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Let's detail the derivation of the 2D vector (x;,¥;) obtained by rotating an initial 2D vector (%0, ¥0)
counter-clockwise around the origin by an angle of 8@ radians.
[Part 1]

First, any 2D vector (x,)p) can be expressed as the sum of a vector along the x-axis, (x,0), and a
vector along the y-axis, (0,y0), i.e., (x0,¥0) = (%.0) +(0,¥,). Leveraging this property, the rotated vector
(*¥1,¥1) can be found by adding the vector obtained from rotating (x,,0) by an angle 8 and the vector
obtained from rotating (0,y,) by an angle 6. Next, let's consider rotating the vector (%0,0), which lies
on the x-axis, by an angle 6. When a point at a distance of x, from the origin rotates by an angle 6,
its new x-coordinate becomes xocosé and its new y-coordinate becomes x,sinf. Therefore, the vector
obtained by rotating (x,,0) by an angle 8 is (x,cos8,x,sin#).

Similarly, let's consider rotating the vector (0,,), which lies on the y-axis, by an angle 8. When a
point at a distance of y, from the origin rotates by an angle 6, its new x-coordinate becomes ~Yo Sin @
and its new y-coordinate becomes ypcosd. This is because applying the standard rotation matrix to a
vector with an x-component of 0 and a y-component of y, yields these results. Thus, the vector
obtained by rotating (0,y,) by an angle 8 is (—y,sin8,y,cos8).

By summing the results from the previous steps, we can derive (x1,¥1):
(x1,¥1) = (xp cos 8 ,xysin 8) + (—y, sin B, y, cos 6). .
Summing the respective components, we get:
' X3 =Xpc0s8 —yysinf,and y; = x,sin6 + yy cos .
Therefore, the 2D vector (¥;,y;) obtained by rotating an initial 2D vector (¥p¥,) counter-clockwise

around the origin by an angle of 6 radians is given by:
cosf -—sind

_ . . X1\ _ 4 (%o _
(x1,¥1) = (xg cos@ — yo sin@,xysin 8 + yy cos8), or ( )—A(yo) where A"[sine cos

Y1
[Part 2]

In a 2D plane, any point (x,¥) can be uniquely represented as a complex number z=x+iy, where i
is the imaginary unit (i® =-1). Similarly, our initial vector (x5,3,) can be written as the complex
number 2, =X, +i¥,. The rotated vector (x;,y1) can be represented as z; = x; + iy;.

The key to understanding rotation in the complex plane lies with Buler's formula, which states that
for any real number 6:
e =cos@ +isinf .
This complex exponential e acts as a rotation operator. When you multiply a complex number by
e, you effectively rotate that complex number (and thus the corresponding vector) counter-clockwise
around the origin by an angle 6.
To rotate the initial complex number z, =x,+iy, by an angle 6, we simply multiply it by e®:
' 7 = z5el? |
Now, let's substitute the complex number representations and Euler's formula:
zy = (X + iyp)(cos @ + isin )

ie

Next, we expand this product:
z; = x5 €080 + x,(isin @) + i yocosf + iy, i sin O
= X €0S 6 + ixy sin 6 + i yy cos @ + iy, sin 6.
Since i2=-1, the equation becomes:
21 = X9 €0S0 +ixgsin@ +iygcosf —yysinf .
Now, we group the real and imaginary parts:
zy = (%5 €088 — Yo sin @) + i(xosinf + y,cos ) .
Recall that z; =x; +iy;. By comparing the real and imaginary parts of the equation above, we can
directly find x; and y;:
X1 =xgC0s8 —ypsinf, and y; = xpSin@ + y, cos 6.
These are precisely the same rotation formulas we derived earlier using vector decomposition in
the Cartesian coordinate system. This demonstrates how representing 2D vectors as complex numbers

and using multiplication by e provides an elegant and concise way to perform rotations.

1. Part 1 UPart 20 R BPARIKHEETH R EZ2ETN TN IKET., BEIFHATCHVW T WS84 . EE. &
Erx L TRT L,

2. BARCESVWTHTIAO H T * BEH T 2R PAXEZEARAE, XEO2HY THERY L, BEL, BHXORNE
XEAE. EBECR—-—KKTHZ L,
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While taking the ASCII character set as its starting point, the Unicode Standard goes far beyond ASCII’s limited ability to
encode only the upper- and lowercase letters A through Z. It provides the capacity to encode all characters used for the written
languages of the world — more than 1 million characters can be eﬁcoded. No escape sequence or control code is required to specify
any character in any language. The Unicode character encoding treats alphabetic characters, ideographic characters, and symbols

equivalently, which means they can be used in any mixture and with equal facility.

The Unicode Standard specifies a numeric value (code point) and a name for each of its characters. In this respect, it is similar
to other character encoding standards from ASCII onward. In addition to character codes and names, other information is crucial
to ensure legible text: a character’s case, directionality, and alphabetic properties must be well defined. The Unicode Standard
defines these and other semantic values, and it includes application data such as case mapping tables and character property
tables as part of the Unicode Character Database. Character properties define a character’s identity and behavior; they ensure

consistency in the processing and interchange of Unicode data.

The Unicode Standard contains 149,186 characters from the world’s scripts. These characters are more than sufficient not only
for modern communication for the world’s languages, but also to represent the classical forms of many languages. The standard
includes the European alphabetic scripts, Middle Eastern right-to-left scripts, and scripts of Asia and Africa. Many archaic and
historic scripts are encoded. In addition, the Unicode Standard contains many important symbol sets, including currency symbols,

punctuation marks, mathematical symbols, technical symbols, géometric shapes, dingbaté, and emoji.

The Unicode Standard began with a simple goal: to unify the many hundreds of conflicting ways to encode characters, replacing
the:ﬁ with a single, universal standard. The pre-existing legacy character encodings were both inconsistent and incomplete — two
encodings could use the same codes for two different characters and use different codes for the same characters, while none of
the encodings handled any more than a small fraction of the world’s languages. Whenever textual data was converted between
different programs or platforms, there was a substantial risk of corruption. Programs often were written only to support particular

encodings, making development of international versions expensive.

{88 : The Unicode Consortium, The Unicode Standard, Version 15, 2022. (81 X bk, —%E.)

fE 1 Unicode #EHEI3 BT Unicode N3 Z L H 1o,
BE2 ASCIIZ 1960 ERICT A Y A CHEEINAEXEI— F0oh 5, : -
BB 3 codepoint : A—FRA ¥ b (£73HFAE), Basic Multilingual Plane : #4% S5, dingbat : HMiFeE, emoji | £XF.

L B—BEOTHRE Tti, Tthey) PELTW3bD%, ZhZhEHh oS,

2. Unicode fR¥E L ASCII DIHBR 2 H—B%ED SHAM-> CHAB OB &. £/, Unicode BE¥E L ASCI DEBUS % E_B%
P o FAE > THEAFECHEAY X,

3. WEBREERHAFEICRE.

4. BRBEOAFICHLT, TROMICEZ L.
(1) Unicode FREL Y bELPSFEL T0AXFI—-FRED L I BREEF> T, HEAZ OIS X,
(2) ZDOR[/BEDL I HMEEFIER LCwkd, ARFTHEY X,
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(1) 1751 A OEEEERD &.

(2) HEIATH P 2 FWTIS A ifafte k. 175 P o&X 5L,
(3) B?=Arn5fifl BERD .

2. REEMSEOEELL, f:RoREZERBEKL TS EBD,y e RITNLT
f@) + fly) = flz+y)
BROIOLE, UFOMWCELE. 727 f(1)=cTdH3. BECIEHBREIERTZ L.
(1) £0) ZRD X,
(2) BREnIOWT, f(n) E2RDE.
(3) BfEmaowT, f(T) BRDE.
(4) BEBricoWT, f(r) 2RDE.
(5) FEMzwwoWwT, flo)BRDE LKL, ERORKzIEOVT, n=12,... THLT

1 1
T——<rpn<T+—
n n

RAETEES v, MEETZ I ERAAL TR

3. RABN () KB BMAFER w |

3, =
ROWTHTOMWIZER X. %L o, bIZEDERL T 5.

(1) ul@)=y (@) LB, COBMERICEHBLNIBHHBERRIDE X

(2) (1) OWAHERE u(z) KOVTRE, % = ay — by? O—EEERD &.
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FIVTUX L1
AR, BFEEROLEI o = (a1, a9,...,0,) £ b= (by,by,...,by)
Hh &I e '

1. itjaYEoE1bl,c2Z¥HLYTs.

2. a; <b; w5IEcORRIC a; MR, i OEE 1HPT. a; > b %51 c ORRIC b; &M%, j OfEE 1 8P

3. i >n 26, cDRREIC by, .., by BIEBE) ITMA B, cEHALTET. j > m 251, cORRIC ayy ..., an
EIEEEY ISR 22T, c A LTRT. ZhBARSIE, ATy 721085,

1a=(3,57,10,15), b= (2,7,11,18,21) IKRL TP TV X | £EFUAL FITHATNBRII L, 25 v 7 2 KAREST
XNBEMEZRIV

2. AHDEFIDRINN &L m DBEADTNITY XL 1 OFEEE, n & m DA —F—THRLZIW.

ROTNTY XL 21, 85 ¢ & OEX THERAFEBD 2B y 2EET 5. /272U, s DRYIZ2DBRETHS (DY, k8%
BdERAVNT29 LRING) LIRELTWS.

PIVTURZL2

AB. Bz = (z1,T9,...,71) (kL2 DREF)

BH. BAERD LB y = (Y1, Y2, -+ Yk)

1. k=1%5385z 2 20F3HF y LUTHALTRTTS. k> 2 2561E, UFORFy 72 UBEETT 5.
a 283 (z1,...,Tks2), b 2BF (/2415 -, Tk) T 3.

P o EAHLLTTNTY XL 2 2 ERIFCHL, HAINAES o £185.

BF b R AN L LTIV R4 2 £ BRIZOH L, HAX 801 b £185.

WHl o LEFIY RAHELTTVTY XA 1 REFL, MAXNEEG y 2185, By 2HH U TET

A

PIIEES z = (2,1) EANELTPNVTY X0 2 £ L2775 LLET 2 AOBERFOH L YThhs. BYIOWRUH LTI 2
DANERZHF] (2), 2 EEDRETHU TIIE L OANERZEF (1) BAHI NS,

3. B0z = (3,1,4,2) RAALULTTATY XA 2 £ EFLARICE, 2N CARBMICELMTDNZIEXRIV. F4
EFNTHOBERBECELUTOAAR LD L S REATHEIEZ LRIV, REDORIE, YORFIMETEEDERECHELDAHS
MBEIIIEZB I L. !

4. EX LIINTREFNCHTE7NTY AL 2DHEE f(k) Rk >20k ST AETERE SR 23V, TILTY X ADME
IZOWTHAEIIEU TEEEZBOTHEVWA, FOBEIFFNIIO>OTHATIZ L.

5. /N 4 TEZ R ETIS, 7VTY XA L OFER f(k) 2 kOA-Z—TRUAIV. HRETTRRL, EHEE5X5
zeE.
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XKTHRBBI PN BHERIEF—2RLTEY, BARZBRSEFNEFAOBMEIICFFR, BABZAMAETHS.
DY v—varili, TExX— — FEX—BiH OBRKERUSMT,
o 4L, MBS, WLKES - HAR, REHFH '
o MEX, MAES - HE, AV
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EVWSBEBEBBEEL TS,
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5.

1. THREBOBESELCTWHEALZHAT L.
Vb= a YREFISERBIIE L. TAPADOY L —va BT AEXF—2 FHRTRTZL. B, YL—3 3
YD&FRIERL, R2, - - cDXHITfFIFAR L.
3. WIEMBITLILY L—a iz LT, 192.68.10.0/240F v hU—Z IZHEBENTWAHKED TEEL, BRAE
5, ®WES, IPva7 N X, REBHFT 2BRET57-H0SQLE TR K.

r AT
A 3 OSQLIC X 0 B LIl L Th San

CRET ABNERO LY ICERINT I.192.168.10.254/24
- L . - 1
WrEETD. 192.168.10.1/24) 192.168.102/24 | 192.168.10.3/24)
W - Syt
4. BRCTHENEES A2 FBICEGETE A B ¢
B2PC (RXyay) o¥E2%Ex L. I 192.168.11.1/24' 192.168.12.1/24 | o 192.168.13.1/24'

» J — alm a
L, W—F¥BEREPCUSMNICHELE S i * i * i 192.168.13.100/24
RTVBRBIEARN DL T 5. gLPe] i * [Fs

HBBEWIZFS (Z7ANY—R) 2V FL—ALkEZ A, PCitP | $ traceroute 192.168.13.100
CMBFSILT 7 ¥ ATERV LV S BRBRAELE. TRTROPC | 215 310 PANT P& P = AL TnEs
NoA U E—Ry MIREEIT Z7EATETCWS, HEDZDIZP |1 2 ms 2ms 2 ms  192.168.11.1
CombFSILT 7 EALIL IS, IHLRERICT 7L ATEA, & |2 8ms 3ms Sme  192168.103
5z, PCiA>BFSIZxt L Ctraceroute=x < REHBA L TT 7 & X5
RBEefTolz. TOETHREZAIITRT.

INOLORERREZ L LIZ, PCLEPCnbFSIZT 7 ERATERWERE R TWEREDERY ZEE L. ZORY
RFTIEELIEZ A, PCi1¢PCo L EFICFSIZT 7 ERATE B K HICeoTe.

5. FS~DT7 7 ARAERIZONT, BEREZ-> TV EREDEY L LTHESRE bDEZ - 2%IF L.
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DEDBMITER L.
1. 2—2 Vv FOEREIC LY 2 BOBERE ¢, y DBRRAKE d = ged(z,y) REETAUTOHEREK (CEEDOTD
FS5R) LD WTERS.

long long int gcd(long long int x, long long int {
if (y==0) return x;
long long int gq=x/y;
return gecd(y, x-g*y);

AP

}

() ZOBME (ged(345,234) ;) LIFUHLL EDRDEERE.

(2) ZOBEE, BRKTIIE AOBEREELT lged(-345,234) ;) LU L=t EORYEZRYE.

3) A e UTEHAKTIE S AOBENE X ShTHRERMEICHEOBI 2B LI, Tus I L2EEREL. fRENT
REETREFRELRL, ThEZOIIBETUE IO EITE.

9. LELAR, d=ged(z,y) =a-o+f y #WET o, B, BV d 2HETHUTOBRK (CEHOTUST L)

IZDWTEZS.

a) @mam‘ (ii) R TR ) RREAT L.

(2) ged(n,y) DEPFAL RS ESLTOT T AR BEC L. MECKBET AEHHFLRL, ThELDLdBE
THhIZEVDO»EEE.

1: long long int gcd(long long int x,long long int .y,

long long int*alpha,long long int¥beta){
long long int q,a,b; :
if (y==0) { *alpha=1; ¥beta=0; return x;}

long long int d=gcd(y, x-(q=x/y)*y, &a, &b);

N oD WwN

3. UTCHRTSEEBERTS CERO/RY 7 hzRmdE L.

HRZ% 3EDEEK po, p1, p2 2T, po Ik BERD 1o, pr WL BEIRD 11, po WL DBERD 1y THD &
5B v ®4E%§+ﬁ’§'6§§§5( llong long int rem3(long long int p[3], long long int r(31);l #CE
EOEM Y LTHEEY L. E3HL long long int BER 3 @2 574588 pl3] 8LV (3] THYH, plid & p;
rlil ke r; (0<4,5 <2) AMMLTHFTHT I L LT 5.

7L, BEREZROHTER 2.(2) TEERDBIK _

[long long int gcd(long long int X, long long int y, long long int*alpha, long long int*beta);)
BREENCPOHT I, BB, ANIhABEPRFERITEL S ERBTMHEREEIZA > TWB EREL TELLW.
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(conjunction) A, #WEF (disjunction)V O=ZHEP LRI 7T —AVREBRIZBWVWT, b2 b08EE
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1. ZOWBNCEZ .
(1) ROFTH| A OEAT L ;G 2B FrzsRed k.

1 0 -2
A=|583 2 -34
6 0 -6

(2) (1) DIFH AN LI A%, PLAP=A L LTROEV. P ARBR L.
(3) RORZEWIBAEBIB 1 (), yo(z), ys(z) BT 2D 7R O — g2 Red k.

(@) = () - 2ys)
yo(x) = 53yi(x) + 2u2(x) ~ 3dya(x)
y3(xz) = 6yi(x) — Gys(x)

2. Fibonacei 8% 2 1%, KD X 5 LT, it ZHWTERINLBHTH 5.
Fi=1 F=1 F=F.+F._3(keZk23)
Fibonacci 5| O—HENIXD L 5 1cR N2 Z e ML TWS, 2O Binet DAR ¥ ZH T W5,

wege) (59 - (59 )
L 2 N2

(1) Binet DK k=1D¥ R DD Z ¥ ZRHE.
(2) Binet DNk =2D ¥ ER D LD Z L ERE.
(3) Binet DRRD &k > 3D L FITHMY LD T & BBEERIRIAE E W TRE,
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PLFD 7 1 7T ASortlEEANCHEM X i B o7 — 2  BIREIz 5% L,
SOOIl T NIRRT v F T LMerge#

BoHHBF LT ZETT—2 & RIICHE

D57 ulIhThs.

DB T — 2 DO K% il L 7

5.

e, FNEThOTa VT Ll a— FeiRRahTns

OSort (¥R ORLY : 1ist, BB : num) <HEBl = — R ORIl >
WM OBF : slistl, slist2 RS AN )
HeMR : i, numl, num2 ‘ - e
1 (L—_OL_J) g;géﬂs&f‘:m FREE E kB E TR T 5.
- P W4 A EREERT 5.
:To* FREAELRN | FHXECRBENANECH L, SI%E%T
while (i < numil) BE I, ...) yw. -~
slisti[i] « list[i] if (GfFX) ﬁmmﬂi%jﬁ'&‘. S M THS L&,
1edd1 S 1 MERL A EAT L, RMEXNRBTHS L X,
else SLBHD % RATT 5.
endwhile a2
:hilz (1 < num2 o
slist2[i] « b@) while (Fft) (RSNt BRI Ry o N S 5wl
fei+1 N bHAHM, NMEEYELETTS.
andwhile endwhile
Sort(slistl, numl) B, 51| Bl 5 0 BRI 1L, & 1" o7 2
Merge(slistl, numl, slist2, num2, list) TIEAY &
list O fsns
endif
< WL = RSV B TR T 00 0 O 1 >
OMerge (448 OFLYI s1istl, WH : num, WA OME | MR wrE |
WM ORLH) slist2, WX : num2, il @) h
R OB : 1ist) m@fiﬁ"ﬁ not, +, —
BH i, 5 = | ®o X, *
i«0 0| 0 By =
w0 | MR #, 5, 2, <, > =
while ( ) CRl and )
if (slistl[i] < slist2[3]) 7 [ WhEm | or fE:
list[i + j] « slisti[i]
iei+ 1
else
list[i + j] « slist2[j]
jej + 1
endif
endwhile
while (i < numl
list[[_® || « slist1[i]
¢4 41
endwhile
while (j < num2
list[[__® I] « slist2[j]
Ji&g %
endwhile
1. ZuZ7a00%M O bl ®  |JcAhSZELVAZEZ L.

2. FMEsortZ L FORI1istE TOMBEIAZIBHEL LTMOHLELET D, RAOETH L HED T, FHixsor

tIEMEFEOH S h 2 % L.

list®ON% : {2, 8, 3, 5, 7,

4, 1}

3. FHiXxsorth D  listoHhim

|[e1ist WA % i i HT 5

B AEE, listONERM2ORE, {2, 8, 3,

5, 7, 4, 1}YbHAhE&hs. M20listd ZOBEBRE7E5I1 ML L Tsort ZMFH L72BOI D OB T2 %2 K.
4. Ffixsortich5 2z 28PN OBEHREKAnL L L X0MHRAREL A —F —RLTEL L.
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FERIA)TRENZ2EERYE 25, o, UTFTOMICE X L,

Lo W% (euyn)s Ry ()2 AR ET3ZAMODEOCNME BHRMOT., UM OMHES mHMI©R
RLEV, ETOBEKMERET 2 FMERE, BL, 0<,<x,<x;<W, 0<y, <y, <y <HR T LT W
Hoe FMOBBIZXEOCK, T, CEBBO v /5 AKX E. KX Mbiwn,

2 MAHETIEMBEERES L DER ()M LT, UTOERE L THMA T EXEES () ()
((ay P TN ENERANTEOL S REARL RS0, B2 BRI BB L
[y = %] + lyy = yol S 7,
Ve =%+, ~y)? s,
max{|x; — xol, [ys = yol} <7
8L, 0<r<min{W = xl, 1xo = W, |H = yol, lyo = H|}, 7: ¥ %
Efe, TORFREFHAL C, Bilx 2+ 25 xl+1yl. J2Z+y2, maxlx] Iy} & /- B AR A 1,

11




20264E KREREFEFAFZFABRME
HIZHAEN MBRE BRILIFEFFK
£ G

() MEEZES TR T 2L T MEARKCHRZE TS Z &
MBI ROoXEX2HEL, EXORNFTCHE> THVWIZEX &,

The distance between two pixels Pi(x1,y4) and P,(xp,y,) on a two-dimensional digital image is defined
as d = 0. It is known that there are multiple values for d that satisfy the mathematical definition of
distance. Among these, the following three types are commonly used for two-dimensional digital images.
The first is called the Euclidean distance d,, which is the shortest length between two points
measured along a straight line—the distance we commonly use in daily life. It is expressed by the
following formula:

de =/ (x1 — %)% + (1 — ¥2)?

The second is called the Manhattan distance d,,, which represents the distance when only vertical and
horizontal movement is allowed, as if walking along grid-patterned strects. It is also known as the city
block distance. It is expressed by the following formula.

Ay = lxg — 22| + |y — 32l

The third is called the Chebyshev distance d., which counts diagonal movement as one step in addition
to vertical and horizontal movement. Because it resembles the movement of a chess king, it is also called
the king's distance. It is expressed by the following formula.

d. = max{|x; — x|, [y1 — 21}

Among these three distances, Chebyshev distance is the most advantageous from a computational load
perspective in computing.® Euclidean distance requires squaring, addition, and the highly costly

calculation of square roots. In contrast, Manhattan distance can be computed using only absolute values
and addition. Furthermore, Chebyshev distance only requires comparison operations to select the “larger”
of two differences and does not require floating-point arithmetic. This makes it superior to the other two
distances for fast computation in real-time demanding scenarios like image processing and pathfinding.

The distance between P; and P, varies depending on the type of the distance used. For example, when
Pi(21) and P,(6,4) are set, the distance between P; and P, are calculated as d, = (b),d,, = (c),and d; = (d),
respectively. Generally, the relationship of d.<d, <d,, always holds for the same two points. When two
pixels are sufficiently far apart, the equality in the above holds only when P and P, are aligned
vertically or horizontally.

Next, let's consider the shape formed by the set of pixels within a “distance of 10” from pixel Py(xq,¥o)
and the number of pixels contained within that shape. The shape representing d, <10 istheedge and
interior of a circle centered at P, with a radius of 10. On the other hand, the shape representing d,, <10
is the edge and interior of a 45-degree tilted square with a diagonal length of 20, where P, is the
intersection point of the diagonals. Furthermore, the shape representing d. <10 is the edge and interior
of a square with a side length of 20 and its center of gravity at Pp._As can be seen immediately by
drawing the three resulting shapes.(®) the shape containing the most pixels internally is the Chebyshev
distance, while the shape containing the fewest pixels is the Manhattan distance. That is, when the
distance is sufficiently large, the relationship between the areas covered by distances of the same value
is: area defined by (f) < area defined by (g) < area defined by (h).

1. TH T (a)o "R OB L 2 B5EHL., AXAABFCHLTEARAETRE ~ &,

2. X (b)), (e)., (DT EBA T 2% Th £ & F,

3. TH S () A+ 2R 2., B, yth 2 HET S L,

4. T B (£). (g). (Wi ®E & T 25 EHER 2T ZTLBEE L.,

5. %2 P 3B O BEEOAK O D b o RHAE., BY Z OB AEKBEXT D, A B XK
DEBER LD, T . BEZTOLIARAKELERE O, AXAHAFRLELTH A
i
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FIEIL. SRTBRE7ALTY X2 (BED) & Pentium @ FP BREAS (B¥EQ~G) BT 2 RDEXEFHA, UTORMICEZ L.
Pentium i Intel 23BF Licv 4 2 n 70y 0L/ TH 5. £/, FP i floating-point DEET, FEINEURZHIKT 5.

(D The SRT division algorithm is commonly used in hardware for dividing floating-point numbers. It computes the quotient
iteratively, selecting one quotient digit per iteration. In radix-2" SRT division (e.g., radix-2 and radix-4), each iteration
produces one quotient digit in base 2™, which corresponds to 7 quotient bits. When n > 1, this digit is typically selected
using a small lookup table. SRT algorithms are also used for square-root computation.

#R : Mookup tabley BEICILY 7y TTF—TILEREF I,

® The error in the division portion of the floating-point unit of the Pentium microprocessor drew a lot of media attention
late in 1994. An interesting artifact g of the error was that it g exposed the internals of the Pentium design to public scrutiny.
Several individuals managed to reverse-engineer the implementation as a result of the design error. If the division unit had
worked correctly, it would have been impossible to determine the nature of the implementation.

® Intel uses a radix-4 SRT implementation for division in the Pentium. The error resulted from incorrect entries in the
lookup table used to implement the quotient selection in the SRT algorithm. Five entries that should have had the value 2
had the value 0. According to Intel, the five entries were mistakenly omitted from the input script to the PLA (programmable
logic array) used to generate the circuit layout for the table.

@ The error manifests itself only for a small minority of operands, but can be considerable when it appears. For example,
one would expect the result of 7 =2z — (%) x y to be zero. Calculating r with values z = 4195835 and y = 3145727 on a
faulty Intel Pentium results in 7 = 256. The division —;i in this case is accurate to only 14 bits rather than 53, i.e., worse
than single precision for a double precision computation, and is an example of the worst-case error. The only inputs affected

are those which at some time in the course of computation encounter the missing entries.

® The bug affects only division and not square root, which does not use the table. In fact, this is one of the most intriguing
aspects of this case. Ironically, the fateful quotient selection table actually appears over-designed, with higher resolution
than necessary for radix-4 SRT division. Meanwhile, the Pentium implements square root using a radix-2 SRT algorithm,

instead of implementing radix-4 square root as well.

{88 : P. Soderquist and M. Leeser, Area and performance tradeoffs in floating-point divide and square-root implementations,
ACM Computing Surveys, 28 (3), 518-564, 1996. (f+8& A X h#y, —EdZE.)

1. BYEO% HAGEICRE,

2. BHE@IOWTTROMICEZX L.
(1) Tity (THEO®) BELTWEd0%, ZOREDEI»SHEHE.
(2) THRE@IcDVT, %¥ Minteresting) D HAFETHHAE X,

3. Pentium @ FP REBEERICEB VLT, REREQHEICHD BRET 200 BEQ®D» S AN > THAE THHEE X,

4, BEDICOWTTIRORMICEZ X, 2% L o= 4195835, y = 3145727 L& X,

(1) ZOB&EIKBVT, f% DEETHAETIRNDOKER ) WINSWEFHEE N TWE0D, KEWLFHEIN TR 2DDEZ X,
(2) UTo[7]~[x] D55, Pentium ® FP REMEEZ THHRIND % DfFi) KRLEWSDRRRE X, (Pentium T
HEINBE L OEOEMENBRL N 25 bDEBRTINEL V) 43, 'ZT DHEDMEIZ M1.3338204...1 TH 5.

[7] 1.333 [4] 1.3338 [%] 1.3339 [x] 1.334

5. TROEA[7]I~[z]oFss, #h2E&0EE2L2TERT L. BEO~Q0RBAILGRIRT B L,

[7] Pentium @ FP BEHHEBONE, E0 &) RANECKH L THREDFEICHEELEZ 5.
[4] Pentium ® FP REEEBRO N JE, BREOFEL T TR CEAROFEIIOVTHHELZS52 5.
[%7] Pentium ® FP BREHEE radix-4 STR 7V TY AL EZFEHAL T3,

[] Pentium ® FP FAHEREERE radix-4 STR 70T XA Z2HAL TV 3.
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1. (ERETZZY)

1. RDITHN A, (n>3) ZEX 5.

a 0 0 —Z1
a : )
Ap = 0 :
0 0 a —Tn_1
T o Tn—1 a

(1) n=3 DL ZDTFIR |43 ZRD k.
(2) n=40r ZDITHIXK |Ag| 2D k.
(m@z4®t%®ﬁﬂﬁmA%*bx

2. f(z,y) = 322 + 6zy + 3y + 2% + ° DEEERD =L,

(1) fz,y) HR (a,b) TRAEZ X 372512, fo(a,b) = fy(a,b) =0 THB L ZAWVT, f(z,y) BBEEL
AEFRE2TRD X.

(2) R (a,b) & f(z,y) OBEDRFRL L, D = frz(a,b)fyy(a,b) — foy(a,b)? LB, KD (i), (i), (iii)
HREDILD. ZOZe2HWT, (1) TRODERETHAME L 3, @MiEZ YL 3, HE2ESR2VOY
TR B RHER &

(i) D>0DL ¥, fir(a,b)>0%5 f(z,9) & (a,b) THME, fiz(a,b) <0R5E f(z,y) 1 (a,b)
THAE%Z L 3.

(i) D<ODEE, f(z,y) & (a,b) CHEE L 570,

(ili) D=0DL %, f(z,y)? (a,b) CHIMEE YL 25 Y 5 5E D OERTCRHEETE R
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HLFEH

1k 5B

&
B

IR IL-oEOBAIER X,

1. BEKRRSND n MOED EH (panel) 2HL5 (1< n < 105, BB k(0 < k< n) THESR,
ZOEIEES C, (0<Cr <n) TRENG, ZIT, Wik j0<Lij<n)ikonT, | joag:s
C; LtRACEEBEFZRO>TXTOHRDERESE, C; T EFHE T 28MEL Tset_color(i,j)) LY. WHRECIX
Crh=k(0<k<n) tl,m BEOREZEXEL, EROCESLHET 2, AREKNELEEZINES.

1: #include<stdio.h>

2: int n; int c[100000];

3: int get_color(int i){ return c[il;} /* &R i OEESEZRIEHE *»/

4: void set_color(int i,int j){int cj=c[jl,k; for (k=0;k<n;k++)if (c[kl==cj)c[kl=c[i];}
5: void put_color(){for(int i=0;i<n;i++)printf("%d%c",get_color(i), (i<n-1)?’ ’:’\n’) i}
6: int main(){ int m;

7: scanf ("%d %d",&n,&m); /* n: iXE, m: BRE =/

8: for(int k=0;k<n;k++) c[k]l=k;

9: for(int k=0;k<m;k++){int i,j; scanf("%d %d",&i,&j); set_color(i,j); put_color();}
10: }

1 7ul'74 Pl Cp OEZEIIER c[k] iHHT 3, (MEOKE LS —NEEI3E L TR,

X2 HIRE () LmERE (F). BExadEszERY. (B2 —VTORLE.)

LEPLRE Gy 2B RTI7/0 77 008ThH3. 3, 7—FYOEHEHTHPS n & m OEZFHAL, HoT
m TOETICERI N 2 HOEHE i ji1 ZFEAHRAAR, BITHPRT set_color(i,j)s &) #ERIERICHT,
BlziE, 1Tz 2> 6 3, 11,7 35, ™4 3, 2LT, 2452 Z0EIEX %S
BeEADL. ANORET»SE n=6m =3 PREIN, PLDTHTES c[] D6 MOERH
{0,1,2,3,4,5} @& 3. setcolor |EEZRTT—21E 3 (=m) fTH D, XOT T4 1, 1 EHD
#1E Tsetcolor(4,1)) 2RL, ZOMRELT 04 23 4 5, BHihEh, 2 3, 22 BHOBMERRLZ
DORERY 042245, 4 3 PIBHOBRERZRLZOMED '04 4445, LRRIND (M2).
RO (1), (2) k&R X,

(1) cO7r 755 PLERTL, ANELTERFR 2 BOBKE, BRI '8 5,75 3,2 4,
™ 0, 5,,™ 3, ELT, &26F252LE0lh%y,

(2) & P1 T, EF Mint c[100000] ;) ICEFESEHNL TW3E, 705 A Pl © 3~4 fFHIKESE,
BI%t get_color() & set_color() DEHEAHEZFAL, ELVEREBEBONS Z L 23HY &,

2. I1o7u77 5 Pl HOES c[i] DEBRTERZEEL, i 0BERT LALABE 2R OROES
(DOED)ZRTILELET S, ROFEHICEY, EHEEBLEBZ 7NV RLZERTCE S,
(778t 1) FIHIREBTIZ, BFS k ORIIEES k OREWTHY, clk] DfEilz k Th 3.
(778t 2) HHM i ORBROEHES, cli] DEE j LLT, j=i%6iThH3. 2HchiFdud, Hj
OREWOEHBEFICEFL V. cli] DEIZZOREROES (BEBFLEL V) ICEHFT 2,
(78t 3) 2D LB ERR Tsetcolor(s,j)y DAHIE, LJFEINBKj ORBROEES®, EHET 244
DRERDBEHEFICT 3,
LUF OB (1), (2) WEZ K,
(1) ERE P1 ® 3f7H® Tint get_color(int i){...}s, Z2EREXK: L THEHRT L ZhicAbET, 4
fTHD (void set.color(int i,int j){...}s RHERYL L. FERIITUTTITAL, LBOE
Bt - @ATCOWT PL LHRL B X, COBERE P2 LRET. (=7 —ABEEORBIIRE,)

(2) (1) DBEER P2 i, ME1(1) LtRAL 6 TOANEEALLEOHAZREL, 20EE2FHE &,
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0.999k-1

Pr(X =k) = =500

1.Pr(X >k)2k=0,1,2,... T LRD X.
2. X OHIfHE E[X] %Rk &.
3. Pr(X > 1001 | X > 1000) 23K X.

S, MBI, #hEBLTAT) XLOREEEZS.

4. FE I L, SHRH T LARELWREZER § THAT 37V VX8 ADHEET L T5 (0<6<1). %, HHho
EXME ¢ REMATRIETE 5235, Z2T, REEFREIHIELL, ELVREISTFZEBIN, 8o RN TEN X
N3H0r T3 BEIICHL, R 1 TELWEEZHATE71ITY XA B% (ARRWT) #EHE L. %7- B OFtHFRH

DHIFFE (D L) ZRD &

5. M RBRACHMETH 2 LRET 5. b, AN L TEREEET BRBEKSEX 6 TED, ZORAMERD 3 HE

T3 (Bl: Fv Sy ZRE, BAH v FEE, )

FRE I L, SHERME 7T LICi#ER e (0<e< 1) TRAMEEET ATV ZL ADBFHETZ LTS (T
1—e TRBARETRVWEREYHATEL72). EROERO<S< 1IN, BAfEE 1 -6 UEORRTRT 7 ALTY

AN B% (ARBWT) BT L. $7 B OREREO LRERD k.
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BHTZEHERN mMHHRE FHERIFHK
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() MEES I LIRSt BT MERKCHET 52 L

RIEEIV.

75 76=(VE)PTEAICAZBDLIZ Lt2EXD. kAOELZAVWT, YoRDo@m#MALAEWVWICE
RHABBTEBYV NI HELEE, CGRIEFBABATRTHDIDEVW)., CGOEAOEBIILERIkO R /IE® ¥
B E LT, yG)TERT.

MI3sgROH THD. BERaLLERIDODOFRIZHI2HEFIALZET. BETIELACIRE
5B F (A) PEYVETCLERTWVWDI I LRERTES. Z0H T, BELTOHWRWVWIEADbE

CRHRALCES (ACA) BEYVETLHALTWS.
a

a (1) (2)d

b f e
b (2——3) ¢ ; q
K1 3% & o K2 6EROZ T 7

1. B2 7 7 70ERZ TCEH1E0 v CcRaed . EMCEN2OY S 72 &, 75 7
DER*KRTOOHIIL, ACHETIZET2EVWTHETSLZ &

2. BRVIKHEKETHIVOE*ZOEARAOKRE LIV, d, TET. UTREAZEGREOT LI Y X A
ThBH.

ZETNITY X A

A7y 7l BAEREOKEVIELES, vyt B (D EV d, 2d, > 2d, BR Y T
D) KEFPRACEARLIYLLE2ERLTL LV,

AT VT2 vy R PMEKEHAAZRY, FuilB Y THdERbo L bAINESDE (v 1T
BES 20,000,  ODEHEHARKEAIL TWRVWESTEADL D) ZE VY ¥ T35,

FETNVIAV XL 2K20 77 7 ERLTBELRIATHAOEAYE 2 L. MEMICERK 2D ¥
T7ERWHE, FSI7T7VOBEAEZERTOOFRE, AR T H3BEE*EEVWVIHRETIZILE. X7y
ZITEDLEHEHADIERVE 2 k.

. AT NIV X LERDPOABETHEABTIEEBRLAYL. 2074 T Y AR EOBO 6T
BLRVWT 77606 (FI77LXATy 710OBERAOIERF) 282, 72U X286 ADE
TEgEBELLZVERZHEBE S L.

4. BATALT ) A LR FEEX OO EREZEZTVWS., O LR ZEmLLbEEL L. &R T
EMBELTHIWVWL, XETHHBLTSH L.

5. By OO TRELTHEUADLOEEZ L. Al 2@ o Thhr T BET - &,
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() MEES IS 2L THMEHRKCHRE S L Z &

R V.

1. HETHTIIEFA LHWE B R2EELTVS., SHSOMRIZEE SEME 1, 78 2, B 3 n6E6NE. ZRThOMG
% kg AET 3 EDIIBERMHORIITORDB) THS.

R L OFERE (kg) | ME 2 OFERE (kg) | M8 3 DEAE (ke)
A 2 25 20
B 12 50 20

Bo

L
L

En

WA % lkg EETD LA Py M, WA B % kg LET S LAEN Pp IROND. 7k, #B LI Mikg, EL 2 1%
Mokg, #8313 Mzkg ZIFIBATRETHS. ThEhOBGOEERINTUEERTHOAERIRY. 0L X, FiEERA
b4 5 7DIC8FH A LBH B 22T SEETX DN ERD 20,

(1) ZOMEERDbTAEMERZ SRV, 2L, MEOEE, B A OEER (k) 28 TE8Hc, &, BEB 0L
EE (kg) 2R TEH 2p DALTEHI L

(2) BHEDNT A —AWROMEEIMS L %, FEEEBAETIURA LGB OEERERDLRIV.
Py =140, Pp =210, M, =120, M, =600, M;= 320

2. HE—EEEITHUTEBEVIIN>T A HORPE->TWS. TNTNOEEE pi,po,p3,ps £T5. ZOBIICTIBTHE
1 HFRBRET 2. TIRTHLBBCXLEMOEEX L E RUTIZROATHS, IXRTORDIIRTHETOEHELE
HUALOEE/METRESIC, TIRTHBOBRBESHEREL L.

BETLITIRTHOEELRD ZRIBE L XN 2MWHERELE X 23V, ZREERICEALTOWA, BALALZED
BHERICBITAEE TIRTIBOBENED LD ITHETE2NEHATE L.

3. ROEFETERMEEERS.

maximize 10x1 + 25z9 + g + 3624

subject to 8zy — 2 + 3wz + 4zg = 11,
5xy + 6o + 223 + 1024 < 40,
Ty,29,23 = 0.

(1) ZofFEtEREDINEEEZ S5 X2 T,

(2) (z1, @2, 23, 74) = (0,4.9,5.3,0) 1%, ZOMEHBEMEORERTHS., DI LZIEALLIWV.
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