKEAETIHEN LML - TRE2ET L. THIEBEMRATH L. WEMNet
i BRI ERWICSH T A EHOMERERED ‘26 C METIEZY) , EERIMR - T
- R EORMN - Wl s 5725 Net = (C,s). ARBEEIDRE, HELOBETHD
REMELTEHRTERY, ZOBE, BREHEEIIEMEMTEEEOHRE L TE 4 OWEEL A
BIRAHTAEL, CliE&Thbr T A,

2.ﬁwkﬁ-%L.ﬁwﬁﬁﬁ,%ﬁﬁwﬁﬁ%%bw&ﬁ%&Té%%%ﬁﬁ%ﬁ%ké

BRI EICHD, EE, BEEGBERSIAATAAL v FEEAL, BHOEHY MHE) B

UMY 2 RSt (BIRM) 0T &, FRMEEREER(|s)IC X o TR BEEOEM % |s|® +
= FNPERLTWAD., THIEFEEIIC LS C DILRTH 5.

MOZEEIE, s OWEDEL (s; — 82)7%, C ORBHILAEX D 0T OTHELEILN
5. Bz, kﬁﬁm(aﬁm.30—+aU@U Usp &, C % k24— ﬁf#kéﬁ% —
¥, FUIMEIBICH L TE AL, AF4 THTORBERATAIE (61 T, s
WKLo TRETE LB FEOEM C 2IMEMIILKRTEIDOTHS. 287 v ML, ﬁﬁﬁﬁiuw
FLEE % B L, ﬁﬁﬁﬁ%M@méﬁf BN LI, BHEREREEICBT A EHRIEROM KM
EONWT, ZHLBERETEIC C 2EMICIRLE. W E(ATM)IE, EREMORAL vF 7
Lib@hﬁﬁwm@ﬁ%ﬁLé&,C@Eféﬁmmmk%mofw%kﬁib

3.3. BEHEOWA. WiLBENEE C 0 K& i, BEEPLEKEDINERIL, —BL
THRTEZ., 2o C o “kK&X oFRE, [WMECHHEE] THAH. EBE, Tkl - K
1t - AL - WEML - WEMEORE L o 28K - BEEOHEMII, T XGEEOBEHEY LK
LTWBEEZA., Thhb, MORENE, HHEOER - EAKIETLEEZONS, L, s
DFEENE, BFrOHERBEI R T 2HEOENDHOMEDOER C(r )ﬁ\% Wt &ty &
ERWEOEM C(s) ~DIk - ZEICHAHEAH). &b, [ARATEELZOWE, BEEATF  BE
FRELTD C DIROATIER WV, BEHEEIGUEREICL o TaA MEEOBHED RS -
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AREIN, HEHETZOTHEELREBE C 2R LTWAETH L. B, ARBIZBNT, +J
by 2O C OREOHEE BT 5.

4. EFHHE  TRRE2EHOE), S

OB NDS, BHMOER - KICBTAZ EIITHTEL., ZRTIE, YATFLAOEDL Y %2
EHESEORRNEEZONLEDEA DT FEHTIE, WELEROE,IVEATFEEL T
AEHHAMTHA I E2EEL, ZOMEXHHBLTYATA (@) OWiHEER, $7/-, Ttk
L BBRNREOF L LT, BER - BHER - BREEET, Zo—RkEZERT .

4.1. EBRBEHE=TTRL2EROL, S, BEHEIE, BF (BfTL#EE) LV INRITH-T,
INEFERTAVATFLATDHS. BECHBMLIE, ERTRELRNSE (EIT4EE) o) 3121
HW, TOBISITRWOEHEELILNS, EE, BB RELEONELER LY.
DOBPMORFL VENT WS EEZ HDIL, FFICAECELZBEOZITTIIR V. MERI;
RITEe L BENTE, BEREOLEIRAENTHS. EoT, WELEHAKOEN S IHED
HERELTWSLEEZOLNE. ZORNEEDHEEITRD L) ICHIBTES ;

: (P-0) R=(0,S,0)

BE (v

Ll

: (P-1) O i, BEHNRDZERH
BIBWT, O, BIT2EERECHA. /2L, ONDERIIERAINLDIOTH- T, E
BLURICERSE T bR EE bRV, fEoT, ONEER, HADTAFAERHVICEL S
550THY, H40UITEEBROERICE T A2LG4E25ELLHMRNLZLDEEZ S,
1 (P-2) S i, BEBHREZERTL AT A (EHRE) 0£4
FIZBNWT, S OEFRI, HLA0@ERT.
: (P-3) DIESOERsITHLTTELZERELT O ORFTENEIELEE

D:83s—9D(s)CcO

O(s) DIEFBtR (BEBLR) »OR VAT ABMOUBEOBELIEE > TV A5,

fZBVT, O(s) 13, ERTEEZ (R TETR) BEAROERTHSL. R 2ERR, O
0€ O 2WEEMR, S OEFE s PETHEE (FEPRT L), O(s) & s OFJREMRRE (F72
WRBEBE) LS. F72, O®) AL 20 ‘BrS %, —#RICATEEM (212 BHEl) ¢
T .

4.2, WEEMAEENERET LM, LT Tk, ERROFATEITL. 7, BEHBEEZ L.
BEBROHERNSE O &, REX, Bb, FVI77Xy FOFI»ELA. HAETLTTRy b A
*EEL, O % ADERHOEEET D, 2T, FlOFRKIIWENZAY —VEiEbE, £T
DAy —VEERBIZWVITBL. ATV 77Xy MIbOBERR s, ZDREIICISLT, &%
WHEL TV 7 7 Xy FHIOZER O(s) & O OHFIZED L. O(s) DEP SN s OFRIIHIGT
HIERBWESY. RIEHEREERL. bOMTEEG W e LR, BXREHEE s O
PEER L FRIC O(s) OBRBIC L > TRESNTVAI LRI TMTE L ). REKL, REMEH
ELT, BE¥rEZ LY. HlzIE, 8% B2 AFM, EMCZ1IFHEZOMBEZEZ 5
BEVATLEEDV AT A LEOEMBOBERS) s ORENIE, 2 (WA) TEEZEMHOZEH
O(s) TERES. HIL, BFETWI)HEMEL, KHROTREM IR S 2\,

5. BEMOEZEHE

AEClE, MBI EREBHRELRBNCONT 5. EREHEYRIIL TV AT ADORNE
LAk, HERNSR O ORBLI AT A s (EBUEE, 1EORFHET NV TIRINE R LT
IENTWAEDTEE) OREE* 5220 NE26RV., VATLADOEZELEO CERL 2rhidl
CRVWEENE, WEZ I TRACHB2RHATHIEM T2V, 722 21T, BELZEE Db
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INVORYFERFICANNL, BEGEFHLRVFOIZR L 20T R62 5. 0
L, BIEDFRELSOH 5 WATEHEOER[40, 41, 38]&» b, HFMRERIIEKL T,

WATHEARE (DFEBREM) ° »ORIRERAAROZR O, ‘VATLA s BV THRERE
TTREARENR THAEHBHE O(s) vEEMICHLC L. WE - KB E Vo RN 24
7, REEHEO—METHL Z L ZIEHRT 5.

5.1. BETROBAM « A L EERNROTME. o, BEBOBIEERICET 5%
DL RERNERE RS TS | BEERE, MR CTHS LABHIENE LCORRIENSD 5.
IO2HIEST, BEBOKEINE GBEER) @, FREMELLOLELONE. IOX
B, SEANIHEOEREHECHHE s LBV T, BALERAME O(s) OBAFTIEL LTW
BLELONS,

5.2. E@zZH C(s). BERMOBREFRNRILBEERTH L. L, 4 ( I ) &
AbND, &t o ZWMETHMOERNRME c NEZSNNE, o WERINZEIIRA. &
LT, EREBE OGB) BEF->TWaE, Bb, s 510N EE, s FICEBLS 57k
REBROWE (EFRREEIFT)) OBRTER C(s) WRENL, WET 554084 O(s) 7k
THIEILD. T, EHDOZERM O(s) OlEEr, WEELZEFRNLE C(s)DEE,SHTH
T 5.

5.3. FHEE & EMRRE c 2B RN - g RS - SFERICES (NE (178
EBROEILM) OFHEE, BITEEBRE (&) o DEH c II, ZOOHBLHEEZEL
5. BH, (BT L RO BB TH 5. BITBEBBORS T 5 5HBEEBEIE, FHEIC
WEHsN Ty, BIb, BTHEEEERE L TREE B TREMEETY, KEEZFTTW
B, —HT, ARICERINEZWI L, RO OBEBERTEIMBEIELTHS

5.4. C(s) DHHEOHEE. O(s) 0EPEOHER, C(s) DEFNEFBT L EEZ NS,
FIT, C(s) D—MT c DEHEREX L. c BT LBEEERON»S 5. c DHEER,
Bifr GAEMEHE) 2HELTESTIIOE, 29 TrVHDITbhrNb LELLNS. L
WIS EAUE, BFIL, EAEICBT A RERICHRTLEERLONDL, T2T,

: (Ver)

s AT
bt = HERIFE
—7, BEIE-> T, BREHBICLVEHEZEEL L) L L&, JHMuEIC X > THREDY)
ToNs, ZHTRBICME S 2w, BEFonld, SHNic
: (Str1)
s DUBHE - R
C(s)nEh s i
V) BRPRONG. O(s) OffEd, GRS EEXONE. T/, HERERIRE LTOH
s DEENERB L. BOME2RENIE
: (Str2)

Cls)plrs Rt
R TR
LEZLND. DI, REBETETACRAT, BERY—CAREIE - Hibh BT 5
PEHRECHL LV (bo k) BAERLTVA,

6. EFEHEICEOA) v PEHA

KECIX, 1 s OTREMER O(s), EHRZM C(s) OEAICLY, WELEhke LTR
BCEBLZLAREETS. 205 BRE LT, BEERLSET 7 £ AR 5 IS L5
EHUB. T, WEMOESE, EERSEORIIALECEDD & 2T 5.
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6.1. WEEHERENIA. 51 & 59 DEHE 51 Q80 TEZ L. HEBEOWEEMIZL Y,

EFREHESEAT S

D(s1) UD(s2) C O(s; ® s9)
(&2, BEICERSEASINDDS) , PR (Strl)DERTROBEN 2 KT 5 DIZHHET
H5.

BT, (Str2)icaohns &), FEEE (RENETH) 2E LTOEHOHRKTH o7, &
DIEIEEHTOIENTH S Z t%#%tio b, (Ver)mERRT, BT IUE, ik
TREMICH Y, —HTIAVhEITHR, @RSl 5. ER, SEROBEEK GBRE, W
K, RA N, BERATOS T bete...) & A(s1), A(s2) &T 5. BOBEFICL > THHEL 2558
BB, BRI, B A(s)) x A(sy) &% 5. THIIRBOMKE L. EH, £EE8E
KBWT, EHEHEOHREIIBERIIL > TREELHbo TS, LiL, HEENH, Cs)
CHATHEREEMNS L, BELINS 2 5 WHERICE) LEFFEORMIN S kb5
o. Hib, HE#EED

AD(s)

ABFRE
EHAT S, FEMLIEAT S, 2HLT, REMEAY —LT v 72X B (Str2) O BERTO
MERELTCWABIEDA) v FEEKRL, MOILKEMRYT. #i, flxiE, 181 0@E e
oM AT HNS £ ) &k O DT CORBRTIHE, WREOEMA N EEEME O(s) i,
BABRBEICHNTUN L, REBIZZLY. #oT, @b g5,

2. ZETIVLARDEARR. S AL xTIVY, SUFLT IR, R-)rFluno
7EET 7 A% ([46]) R L, BERTIHE, EBNEOFEMIITETD, 77 EAR0OERY
VAR S2R X2k 45 =l vg-Re t#ﬁt#ofmm EHEBHEORAENTAHI LT, 7oA
#[40, 41|OBHAMIREL 2, FET /L AROERKNENLILRBTE 3.

A25) -7
A5 ) -7 TULAROEATH L, TOWEKICLY, THREHOBEEL BHENKZ LR T
BIENTED, “oDTTLR PQ #
P={<pl1],p2],..,p[n] >}, Q= {< q1],q[2], ..., q[m] >}
LEFENLLE, P EQOLYy Y7 Pl|Q &id
P|||Q = {< z[1],z[2], ..., z[n + m] >
zifl] = p[1], ..., zfi[n]] = pln],
z[i'[1]] = 1], ...x[d'[m]] = q[m],
i € IHom({1,...,n},{1,... ,m+n})
i € IHom({1,... ,m},{1,... ,n +m} — Image(i))}
<, BALNBTULAORETHS. =T, [Hom(A, B) i, NEFHEE A B IHL, A5b
B ~ORFRIERSHOL TR £ T 5. Image(i) 5HE § OETH 5.
Card(IHom({1,... ,m},{1,... ,n+m} — Image(s))) =
Thb. ZIT, TOEARE,
< plt},p[2},...,pln] >
i, plj] #% j FEOREEBERICL - T, EB’J@:%*W?‘ %ﬁi’éﬂf ZEEERBTAH. pj] XYY
MOEERZ ETHI LT, WBEBREAME5.

LEET 7L AZORRMNER B
A5 =7, ZET 7 L AOERWEEN ., ROLHICEKHTESL, Futr P,Q »iEE

28




BrAVCRESNDELLY). SET 7 L APEASHEWVEE (so) 1 (Bkin) EHAdE
& O(s0) ={P;Q,Q; P} THAH. ZZT, P;QlR7utA Pk Q DIER#HEE®EL, 7ot
APOHEHRNT Q WRESNLILZERTS., CNIIHLTEZETIER 5, O (BRH
%) EBREHERO (sn) = Pll|Q TH5. O(sm) 2 O(s0) ThHoT, ZOWRIEEL CAE W,

Co@mHE, —H, BHCRA VANV, LaL, EHEBEORERE, #7042
(P,Q) o, MAnLPERTELVERETHE. ZET7 7 LAOEAICLVELIERD
BIREAMEA L TWAZ EWbd b, 425 — TIREROT RIS 5 2,

b — 2 R R

EdOFERzE, EHIC b~ Y REEMRETOME[TINICERTE . ZHOBEEB—0F3E
FrAINDPOERABERTEZL). BEF Y RIVIEFIHEE (b—2) OFFEICL>THESINS
ETh, ELTBEF v ANVEHHATELRARHAPHOPUDERESN, b—2 S REER LI
s, P27 U REIESs TERF v ANVIHATE L VWREPAET A0 (Y1) 82 BERE) |

BEOBERBBIIZITYE, P27 VHREREPEVIEIEEN 2D,

LEOER NS, b7 VREEROE ), RELTIEIHED, 15 ) -T2, £ET7
LRARE LTORRBELZH TWAHENE»SL. INE, TEEMOBESIZL VD CHEIC T
el ThHAH, EBE, (RN~ VREREORENCETAHRLERBII R, [PEEOREE]
V) RHABESFRHEARV 52[45]). F72—FT, b—7 VREEEORE %\ ORK Y-S
T A7z, BERMOSHAERSE, RUBEHASEELBERICSRE SO 2B 2o/ Th
SIEET 7 L AROHREFTVHNERTOTNITAETH L0, FHEEIAE (, BT ER
TET&RWA4S], EHEHAFEOEAICL>T, +—7 YEEBEGIS, BBV BREOR
ELLTLY, A, /25 —-TL0) BHEOILAL LTEHIRALNDZ EXb2s,

6.3. (M EELHMNE. (St2)id, MOIEMIZL 0T, YAF A s MBI 2 B0
FAMEMERELTnA, JOME, BHIEL Y A7 LAORIT 4 TREATHE. B, C(s)
OIVEKE, BEREOREEEBRE MK EIN TS, —%, BOEERIE C(s) ORIEN
BHESIC TR R 2R A, M RAUS, BOZRTEEE, MERMRERTS S C(s)
BB EEEORBAEATHS I LA, T, RIRNEBIES, HEOBECENTbE
ELHBE o TVAT LR BIRT 5. WROMZEIE, B%HALBTOHEIEX D,
A E NN EBARE, SICHLTHL Y, b LRI IE L, B AR S
nb. HEECHLTOAKTHS. Bb, B REMEERECHETROBREL L TOM S
%, BRETHEERLND,

7. %3¢

AECTIE, EHEOREDORRE BIEL €, WEROMELLRDENE VAT A EREER #
FL, EHEHEORRTERE L, BFENLREBRIHMTH Y, BIRRRIEL R > T2 v,
BERONBIH > TRLEDEROUBHERL@HLLLOPMEWELE ). kBT, =
DHEAWLREEEE X, SHETO L AOR AP SIFENA 20 b M A MBI L, RiERm
AHEOREE ORI RO e 52 5. Zhnedtil, EHEHEOER{LEZRAS.
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CHAPTER 5
SELF-CONTAINED 7% ¥ 2 7 2 HEE S O T RELE I DV C

FHEMHREICY CIE, YA T AMERFMORE L, REF - AR - ERICBIT A2 70 20MY
(B> THMEMOHIR) LR A EDTES, HEEHEOREE, MHEEoREL LTERLE
N5, TERMREREMIC BT 2 0RO EL, BEBRUBNIEZ Lo TRIERISNTWS, BE
fEATiE, VAT ADRENESET ERENHREIE > THEALZETRETELEEZI OGNS, DYV
YA, AW RETALEIATFAINNLT, 7ULARENNEZ ABETOL ADER(LEES
b, FNNWETT 7 RRIZL 7O AOERWEAN E HELFELTHET LTS TWA,

1. P&

MBS - FRLE Y X7 ADOFEIC - T, HEEFEMIIEET I BELIAL2DH 5. H]
L, BHELTABEOREERTETAAIL, Py /REBOBROBHENTIEE LY, BiED
SHRREEOICH P ML - b s., TOREL, HEEOLNWVEREERD 2 505,
REWLBEIFIELENS, EBE, HETNE Ny 7 0FEMEEHFICKEW, 2821, BF
EFFZRVS—A M M Ty 7 OFEBLART LI, BEEICLS FTE v 7 O (reduction)
ZHIERHETER Y., T, CORBIZYAFADREI o THEELLLTETEY, Eilo
FEICE o THEARMBEETH S,

[47)1k, ZOHE L FMRAAOREDOFRE,OH L, BEH (FhabYEtomy) 1ok
HUFEHEOMBESE LT, 2y MERHOMEIGTS 23T, WBIIRLIRE—EHEDHL 2 v
MEBRHEE LT, EROBEHE (EROTRMEFAL) 24V 7+ —<VIZRELE. LaL,
47T, BHEORFEOMBELERE LA TEY, MYBRIREFREYEFETE TRV, fo
T, BEECTE, EHHHEOERIRMHETHY, RETROBALZDOLDIIELA TV,

ARETTIE, TOMETHABIIGITL, BEOYF) FE2FED. Blb, ERELHED ‘¢
AP 25z, ThicESWT, BEROBEEZKA. ki, BEREEOYFYFE2EETL. 20
BECEHEHEOEZETHOPIZTA. BEIC, YT 4AOEMKEICETLIER L2 EE LT
EBRIIZRALD.

GAEERA 7 4 — <N RRBIZET L TFN FREHBIC Lo THED S, =LY
BHLWNRELFEOA— = by (TIVITYXA) , BIW2AEE 7ot L b 2 A5HEHERE
DI PIcIEDL.

MEOSHHERIIAOE BN THA, F7°, VAT LMRESMOSE Y, %t - B - BRI
T5 70 AR (o THMEEOBIR) &2 5 LATTEL. MREFMOMEE:, Btk
BEL LTERN LI NS, FERMEREHIIIC 317 5 MO RED, BRWEDERICL > TH &
TENTVE. COWRRERE Y AT AORHEEL BRI (W5, TEOREICL >T) K
THIETHRETEDLEEZZLNS, ZhiL, self-contained zHAEFFMEE IRELDTH 5.

COVF) I, ADPHRETDVATAINLT, 7OLARENNG X LRI ADE
LA ES S, HELEHELEHLERT, EXMEERNICHA L.

2. MR EORE (HEOZERL)

FERIEE L EULEL ? AEHTIIMED ‘EFR 2H45. MEIL, JATF20EZIE-T, Mk
FEMONE L B EHELEL, BENOERSH L 222 THL. EUOMERIIEINE D
RERE L-RRZEET TS LA, LAL, BUDICHRAEY, SOMEIL, BRyT
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HoEABCHAREESARELTEY, BERNLRBMREFEL TS, 0T, MY Z BRI
BLETHY, F0OBIE, FHCHELEELR TR Sk,

2.1, ERALO#EE, AR EEINERE TR T, ERN 2R ROBREILETH 5.
B, MAESEM O RS & v ) — kR 2 BT 51013, HERETMD#EREL Exb L, ZoRht
DETE LCRATAILENDHH. —F, MR E 0O, Blb, Y27 L0 - FEE - &
HOEBEOBRICBWTERN DS, EoTC, BEEINARLOMBETRAONLODTHY,
FEDEXNENBOEX L AR E T4, BiL, MG I N OMBREEREII»PDLE. £
D7D, MHETME ZONMEIZUDICOHL CGERT L2 LIERKR TR, 22T, 572
FASICR LT, FRICHEDLIHEBEOEARUELEZ A, Ul, &5t - 5Fif - B% - EH - FIHOR
HKThHh, YAFLSOEFETOEXEERIRELDOTHA. FHAEUD 7V (i) 25
%, ThEFKIZLT, HiETmotkiEe €A LT5.

2.2. FHEMHREF V. 2K 7oL AU, EXTRIFMOZVEDIRVWEELZNRICE X 5
L., BLCEYREANFEZERTADEESTERWESA), LrL, 17+ —
TN INEFR L TR T Ta—F23d 5. Hib, DT ICRRs5MEMERIgICETSCE
FN) T THAB.

FADETY) VFE, VAFLOEET O AUREHEOETERMTI L TH A, HIL, B
UxiE)WHENES B, A, WERFetc...) OBREORY, EAXLIREEE L IEREN -
TR EEE TWEEREZ R LTURETFLTWA EREME 2 LIRETS. FlziE, HEIRE
BNIIEWRI F 2 I 3FE R 2R ERO T bav ((Eo T, IREOTILIY X L) L RMES
EEZH, INIE, BROAZLTEY, A\H, BIUHEOEEZLIA— Y b (T3 T—
b)) EREML, FORNAEASHEIOEX LR AHREICIENE LRV, BT
TN RIC—OD R ERYTHRILERETHIEIEERTHS. LiL, HREEROESPIES
DIREHESORAII—ENEUHEF I TVHLEZDONS.

2.3. 7OL A, ETEHTIE, EBIERSNZSA (IhE ML= EERD) 2213 TRL,
A (A Y ARZ VR OEWRPIEEEMIC L A TET A MEER/SADREE LT T ot 2z
25, ARETL IS, Blb, ULEBROBEOATIEI R, THELZRENEEORETH
H., COEZHIEIRENTHA. EE, SFEMERICIBNT, 4D, MSH-O0HEE L TR
HBEAL o CRAERNBRBEYHEADIL, Ei2, 7VIT)ZXs (BELLEF b)) THA.
—%, ThVI)AuiE, —fRICP =R EEFIE L2V, EEFIGT 5 DIETHRELR/SADOREOE
BRTODTOYATHE. foTHFADIDEFRTOTO LA IL - TEHEBAELIRI TV, 7T
JALA, AllkoTEtESND TuAP(A), P(A)D L —AtOBFKREEAMICE T

P(A) = {t|{tit ATTT8E

THhHh. TIT, LHIEMICIE, TOLAEEFEFETAIOEZTNITY XATIERL, ThxERL
A —rv b rThHb. MEOBENE, TOLAOEFTICVEZYHBEROEETH L. &K
O AUTE, BEGERICEEEINELDDEL, TVI) ALABZFOHBE®EZDDHELT,
BEE2HONPHIT EIZTAH, ZNIIZEoT, TIVWI) AL TOELARRETLI LICR S,

TOYRAETNTY XLOEMELRBERICOVWTHNL TSR iT I 62w, £7, ERRO L)
12, TAVIN)A2ME T AERET A, —FT7OEAIBTA L —AE7VI) Za0EE
$oz (EK-ZE - HR) 25128205, SISO AZERMICEETS. 2HLTTL
TY AL 7O AIESERZ VRO EMICHKAEG ) 2Lk b. ZORIEIIERILOEEL
SEZRB LTS,

2.4. HREFEOIEHEZRR. VAT ASOLEKTu L AU, sHEMHFICIB TV X740
BEMOFBIChS TRTC BET. EzE, UNEARZIaAM»HEHLAZVF AT oL
A (UG T O ATHA) OHHEINSTNE, VATFLASORBEZIZERIEET S, —
7, YATFLASIEH LCITh NSO UWB T 5. fEo T, HREEMOZEIE ZnE I Ky
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722 T O AUny—eva & TOEKT T L AU L ORBIC & > THEMMIT SN, BiL, MRS
evalD¥he s, 1EA

(21) Uno~eval ivil’ U
LERTED, o Teval DML, Uy epu PHEED HIZ BND T EITRD.

2.5. 77U, fi, ME BRI, EREFEMOBES T AOEREEZ ) B EER
LTWw5, ZOZ b, MEEFMOBELYROL)ICRHATELES ) L) FHEIZEL. B,
e Mevall 7O AU, pcouPETE I A b2 (REMID) BT HHEX RI-T25) EEZ
LEhb, :

COFHRIZEDTIELZVY, LAL, SHEIX MOEEEAELICEETLILIITERW, EHEa
A MIEHOE FEROFE) THOWTWIRETHS. BEOFETE, FHETOX 2A0HE
BERSNAICB LI L2 WwaR N THholz, Blih, 7O0XRICBITE L —ADEAEKDOHE
BizASFREAEVIEERY, LEL, YATLADOLETO L AUB LU0, 0 cpuPBE, 70
L AOHEBEOFIZIE, BIREINEREERMENDIES - HBELH LD, HA— b~ v (Hib,
ANEBW) PRI TVEY—CALRMEINLIGEAELHL. t—ECAOHFTIETHTOLRAOR
iz, Y- ECA0BHHETH> T, HIHENLHRETIE%RW.

i, BEBEOEE TR E, VAFLAOEERTOLAUTIE, TutANGE 2 ARET O
ABEOEEBEPRLELZ LIS, T, WTFNOBEORE, M, 7Ot AD3IENEIOLND.
MBROEE 7O ADGE, BMEIZBEHE TSz 6N, 221, 2XRKEXDOBEE KD HHETIE,

(2.2) C* 3 (a,b,¢) — {z € Claz® + bz + ¢ = 0}.

F7:, HEROBEILEMNNEA8MH L REMETHS. W75 IH L TEHENETIC L
T 52 AERTOEIE ORI, 7O AOBEREEL L CZOMBLYERTH. 2070
LA FOBERRBTHL, —F, R 7o AUTIE, ThAPS522HELLTORIE, RLLS
Ot A LO#EETHLY, BRTEIRL, GLA, 70 A0ORSTHS. Tat AOBRBEDOEHE
MBEAT EIEAE ICBITABEEYIET. (o T, ROFETE IO AHEIVNIVERW
A, UTIE, 70t 20BEICE, BOKE23EINL. ABITVHOITERERMETSH ), HE
TESHEROMETH L. FImMANE, UrMRES25MEIRIEELAHETHS.

nB, ~RICTNVITY X TuL A REETAF - b EIZHY, BIE, B TorRE
BE7-DHENLMAETHE, BAFIPSRALEE, EOE IO REVAF L0 T
AUTE, TVWIVXLEBEOREESEL BB L TWD, IEHE 7O 22T 254,
MR (2L, (2.2) 25, RECHRLZELELZNRTHY, 7TATYIXL (TarT6) 1%, #
BHTHREINTHS. —F. YAFLEESETIE, BE (HH) 25, 0L 2BEELETIRIEE
TAHIEWRINTHD., FICERLZLIOTHS, HFELHNRELELTERESINLOE, GLATVT
VALTH5.

EHZ, BEERTHTOLADEFTEVIBEAPLR-EE, YATFTATHE, 7Ot A0H
2, FEtEEEEORITRER L 2w, FHEEER TIEZ) Tldhw, ZhiE, YAT7ALDITA L
A, HELENWoBEON-FRY 7 MERTEL O ARETIIEEL WD THD., Fh
A EBETAOINELTWAEERO 7oL AP AR 2, i, GBE - HHLm)
VAT AR, EEONFE L CEMINRITRERL20wWhH6THA.

2.6. MEREFEMMOMRE, YATFLADEER T AU L, 7O AOEEYEFLLY. R
EASERMENEHICG 2 b NTERZEOD, Liko@E ), REFTLEFGICHRELRETEA6ND D
DTV, 2T, AR TILRASHH>T, UkUppevald, EHICSEHRETLIZEE
HEL, SNEZERTAHALDOERELED. Ihid, HRFMEz ol To8%E LTI AT AH
Lk —FEOHBICIRD DY, MOBE I SREZERET LI LIEHEL 2w,

HAHTOLAPHHET O ASE ‘B k%

SCcP
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EFRL L. MRS MMevalld, ROBEUIRZIELZ L TnEEFZ ONL.
S - Uno——e’ual
(2.3) ScuU
eval

Uno—eval — U

MREEMBE R evalld, £ES CUDTTEE 2 A 2 EHIH, Eﬂ%, T b R OEEEL T B4 R B
(reduction) ¥ 5 &E 2 bNb., IO, KETHRESH &IHICEERWIRTS.

EE 7O 20O GHEIX MOEIK) &) HREEMOBEORIIL, EROMEHEOM
EXVIBREABIC—RIEL T2, %E, 70 A CHRROBRERICHL TS,
EHE O X FOK - HIREBINICE I ) 5. B EWEE T A BHOEETH Y, Eik
BLHET, aZX FOF Y TRAT - VORBEHTH 5.

3. FEERWBEEREORA (K DFH)

HEIClX, YA720£fK 70t AUZEEMNBROEANIZL 2T, 417+ —<WVIETIVE
L, HaesEfo R 2 R FZevalOffifokiesib e LTERAL L. RETlE, ZoERbicES
WT, BiRDevalz oML, BESIEEZFIEREI L TWAEEREFRZHES TS,

3.1. FE€¥—vav., ¥, HiEEievald 7ot A —KWICRTARL . eval
X, YAFASOEKT O AUDIFIZERICDIoTHbY D 5. & - B - EHOMRT, B
R Zexts (MRS, BRErE, ~—F - v 7 b, EFHEE, EHER, ete...) ZEMEL, HKO
RIEPLIEICETAEMEMK T E TN, FEMERE, 7ot AUOHEDIRE L
THITY XA (CHNIFETEETVICE > TER—MWTES) 2Bk L, DEO 7O 2AORELRFE
REM R EE L SO A R HIRT ARE R BT,

HREFFM O Z O EEIL T EX— 2 a L il FH 252N TEDL. £, ~HRHICE- T,
FMMII SR » bEITTRENE L2 7O R 2 RTHETH L. FIz2IE, ABWZ S —
YavERTHLHENM EREME R LAWRITERZ 70 ADFETEKIBICHERL, HhEWE
BCTEA~DEZECTREILT 5.

COBREDHIL L1, BRRFERODHEERISERTHI LIz biw., T2bb, THEERE
EPICL Y, ETBILE S OKERNY - TENMRERITHBICL > CTET RITNE RO 2 <2 5.
FrLWREBROBIER S OVFETHAOT, MBI ERERLOZILIXITNT, BITHEROIX M
WRT L, MFEPRICLIR o720, EREPERTIIE, TR MIRBWICIEKRT 5.

3.2. TERNERESHAL O MIHMEEREE. SRR 7 VU 2, RO BA9ICE
BRL, 70t ADMHBEEE FOBEGHTFHLMILLY).

MREEHE O B iviL, BB - B35 - EHPO Y A7 A0S (capability) % IR L £ @it &R E
THEMTAIEICHL. TNOUREFMOBEME FIC (ETHOMELIICILT) MEIZZ V. §
BIEBEMPEROTCFERTILICHY), BERNE LTEANEZEHETHo T, 7OLAUT
DEBELBHPPFETELHNTHL EEZ LN, T/, BEHE, BHOEFTTLEKE TOt
AREBLETTERL, BHEORRICEAMEIBIERITUDO 7T AIK (Z0HE, bED
REANOERIFHEGDOICE LI A MAEICRZAZ EWHB) 2RRIEHF I LB T 5.

IO DL HL ¥ ENMEND 5 & vUE, Zhid, FE¥&5 -2 a o BENHEA
W2 BH71EA9 . EREREFHOTFIIRTHS |

1. RE~OEH

2. TR {w; }; & 2 DRA &M {w; < L;};0EE

3. FIbvIDETFTIVM = {pe M}t 2DWE{¢;}i,q:: M 3 g qi(p) DEE

4. BIEHFEM 5 p— w(p) DEH

5. Y AT ADIEGRNEE D OE W
3.1)

{(a(0), 2(p), . lws(p) < Lj, 5 =1,2,... }
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(i, YATL2OAOFT, BEARPLRESNL ERMENIIDEHRETLEETH
B. =%, (23, BLOERTIIATLENDES 5200 RENTOLATHS.

COFFIIE, YATLAOREIIH LT, HREFEO 702 A MAREE TR EEVHE,ICRW
7ZEND,

F9, YAFLAOREHICHL, BEHSRIZL > TRETE ZHDIEIERWTIIH 5 PFEN T
Vv, VAT AORELEGRBIEOMNERE T CORFELAEDEETIVORITERIE, YAT40
BRIy Y TWVREBRESXTING. L, QT THRARALIIE, YAT LAOIERBYRFEEI
BWTD, BEBERASWERTORDOIARE LTERTHILIITELRN, -

72720, BROSREE B TE A (EEE) DRED, EhilF sy — MEEOEG hEE L
hEFEZICCW. EE, SHTERZVWEV)HRLEZPSES ICHEE, B2 SO0 A0
ETERITONEDLLTHE. GLAMELZDIE, EEEHITERENTHWLEWETH S, ZIILE
BRICHED CREIATERREY - ARERBVHER PR B A MR ICEA T8 FICRZ L TWw B 72012, EFED
BEBITHLZ EICLAEALND,

BRERMARRICE D (REESMT 20 Q2)E(3)TH Y, Ihbid & ) EBEMNICHEMEELHIE
THEEZOND, EEE, YAFLOEEZIfE-T, B Py sy - FIHEEENSRICLR
i, BAOBHMEARA LEACELE2H82L b, —F, REL, EBROS - BREBROERICE
DL BT, MELLZTNWELS W70 A EFBREOBEBREIZ/ ST X — 5 HOBRIE-
TR LIEBILT 5. &5, CORETOLRAERNOERLY X 5EBTHY, H)zlrlolk
L7z—HEOSIBRIERSOFBELEREZ O, BBt 7ot ARELREHEED. Ih
A LYNE, EREEOENERICEI L FES 2D,

3.3. FEEBIRE I EEDIRR. WERMERETM I 50) 5 LEC OO REREEIX, —RARETEX
HTEWTED .
B A7 A DORZIIRERAEE BTl L TR lieval o MR E LTI SEZ T,

ZFORBIILITICET (!

o VAT ALSDRENIL, BTUEASOEGTTHA.

o FRERIVEEN ERIIS DREN MRS % BERAVGHEIIE o TR Z A AR L o TETINEEX
DTALATHL. Blh, 7— 5 OE, EHMHAMONENK - EH - HIMr &k /SRR I
FHOX, T/, BIRNICERVEZ SNTHRESNS, FEE A BROHE - Mg
TOE AR - ERORBMEIE L AT AEELLND,

o ORI, BEERZBEIRICBWT, BEHRE T O ASEHZIE L (X).

o RERWHRAEIIRBEBRONFICHE W TRITEEBR BT 5.

o BENIOEFIIMERETMevalD DO TH ), FEOKEIL - REftiZevalDifotkfez & L
(IR,

Blt, BEIZL o TEMENSIHATA I LT, HEBRAGREIEBIEL 22D, evaloiREs 2
BREEIEZEDVHILL THRBREESRDOND EEZ LNDL. 2B, (%)L, Fraf#aEk L seho—ikn
LERE L TOFMEINLLDTH L. VAT LAOEELIIRT O 20KEA({LE BT S, &
DRI BRI B W TEE 2B L THEBET L EEX bNE. B, BOMRME
2ES Py 7 R MBTENE, METEL SO AOFBIIRBEHIIERLY 5. F77,
Pz, BHEEOHERIL, EHELEA L KEEL 7O AR OFELEFRERL TV AH[48]. —
F, CSOLHREMLE O3, EEREBIRICBW TR D BEiEICL - T, FiC
RHODBDTHLEEZTLIWVWSEARS,

4. FERBIGENERAT T

TER DOMRERTM IR BRI AE N E 3R L W ORITIC L - T, BFERES L U H I # & 5t
g, FEF-FLEDETRINTH o, UL, FOEBICHL, REBRNEEHERIIEHEED
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WAL o CEHEM I X b (YO AREES) s L, HHEIEEZbhoOH5 LE2
bhb.

PRSI AT 20D EHFRICEDLY, (ULSPH) HiRTa v, BERMEEERICHD
BHEZRWIEL, 7Ot AOBRECRYBEPLZITNT R WLV, RKETIE, ZOHFKIL
DWTHRBLZRLES. ‘

4.1. LEFBICL AN ESR. BRWENERICL o THIEZRI END T oL A8,
HEZEDS—EHE Do THAONNITEWTE S, FE IR VO&EKIL, EHLVIERDERE
IRERHY - RSO D I EIC L B, BAERIH - TTF— S OIE - WEYFoC, fehr&Eh
FThHEVS B BETRLZY. EHEFOLD2ERDLTATHA., oT, F— 7 DRNEDOH
TiI% L, Th2RICLABRITHBRLIENINELEE L, EhESOREN - HEtt - JERE
MICEL, FIT, BHD—EZRSFETIE, THEOSTHBIIAETH Y, EHIK-
THELTF— 7 OINELZEONITRWI &Ik 5.

R OREI S LT WELREEIL, —RELT Do TERTHEV)IDIIHNBTEDLD, HL
id, BBIBERVWEHICEDLND. L2L, EBxEEIILTWIDIE, BREMNGRE, AL,
REEREERP B L CELNLANMOBRNT -5 OEREPLEONLIGEIENLTHLH. EEW
RRBORBHNLZRBEICL o TENERL S 2 HEITRINTVWD, EE, SFENROEF NV
2, YAFLARRITWEEN 2l (B OFAEEZREL TV,

4.2, 7O A% RZ 5. LEWHBICESCBNERZIT) KIMADPLELZSLHIP? T2,
BEEHEECIIM S 2O TENHMASVETH 07255, Thr B RENHEICEERZ A LT T
TOEAINT ZOL) REEICIE, RADPHMEE TARRICH L CTRA DES TR A LB
HHBEDLEIBDDTHAhbPNITEZONL ). ZORTIE, BAIIBICHSEAS, RIS
LT—EDEFNEEALTER. #oT, TNEBHELTOITIE, T4 DOEBELNDEREHMZD
BEDPHOE NI o TL BIEAD.

FADEFMIFEHENHRTHY, -t~ by, TVIVXLA, 7O0LADNLE>T0E,. &
OFT, HEEEEDLLIDR IO ATHD., T2, FITHRNIGED, HETOVED?HROH
BEITE CES e 8IE, F ML —ATRRL, TULATHA. foT, HOEHEMNRIIAED
ZETELNL ETHIE, 7O AESOTBRENLLDESS, T2, FEMGRBICL A6
HEHEFTZHENHW 2 ICET LD, feh%t, 70X L DEMeE (F2IF L —2) 103
DWTERLIIERATVWEL D EEZEZLNS.

9, TOLREREIALAZENLSRLDZITIEIR SV, 2L, FrEl, EEEFL, Toy
7 L DOEKREG([4], [49)DERTH D, HALRAITERIATONTNS. KRS TlX, XET,
ELZEFELEDERDTOLRAETVOBIERT. FITIE, FHLELEBREERTEMNICRSL S
EDTETH A,

4.3. B7OL A, BEOFE T, BEROMEL LT, 7TOLAMSETI-EE S5 2 TWA.
BEORTE LA, YATATYH, FNWPEFTLTOLALENEWTIEZ W, ER2 L -2
L7 O AD—FIIEE N WA, BRHETABTIE RV, YATFLADRNZERTAHILIE, &
DFEHALPIIT AT LI bR, FROEE T, FLEOMEIRKENTHL., VATALIE
EEL20L, BIERTOR2Y, 7O A2 ) T LIZHHETIIRW., T, 2%
AHOEREHALPIZT LI LICFE L. EE, RROFBEOMKRIIMETH Y, B1R(2.2)& LT
EFoTW3D,

44. A7 T7x—R, VATLAESTEDL I BT O ABGHERTH DML, —FEDR
B BHRSERESINLEEZOND, BlIZIE, 1V T72—ARFIOED LD LHEERT
VIFAT3—ECRERHTENVIRIRTH L., ZOREIESTLERODHLDDR D121, 4
RS DPDOEBEEHRETLILENHLEZLONL L, BEOHFICL-TIE, YVATFLORER
RS2 RBEL, FRAPREICBWCERENEALEATEMDH 5.
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COLILREHROMBIIRENTHHS, HH, 1 V¥ 72—-ARLY—EADT) 31747 (H

ﬁ®%¢$ﬁ)®#mtw5F%®%L LT, b2 R3dwniiorEz Tw{. LLOKR

FHETH, COLIREENGZAONHICELIRAELRLETBD, COREDOT TR
nhX@E%% LAZLICIIE®LD .

4.5. EBEME. 47 CEALEHEHER, AT LAOBT UL ASE EHTHIREES
ifwé.%ﬁﬁmﬁi HHAVE T —ACERL, —HDOA— b b UES (BHL T~
VU h) W, BEA V72— REBLTC, BROCEFTTEL TV ITAT0bR57018AD
HETHL, FDEIRA VI T2 AREF - b ERELT, A I T7z-Rb2—
CHEMEENANLE, B TORARIIVRATFLAORT UL A, EREHBEIIRIEELEZEZONS,

4.6. YVAFLAOHE. TITHUTWARENER (B0 AEH) OMER, F¥57—va
COXRTERT L, BEMCHWHZOIDERT I EThHo72. —F, YAFAIZIE, 0
BE I DPHERRICR A o TVB 22Tl R L, AL LTERTVADR LWV IRPEELNE, Th
(&, BEHPHAAERZT TlER K, ZORBEPEALOKTFEMY, Bk BEIG I X HETT 57
b@,ﬂﬂ%ﬁ@%ﬁ b s,

BB OMBEIFEEEGOMETH L. JutX, B, MEOHRSH;HEE TN, ETEER
HOWEEBER L CIOMEBEORBLABLZENTESL. FHEBEGIIMEDC R TEZEMIZ, 2
NEFEL T AMOEBERIZE > T, MEORBEOIEFEMAEE EXTSH. ZONEFRIE
BASE 7 RBERE T A TH Y, MIWBEOBH 7 S 22T IRETE L Z LIZETHTW
. COEFRREIEEMEFTNIMBREEY 2L TH ), MEOZEMAIELVWEEL b DI L
FRLTWA, VATAIIBWTHRE 7O ARG EZESNNE, VAT LDREH=FEH,
DM REERTATOLADIAN) 2&oT, FFEMREZEZDIENTERERSL, 20
JEFRRSEEEE Y 2L, VAT LA0NBRIZIEEL VIS S#HIrNLEZ EIZ2 5.

COHMRBOSEITAICNE, TO0bART O ABOEMES 2 AT EL 2T S 2
V. FHEEHGTIE, X0, MEFMEROTREYSZ AR EMATDH. £, HEILHE
BELTRZALNTVAS((2.2)). FRE CTIKREICBWT, HERZFELTHET VOO RET
WNEEZD., FITHELNIMTO LRI, KREFEIILTEY, BEHNLHEN(50)I2%2) 5
5., 7Ot A xE—OBELOMFEL LRz ANE, MEHEOERY5 2, ETH0o#ER%T
REATEDMEEND L, BRETEONRIEITHTHA.

.ﬁ%Ab&ﬁw DO B

KETIE, HRENSVAFAICHETS, TutR, @, BEOERLORRE LT, Bz
HFHEADLETEFVEMRIIERLEEET L. BRI EEA - P OERTHT T 7L L
TTUXR%EZHIETH> T, MOBIBMLFETHS. &b, £— M3 b OBBEERE
BRICER 5 HEE LT, MilnerdCCSIcBi} 22— Y 2y FREPB)ZEA L/, Y XFLT
AtX Lz LCld, —E0XRFELEBETWES,

A, BhEbEET N, BT, BEEERCH—Y— /N, ANy FRFEHZ 70 75 TRR
REOWMOTHELEFVEER L. MEAFRIEIFCEFS (Ge%NE) LCFS (%K) Thab. &
ned—br=x by ERBL, 20 ‘HEER Z2EEE L (unfolding) D %5 7~V fF & & (Boss
Ef% b DOBERTHoTI I Tlroot % F2 ) OLOMHEE LTV AT LATOL AR D,
COMEE, WEARKOEVERELT A, fFHELEAEORLEDEWVIRMENIZENS, W3
DEREFOMBORTIZESTYATFLADHF —VRAEROT) 354 7L ES 2, ZBEREER
ND2FETHELNIAREZEREHEELEEZ L. 7O XTER (F—/N) ORPEE»LE
HEHEORSEAGNOHFEELREME L2, TXEHEOWCEREEEZ 2.

VHisk EAto o v A7 A THBEET SN LK T O L ADERT, Aﬂ&%&%iﬁot/ZTAvﬁmiéi—b
< M YRETRZ, UDM(S)~OHIRU|p(s) &I MIEHFEZ bDEEL NS,
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5.2. AMPEBTOERT(Q). ¥F, BHAFIOAMNEBYELD. 120y s %345
L, AHD—AN-REEHHGENTWEET L, ORI, BOYAFLTOLADOHEBHK T
B2, GHTROREEARTFIEATOHE BMt s, AEEBIE, RAEL BB
(t € 1Z/7 2> 1)30, LEBHE) L AHAOBRTE 5. ZOBBE, HA%EEN, x 12/

ELT, HAEOTVGEFRST 7 (BBR[(52)?) TEHTESL Ny:={0,1,2,...}) .
BB AN 0B - ZAS, ZRBIZXKFTUIRW. LITFTIE, 797 (k) ¢E2 LTSN
MEIEF®ZT T 7 (FMFER) RIETI LT A, T/, ZBANEZEHIORFNIIHTHW R
W, 2T, BBOINVE (AS), RE, EAT), ZLE) =(in,out,x,*) & T5. CCY[3]
i, 1Y PEREAHAVWEFERX CTEBRATHRICRE L TwA, ITNZiE) &, ARER
DTTTERDFEXRTERTE S,

QUi t) =*Q(j,t +1/3) +inQ(j + 1,¢ +1/3),
jeNyte{Z1/3+17},
(5.1) Q0,t) = %.Q(0,t +1/3), t=2/3+7,
QU,t) =out.Q(j — 1,t +1/3),
j€N:=Ny\ {0}, t=2/3+Z.

£, EAPLHEATHARSEZ LN, IOFEE INVFER (FAXE) $toT, +%4
i) , EEEE (EHa.QOax IR (prefix) EIFE) % TNV ERO TN EBRTIUT LW,
{QUD jenperzyz?BRTHD. T9 LTEED T NVHEHAS 7 7 R D(Q)LERT 5. &
BRG.E, CORBITHOARNERORERERL REs. 22, FBEXR(G.) %, At
HBHOTO PN EFTQEELTSH. (ERICRQITOSIaThHY, T(Q)F7UrITLD
B THA5. ) _

DTFTiE, 797 (K) £8&2E, &£C, IWRFERMTT7 (TN EK) 25532 L
T 5.

77 70(Q)iE, KT(Q): T(Q)~n&igr 7 7#FEEnr: T(Q) — I'(Q) 2 —EDHS TH
Bt A ENTESL. Wb, EBROBE,LHIEREN T TOERED NN ALELEL, RAD
WERD(QNERHANZEH L Cha  ERTLIEREEZI NIV, TR HEMBEIICLE
ES . (T(Q), 7)idQO7Tut AL LTORBEELLND. _

5.3. YAFA7EtAP(A). EFRA € {FCFS,LCFSHhixf L, T(Q)LofE#ks LT,
BHLEDbERD VAT LATUEAD—FRERL LD TEL, 37, T(Q)DTESvE—DE 5,
HHle = Pre(v) := (Boss(v),v)» T N L(e)#L(e) € {*,0ut} ThHNL%ES, L(e)HinT
Hiu, v T(Q)EBVTERT HEAIKRDFT, vitiko TRICA - FEDMBMEHDIRAELIEO
WEELAXETHIRVTELNAVETEHEL TAT(Q)DHAAP(A) (v) 2 /G S€ 5. ZORIG
*P(A) LT 5.

T(Q) LoMHEP(A), FHHEAEDEBAROERELTH> T, P(A)(v)IdLFIRETA -
7SR BT AT, RAUIETETOERATHE. PANCLY, W2, fbebdh
B BMEICBETL 2N TES,. FCFSTIP(A)(v) DADER DA Hi> TH Y, vD2eH
BAANDY 7 M LCHEIERT 2. v0ERT 2 ARICHo TP(A)(v)0FiE R L, Ml
BERBLIE QR AH RN TS, K& ZoTw. LOFSTR, P(A)(v)donfBIckize
T, RS R BIE OMRASICKE CHIEMTSNTHEBL TN Z L0025,

TEEREV, ToVEEZLICOOBBRN LI, HAEET C VXIxVOZ L, I T, £48(z, € V|(v,l,z) €T}
7, &TOMW,) eV X LI LTEA 12V &EZHTIOD0LPHNTL S, ZOLRGFITREREIFITNS.
V x LEO§EE LTIk, EREASHEATVES D, ERIETEEREES ~ e b TH 2.
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5.4. B70ELAS. BB, COROEHBHELZER, 7O AS(A)OERRLHAA L.
— DDA, EROFREEInE FOMEoutDXin outic X - THILT 4. MEOFER L 28Tk
BEEICERIRTE, COROEUTELIHHETHSL. ZOL) REROZEICAHRTIERIET
U {*, in.out}x b2 2 EARBIn(x, inout) EFEx 5D, YRATATTER(T(Q). P(A))H,
EHEHED 2 #EABin(x, in.out) DWHRICH L TLELZHMEFEZ GO S5 (F/23%
D) HEFETH, I, REOEREZEROBHEEICH LT, BREE YIS EELE5ET
HY, TOFLELERIRETLTULADOKRBEZEZLIENTEL). M50 —-Y R
BREOWEEZME) DS, ¥—ERAOEMFMAZE (Bin(x, in.out)DESA) #EREOMIEE LTS
AONALDITERIZEEZOLNS.

%8, LCFSOBE, EREMENI LA BEREZROBHEIIN LT, TO70vR13ETH
b, BERESAROMARTS O A%ZEI LI LIETEL., ThIE, SE&MEEAEin out DK
DEHEELTVBENPSLTH A,

TOYAZRPEZHIE, HLAOTOLX - F— b2 by - TLTY X0OBEWHEE KIS
12, TOERADFEERLTIVNITY AL (F— P FY) PETOLANOREREL I EWULETH
5. \JrL Lo TELDT, &2 &3 F‘ﬂé’a‘:ﬁxé ENTREE 2 D), /XTAOD'éEjJE%E%
YRR EIZ L > TH XA EMREE 2D, TCTEELLHNL, FOOO/NEh—KIZBE:
w.%%,VX%AfntX?%thXWE% ,ﬁ%Ab%ﬁ@ﬁ—bvb/&waﬁL%ﬁ
BHWTWS, ZOKREET—2—2HYVKRNT, LROEHRLZIE - WRL, KEEO LV ESE
WELZENSHOEEETHA. BN AECEAIIL ST, Tha DLl ENFEZLNS,
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Fig. 1. The measured cell overflow points.
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Fig. 2. The measured inter-cell-loss time distribution.
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Fig. 3. The measured inter-cell-loss time distribution.
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