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Topic of Today:
 Transient Removal

e Random Generators for Simulation
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Monitor Classifications

1. Dimension
» Eventdriven
» Sampling

* Hybrid

2. Dimension
e On-line
e Batch

Methods:
* Software Monitors
 Hardware Monitors

Monitors

Used by:

e systems programmer (optimization)

» systems manager (find bottleneck)

e systems manager (tune system)

» systems analyst (characterize work)
» systems analyst (find model params.)

Terms:

Event = change in system state

Trace = log of events incl. time

Overhead = perturbation by monitor
Domain = activities observed

Input rate = max frequency of event
Resolution = coarseness of information

Input width = number of bit sampled
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Design Issues (Software)

Activation Mechanism - On/Off switch

Trap instruction - Timer Interrupt

Trace mode - Priority

Buffer size - overflow - number of bufs

Data compression/analysis on the fly

Language

Monitoring abnormal events

Design Issues (Hardware)

Probes
Counters - Timers

Logic Elements

Comparators

Mapping Hardware

Tape/Disks
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Software vs. Hardware

Distributed Systems Monitor
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Random Generators

Used for simulators

True randomness is not desired
(reproducability for debugging)

Statistical properties must be random

No cryptographic strength required
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Example

Xp = [(Xn_t1,Xn_2,...)
One such function is
Xy =5x,_1+1 mod 16
X1 =35(5)+ 1 mod 16 = 26 mod 16 = 10

10,3,0, 1, 6,15, 12, 13,2, 11, 8, 9, 14, 7,
4,5,10,3,0, 1,6, 15, 12, 13, 2, 11, 8, 9,

- cycle length seed.
Seed {
< Tail —,l Cycle length —
Period
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tails:

Properties

L It should be efficiently computable. Since simulations typically require
several thousand random numbers in each run, the processor time re-
quired to generate these numbers should be small.

2. The period should be large. A small period may cause the random-num-
ber sequence to recycle, resulting in a repeated event sequence. This may
limit the useful length of simulation runs.

3. The successive values should be independent and uniformly distributed.
The correlation between successive numbers should be small. Correla-
tion, if significant, indicates dependence.

1x1, 2x2,1x3
+ Linear-congruential generators
) + Tausworthe generators
+ Extended Fibonacci generators
+ Combined generators
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Linerar Congruence Generators Examples
k
X, =a" mod m m#2
Xp = 3x,-1 mod 31
Xy =ax,_1 mod m
5% mod 31 = 125 mod 31 =1
Xp =ax,_1+b mod m
i =7 mod(2*! — 1)
a=23and m=108 + 1. Xn = 1"Xn-1
full-period generator.
lower autocorrelation
35
xp= 2%+ 1)xp_1 +1 mod 2
35
Xy =(2¥ + 1)x,-1 + 1 mod 2
Multiplicative LCG
X, =ax,_y mod m
m =2k
Xp = 5xn_1 mod 25
Xn = Tx,_1 mod 23
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Shiftregister Generators Chi-Square Test

TAUSWORTHE GENERATORS
bn = cq—1bn—1® Cq~2bn2@cq3bn_3®--- @ Cobn—q B
N )
D= ; Z

X"+ x+1
D7b(n) + D3b(n) + b(n) = 0 mod 2 identically distributed (IID) U(0, 1),
bys7 + bnss + b, = 0 mod 2, testing random-variate generators.

by=biob=101=0
bs=bi®b=191=0

D has a chi-square distribution

by =bs® b =1 ®1=0 level of significance a
bio = bs @ bh=1¢1=0 computed D is less than the X[zl-a;k—1;
bu=bdb=0p1=1 read from Table A.5

A4
5 e g

1111111 0000111 0111100 1011001 0010000
0010001 0011000 1011101 0110110
0000110 0110101 0011100 1111011
0100001 0101011 1110100 1010001 Period of 127,
1011100 0111111 1000011 1000000.
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Graphical Tests Graphical Tests
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Tausworthe generator x™ + x + 1. .

Two-dimensional uniformity
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Plot of overlapping pairs

Tausworthe generator x** + x* + 1.
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