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Abstract

Tag transmission mechanisms have to be carefully designed keeping in mind the collision rate between
tags that lead to poor reading by RFID readers. The following paper discusses some schemes for
reducing the collision rates and for designs for active tag detection mechanisms.

Introduction

Thefirst proposed scheme utilizes a simple mechanism for avoiding tag collisionsin the air in which
the tags can transmit datain atransmission window . Even within this window the tag transmission is
initiated at any random instant thus allowing for successful detection of multipletags. A strong random
number generator called the mersenne twister is used here due its robustness, fast performance and
good spectral distribution of output that can provides good statistical results for tag transmission
mechanism .

Sysnchronous and Asynchronous transmission schemes

Thefirst thing to consider is since tags are only “transmitters’ they can generally be based on
asynchronous transmission schemes only. Synchronous schemes of transmission can be adopted for
transmission only tags only if an externa source like a human being reviews tag transmission times
and assigns a synchronous scheme to them. As such no tag is aware of any other tag in the system to
adopt a synchronous transmission scheme.A good method while adopting asynchronous anti-collision
mechanisms isto bring randomness in them to improve their performance .

Random Tag Transmission Mechanisms

In this scheme tags transmission is done with a randomness parameter introduced in the system. But
there are other deterministic parameters of the system that help control active RF tag implementation
like to control battery life without which any active RF system will be incomplete . The parameters on
which a system of RF tags can communicate successfully with the reader are listed below.

1. Activetag' s maximum Duty cycle of transmission is defined . Thisis the maximum time period
within which the tag has to transmit once.

Parameter: T max
T max =Tmax —T 0 (origin)

2. Activetag’'s minimum Duty cycle of transmission is defined .This is the Minimum time period
that atag can have between two simultaneous transmissions. The higher this value the longer will
be the battery life of the Tag

Parameter: T min
Tmin=Tmin—T 0 (origin)

3. Time period of Tag transmission (Burst Period). It isthe total time the tag takes to transmit its
information. The lower thistime is, more number of tags can talk successfully.

Parameter: T trans



4, Random Time period

Parameter : T rand

It is generated using following conditions using the Mersenne Twister Random Number Generator .

Trand<Tmax—T min
T rand > T trans

Total number of tags that can be supported in a particular environment depends on ;

No. of tags detected (anti-coll ) directly proportional to T max — T min

No. of tags detected (anti-coll ) inversely proportional to T trans

5. Threshold Timeor T thresh is the minimum value of transmission window . It is decided upon the
reguirements of the particular RFID environment . But if thisvalue istoo low ( approaches T trans )then
their will be more number of collisions(also periodicity in system increases) and if this value approaches T
max then battery time will be more for the tag as transmission may occur very fast also .

Parameter : T thresh

T thresh=F min( T max — Tmin) ( Minimum of T max —T min)

T rand < T max - T min

T rand > T trans

T trans T trans
T=0 T max T max
T min T min
— —
Trand 1

T rand 2



Description:

Consider atag with it'stime intiated to T=0 that needsto transmit it's Tag ID to a RFID reader . The
values of T max and T min are pre-decided and stored in the tag or can be inputted using keying

mechanism on tag. Now when the tag is powered on theintial state being T=0 the tag will calculateiits

transmission period according to the following formula;
Tpl=Tmax—Trand 1

Tp2=Tmax—Trand 2

TpN=Tmax—T rand N

Thetimeline for calculation of new time period starts immediately after end of last transmission by tag.

The following conditions have to be followed in this scheme of transmission.

Ttrans< T max - T min
Transmission window will aways be more than the transmission burst time period

T rand < Tmax — Tmin
random time calculated will be always less than transmission window time

T rand > T trans
Thisis necessary to avid half transmitted frames from Tag .

T rand values are calculated using the Mersenne twister algorithm Defined in the next section.
Important Notes :
To improve performance of above scheme following conditions are necessary

T trans<< T max —T min

How to Improve Tag Detection Schemes

The following section details some methods to improve performance to tag detection mechanisms

and discusses the pro’s and con’s of each technique.

Tag Priority

Concept:

Tag priority is a parameter that can be used to improve detection of some tags compared to
others depending on the application type. The value of this parameter for example can vary
between 0-9 . Our algorithm should be designed in a way that the Tags with higher tag priority
should have higher chances of successfully transmitting without collision. This is similar to
guaranteed Time Slots functionality in Zigbee for some tags.



Development of Concept :
Assumptions:

Tag priority set from 0-9.
What happens when Tag priority is high ?

Tag prioprity increases chances of tag being detected by reader.

What parameters can be twiddled to improve anti-collision .

Guaranteed time slots or fixed transmission slots is not possible in asynchronous

transmission between tags. So a synchronous transmission scheme will have to be

adopted. Since initially we intend to use active tags that can only transmit and not both

transmit and receive limited ways exist to adopt a synchronous transmission scheme

between tags . These will be discussed later in the document.

Lower T trans period (improving speed of transmission for higher priority tags, decreasing

size of packet for high priority tags)

Larger T max-T min for high priority tags (increasing T max and reducing T min)

Adding a multiplying weighting factor based on priority.

Example if a tag has no priority then time period T p1 = 1(T max - T rand1) where 1 is
multiplying factor

if Priority =1 then multiplying factor = 0.9

i-f"briority =9 then multiplying factor = 0.1

This weighting factor reduces the duty cycle of transmission of the tag. But keeping very high
priority factor for number of tags reduces chances of other tags with lower priority getting
detected due to collisions .As duty cycle of one tag reduces it collides more with other tags
.Although probability of it being detected in lesser time increase but other tags with higher duty
cycle may take longer to get detected .

Manual TAG Button

Concept

Tags can have have a button on them (RF Pic modules have provision) Pressing that button
manually for for 3 seconds will activate the tag to transmit faster or slower

Development of concept :

A manual duty cycle Increase/ Decrease button is useful only when we intend to keep a periodic
duty cycle . In this scenario The following scheme can be adopted :

There are two buttons one for SELECT DUTY CYCLE and second for FIND NEW DUTY CYCLE
.Pressing the first button selects a periodic duty cycle less than a maximum limit .The second
button when pressed forces tags to adopt one of the following schemes;

A)new Random duty cycle OR

B) if pressed it could increase the duty cycle ahead slightly such that it does not cause collision
.This can be confirmed on the monitoring software.



A monitoring software connected to RFID reader shows tag duty cycle by capturing the data
packets at regular intervals and maybe showing time allocation to tags graphically. A person
holds tag in hand and with help of the two buttons and the monitoring software fills the complete
available time span most efficiently with maximum number of tags . Here their may be a problem
of pressing buttons for correct durations in case B due to small duty cycle periods and times
being in milli-seconds. This system is closest to a synchronous system due to a person allocating
time slots of transmission externally. A synchronous tag system may also be designed by the task
mentioned above being done by a person getting automated .

Another function of manual button is to keep it for allocating a new random seed number (input
to Random Number generation algorithm)for the tag to change the generation pattern of
random numbers by the algorithm. Changing seed numbers of tags not getting detected may
improve system performance.

Dbm Power :

Concept :

Certain tags can be set with High Dbm and other with lower DBm , this will allow tags with higher
DBm to be detected from longer range even in case of collision .

Assumption :
The operating distance of one tag is say double of the other .

Development of Concept :

If both tags are in the field of one reader then anti-collision will still occur no matter what their
transmitting power .

If only one of the tags is in the field of the reader then the above can work. The other tag will go
un-noticed even though it is transmitting at the same time. Multiple readers placed strategically
maybe helpful in adoption of such distance/transmission power detection schemes.

Methods of reducing Transfer times

Concepts:
ID Masquerading:

Largest issue in anti-collision is the Transfer time. A low transfer time of 10ms ~ 15ms may also
lead to collisions as number of tags increase. Schemes have to be built to reduce transfer times
and hence reduce the collision probability.

Say if ID of the tag is 2281, it will transmit 2281 once and next time 22 and third time 81 and
fourth time 2281 again, time taken to transmit 22 or 81 is nearly half that of 2281. Chances of
collision are also half. In this case we make some use of readers intelligence, reader is high-end
intelligent system with all registered IDs



Normally a tag is expected to be in the field for reader for pretty long time say a minute to 30 mins
and in many conditions for hours. On an average may be 10-15 mins in a Office/hospital
environment. We assume on reader side that if a tag say 2281 is detected, it is expected to be
detected again for quite some time in the field. Hence if 2281 ID has been received and next time
22 or 81 only ID has been received it will assume that the tag 2281 is actually transmitting it.
There might be other tags with 81 at the end or 22 in the starting. This can also be managed
using the sequence transfers and a probability can be granted towards what are the chances that
a 22 is from 2281 tag and what is the chance that 22 is from other tag. Since the sequence of
transfers has a pattern such probabilities can be somewhat accurate.

Probability of the tags being in fields is used only for tracking and not for decision making, In case
a decision needs to be made and/or administrator want to actually see what this person is using a
button on software In such case receiver will first wait for the complete ID sequence of 2281 or
will present the last location noted.

This is just some thought but similar techniques are used by many systems which have
time/power constraints. i.e If you have time constraint or cannot give accurate results as fast as
expected, it is better to have a system that can at least give Probable result and later confirm the
same with accurate result. If you have confirmed the presence of a tag , then later even if you can
be just 60-70% sure that it might be there, its enough for some time before you re-confirm.

Time Pattern of a tag as Unique ID

One scheme of reducing transfer time to a large extent with an intelligent reader is calculating the
ID of a tag from it's Unique duty cycle (periodic) which is assumed to remain constant with
operation of tag . Here the reader has to detect the duty cycle of the tag and calculate it’s ID from
the duty cycle . In this scheme the tag does not have to transmit it’s ID as data and transfer time’s
can be reduced drastically. Here each tag transmits characters Q,W,E,R repeatedly with a fixed
time delay between each transmission .
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Algorithm to detect TAG ID’s based on Duty Cycles :

1. Find gq

2. Find next w

3. Find next e at w-q ; if found proceed to step 4 else go back to 2
4. Find next r at w-q ; if found proceed to step 5 else go back to 2

5. If you find r then duty cycle is w-q for the tag . Calculate Tag ID from the duty-cycle .Example if
duty cycle is 668~673ms(considering slight drift with tag operation) then ID is say 6680.

6. Repeat steps 1 to 5 once again in next cycle of Q,W,E,R to confirm duty cycle and tag-ID .
7. If a unique duty cycle is not found in T=timeout then proceed to step 8
8. Go back to step 1 and repeat steps for next q.

The above method should allow detection of tags at a very fast rate if parallel processing is
possible for the above algorithm for possible Q’s found. Otherwise the detection time would
depend on the largest duty cycle tag detected if information is processed serialy. Still processing
time will be much greater as tag ID is not dependent on information transmitted by tag but it's
timing and collision’s can be avoided in this scheme. What is more important in this scheme is
information is more spread out .Q,W,E,R can be denoted by two bit scheme ie;00,01,10,11 so all
that is getting transmitted for any number of tags is 8 bits only . In comparison to tag transmission
schemes transmitting complete tag ID say 16 bits (65536 unique tags only) complete 16 bits are
transmitted at a time that increases collision rate by 8 times .Transfer time is also increases by 8
times in 16 bit ID scheme . The above scheme is nothing but pattern recognition in time domain
that allows for unique identification of tags based on their time patterns .

In this system we can assign duty cycles that are not divisible by others for example PRIME
NUMBER duty cyles. Also if the maximum time befor a tag ID is to be transmitted is Tmax then
all Q,W,E and R will be transmitted before Tmax.

Randomness

Also a very important point to not in this system is that we have to still introduce randomness
because as discussed earlier this is an asynchronous system .This can be done by having
Q,W,E,R transmitted periodically and then before transmitting the next Q,W,E,R sequence doing
a random shift using a random number generator .

Adding Parity
Adding Parity bits to the protocol can be considered .In this way the protocol can be made

tolerant to loss of a character. Example the last character R is parity so even if W is lost it due to
collision.



Mersenne Twister Random Number generator

What is Mersenne Twister (MT)?

Mersenne Twister(MT) is a pseudorandom number generating algorithm devel oped by Makoto Matsumoto
and Takuji Nishimura (al phabetical order) in 1996/1997. An improvement on initialization was given on
2002 Jan.

MT has the following merits:

It is designed with consideration on the flaws of various existing generators.

The algorithm is coded into a C-source given below

Far longer period and far higher order of equidistribution than any other implemented generators.
(Itisproved that the period is 2*19937-1, and 623-dimensional equidistribution property is
assured.)

Fast generation. (Although it depends on the system, it is reported that MT is sometimes faster
than the standard ANSI-C library in a system with pipeline and cache memory.) (Note added in
2004/3: on 1998, usualy MT was much faster than rand(), but the algorithm for rand() has been
substituted, and now there are no much differencein speed.)

Efficient use of the memory. (The implemented C-code mt19937.c consumes only 624 words of
working area.)

Description and code for Mersenne Twister Algorithm

The Mersenne Twister is a pseudorandom number generator
with period 2*19937-1 with improved initialization scheme,
modified on 2002/1/26 by Takuji Nishimuraand Makoto Matsumoto.

1. Initialization

Theinitialization scheme for the previous versions of MT
(e.g. 1999/10/28 version or earlier) has atiny problem, that
the most significant bits of the seed is not well reflected
to the state vector of MT.

This version (2002/1/26) has two initiaization schemes:
init_genrand(seed) and init_by_array(init_key, key_length).

init_genrand(seed) initializes the state vector by using
one unsigned 32-hit integer "seed", which may be zero.

init_by array(init_key, key_length) initializes the state vector
by using an array init_key[] of unsigned 32-bit integers

of length key kength. If key_length is smaller than 624,

then each array of 32-bit integers gives distinct initial

state vector. Thisis useful if you want alarger seed space
than 32-bit word.

2. Generation

After initiaization, the following type of pseudorandom numbers
are available.

genrand_int32() generates unsigned 32-bit integers.



genrand_int31() generates unsigned 31-bit integers.

genrand_real 1() generates uniform real in [0,1] (32-hit resolution).
genrand_rea2() generates uniform real in [0,1) (32-hit resolution).
genrand_rea 3() generates uniform rea in (0,1) (32-hit resolution).
genrand_res53() generates uniform rea in [0,1) with 53-bit resolution.

Note: the last five functions call the first one.

if you need more speed for these five functions, you may
suppress the function call by copying genrand_int32() and
replacing the last return(), following to these five functions.

3. main()

main() is an exampletoinitialize with an array of length 4,
then 1000 outputs of unsigned 32-bit integers,
then 1000 outputs of real [0,1) numbers.

4. The outputs
The output of the mt19937ar.cisin the file mt19937ar.out.
If you revise or translate the code, check the output
by using thisfile.

5. Cryptography
This generator is not cryptoraphically secure.
Y ou need to use a one-way (or hash) function to obtain
a secure random sequence.

6. Correspondence
See:
URL http://www.math.keio.ac.j p/matumoto/emt.html
email matumoto@math.keio.ac.jp, nisimura@sci.kj.yamagata-u.ac.jp

7. Reference
M. Matsumoto and T. Nishimura,
"Mersenne Twister: A 623-Dimensionally Equidistributed Uniform
Pseudo-Random Number Generator”,
ACM Transactions on Modeling and Computer Simulation,
Vol. 8, No. 1, January 1998, pp 3--30.

Source Code

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

/*
A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)



orinit_by array(init_key, key length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, thislist of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, thislist of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE ISPROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"ASIS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.

http://www.math.sci.hiroshima-u.ac.jp/~m-mat/M T/emt.html

email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)
*/

#include <stdio.h>

/* Period parameters */

#define N 624

#define M 397

#define MATRIX_A 0x9908b0dfUL /* constant vector a*/

#define UPPER_MASK 0x80000000UL /* most significant w-r bits*/
#define LOWER_MASK Ox7fffffffUL /* least significant r bits*/

static unsigned long mt[N]; /* the array for the state vector */
static int mti=N+1; /* mti==N+1 means mt[N] is not initiaized */

[* initializes mt[N] with aseed */
void init_genrand(unsigned long s)
{

mt[O]= s & OxffffffffUL;

for (mti=1; mti<N; mti++) {



mt[mti] =
(1812433253UL * (mt[mti-1] A (mt[mti-1] >> 30)) + mti);
[* See Knuth TAOCP Vol2. 3rd Ed. P.106 for multiplier. */
/* Inthe previous versions, M SBs of the seed affect */
/* only MSBs of the array mt[]. */
[* 2002/01/09 modified by Makoto Matsumoto */
mt[mti] &= OxfffffffUL;
* for >32 bit machines*/
}
}

[* initidize by an array with array-length */
[* init_key isthe array for initializing keys */
/* key_lengthisitslength */
/* dight change for C++, 2004/2/26 */
void init_by_array(unsigned long init_key[], int key_length)
{
inti,j, k;
init_genrand(19650218UL);
i=1; j=0;
k = (N>key_length ? N : key_length);
for (; k; k--) {
mt[i] = (mt[i] ~ ((mt[i-1] ~ (mt[i-1] >> 30)) * 1664525UL))
+init_key[j] +j; /* nonlinear */
mt[i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
i+ j++;
if (iI>=N){ mt[0] = mt[N-1]; i=1;}
if (>=key_length) j=0;

}
for (k=N-1; k; k--) {
mt[i] = (mt[i] ~ ((mt[i-1] ~ (mt[i-1] >> 30)) * 1566083941UL))
-i; /* non linear */
mt[i] &= OxffffffffUL; /* for WORDSIZE > 32 machines */
i++;
if (iI>=N){ mt[0] = mt[N-1]; i=1;}

mt[ O] = 0x80000000UL; /* MSB is 1; assuring non-zero initia array */
}

[* generates arandom number on [0,0xffffffff]-interval */
unsigned long genrand_int32(void)

unsigned long y;
static unsigned long mag01[2]={ OxOUL, MATRIX_A};
/* mag01[x] =x* MATRIX_A for x=0,1*/

if (mti >=N) { /* generate N words at one time */
int kk;

if (mti ==N+1) /* if init_genrand() has not been caled, */
init_genrand(5489UL); /* adefault initial seed isused */

for (kk=0;kk<N-M;kk++) {
y = (Mt[kk]& UPPER_MA SK)|(mt[kk+1]& LOWER_MASK);
mt[kk] = mt[kk+M] ~ (y >> 1) * mag01[y & Ox1UL];



}

for (;kk<N-1;kk++) {
y = (Mt[kk]& UPPER_MA SK)|(mt[kk+1]& LOWER_MASK);
mt[kk] = mt[kk+(M-N)] ” (y >> 1) * mag01[y & Ox1UL];

}
y = (Mt[N-1]& UPPER_MASK)|(mt[0]& LOWER_MASK);
mt[N-1] = mt[M-1] ~ (y >> 1) * mag01[y & Ox1UL];

mti =0;

}
y = mt[mti++];

/* Tempering */

y”=(y>>11);

y "= (y << 7) & 0x9d2c5680UL;
y = (y << 15) & Oxefc60000UL;
y"=(y>>18);

returny;
}

/* generates arandom number on [0,0x7fffffff]-interval */
long genrand_int31(void)

return (long)(genrand_int32()>>1);

/* generates arandom number on [0,1]-red-interval */
double genrand_real 1(void)

{
return genrand_int32()* (1.0/4294967295.0);
* divided by 2°32-1 */

}

[* generates arandom number on [0,1)-real-interval */
double genrand_real2(void)

{
return genrand_int32()* (1.0/4294967296.0);
/* divided by 2"32 */

}

/* generates arandom number on (0,1)-red-interval */
double genrand_real 3(void)

{
return (((double)genrand_int32()) + 0.5)* (1.0/4294967296.0);
[* divided by 232 */

}

/* generates arandom number on [0,1) with 53-bit resolution*/
double genrand_res53(void)

{
unsigned long a=genrand_int32()>>5, b=genrand_int32()>>6;
return(a* 67108864.0+b)* (1.0/9007199254740992.0);

}
/* Theseread versions are due to | saku Wada, 2002/01/09 added */



int main(void)
L
inti;
unsigned long init[4]={ 0x123, 0x234, 0x345, 0x456}, length=4;
init_by array(init, length);
printf(" 1000 outputs of genrand_int32()\n");
for (i=0; i<1000; i++) {
printf("%10lu ", genrand_int32());
if (1%5==4) printf("\n");

printf("\n1000 outputs of genrand_real 2()\n");
for (i=0; i<1000; i++) {

printf("%210.8f ", genrand_real 2());

if (1%5==4) printf("\n");

return O;

1000 outputs of genrand_int32()
1067595299 955945823 477289528 4107218783 4228976476
3344332714 3355579695 227628506 810200273 2591290167
2560260675 3242736208 646746669 1479517882 4245472273
1143372638 3863670494 3221021970 1773610557 1138697238
1421897700 1269916527 2859934041 1764463362 3874892047
3965319921 72549643 2383988930 2600218693 3237492380
2792901476 725331109 605841842 271258942 715137098
3297999536 1322965544 4229579109 1395091102 3735697720
2101727825 3730287744 2950434330 1661921839 2895579582
2370511479 1004092106 2247096681 2111242379 3237345263
4082424759 219785033 2454039889 3709582971 835606218
2411949883 2735205030 756421180 2175209704 1873865952
2762534237 4161807854 3351099340 181129879 3269891896
776029799 2218161979 3001745796 1866825872 2133627728
34862734 1191934573 3102311354 2916517763 1012402762
2184831317 4257399449 2899497138 3818095062 3030756734
1282161629 420003642 2326421477 2741455717 1278020671
3744179621 271777016 2626330018 2560563991 3055977700
4233527566 1228397661 3595579322 1077915006 2395931898
1851927286 3013683506 1999971931 3006888962 1049781534
1488758959 3491776230 104418065 2448267297 3075614115
3872332600 891912190 3936547759 2269180963 2633455084
1047636807 2604612377 2709305729 1952216715 207593580
2849898034 670771757 2210471108 467711165 263046873
3569667915 1042291111 3863517079 1464270005 2758321352
3790799816 2301278724 3106281430 7974801 2792461636
555991332 621766759 1322453093 853629228 686962251
1455120532 957753161 1802033300 1021534190 3486047311
1902128914 3701138056 4176424663 1795608698 560858864



3737752754 3141170998 1553553385 3367807274 711546358
2475125503 262969859 251416325 2980076994 1806565895
969527843 3529327173 2736343040 2987196734 1649016367
2206175811 3048174801 3662503553 3138851612 2660143804
1663017612 1816683231 411916003 3887461314 2347044079
1015311755 1203592432 2170947766 2569420716 813872093
1105387678 1431142475 220570551 4243632715 4179591855
2607469131 3090613241 282341803 1734241730 1391822177
1001254810 827927915 1886687171 3935097347 2631788714
3905163266 110554195 2447955646 3717202975 3304793075
3739614479 3059127468 953919171 2590123714 1132511021
3795593679 2788030429 982155079 3472349556 859942552
2681007391 2299624053 647443547 233600422 608168955
3689327453 1849778220 1608438222 3968158357 2692977776
2851872572 246750393 3582818628 3329652309 4036366910
1012970930 950780808 3959768744 2538550045 191422718
2658142375 3276369011 2927737484 1234200027 1920815603
3536074689 1535612501 2184142071 3276955054 428488088
2378411984 4059769550 3913744741 2732139246 64369859
3755670074 842839565 2819894466 2414718973 1010060670
1839715346 2410311136 152774329 3485009480 4102101512
2852724304 879944024 1785007662 2748284463 1354768064
3267784736 2269127717 3001240761 3179796763 895723219
865924942 4291570937 89355264 1471026971 4114180745
3201939751 2867476999 2460866060 3603874571 2238880432
3308416168 2072246611 2755653839 3773737248 1709066580
4282731467 2746170170 2832568330 433439009 3175778732
26248366 2551382801 183214346 3893339516 1928168445
1337157619 3429096554 3275170900 1782047316 4264403756
1876594403 4289659572 3223834894 1728705513 4068244734
2867840287 1147798696 302879820 1730407747 1923824407
1180597908 1569786639 198796327 560793173 2107345620
2705990316 3448772106 3678374155 758635715 884524671
486356516 1774865603 3881226226 2635213607 1181121587
1508809820 3178988241 1594193633 1235154121 326117244
2304031425 937054774 2687415945 3192389340 2003740439
1823766188 2759543402 10067710 1533252662 4132494984
82378136 420615890 3467563163 541562091 3535949864
2277319197 3330822853 3215654174 4113831979 4204996991
2162248333 3255093522 2219088909 2978279037 255818579
2859348628 3097280311 2569721123 1861951120 2907080079
2719467166 998319094 2521935127 2404125338 259456032
2086860995 1839848496 1893547357 2527997525 1489393124
2860855349 76448234 2264934035 744914583 2586791259
1385380501 66529922 1819103258 1899300332 2098173828
1793831094 276463159 360132945 4178212058 595015228
177071838 2800080290 1573557746 1548998935 378454223
1460534296 1116274283 3112385063 3709761796 827999348
3580042847 1913901014 614021289 4278528023 1905177404
45407939 3298183234 1184848810 3644926330 3923635459
1627046213 3677876759 969772772 1160524753 1522441192
452369933 1527502551 832490847 1003299676 1071381111
2891255476 973747308 4086897108 1847554542 3895651598
2227820339 1621250941 2881344691 3583565821 3510404498
849362119 862871471 797858058 2867774932 2821282612
3272403146 3997979905 209178708 1805135652 6783381



2823361423 792580494 4263749770 776439581 3798193823
2853444094 2729507474 1071873341 1329010206 1289336450
3327680758 2011491779 80157208 922428856 1158943220
1667230961 2461022820 2608845159 387516115 3345351910
1495629111 4098154157 3156649613 3525698599 4134908037
446713264 2137537399 3617403512 813966752 1157943946
3734692965 1680301658 3180398473 3509854711 2228114612
1008102291 486805123 863791847 3189125290 1050308116
3777341526 4291726501 844061465 1347461791 2826481581
745465012 2055805750 4260209475 2386693097 2980646741
447229436 2077782664 1232942813 4023002732 1399011509
3140569849 2579909222 3794857471 900758066 2887199683
1720257997 3367494931 2668921229 955539029 3818726432
1105704962 3889207255 2277369307 2746484505 1761846513
2413916784 2685127085 4240257943 1166726899 4215215715
3082092067 3960461946 1663304043 2087473241 4162589986
2507310778 1579665506 767234210 970676017 492207530
1441679602 1314785090 3262202570 3417091742 1561989210
3011406780 1146609202 3262321040 1374872171 1634688712
1280458888 2230023982 419323804 3262899800 39783310
1641619040 1700368658 2207946628 2571300939 2424079766
780290914 2715195096 3390957695 163151474 2309534542
1860018424 555755123 280320104 1604831083 2713022383
1728987441 3639955502 623065489 3828630947 4275479050
3516347383 2343951195 2430677756 635534992 3868699749
808442435 3070644069 4282166003 2093181383 2023555632
1568662086 3422372620 4134522350 3016979543 3259320234
2888030729 3185253876 4258779643 1267304371 1022517473
815943045 929020012 2995251018 3371283296 3608029049
2018485115 122123397 2810669150 1411365618 1238391329
1186786476 3155969091 2242941310 1765554882 279121160
4279838515 1641578514 3796324015 13351065 103516986
1609694427 551411743 2493771609 1316337047 3932650856
4189700203 463397996 2937735066 1855616529 2626847990
55091862 3823351211 753448970 4045045500 1274127772
1124182256 92039808 2126345552 425973257 386287896
2589870191 1987762798 4084826973 2172456685 3366583455
3602966653 2378803535 2901764433 3716929006 3710159000
2653449155 3469742630 3096444476 3932564653 2595257433
318974657 3146202484 853571438 144400272 3768408841
782634401 2161109003 570039522 1886241521 14249488
2230804228 1604941699 3928713335 3921942509 2155806892
134366254 430507376 1924011722 276713377 196481886
3614810992 1610021185 1785757066 851346168 3761148643
2918835642 3364422385 3012284466 3735958851 2643153892
3778608231 1164289832 205853021 2876112231 3503398282
3078397001 3472037921 1748894853 2740861475 316056182
1660426908 168885906 956005527 3984354789 566521563
1001109523 1216710575 2952284757 3834433081 3842608301
2467352408 3974441264 3256601745 1409353924 1329904859
2307560293 3125217879 3622920184 3832785684 3882365951
2308537115 2659155028 1450441945 3532257603 3186324194
1225603425 1124246549 175808705 3009142319 2796710159
3651990107 160762750 1902254979 1698648476 1134980669
497144426 3302689335 4057485630 3603530763 4087252587
427812652 286876201 823134128 1627554964 3745564327



2589226092 4202024494 62878473 3275585894 3987124064
2791777159 1916869511 2585861905 1375038919 1403421920
60249114 3811870450 3021498009 2612993202 528933105
2757361321 3341402964 2621861700 273128190 4015252178
3094781002 1621621288 2337611177 1796718448 1258965619
4241913140 2138560392 3022190223 4174180924 450094611
3274724580 617150026 2704660665 1469700689 1341616587
356715071 1188789960 2278869135 1766569160 2795896635
57824704 2893496380 1235723989 1630694347 3927960522
428891364 1814070806 2287999787 4125941184 3968103889

3548724050 1025597707 1404281500 2002212197 92429143
2313943944 2403086080 3006180634 3561981764 1671860914
1768520622 1803542985 844848113 3006139921 1410888995
1157749833 2125704913 1789979528 1799263423 741157179
2405862309 767040434 2655241390 3663420179 2172009096
2511931187 1680542666 231857466 1154981000 157168255
1454112128 3505872099 1929775046 2309422350 2143329496
2960716902 407610648 2938108129 2581749599 538837155
2342628867 430543915 740188568 1937713272 3315215132
2085587024 4030765687 766054429 3517641839 689721775
1294158986 1753287754 4202601348 1974852792 33459103
3568087535 3144677435 1686130825 4134943013 3005738435
3599293386 426570142 754104406 3660892564 1964545167
829466833 821587464 1746693036 1006492428 1595312919
1256599985 1024482560 1897312280 2902903201 691790057
1037515867 3176831208 1968401055 2173506824 1089055278
1748401123 2941380082 968412354 1818753861 2973200866
3875951774 1119354008 3988604139 1647155589 2232450826
3486058011 3655784043 3759258462 847163678 1082052057
989516446 2871541755 3196311070 3929963078 658187585
3664944641 2175149170 2203709147 2756014689 2456473919
3890267390 1293787864 2830347984 3059280931 4158802520
1561677400 2586570938 783570352 1355506163 31495586
3789437343 3340549429 2092501630 896419368 671715824
3530450081 3603554138 1055991716 3442308219 1499434728
3130288473 3639507000 17769680 2259741420 487032199
4227143402 3693771256 1880482820 3924810796 381462353
4017855991 2452034943 2736680833 2209866385 2128986379
437874044 595759426 641721026 1636065708 3899136933
629879088 3591174506 351984326 2638783544 2348444281
2341604660 2123933692 143443325 1525942256 364660499
599149312 939093251 1523003209 106601097 376589484
1346282236 1297387043 764598052 3741218111 933457002
1886424424 3219631016 525405256 3014235619 323149677
2038881721 4100129043 2851715101 2984028078 1888574695
2014194741 3515193880 4180573530 3461824363 2641995497
3179230245 2902294983 2217320456 4040852155 1784656905
3311906931 87498458 2752971818 2635474297 2831215366
3682231106 2920043893 3772929704 2816374944 309949752
2383758854 154870719 385111597 1191604312 1840700563
872191186 2925548701 1310412747 2102066999 1504727249
3574298750 1191230036 3330575266 3180292097 3539347721
681369118 3305125752 3648233597 950049240 4173257693
1760124957 512151405 681175196 580563018 1169662867
4015033554 2687781101 699691603 2673494188 1137221356
123599888 472658308 1053598179 1012713758 3481064843



3759461013 3981457956 3830587662 1877191791 3650996736
988064871 3515461600 4089077232 2225147448 1249609188
2643151863 3896204135 2416995901 1397735321 3460025646

1000 outputs of genrand_real2()

0.76275443 0.99000644 0.98670464 0.10143112 0.27933125
0.69867227 0.94218740 0.03427201 0.78842173 0.28180608
0.92179002 0.20785655 0.54534773 0.69644020 0.38107718
0.23978165 0.65286910 0.07514568 0.22765211 0.94872929
0.74557914 0.62664415 0.54708246 0.90959343 0.42043116
0.86334511 0.19189126 0.14718544 0.70259889 0.63426346
0.77408121 0.04531601 0.04605807 0.88595519 0.69398270
0.05377184 0.61711170 0.05565708 0.10133577 0.41500776
0.91810699 0.22320679 0.23353705 0.92871862 0.98897234
0.19786706 0.80558809 0.06961067 0.55840445 0.90479405
0.63288060 0.95009721 0.54948447 0.20645042 0.45000959
0.87050869 0.70806991 0.19406895 0.79286390 0.49332866
0.78483914 0.75145146 0.12341941 0.42030252 0.16728160
0.59906494 0.37575460 0.97815160 0.39815952 0.43595080
0.04952478 0.33917805 0.76509902 0.61034321 0.90654701
0.92915732 0.85365931 0.18812377 0.65913428 0.28814566
0.59476081 0.27835931 0.60722542 0.68310435 0.69387186
0.03699800 0.65897714 0.17527003 0.02889304 0.86777366
0.12352068 0.91439461 0.32022990 0.44445731 0.34903686
0.74639273 0.65918367 0.92492794 0.31872642 0.77749724
0.85413832 0.76385624 0.32744211 0.91326300 0.27458185
0.22190155 0.19865383 0.31227402 0.85321225 0.84243342
0.78544200 0.71854080 0.92503892 0.82703064 0.88306297
0.47284073 0.70059042 0.48003761 0.38671694 0.60465770
0.41747204 0.47163243 0.72750808 0.65830223 0.10955369
0.64215401 0.23456345 0.95944940 0.72822249 0.40888451
0.69980355 0.26677428 0.57333635 0.39791582 0.85377858
0.76962816 0.72004885 0.90903087 0.51376506 0.37732665
0.12691640 0.71249738 0.81217908 0.37037313 0.32772374
0.14238259 0.05614811 0.74363008 0.39773267 0.94859135
0.31452454 0.11730313 0.62962618 0.33334237 0.45547255
0.10089665 0.56550662 0.60539371 0.16027624 0.13245301
0.60959939 0.04671662 0.99356286 0.57660859 0.40269560
0.45274629 0.06699735 0.85064246 0.87742744 0.54508392
0.87242982 0.29321385 0.67660627 0.68230715 0.79052073
0.48592054 0.25186266 0.93769755 0.28565487 0.47219067
0.99054882 0.13155240 0.47110470 0.98556600 0.84397623
0.12875246 0.90953202 0.49129015 0.23792727 0.79481194
0.44337770 0.96564297 0.67749118 0.55684872 0.27286897
0.79538393 0.61965356 0.22487929 0.02226018 0.49248200
0.42247006 0.91797788 0.99250134 0.23449967 0.52531508
0.10246337 0.78685622 0.34310922 0.89892996 0.40454552
0.68608407 0.30752487 0.83601319 0.54956031 0.63777550
0.82199797 0.24890696 0.48801123 0.48661910 0.51223987
0.32969635 0.31075073 0.21393155 0.73453207 0.15565705
0.58584522 0.28976728 0.97621478 0.61498701 0.23891470
0.28518540 0.46809591 0.18371914 0.37597910 0.13492176
0.66849449 0.82811466 0.56240330 0.37548956 0.27562998
0.27521910 0.74096121 0.77176757 0.13748143 0.99747138
0.92504502 0.09175241 0.21389176 0.21766512 0.31183245
0.23271221 0.21207367 0.57903312 0.77523344 0.13242613



0.31037988 0.01204835 0.71652949 0.84487594 0.14982178
0.57423142 0.45677888 0.48420169 0.53465428 0.52667473
0.46880526 0.49849733 0.05670710 0.79022476 0.03872047
0.21697212 0.20443086 0.28949326 0.81678186 0.87629474
0.92297064 0.27373097 0.84625273 0.51505586 0.00582792
0.33295971 0.91848412 0.92537226 0.91760033 0.07541125
0.71745848 0.61158698 0.00941650 0.03135554 0.71527471
0.24821915 0.63636652 0.86159918 0.26450229 0.60160194
0.35557725 0.24477500 0.07186456 0.51757096 0.62120362
0.97981062 0.69954667 0.21065616 0.13382753 0.27693186
0.59644095 0.71500764 0.04110751 0.95730081 0.91600724
0.47704678 0.26183479 0.34706971 0.07545431 0.29398385
0.93236070 0.60486023 0.48015011 0.08870451 0.45548581
0.91872718 0.38142712 0.10668643 0.01397541 0.04520355
0.93822273 0.18011940 0.57577277 0.91427606 0.30911399
0.95853475 0.23611214 0.69619891 0.69601980 0.76765372
0.58515930 0.49479057 0.11288752 0.97187699 0.32095365
0.57563608 0.40760618 0.78703383 0.43261152 0.90877651
0.84686346 0.10599030 0.72872803 0.19315490 0.66152912
0.10210518 0.06257876 0.47950688 0.47062066 0.72701157
0.48915116 0.66110261 0.60170685 0.24516994 0.12726050
0.03451185 0.90864994 0.83494878 0.94800035 0.91035206
0.14480751 0.88458997 0.53498312 0.15963215 0.55378627
0.35171349 0.28719791 0.09097957 0.00667896 0.32309622
0.87561479 0.42534520 0.91748977 0.73908457 0.41793223
0.99279792 0.87908370 0.28458072 0.59132853 0.98672190
0.28547393 0.09452165 0.89910674 0.53681109 0.37931425
0.62683489 0.56609740 0.24801549 0.52948179 0.98328855
0.66403523 0.55523786 0.75886666 0.84784685 0.86829981
0.71448906 0.84670080 0.43922919 0.20771016 0.64157936
0.25664246 0.73055695 0.86395782 0.65852932 0.99061803
0.40280575 0.39146298 0.07291005 0.97200603 0.20555729
0.59616495 0.08138254 0.45796388 0.33681125 0.33989127
0.18717090 0.53545811 0.60550838 0.86520709 0.34290701
0.72743276 0.73023855 0.34195926 0.65019733 0.02765254
0.72575740 0.32709576 0.03420866 0.26061893 0.56997511
0.28439072 0.84422744 0.77637570 0.55982168 0.06720327
0.58449067 0.71657369 0.15819609 0.58042821 0.07947911
0.40193792 0.11376012 0.88762938 0.67532159 0.71223735
0.27829114 0.04806073 0.21144026 0.58830274 0.04140071
0.43215628 0.12952729 0.94668759 0.87391019 0.98382450
0.27750768 0.90849647 0.90962737 0.59269720 0.96102026
0.49544979 0.32007095 0.62585546 0.03119821 0.85953001
0.22017528 0.05834068 0.80731217 0.53799961 0.74166948
0.77426600 0.43938444 0.54862081 0.58575513 0.15886492
0.73214332 0.11649057 0.77463977 0.85788827 0.17061997
0.66838056 0.96076133 0.07949296 0.68521946 0.89986254
0.05667410 0.12741385 0.83470977 0.63969104 0.46612929
0.10200126 0.01194925 0.10476340 0.90285217 0.31221221
0.32980614 0.46041971 0.52024973 0.05425470 0.28330912
0.60426543 0.00598243 0.97244013 0.21135841 0.78561597
0.78428734 0.63422849 0.32909934 0.44771136 0.27380750
0.14966697 0.18156268 0.65686758 0.28726350 0.97074787
0.63676171 0.96649494 0.24526295 0.08297372 0.54257548
0.03166785 0.33735355 0.15946671 0.02102971 0.46228045
0.11892296 0.33408336 0.29875681 0.29847692 0.73767569



0.02080745 0.62980060 0.08082293 0.22993106 0.25031439
0.87787525 0.45150053 0.13673441 0.63407612 0.97907688
0.52241942 0.50580158 0.06273902 0.05270283 0.77031811
0.05113352 0.24393329 0.75036441 0.37436336 0.22877652
0.59975358 0.85707591 0.88691457 0.85547165 0.36641027
0.58720133 0.45462835 0.09243817 0.32981586 0.07820411
0.25421519 0.36004706 0.60092307 0.46192412 0.36758683
0.98424170 0.08019934 0.68594024 0.45826386 0.29962317
0.79365413 0.89231296 0.49478547 0.87645944 0.23590734
0.28106737 0.75026285 0.08136314 0.79582424 0.76010628
0.82792971 0.27947652 0.72482861 0.82191216 0.46171689
0.79189752 0.96043686 0.51609668 0.88995725 0.28998963
0.55191845 0.03934737 0.83033700 0.49553013 0.98009549
0.19017594 0.98347750 0.33452066 0.87144372 0.72106301
0.71272114 0.71465963 0.88361677 0.85571283 0.73782329
0.20920458 0.34855153 0.46766817 0.02780062 0.74898344
0.03680650 0.44866557 0.77426312 0.91025891 0.25195236
0.87319953 0.63265037 0.25552148 0.27422476 0.95217406
0.39281839 0.66441573 0.09158900 0.94515992 0.07800798
0.02507888 0.39901462 0.17382573 0.12141278 0.85502334
0.19902911 0.02160210 0.44460522 0.14688742 0.68020336
0.71323733 0.60922473 0.95400380 0.99611159 0.90897777
0.41073520 0.66206647 0.32064685 0.62805003 0.50677209
0.52690101 0.87473387 0.73918362 0.39826974 0.43683919
0.80459118 0.32422684 0.01958019 0.95319576 0.98326137
0.83931735 0.69060863 0.33671416 0.68062550 0.65152380
0.33392969 0.03451730 0.95227244 0.68200635 0.85074171
0.64721009 0.51234433 0.73402047 0.00969637 0.93835057
0.80803854 0.31485260 0.20089527 0.01323282 0.59933780
0.31584602 0.20209563 0.33754800 0.68604181 0.24443049
0.19952227 0.78162632 0.10336988 0.11360736 0.23536740
0.23262256 0.67803776 0.48749791 0.74658435 0.92156640
0.56706407 0.36683221 0.99157136 0.23421374 0.45183767
0.91609720 0.85573315 0.37706276 0.77042618 0.30891908
0.40709595 0.06944866 0.61342849 0.88817388 0.58734506
0.98711323 0.14744128 0.63242656 0.87704136 0.68347125
0.84446569 0.43265239 0.25146321 0.04130111 0.34259839
0.92697368 0.40878778 0.56990338 0.76204273 0.19820348
0.66314909 0.02482844 0.06669207 0.50205581 0.26084093
0.65139159 0.41650223 0.09733904 0.56344203 0.62651696
0.67332139 0.58037374 0.47258086 0.21010758 0.05713135
0.89390629 0.10781246 0.32037450 0.07628388 0.34227964
0.42190597 0.58201860 0.77363549 0.49595133 0.86031236
0.83906769 0.81098161 0.26694195 0.14215941 0.88210306
0.53634237 0.12090720 0.82480459 0.75930318 0.31847147
0.92768077 0.01037616 0.56201727 0.88107122 0.35925856
0.85860762 0.61109408 0.70408301 0.58434977 0.92192494
0.62667915 0.75988365 0.06858761 0.36156496 0.58057195
0.13636150 0.57719713 0.59340255 0.63530602 0.22976282
0.71915530 0.41162531 0.63979565 0.09931342 0.79344045
0.10893790 0.84450224 0.23122236 0.99485593 0.73637397
0.17276368 0.13357764 0.74965804 0.64991737 0.61990341
0.41523170 0.05878239 0.05687301 0.05497131 0.42868366
0.42571090 0.25810502 0.89642955 0.30439758 0.39310223
0.11357431 0.04288255 0.23397550 0.11200634 0.85621396
0.89733974 0.37508865 0.42077265 0.68597384 0.72781399



0.19296476 0.61699087 0.31667128 0.67756410 0.00177323
0.05725176 0.79474693 0.18885238 0.06724856 0.68193156
0.42202167 0.22082041 0.28554673 0.64995708 0.87851940
0.29124547 0.61009521 0.87374537 0.05743712 0.69902994
0.81925115 0.45653873 0.37236821 0.31118709 0.52734307
0.39672836 0.38185294 0.30163915 0.17374510 0.04913278
0.90404879 0.25742801 0.58266467 0.97663209 0.79823377
0.36437958 0.15206043 0.26529938 0.22690047 0.05839021
0.84721160 0.18622435 0.37809403 0.55706977 0.49828704
0.47659049 0.24289680 0.88477595 0.07807463 0.56245739
0.73490635 0.21099431 0.13164942 0.75840044 0.66877037
0.28988183 0.44046090 0.24967434 0.80048356 0.26029740
0.30416821 0.64151867 0.52067892 0.12880774 0.85465381
0.02690525 0.19149288 0.49630295 0.79682619 0.43566145
0.00288078 0.81484193 0.03763639 0.68529083 0.01339574
0.38405386 0.30537067 0.22994703 0.44000045 0.27217985
0.53831243 0.02870435 0.86282045 0.61831306 0.09164956
0.25609707 0.07445781 0.72185784 0.90058883 0.30070608
0.94476583 0.56822213 0.21933909 0.96772793 0.80063440
0.26307906 0.31183306 0.16501252 0.55436179 0.68562285
0.23829083 0.86511559 0.57868991 0.81888344 0.20126869
0.93172350 0.66028129 0.21786948 0.78515828 0.10262106
0.35390326 0.79303876 0.63427924 0.90479631 0.31024934
0.60635447 0.56198079 0.63573813 0.91854197 0.99701497
0.83085849 0.31692291 0.01925964 0.97446405 0.98751283
0.60944293 0.13751018 0.69519957 0.68956636 0.56969015
0.46440193 0.88341765 0.36754434 0.89223647 0.39786427
0.85055280 0.12749961 0.79452122 0.89449784 0.14567830
0.45716830 0.74822309 0.28200437 0.42546044 0.17464886
0.68308746 0.65496587 0.52935411 0.12736159 0.61523955
0.81590528 0.63107864 0.39786553 0.20102294 0.53292914
0.75485590 0.59847044 0.32861691 0.12125866 0.58917183
0.07638293 0.86845380 0.29192617 0.03989733 0.52180460
0.32503407 0.64071852 0.69516575 0.74254998 0.54587026
0.48713246 0.32920155 0.08719954 0.63497059 0.54328459
0.64178757 0.45583809 0.70694291 0.85212760 0.86074305
0.33163422 0.85739792 0.59908488 0.74566046 0.72157152



