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5l 1 (English version)

Solve the following problems.

(1)

)

€)

(4)

©)

Let S3 be the set of strings of length 3 over the alphabet {a, b}. List all element of S;.

A circular shift on a string ¢ = c¢;¢; ...c, of length n > 1 is an operation that turns ¢ into ¢,c; ...c,_; by
moving the last character ¢, of ¢ to its first position while shifting all other characters to the right by one
position. Circular shifts naturally induce a binary relation ~ between strings, where for any pair of strings s, S5,
the relation s,~s, holds if and only if one can be obtained by applying a circular shift, possibly multiple times,
to the other. We write s; + s, to mean that s; is never reachable by circular shifting s, and vice versa. For
instance, we have aba ~ aab and aba ~ baa while aba + abb.

Prove that the binary relation ~ is an equivalence relation on a set of strings of length n by showing that it
satisfies all the required conditions for it to be one, namely for any strings s1, s, S3 of length n, it holds that
s1~S1 (reflexivity), that s;~s, = s,~§; (symmetry), and that s;~s, and Ss;~S3 = 5{~S3

(transitivity).
Explicitly write down the equivalence classes which are induced by ~ and partition S; given in (1).

Let S,, be the set of strings of length n > 1 over {a, b} and denote by N(n) the number of equivalence
classes induced by ~ on §,,. Find N(1), N(2), N(3),and N(4).

Prove the following inequality

n
N(n) = —,
n

where N(n) is the number of equivalence classes as defined in (4).
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5l 2 (English version)
A family F = {S,, ..., Sp,_1} of finite sets with the ground set

n-1
S = USL
i=0

is 4-uniform if for any S; € F, it holds that |S;| = 4. For instance, the following family

A=1{{1,2,34},{3,45,6}{13,5 7}

is 4-uniform because each of its elements {1,2,3,4}, {3,4,5,6}, {1,3,5,7} contains exactly 4 elements, while its

ground set is their union {1, 2,3,4,5,6,7}.

Let F ={S,,...,Sp_1} be a 4-uniform family that consists of n sets. Consider coloring each element of its ground

set S blue or red. We say that a set S; € F is monochromatic if every element in S; is of the same color. As an

example, coloring the ground set {1, 2,3,4,5,6,7} of the family A given above by coloring 1, 2, and 7 red and 3, 4,

5, and 6 blue makes the element {3, 4, 5, 6} € A monochromatic, while the other two in A are mixed colored under

this coloring. We investigate whether it is possible to color the ground set S of F in such a way that none of

So» ..

(1)

)
€)

(4)

.,Sp_1 1s monochromatic.

Color each element of the ground set S of a 4-uniform family F = {S,, ..., S,,_1} red or blue independently and
uniformly at random, so that for any s €S, its color is chosen independently with Pr(sisred) =
Pr(sisblue) = % What is the probability that all four elements of a given set S; € F are colored red? Under the

same random coloring, what is the probability that a given set S; € F is monochromatic?
Randomly color S as in the previous question. What is the expected number of monochromatic sets in F?

Show that if the number n of'setsin F is at most 7, then it is possible to color S with two colors such that none

of Sy, ..., Sp_1 is monochromatic.

Let k = 2 be a natural number. A family is k-uniform if each of its elements consists of exactly k elements.
Consider coloring the ground set of a k-uniform family with two colors. As before, a set is monochromatic if its
elements are all of the same color. Show that if the number of sets in a k-uniform family is less than 271, it is

possible to color the ground set with two colors in such a way that no elements in the family are monochromatic.
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8l 1 (English version)

A Mealy Machine, which is a finite automaton whose output is determined by the current state and the input, can be

described as a tuple M = (S, I, O, &8, 4, dy). Here, S is the set of states, I is the input alphabet, and O is the

output alphabet. 6:S X 1 = S is the transition function. A:S X1 — O is the output function. o, € S is the initial

state. Answer the following questions.

(1)

)

Consider a 4-state Mealy Machine that detects the sequence 101 from a binary input stream. This machine,
henceforth called the detector, outputs 1 when the sequence is detected, and 0 otherwise. Let [ = 0 = {0, 1}
be the input and output alphabets, and let S = {S,, S;, Sz, S3} be the set of states. The initial state oy, is arbitrary.
When the input sequence is 0101010, the corresponding output sequence is 0X01010, where X represents a

bit that cannot be uniquely determined unless the initial state is fixed. Use the same notation in your answer to

(a).

(a) Give the output sequences for the input sequences 001011 and 1010101.

(b) Complete the state transition table, which is provided in the answer sheet, for the transition function §
of the detector.

(¢) Complete the Mealy-type state transition diagram implementing the detector. The diagram is provided

in the answer sheet.

In the following, consider implementing the detector using two master-slave JK flip-flops, F, and F;, along
with combinational logic circuits. Let J,, K, and @, be the inputs J, K, and output Q of F, respectively.
Similarly, let J;, K; and @, be the inputs J, K, and output Q of Fj, respectively.

Let x be the input to the detector, and y be the output. Let S; be the current state with i = 2 X m; + m,
where m, and m; are 1-bit variables. Likewise, let S; be the next state with j = 2 X m; + m;, where mg
and m; are 1-bit variables. The transition from m, to my is represented by Fy, and the transition from m,
to mj is represented by F;.

The characteristic equation of a JK flip-flop is given below,

Qer1 =JQ: +KQy,

where Q; and Q,, are the current and next states of Q, respectively.

(a) Complete the excitation table of the JK flip-flop provided in the answer sheet. Use X for a bit that can
be either 0 or 1.
(b) Complete the state transition table, provided in the answer sheet, for the detector implemented using JK

flip-flops F, and F;.Use X for a bit that can be either 0 or 1.
Next, we would like to simplify the logic circuit that generates J; from the current state and the input.
(¢) Complete the Karnaugh map for J; provided in the answer sheet. Use X for a bit that can be either 0

or 1.

(d) Express J; as alogic expression using the minimal number of terms and literals.
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f& 2 (English version)

Solve the following questions.

(1) Items (A)through (D) are layers of the OSI (Open Systems Interconnection) reference model. For each item, choose
the most appropriate function from the list of options@) below, and write on the answer sheet the letter of your
answer for each item.

(A) Network Layer

(B) Data link Layer

(C) Physical Layer

(D) Transport Layer

Options(D:

(77) Converts a stream of raw bits into electrical signals and transmits them

(1) Provides end-to-end communication services

(7) Transfers packets to a destination across one or more networks based on IP (Internet Protocol) address

(T) Transfers frames to a next hop node based on the MAC (Media Access Control) address

(2) CSMA/CD (Carrier Sense Multiple Access with Collision Detection) is a communication method used in Ethernet.
A node senses the communication channel and begins transmission when the channel is idle. If a collision occurs,
the node waits a random period of time and retransmits the data. In order to detect a collision, the transmission
must continue until one complete round-trip propagation time has passed. Given an electrical signal propagation
speed of 2.0 x 108 m/s, a network length of 500 m, and a transmission rate of 10 Mbps, calculate the
minimum frame length in units of bits required to ensure that terminals can detect collisions in a CSMA/CD

network.

(3) Consider the following situation: MAC address A has been learned on port 1 of an Ethernet switch. A node with
MAC address A sends a frame to a node with MAC address B, which has not yet been learned by the switch. A
node with MAC address B is actually connected to port 2. Then, how does the switch forward the frame? Choose
the destination (i.e., target(s)) from Option @), and the way to forward from Option (3.

Option® :

(7) Allports

() All ports except for Port 1
(2) Port1

(T) Port2

() MAC Address A

(7)) MAC Address B
Option®):

(7) Transmits the frame
() Drops the frame

("7) Generates the frame
(T) Refers the routing table



(4) Consider a local area network (LAN) whose IPv4 address and subnet mask are 192.168.123.123 and 255.255.255.0,
respectively (in dotted decimal notation). We would like to divide the network into subnets that satisfy both of the
following conditions:

Condition 1 : Each subnet must support at least 20 usable host addresses

Condition 2 : The number of available subnets must be as large as possible

Under these conditions, for the subnet to which the IP address 192.168.123.123 belongs, what are the subnet mask,

network address, starting IP address, ending IP address, broadcast address, and the number of subnets?

10
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void swap( int *in, int i, int 7J) {

int i, Jj;

1
2
3
4,
5. void sortA( int n, int *in) {
6
7 for( i=0; i<n; i++){

8

int k = 1i;
9. for( j=i+1l; j<n; Jj++){
10. if( in[jl<in[k]) k = Jj;
11. }
12. swap( in, i, k);
13. }
14.}
15.

16.void sortB( int n, int *in) {
17. int 1, 77
18. for( 1=0; i<n-1; 1i++){

19. int 3 = i+1;

20. while( in[j]<in[j-1]1 && 3>0) {
21. swap( in, j, J-1);

22. J==7

23. }

24. 1}

25.1}

X1 2fEORHY— M TAITY XLERELECEEDO RT T LAD—
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fi11 (English version)
Figure 1 shows part of a C language program that implements two different in-place sorting algorithms as functions
sortA and sortB. Both functions sort the elements of an integer type array in of size n, in ascending order using

function swap, which exchanges elements of in[i] and in[j]. Solve the following problems.

(1) The following two paragraphs describe the procedures taken by the pair of sorting functions. Choose the correct
answer from items (a) - (m) and fill in the blanks -. Write on the answer sheet the letter of your answer
for each blank. You may choose any item more than once if necessary. Note that when describing sortB, at any
step of sorting, the xth element of in is said to be sorted if the elements of in[i] for i =0,..,x are in

ascending order regardless of whether its position can be swapped later in the sorting procedure.

sortA first scans elements to locate element, and then exchanges the located one with the one at
[ D ] element of elements, making it sorted. Repeating this procedure until all the elements are sorted.

sortB function takes element of elements and compares it against element of elements.
If element is , their positions are exchanged and unless it reaches the head of the array, it is then compared
against the next one forward. Repeating this compare-and-exchange process until it reaches the head of the array or a

element is found. Repeating the whole procedure described above until all the elements are sorted.

(a) the unsorted (b) the sorted (c) all the (d) a minimum (e) a maximum (f) any
(g) the head (h) the tail (i) smaller (j) larger (k) smaller or equal (1) larger or equal
(m) equal

(2) Set n =8 and suppose sorting in={4,8,7,2,1,5,6,9} by sortA and sortB. What is in at the point
when the loop variable 1 increments from 3 to 4? Write the elements in ascending order of array index from
in[0] to in[7] for each case. Use a comma between elements. For example, if in={0,1,2,3,4,5,6,7},

write 0,1,2,3,4,5, 6,7 on the answer sheet.

(3) Give the total number of comparisons sort? makes between elements of in and that of swap calls both as a

function of n.
(4) Ifthe input array in is sorted in descending order and has no identical elements, the first condition

in[j]1<in[j-1] to continue the while loop at line 20 of Figure 1 is always met. Give the total number of

comparisons sortB makes between elements of in and that of swap calls both as a function of n.

(5) Complete the code given in Figure 1 by filling in the blank in the swap function. Multiple lines are

allowed if desired.

13



1. void swap( int *in, int i, int 7J) {
2.

3.}

4,

5. void sortA( int n, int *in) {
0. int i, Jj;

7. for( i=0; i<n; i++){

8. int k = 1i;

9. for( j=i+1l; j<n; Jj++){
10. if( in[jl<in[k]) k = Jj;
11. }

12. swap( in, i, k);

13. }

14.}

15.

16.void sortB( int n, int *in) {
17. int 1, 77
18. for( 1=0; i<n-1; 1i++){

19. int 3 = i+1;

20. while( in[j]<in[j-1]1 && 3>0) {
21. swap ( in, 3, J-1):;

22. J==7

23. }

24, 1}

25.}

Figure 1 Part of a Clanguage program that implements two different in-place

sorting algorithms

14




3

2 (BARFER)

FEENOT XA B EMEEN D LFHIT = TyTy Ty .. Ty, DRI DR SMO R F — 0 LIEER D LTFHIP =
PoPiP, ..Py_; ZIRELTRLEL, 7% A hHhORZ— b —8 5850 CFH O SEMNE O T &5
EHNTDHLFHIREDOT N IY XLIONWTEZD. 1EL, TFA MOFIZ/F— 1 LR USCFHIH
BEGAETIHAE, BATEFO BNV LOETERL, FELRTE-1NESA TR TT5.
ZIZTC, N2M212EL, MELTHLXFIMEDTOT VT 7y FO/PNLFanb jETD 10X
FICRET D, 2FEY, T, Piefa,b,c,de f,9,h,1,3} (=012, N—-1,=012 -, M—-1)&
9%, Blz1E, T=abcdefghiabcdef, P=def &35 &, PP P& —ET 57 XA N DOEH D LFFNL,
T3TyTs Ty, TisTia Co 5. NE— 2 L DRVIDTZE—BIIT; O E > TWDH T, 74T Y AAF3 ZiK
7.

ETC, ZOLIRXFINBEDOT NAY XA LE BRI T 0 s T 0 7 ERECHRET BT, UFF
EEAIITHRAT D EN—FMICEZLND. £ T, ESNOXFHXEEFIIX[0:N-1]THEL,
X[m] O<m<N-DIFFIIXFOMEFEROLFERTEOLTH. £72, X[min] (0<Sm<n<N-1)
IISCFHNXOMBER OLF 0 onEHO LT E TOHSLTINERT LT 5.

2 [¥T=aceafadcadcfcaf, P=cfcaf D& X, TF A MDEAIDLT (DFEV, IRZATEHEH 0 DX
F) MHIED T, £ EMOMR LIZES T (ZOT %A N CTONE % S R & L IES) L7 —
E OB ZNAKATND 1 XFTHO—H L THDINERS, R —HEDBEZ-7h, 7% A~ Ll 4 &
1 XFTHOTHLTWS T AY XA (StringMatchl & 95) D2 AT v 7 3 FTRLTWAD.
27y 71 TIIOTAR—E, A7 v 7 2 TE@TAR—ENEZY, TF X MIIBIT D L& & IR
1 CFFHOTHLTNAD. 3 1% stringMatchl DEEla— R THDH. ZD L ZRD (1)~ (3) DREWVITE
IRV,

() ZM[A~[ClcYTIHED D E@~ODBIEO P NSO L SR, SEEl=— FA Lo

StringMatchl O XFHIMET LT XL EFET LI IZHEBLI TR IV,

(@ 3>n  (b) J<n (© J>m (@) J<m () n O m (@1 (B I @ 1i+3
(2) StringMatchl IZ8WT, T=aciacadabgag, P=abga & L7z & &, 73 Y AN T LTZKEAT

D sum DIEZ KD S0,

(3) StringMatchl TIZEENDT XA NEREMDNRE—U N2 52L&, UFOREO[REIT i

KATENZ 72 B 7y, NEMZERWTER LRIV,
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AT w71

AT w72

AT w73

10

11

12

13

14

alflald|cl|la|d|c|f|cl|a]|Tf
al|f

3 4

3 4 5 ¢ 7 8 9 10 11 12 13 14
alflald|c|la|d|c|f|c|lalTf
®

clalf

2 3 4

3 4 5 6 7 8 9 10 11 12 13 14
alf|lal|d|cla|d|c|fl|lc|alTft

X 2 stringMatchl ORFEDH]
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FUNCTION StringMatchl (T, P):
// T: TFAL (0 ~ N1 DAVT I R)
/] B: NE—v (0~ M1 DA VT v R)
n < length(T) // length(X)IIXFFI| X DK X &iKT
m — length (P)

/) T XA DOBRIGALE 1 OMEMER LR LWL TINCONTTF 275
sum « 0 // FREHEEIE
for 1 from 0 to n — m do
j <0
// BINGIAIZ 1 3059087 — 2 L il
whiledo
sum « sum + 1
ier([ B Jy==p([___C ] then
J -3+ 1
else
break while
end if

end while

/) EEELEDL, TORATF 1 ZIRT
if j = m then

return i
end if

end for

/] BonbRgniE-1 2Kt
return -1

end FUNCTION

K 8 stringMatchl DZHl=—F
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StringMatchl OEERFIETIE, R—HPEZ H7-NNCT F A MO REF ZT->7- 1 XFL
MTHIRNTZONENE N, Z2C, LVRMOICERETHT7 VT ALEHE X5 (StringMatch2 &
9 5). StringMatch2 TlE, StringMatchl &EI[RAR, TF A MOILEAN L RF — U BRET D0, 20O
LX, RE—VDO®BRANBIAIC 1 LT ol T 5.

StringMatch2 TlE, XFOAR—ENEZ >7HE, 7X A M OBUED ST GE PN I 1T 5 5453 3C
%ﬂ@%%ﬁ%pgﬁb,%@i%ﬂA&ﬁ/®&;L%éﬁ(itm,ﬁwﬂ)m;of,f%xb®&
D LS G &P & RN T B . BUED K REFTORREEL Tlk] L Li-EE, P[0:M—2]DOHIC
TIk]ERl—DXLFENRGENTODENENIELT, KD 2O8EFZHND -

[: P[0:M — 2]OFIZT[k] & [Fl— D STFIIAFAE LR,

0: P[0:M — 2]OHICT[k] & Rl — DL FERFET 5.

DL X, 77X A NOROHBHRETZTk + 1N HIZ725 L5125 L, H LW SCFHIT K+ 1:k +
M]EP[O:M — 1|OBEEHZADBATH. WOBE, TlIXETCFLEP[] (72721, j=0,1, ..., M=2)
FTXFNELLRDjOIBHL—FBRENLDOEE LT-EE, 77X A FOWRD KIS %, T[k]&P[)]
BHiHD X TFHL, E— EORAEEBLANBIT.

HAKWYIZ, stringMatch2 T, 7% A hT=aceafadcadcfcaf M6 /3F — 2 P=cfcaf ZHE LHTEED
AT v T TEDORBEDHEFEK 4 ITRT. AT v 7 1 TiE, OQLEEEZITVETLFEDOR—EHNEI -
TW%. £ZT, 7F X b OHBXREFTORE (Z Z TET[4]) (ZHER L, P[0:3)IZT[4] & [Fl—D3CFHF
TET UL, ZDONE L T4 D X 2127 F A b OSSR EiT 43 53, ZofITlE, PIRZEITKHGR
T o7, TAIEPHI D £ D12, 7F A FOHBRGEHFZ 3 L6 LT[3:7]1L 5. Rk, 27
v 72 TIE@OTAR—EBNEZ Y, T[7TNZHEE TS, PRRIET[712M 9 L H 12T F 2 F OB R &2 2 X
FTOLT. AT v 7 3 TEHOTAR—EBPEZ Y, TONZHEE T 5. P[0: 3|ITILT[9] & [l — DL FIE /RN D T,
IRE = DILFHGy (5 LF) T XA NOHBSHREREZT 6. A7 v 74 TEEE BT HkFE2EL
T35,

ZOT7NTY XA stringMatch2 T, SRIZADHINS, F — 2 DX LFENRZIZHTNDALEIC
WTC, A—BPEZ O LFOT LT RAFANCHET LS. 20X )7 I Y X4 ﬁbf&@
(4) ~ () DRIIZE 2 72 S\,

(4) M5 BELFOTHTREEFTHL 7 FEERODDEEOEL 2 — FTH 5. 22 D iy Tt
Ha—KReEmé i zZ2H0TEIRIV.

(5) /XH—rDhP=abcdeiabfe D& X, V7 MRIZED I HIT/DDROIE IV,

(6) StringMatch2 2L Z3CFFIOMREZATHIK 6 DREl=— NHOZM E [~ H (24 TxEs b0 %
RD(@)~()DEIRFEDOHF B E DY, EfEla— RS LR StringMatch2 OIFFIREZ KT

INZERR SR S0,

(@ 1 ® 3 ©m (@n (9 i+l (@ 3+1 (g i-1 (b J-1
i i+3 () i+tm (k) i+m-1 () i+m+l (m) i+n (n) i+n-1  (0) i+n+l

(7) stringMatch2 (2B TC, T=aciacadabgag, P=abga & L7z & &, 73U XANRKT LIZREAT
D sum DIEZ KD S0,
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AT w71

AT w72
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
T lalcle|la|f|la|d|c|a|d|c|f|c|la]|Tt
@
P cl|lf|lcl|lalft
0 1 2 3 4
AT w73
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tlalclela|f|la|d|c|a|d|c|f|cl|a]lTt
®
P c|fl|lcl|lalf
0 1 2 3 4
AT w74

X 4 stringMatch2 (2T 5REDH)
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FUNCTION BuildShiftTable (P):
// P: NF—
// PIZHASNT ShiftTable (V7 F&) Z1ERT D
[/ BIZIE, XFa OFT LT ER 5 IZo7GE,
// ShiftTable['a'] « 5
/] LR D

m « length(P) // length (X)IZXFF|X DE X &K

/] TRTOXFOT LT EE m THHIL
for ¢ from 'a' to 'j' do
ShiftTable[c] « m

end for

for 1 from 0 tom — 2 do
c < P[1]

shiftTablefc] = [ D |

end for

return ShiftTable
end FUNCTION

X5 7 HFRIERRBE
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FUNCTION StringMatch2 (T, P):
// T: TFALb
// P: NF—

shift « BuildShiftTable(P) // ¥ 7 FEOIERL
n < length(T) // length(X)IZXFFI| X DK X &iKT
m — length (P)
i<0
sum « 0 // R EE
while 1 £ n - m do
J em-1
/] BAHMPE 1 CFT Ok
while j 2 0 do

sum < sum + 1

ifeT[ B Jy==pr[ F ]]ao
j< [ 6 ]
else

break while

end while

if j < 0 then
/] FEE—ELD, ZOWAT 1 kT
return i

end 1if

/] VT RRIZES TT X AND I G5 %9 5

cotr[H ]

i1 < 1 + shift[c]
end while

// Rombiaitiiu-1 2T
return -1
end FUNCTION

X 6 sStringMatch2 OEfLl=— K
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f8 2 (English version)

Consider a string-matching algorithm that searches a text string T = TyT;T, ...Ty_; of length N for a pattern
string P = PyP; P, ...Py_, oflength M, and outputs the index of the starting position where the pattern first occurs in
the text. If the pattern appears multiple times in the text, the algorithm should return the smallest index where a match
begins. If the pattern does not occur in the text, the algorithm should return -1 and terminate. Assume N > M > 1, and
for simplicity, all characters are restricted to the 10 lowercase letters from ‘a’ to ‘3’, that is,

Tli], Pljle{a,b,c,d,e, f,qg,h, 1,7} for i=0,1,2,~-, N—-1, j=0,1,2, -, M—1.

For example, if T=abcdefghiabcdef and P=def , then the substrings in the text that match the pattern PyP; P,
are T3T,Ts and T;,T;3T;,. Since the match starting at index 3 occurs first, the algorithm should return 3.

Now, when implementing such a string-matching algorithm in a popular programming language, it is common to
represent strings as arrays. Accordingly, a string X of length N is represented as an array X[0: N — 1], where X[m]
(for 0 <m < N — 1) denotes the character at index m in the string X. Furthermore, X[m:n] (for 0 < m <n <
N — 1) represents the substring of X from the m-th character to the n-th character, inclusive.

Figure 2 illustrates the behavior of an algorithm, referred to as StringMatchl, in which a pattern P=cfcaf is
compared against a text T=aceafadcadcfcaf. Starting from the first character of the text (i.e., index 0), the
algorithm compares the pattern with each candidate substring of length M in the text, with the current position in the
text referred to as the comparison window, from left to right, one character at a time. If a mismatch occurs during
comparison, the algorithm shifts the comparison window in the text by one character to the right and repeats the
comparison with the pattern. Figure 2 shows the comparison process up to Step3. In Step 1, a mismatch occurs at
position (1). In Step 2, a mismatch occurs at position (3). In each case, the comparison window in T is shifted by one
character to the right, as a result of a mismatch. Figure 3 shows the pseudocode for StringMatchl. Answer the
following questions (1) through (3) based on this information.

(1) Choose the appropriate options from choices (a) through (i) to fill in the blanks to , So that the
pseudocode correctly represents the string matching algorithm StringMatchl described above.
(@ j>n (b)) 3<n (¢) 3>m () J<m (@ n Hm (@i @ I @@ it]

(2) Suppose T =aciacadabgag and P =abga. What is the value of the variable sum at the point when
StringMatchl terminates?

(3) In StringMatchl, suppose a text of length N and a pattern of length M. What is the maximum number of

character comparisons in terms of N and M?
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Stepl

Step2

Step3

2 3 4 5 6 10 11 12 13 14
ela|fla]|d cl|flclalt
clalf

2 3 4

2 3 4 5 6 10 11 12 13 14
elal|flald cl|lflcl|lalf

@ |®

flclalftf

1 2 3 4

2 3 4 5 6 10 11 12 13 14
elal|fla]|d clf|lcl|lalt

Figure 2 An example of StringMatchl.

23




FUNCTION StringMatchl (T, P):
// T: text indexed from 0 to N-1
// P: pattern indexed from 0 to M-1
n « length(T) // length(X) return the length of X
m — length (P)

// Examine the candidate substring of the text beginning at index i
sum <« 0 // Total number of comparisons
for i from 0 to n —m do

J <« 0

// Compare each character of the pattern one at a time

// from beginning

while do

sum « sum + 1

break while
end if

end while

// Return the position i if an exact match occurs
if 3 = m then

return i
end if

end for

// Return -1 if no match is found
return -1

end FUNCTION

Figure 3 The pseudocode of StringMatchl.
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In the search method used by StringMatchil, the comparison window in the text is shifted by one character every
time a mismatch occurs, resulting in low efficiency. To improve efficiency, we consider a more efficient algorithm,
referred to as StringMatch2. As is the case with StringMatchl, StringMatch?2 searches for the pattern
starting from the beginning of the text; however, it compares characters from the end of the pattern toward the beginning,
one character at a time. When a mismatch occurs, StringMatch2 examines the last character of the current
comparison window in the text. Based on whether and where this character appears in the pattern, the algorithm
determines how far to shift the comparison window for the next attempt. Let this last character of the comparison
window be denoted as T[k]. To decide the shift amount, we consider whether or not T[k] appears in the prefix
P[0: M — 2] of the pattern. There are two possible cases:

I : T[k] does not appear in P[0: M — 2];
II: T[k] does appear in P[0:M — 2].

In case I, the comparison window in the text is shifted so that the next comparison starts at T[k + 1]. The new

substring T[k + 1:k + M] is then compared with P[0: M — 1], starting from the last character of the pattern. In case

IT, let j° be the largest index j € {0,1,..., M — 2} such that P[j] = T[k]. The comparison window in the text is

shifted so that T[k] aligns with P[j’], and the pattern is compared with the new text substring starting from the last

character.

Figure 4 shows the first four steps of StringMatch?2 for when T=aceafadcadcfcaf and P=cfcaf. At Step
1, Comparisons (1) and (2) find matches but Comparison (3) fails. At this point, the algorithm examines the last
character of the current comparison window in the text, which is T[4]. If this character appears in P[0: 3], the
comparison window is shifted so that this character is aligned with its rightmost occurrence in P[0: 3]. In this example,
since P[1] matches T[4], so the comparison window is shifted 3 characters to the right, aligning T[4] with P[1],
resulting in a new comparison substring T[3:7]. Similarly, the mismatch found by Comparison @ at Step 2 leads to
checking if T[7] appears in P, which results in a shift of 2 due to P[2] = T[7]. At Step 3, the first comparison in
the reverse comparison process at this position finds a mismatch. Because T[9] does not appear in P[0: 3], the
comparison window is shifted by the full length of the pattern, which is 5, to move on to the next reverse comparison
process. Step 4 finds an instance of P.

In the StringMatch?2 algorithm, before starting the search, the shift amount for each character is precomputed
based on its last occurrence in the pattern string. Answer the following questions (4) through (7) regarding this algorithm.
(4) Figure 5 shows the pseudocode for a function that precomputes the shift table, which stores the shift amount for

each character. Fill in the blank @ using variables m and 1.

(5) Give the table of appropriate shifts for P=abcdeiabfe.

(6) Figure 6 is a pseudocode for the main part of StringMatch2, where the precomputed table is used for string
matching. Choose the appropriate options from (a) to (o) to fill in the blanks through so that the
pseudocode correctly represents the StringMatch?2 algorithm.

(a) i ®3 ©@m (dn () itl (B I+L (g 1i-1 (b J-1
1 i+3 () i+m (k) i+m-1 (1) i+m+1 (m) i+n (n) i+n-1 (o) i+n+1
(7) Suppose T =aciacadabgag and P =abga. What is the value of the variable sum at the point when

StringMatch?2 terminates?
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Stepl

Step2
c 1 2 3 4 5 e 7 8 9 10 11 12 13 14
T lalcle|la|f|la|d|cl|la|d|c|f|cl|la]Tft
@
P c|fl|lc|laltf
o 1 2 3 4
Step3
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Tlalclela|f|la|d|c|a|d|c|f|cl|a]lTt
®
P clf|lcl|lalft
o 1 2 3 4
Step4

Figure 4 An example of StringMatch2.
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FUNCTION BuildShiftTable (P) :
// P: Pattern
// Build the shift table from the pattern P
// For example, if the shift amount for the character ‘a’ is 5:

// ShiftTable['a'] <« 5
m — length (P) // length(X) return the length of X

// Initialize the shift amount for all characters to m
for ¢ from 'a' to 'j' do
ShiftTable[c] « m

end for

for 1 from 0 tom — 2 do
c < P[1]

shiftTablefe] = [ D |

end for

return ShiftTable
end FUNCTION

Figure 5 The function to build the shift table.
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FUNCTION StringMatch2 (T, P):
// T: text
// P: pattern

shift « BuildShiftTable(P) // Shift table
n « length(T) // length(X) return the length of X
m — length (P)
i<0
sum < 0 // Total number of comparisons
while 1 £ n - m do
J o—-m -1
// Compare each character from the end, one at a time
while j 2 0 do
sum < sum + 1
ier([ B Jr=pPl[__F ]1ado
j <
else
break while

end while

if j < 0 then
// Return the position i if an exact match occurs
return i

end if

// Shift the comparison window
// in the text according to the ShiftTable
cert_H ]
i< 1 4+ shift[c]
end while

// Return -1 if no match is found
return -1
end FUNCTION

Figure 6 The pseudocode of StringMatch2.

28




