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1. Answer the following questions regarding to production systems.
(a) (3%) What are the components of production systems?
(b) (7%) In Tic-tac-toe(F-F #E8EL), give a search tree with 4 levels using
breadth-first search

2. (5%) The halting problem is a decision problem which was proven incomputable
by Alan Turning in 1936. Describe the halting problem in detail and its

importance.
3. (5%) In computer science, time and space complexity are taken as functions to
quantify programs or algorithms. Describe why we have to analyze time and space

complexity

4. (2%) Here is a binary search tree:

50
/A
25 75
\ / A\
29 * 99

which number may be “ * 7 ?
(a) 38 (b) 46 (c) 55 (d) 87 (e) 92

5. (8%) In order to maintain the database integrity, the DBMS use the locking
approach to prevent others from accessing data being used by a transaction. Two
different locks, shared lock and exclusive lock, are employed. (a) Will the
deadlock problem happen? Why or why not? Briefly explain it (you can use
examples to illustrate). (b) How to resolve the deadlock problem if it occurs?
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6. (10%) Answer the following questions regarding to Turing machines.

The following is a Turing machine. Write a program to change the 1001 on
it to 0111. And your pointer must stop at the left * symbol when your

program halts. Your program should start from the cell indicated by the
arrow.

: *T1lofo L [* §

1

7. Look at the following two recursive algorithms. What are the purposes of these
two algorithms? Elaborate the details as much as you can.

(@) (5%)

1.

x and y are arrays.

Initially set i=j=0.

Unknown (x,y,1,3) {
if(x[i] == y[J]) {
if(y[3+1] != null)

Unknown (x,y,1i+1,3+1);
else return true;

i1.

}
if (x[i+1] == null) return false;
else Unknown (x,y,i+1,3);
}

(b) (5%)
1 Initialize an m by n array c[i, j] = nil for all i, j.
th Set ¢[i, 0]=c[0,j]=0 for all i, j.
x and y are arrays.

Unknown?2 (x,vy,1,3){
1.£

1il.

(1=0 or 7j=0)
if cl[I,3]
else if

return 0;

!= nil,

(x[i] ==
set c[I,]] =

else set cl[i, jl=
max(Unknown2(x,y,i—1,j),UnknownZ(x,y,i

Ij—-l) Y
return <fi,gl;

}

rotiurn eli,dl:
yI3il),

1 + Unknown2 (x,v,i,3);
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8. (8%) Mark V if the statement is true, and mark x otherwise, or give your
comments.
(a) If 1 is an eigenvalue of matrix A, then A" must be an eigenvalue of A™.
(b) Let X, Y be I-dimensional vector subspaces of RPand X LY,
then R = XY .
(c) The product of eigenvalues of A equals the product of diagonal elements of A.
(d) Let A, B € R" be symmetric, then (A + B)(A — B) = A* — B~

9. (12%) Choose the best solution for each of the following questions.

( )a) Letu, v,w € R-be orthonormal vectors, then |[u — 2v + 2wll, =?
(1) 1,(2) 3, (3) 5, (4) 5n, (5) none.

( )(b)Let A € R™™have eigenvalues 1,3,5, ..., 2n-1. Then the trace of Ais
(1)n, (2)n%, (3)n(n-1), (4)n(n+1), (S)none.

( )c)Let A € R®3 have A(4)={1,2,5}. What is A(A™)?
(D{1,0.2, 0.5}, (2){-1,-2,-5}, (3){1,8,125}. (4){0,1,4}, (5) none.

( ) Let x=1[2,0,-2]",y =
[0,2, —2]¢, then the angle between x and y, £(x,y) is

(D, (2% (3% (4)% (5none.

10. (8%)Let X be a random variable having an exponential distribution with the
variance
Var(X) =9, then the p.d.f. of X, fx(x)=?
The moment-generating function Mx(t)=?

11. (12%)Suppose that 2000 points are independently and randomly selected from the
unit square S = {(x, ¥):0 <x,y <1}. Let Y equal the number of points that fall in
A={(x,y):x2+y2<1}.

(a) How 1s Y distributed?

(b) Give the mean and variance of Y .

(c) What is the expected value of Y /5007

(d) What is P(Y < 100)?
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12. (10%)Let X1, X2,...,X30 be a random sample of size 30 from a Poisson distribution
with a mean 2/3. Approximate by Central Limit Theorem (Hints: please refer to

the following tables, V2 = 1.41421,v/3 = 1.73205,V5 = 2.236068)
(a) P(15 < X30, X, < 22)
(b) P(21 < X302, Xx; < 27)

This table gives a probability of numerical approximation for standard normal distribution.

+0.01 +0.02 +0.03 +0.04 +0.05 +0.06 +0.07 +0.08 +0.09

p 4 +0.00

1
i

0.0 | 0.00000 | 0.00399 | 0.00798 | 0.01197 | 0.01595 | 0.01994 | 0.02392 | 0.02790 | 0.03188 | 0.03586
0.1 | 0.03980 | 0.04380 | 0.04776 | 0.05172 | 0.05567 | 0.05966 | 0.06360 | 0.06749 | 0.07142 | 0.07535
0.2 | 0.07930 | 0.08317 | 0.08706 | 0.09095 | 0.09483 | 0.09871 | 0.10257 | 0.10642 | 0.11026 | 0.11409
103 | 0.11791 | 012172 | 0.12552 | 012930 | 0.13307 | 0.13683 | 014058 | 0.14431 | 0.14803 | 0.15173
| 0.4 | 0.15542 | 0.15910 | 0.16276 | 0.16640 | 0.17003 | 0.17364 | 0.17724 | 0.18082 | 0.18439 | 0.18793
| 0.5 | 0.19146 | 0.19497 | 0.19847 | 0.20194 | 0.20540 | 0.20884 | 0.21226 | 0.21566 | 0.21904 | 0.22240
0.6 | 0.22575 | 0.22007 | 0.23237 | 0.23565 | 0.23891 | 0.24215 | 0.24537 | 0.24857 | 0.25175 | 0.25490
0.7 | 0.25804 | 0.26115 | 0.26424 | 0.26730 | 0.27035 | 0.27337 | 0.27637 | 0.27935 | 0.28230 | 0.28524
0.8 | 0.28814 | 0.29103 | 0.29389 | 0.20673 | 0.29955 | 0.30234 | 0.30511 | 0.30785 | 0.31057 | 0.31327
0.9 | 0.31594 | 0.31859 | 0.32121 | 0.32381 | 0.32639 | 0.32894 | 0.33147 | 0.33398 | 0.33646 | 0.33891
1.0 | 0.34134 | 0.34375 | 0.34614 | 0.34849 | 0.35083 | 0.35314 | 0.35543 | 0.35769 | 0.35993 | 0.36214
1.1 | 0.36423 | 0.36650 | 0.36864 | 0.37076 | 0.37286 | 0.37493 | 0.37698 | 0.37900 | 0.38100 | 0.38298 |
1.2 | 0.38493 | 0.38686 | 0.38877 | 0.39065 | 0.39251 | 0.39435 | 0.39617 | 0.39796 | 0.39973 | 0.40147
1.3 | 0.40320 | 0.40490 | 0.40658 | 0.40824 | 0.40988 | 0.41149 | 0.41308 | 0.41466 | 0.41621 | 0.41774
| 1.4 | 0.41924 | 0.42073 | 0.42220 | 0.42364 | 0.42507 | 0.42647 | 0.42785 | 0.42922 | 0.43056 | 0.43189
| 1.5 | 0.43319 | 0.43448 | 0.43574 | 0.43699 | 0.43822 | 0.43943 | 0.44062 | 0.44179 | 0.44295 | 0.44408
1.6 | 0.44520 | 0.44630 | 0.44738 | 0.44845 | 0.44950 | 0.45053 | 0.45154 | 0.45254 | 0.45352 | 0.45449
1.7 | 0.45543 | 0.45637 | 0.45728 | 0.45818 | 0.45907 | 0.45994 | 0.46080 | 0.46164 | 0.46246 | 0.46327
1.8 | 0.46407 | 0.46485 | 0.46562 | 0.46638 | 0.46712 | 0.46784 | 0.46856 | 0.46926 | 0.46995 | 0.47062
1.9 | 0.47128 | 0.47193 | 0.47257 | 0.47320 | 0.47381 | 0.47441 | 0.47500 | 0.47558 | 0.47615 | 0.47670
| 2.0 | 0.47725 | 0.47778 | 0.47831 | 0.47882 | 0.47932 | 0.47982 | 0.48030 | 0.48077 | 0.48124 | 0.48169
2.1 | 0.48214 | 0.48257 | 0.48300 | 0.48341 | 0.48382 | 0.48422 | 0.48461 | 0.48500 | 0.48537 | 0.48574
2.2 | 0.48610 | 0.48645 | 0.48679 | 0.48713 | 0.48745 | 0.48778 | 0.48809 | 0.48840 | 0.48870 | 0.48899
2.3 | 0.48928 | 0.48956 | 0.48983 | 0.49010 | 0.49036 | 0.49061 | 0.49086 | 0.49111 | 0.49134 | 0.49158
2.4 | 0.49180 | 0.49202 | 0.49224 | 0.49245 | 0.49266 | 0.49286 | 0.49305 | 0.49324 | 0.49343 | 0.49361
2.5 | 0.49379 | 0.49396 | 0.49413 | 0.49430 | 0.49446 | 0.49461 | 0.49477 | 0.49492 | 0.49506 | 0.49520
2.6 | 0.49534 | 0.49547 | 0.49560 | 0.49573 | 0.49585 | 0.49598 | 0.49609 | 0.49621 | 0.49632 | 0.49643
2.7 | 0.49653 | 0.49664 | 0.49674 | 0.49683 | 0.49693 | 0.49702 | 0.49711 | 0.49720 | 0.49728 | 0.49736
2.8 | 0.49744 | 0.49752 | 0.49760 | 0.49767 | 0.49774 | 0.49781 | 0.49788 | 0.49795 | 0.49801 | 0.49807
2.9 | 0.49813 | 0.49819 | 0.49825 | 0.49831 | 0.49836 | 0.49841 | 0.49846 | 0.49851 | 0.49856 | 0.49861

3.0 | 0.49865 | 0.49869 | 0.49874 | 0.49878 | 0.49882 | 0.49886 | 0.49889 | 0.49893 | 0.49896 | 0.49900
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This table gives a probability that a statistic is less than Z (i.e. between negative infinity
and 2).

z

+0.00

+0.01

+0.02

+0.03

+0.04

+0.05

+0.06

+0.07

+0.08

+0.09

0.0

0.50000

0.50399

0.50798

0.51197

0.51595

0.51994

0.52392

0.52790

0.53188

0.53586

0.1

0.53980

0.54380

0.54776

0.55172

0.556567

0.55966

0.56360

0.56749

0.57142

0.57535

0.2

0.57930

0.58317

0.58706

0.59095

0.59483

0.59871

0.60257

0.60642

0.61026

0.61409

0.3

0.61791

0.62172

0.62552

0.62930

0.63307

0.63683

0.64058

0.64431

0.64803

0.65173

0.4

0.65542

0.65910

0.66276

0.66640

0.67003

0.67364

0.67724

0.68082

0.68439

0.68793

0.5

0.69146

0.69497

0.69847

0.70194

0.70540

0.70884

0.71226

0.71566

0.71904

0.72240

0.6

0.72575

0.72907

0.73237

0.73565

0.73891

0.74215

0.74537

0.74857

0.75175

0.75490

0.7

0.75804

0.76115

0.76424

0.76730

0.77035

0.77337

0.77637

0.77935

0.78230

0.78524

0.8

0.78814

0.79103

0.79389

0.79673

0.79955

0.80234

0.80511

0.80785

0.81057

0.81327

0.9

0.81594

0.81859

0.82121

0.82381

0.82639

0.82894

0.83147

0.83398

0.83646

0.83891

1.0

0.84134

0.84375

0.84614

0.84849

0.85083

0.85314

0.85543

0.85769

0.85993

0.86214

1.1

0.86433

0.86650

0.86864

0.87076

0.87286

0.87493

0.87698

0.87900

0.88100

0.88298

i
i

1.2

0.88493

0.88686

0.88877

0.89065

0.89251

0.89435

0.89617

0.89796

0.89973

0.90147

1.3

0.90320

0.90490

0.90658

0.90824

0.90988

0.91149

0.91308

0.91466

0.91621

0.91774

1.4

0.91924

0.92073

0.92220

0.92364

0.92507

0.92647

0.92785

0.92922

0.93056

0.93189

1.5

0.93319

0.93448

0.93574

0.93699

0.93822

0.93943

0.94062

0.94179

0.94295

0.94408

1.6

0.94520

0.94630

0.94738

0.94845

0.94950

0.95053

0.95154

0.95254

0.95352

0.95449

i 1.7

0.95543

0.95637

0.95728

0.95818

0.95907

0.95994

0.96080

0.96164

0.96246

0.96327

1.8

0.96407

0.96485

0.96562

0.96638

0.96712

0.96784

0.96856

0.96926

0.96995

0.97062

1.9

0.97128

0.97193

0.97257

0.97320

0.97381

0.97441

0.97500

0.97558

0.97615

0.97670

2.0

0.97725

0.97831

0.97882

0.97932

0.97982

0.98030

0.98077

0.98124

0.98169

2.1
2.2

0.98214

0.98257

0.98300

0.98341

0.98382

0.98422

0.98461

0.98500

0.98537

0.98574

0.98610

0.98645

0.98679

0.98713

0.98745

0.98778

0.98809

0.98840

0.98870

0.98899

23

0.98928

0.98956

0.98983

0.99010

0.99036

0.99061

0.99086

0.99111

0.99134

0.99158

25

24

0.99180

0.99202

0.99224

0.99245

099379

0.99396

0.99266

0.99286

0.99305

0.99324

0.99343

0.99361

0.99413

0.99430

0.99446

0.99461

0.99477

0.99492

0.99506

0.99520

2.6

0.99534

0.99547

0.99560

0.99573

0.99585

0.99598

0.99609

0.99621

0.99632

0.99643

2.7

0.99653

0.99664

0.99674

0.99683

0.99693

0.99702

0.99711

0.99720

0.99728

0.99736

2.8

0.99744

0.99752

0.99760

0.99767

0.99774

0.99781

0.99788

0.99795

0.99801

0.99807

2.9

0.99813

0.99819

0.99825

0.99831

0.99836

0.99841

0.99846

0.99851

0.99856

0.99861

3.0

0.99865

0.99869

0.99874

0.99878

0.99882

| 0.99886

0.99889

0.99893

0.99896

0.99900
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This table gives a probability that a statistic is greater than Z.
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+0.00

+0.01

+0.02

+0.03

+0.04

+0.05

+0.06

+0.07

+0.08

+0.09

0.50000

0.49601

0.49202

0.48803

0.48405

0.48006

0.47608

0.47210

0.46812

0.46414

0.46020
0.42070

0.45620
0.41683

0.44828

0.44433

0.44034

0.43640

0.43251

0.42858

0.42465

0.40905

0.40517

0.40129

0.39743

0.39358

0.38974

0.38591

0.38209

0.37828

0.37448

0.37070

0.36693

0.36317

0.35942

0.35569

0.35197

0.34827

0.34458

0.30854 |

0.34090

0.33724

0.33360

0.32997

0.32636

0.32276

0.31918

0.31561

0.31207

0.30503

0.30153

0.29806

0.29460

0.29116

0.28774

0.28434

0.28096

0.27760

0.27425

0.27093

0.26763

0.26435

0.26109

0.25785

0.25463

0.25143

0.24825

0.24510

0.24196

0.23885

0.23576

0.23270

0.22965

0.22663

0.22363

0.22065

0.21770

0.21476

0.21186

0.20897

0.20611

0.20327

0.20045

0.19766

0.19489

0.19215

0.18943

0.18673

0.18406

0.18141

0.17879

0.17619

0.17361

0.17106

0.16853

0.16602

0.16354

0.16109

0.15866

0.15625

0.15386

0.15151

0.14917

0.14686

0.14457

0.14231

0.14007

0.13786

! 0.13567

0.13350

0.13136

0.12924

0.12714

0.12507

0.12302

0.12100

0.11900

0.11702

0.11507

0.11314

0.11123

0.10935

0.10749

0.10565

0.10383

0.10204

0.10027

0.09853

0.09680

0.09510

0.09342

0.09176

0.09012

0.08851

0.08692

0.08534

0.08379

0.08226

0.08076

0.07927

0.07780

0.07636

0.07493

0.07353

0.07215

0.07078

0.06944

0.06811

0.06681

0.06552

0.06426

0.06301

0.06178

0.06057

0.05938

0.05821

0.05705

0.05592

0.05480

0.05370

0.05262

0.05155

0.05050

0.04947

0.04846

0.04746

0.04648

0.04551

0.04457

0.04363

0.04272

0.04182

0.04093

0.04006

0.03920

0.03836

0.03754

0.03673

0.03593

0.03515

0.03438

0.03362

0.03288

0.03216

0.03144

0.03074

0.03005

0.02938

| 0.02872

0.02807

0.02743

0.02680

0.02619

0.02559

0.02500

0.02442

0.02385

0.02330

0.0227

0.02222

0.02169

0.02118

0.02068

0.02018

0.01970

0.01923

0.01876

0.01831

0.01786

0.01743

0.01700

0.01659

0.01618

0.01578

0.01539

0.01500

0.01463

0.01426

0.01390

0.01355

0.01321

0.01287

0.01255

0.01222

0.01191

0.01160

0.01130

1 0.01072

H

0.01044

0.01017

0.00990

0.00964

0.00839

0.00914

0.00889

0.00866

0.01101
0.00842

| 0.00820

0.00798

0.00776

0.00755

0.00734

0.00714

0.00695

0.00676

0.00657

0.00639

0.00621
0.00466

0.00604
0.00453

0.00587

0.00570

0.00554

0.00539

0.00523

0.00508

0.00494

0.00480

0.00440

0.00427

0.00415

0.00402

0.00391

0.00379

0.00368

0.00357

; 0.00347

0.00336

0.00326

0.00317

0.00307

0.00298

0.00289

0.00280

0.00272

0.00264

0.00256

0.00248

0.00240

0.00233

0.00226

0.00219

0.00212

0.00205

0.00199

0.00193

0.00187

0.00181

0.00175

0.00169

0.00164

0.00159

0.00154

0.00149

0.00144

0.00139

0.00135

0.00131

0.00126

0.00122

0.00118

0.00114

0.00111

0.00107

0.00104

0.00100




