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Algorithm 2.1: (Largest Element in Array) A nonempty array DATA with N numerical values is given.
This algorithm finds the location LOC and the value MAX of the largest element of DATA.
The variable K is used as a counter.

Step 1. [Initialize.] Set K:=1, LOC:=1 and MAX:=DATA[1].
Step2. [Increment counter.] Set K:=K + 1.
Step 3. [Test counter.] If K >N, then:
Write: LOC, MAX, and Exit.
Step4. [Compare and update.] If MAX < DATA[K|, then:
Set LOC:=K and MAX:= DATA[K].
Step 5. [Repeat loop.] Go to Step 2.
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LOCe1
MAX « DATA[1]
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Write: LOC, MAX

Is MAX < DATA[K]?

LOC—K
MAX « DATA[K]
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IF L5 (THEN : If condition, then:
[ALL, ;5] [Module A]
LIF s obb 1 [End of If structure.
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[ALL,,5] [Module A]
ELSE : b Else:

[B :.va)Jﬁj] [Module B]
[IF w0l ] [End of If structure.]
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[A &b,y [Module A,]

ELSE IF (Y) b %, THEN : Else if condition(2), then:
[Ayael,,5] [Module A,]

Else IF (M) b, , THEN : Else if condition(M), then:
[ Ay 4l 5] [Module A]

ELSE : Else:
[B<b,,5] {Module B]

[IF ;s 0Ll ] [End of If structure.}
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Algorithm 2.2:  (Quadratic Equation) This algorithm inputs the coefficients A, B, C of a quadratic equation
and outputs the real solutions, if any.

Step 1. Read: A, B, C.
Step 2. Set D:=B’-4AC.
Step 3. If D>0, then:
(@) Set X1:=(-B+ VD)/2A and X2:= (-B - VD)/2A.
(b) Write: X1, X2.
Else if D =0, then:
(a) Set X:=-B/2A.
(b) Write: 'UNIQUE SOLUTION", X.
Else:
Write: 'NO REAL SOLUTIONS'.
[End of If structure.]
Step 4. Exit.
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Step3. (1) If D>0, then:

(3) If D<Q, then:
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[End of loop.]

.:JJ‘_,.-QJ)JQTJJL:»Q)\T;L:




AR Jbﬁaﬁb/f}b&d&

-éﬂs‘;‘)lju‘n’qé)rd\gu?)).‘a{)‘ﬁlﬂ’))—'uétj,}é@‘}‘&ﬁ
aslizd ail- )5S Jorlpe J 28 (2 K ok Index ua"uﬁ.i:.ogﬁileepeat—For)i}ﬁiﬂ’
Repeat for K=R to S by T:
[Module]
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Repeat While 1,2 : Repeat while condition:
| teeb,e L [Module]
[4d> 0LL) [End of loop.]

.C;-.u‘u\..fou':&u.}(u..d)"-oJS.iCJ)L{)lj)J)PJ@'JL#

Module
(body of loop)

]

——

CORRLIN S

Repeat . While 4.

S S o ST Bl S5 bt AW e sl i) b il ol S S 1S e i
aJ sl Hlade cadl> .LJ,.::.u.:SJ;.:S):.5;..--\.3U.x.ib_«;.iba)?_,d)‘,:..u)‘,;,aaljldfjgz.ﬁl.ﬁ
34y Sogims adla By 3 2l g U yre ol Wl il gkl S (gl g Ay

A e b b asl asls

«:_i.)ijm)au.oqkepeat—While&&—jl.a&;..ll{gGOTo));..:‘sl,.gz.l HJJQ‘

")"‘t‘d‘



fy Jb.kbr:&\.b/r‘,:‘}.ai

Algorithm 2.3: (Largest Element in Array) Given a nonempty array DATA with N numerical values, this
algorithm finds the location LOC and the value MAX of the largest element of DATA.

1. [Initialize.] Set K:=1, LOC:=1 and MAX:=DATA(1].
2. Repeat Steps 3 and 4 while K=N:
3. If MAX < DATA[K], then:
Set LOC:=K and MAX:= DATAIK].
[End of If structure.]}
4. Set K:=K+1.
[End of Stép 2 loop.]
5. Write: LOC, MAX.
6. Exit.
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Algorithm 2.4: (Linear Search) A linear array DATA with N elements and a specific ITEM of information
are given. This algorithm finds the location LOC of ITEM in the array DATA or sets
LOC=0.

1. [Initialize] Set K:=1 and LOC:=0.
2. Repeat Steps 3 and 4 while LOC=0and K=N.
3. If ITEM = DATAIK], then: Set LOC:=K.
4 Set K:=K + 1. [Increments counter.]
[End of Step 2 loop.]
5. [Successful?]
If LOC =0, then:
Write: ITEM is not in the array DATA.
Else:
Write: LOC is the location of ITEM.
[End of If structure.]
6. Exit.
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Function 2.5: MEAN(A, B, C)
1. Set AVE:=(A + B+ (C)/3.

2. Return(AVE).
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Procedure 2.6: SWITCH(AAA, BBB)
1. Set TEMP:= AAA, AAA:= BBB and BBB :=TEMP.

2. Return.
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FP2-TA 0, Sl (i)
Algorithm P2.7A: Repeat for I=1 to N:
Repeat for J=1 to N;
Repeat for K=1 to N:
Module A.
[End of Step 3 loop.]
[End of Step 2 loop.)-
[End of Step 1 loop.]
5. Exit.

B W

: P2—7B‘..:.l))§JI(9)

1. Setl:=1.
2. Repeat Steps 3 and 4 while J<N:
3. Module A.
4 Set J:=Bx].
[End of Step 2 loop.]
5. Exit.

Algorithm P2.7B:
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,)Cﬂl)-l.;)b;)?,@;aljl&\:u nd slues . ean 395 U1 5 s slaslk
C(n) = Mn® = O(n®)
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148545 ga raledl 35 S g 4 DATALK] doydr pais o Kobd o0 ool xS
SECOND = FIRST < DATA[K]
81 %5 G b3l g a by FIRST jais DATA[K] 2 dor SECOND ,aie FIRST AT
SECOND < DATA[K] < FIRST
SECOND:= yFIRST :=DATA[1].4.a5 )5 5Li1,5.5 3 oo X d> SECOND i DATA[K] Nt
o gy el e by Wl S s 5 L e LTS usS o) s DATA 2]
P 55 D 0 4l 5
Procedure P2.8: FIND(DATA, N, LOC1, LOC2)

1. Set FIRST:= DATA[1], SECOND := DATA[2], LOCl:=1, LOC2:=2.
2. [Are FIRST and SECOND initially correct?]
If FIRST < SECOND, then:
(a) Interchange FIRST and SECOND,
(b) Set LOC1:=2 and LOC2:=1.
[End of If structure.]
3. Repeat for K=3to N:
1f FIRST < DATAIK], then:
(@) Set SECOND :=FIRST and FIRST:= DATA[K].
(b) Set LOC2:=LOC1 and LOC1:=K.
Else if SECOND < DATA[K], then:
Set SECOND := DATA[K]} and LOC2:=K.
[End of If structure.]
[End of loop.]
4. Return.
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Procedure P2.9A: CROSSOUT(A, N, K)

1. If A[K] =1, then: Return.
2. Repeat for L=2K to N by K:
Set A[L}:=1.
[End of loop.}
3. Return.

T g ) ke O ge 4 Ol o0 0STL JUE B

Algorithm P2,9B: This algorithm prints the prime numbers less than N.
1. [Initialize array A.] Repeat for K=1to N:
Set A[K]:=K.
2. [Eliminate multiples of K.] Repeat for K=2 to VN.
Call CROSSOUT(A, N, K).
3. [Print the primes.] Repeat for K=2 to N:
If A[K]# 1, then: Write: A[K].
4. Exit.
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Repeat for =1 to N: .
Repeat for J=11to I: (J‘)
Repeat for K=1to I:
Module A.
[End of Step 3 loop.]
[End of Step 2 loop.]

[End of Step 1 loop.]
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Procedure P2.22A:
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Procedure P2.22B: 1. Set J:=N. («)
2. Repeat Steps 3 and 4 while J > 1.
3. Module A.
4. Set J:=]/2.
[End of Step 2 loop.]
5. Return.
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C PROGRAM PRINTING TWO INTEGERS IN INCREASING ORDER
READ =, J, K
IF(J.LE.K) THEN
PRINT *, J, K
ELSE
PRINT *, K, J
ENDIF
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Algorithm 3.1: A text T and a pattern P are in memory. This algorithm deletes every occurrence
of Pin T.
1. [Find index of P.] Set K := INDEX(T, P).
2. Repeat while K #0: '
(a) [Delete P from T.]
Set T:=DELETE(T. INDEX(T, P), LENGTH(P))
(b) [Update index.] Set K:=INDEX(T. P).
[End of loop.]
3. Write: T.
4. Exit.
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Algorithm 3.2: A text T and patterns P and Q are in memory. This algorithm replaces every
occurtence of P in T by Q.
1. [Find index of P.} Set K:=INDEX(T, P).
2. Repeat while K#0:
(a) [Replace P by Q.] Set T:= REPLACE(T, P, Q).
(b) {[Update index.] Set K:= INDEX(T, P).
[End of loop.]
3. Write: T.
4. Exit.
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Algorithm 3.3: (Pattern Matching) P and T are strings with lengths R and S, respectively, and
’ are stored as arrays with one character per element. This algorithm finds the
INDEX of P in T.
1. [Initialize.] Set K:=1 and MAX:=S-R +1.
2. Repeat Steps 3to 5 while K=MAX:
3. Repeat for L=1 to R: [Tests each character of P.]
If P[L]# T[K + L 1], then: Go to Step 5.
[End of inner loop.]
[Success.] Set INDEX =K, and Exit.
Set Ki=K+1.
{End of Step 2 outer loop.]
[Failure.] Set INDEX =0.
Exit.
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Algorithm 3.4: (Pattern Matching). The pattern matching table F(Q,, T) of a pattern P is in
memory, and the input is an N-character string T=T,T, - - - T,,. This algorithm
finds the INDEX of P in T.

(Initialize.] Set K:=1 and S, = Q,,.
Repeat Steps 3 to 5 while S, #P and K=<N.
Read T,.
Set S,.,, :=F(Sy, Ty). [Finds next state.]
Set K:= K+ 1. [Updates counter.]
[End of Step 2 loop.]
6. [Successful?]
If S =P, then:
INDEX = K —~ LENGTH(P).
Else:
INDEX = 0.
[End of If structure.]
7. Exit.
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Procedure P3.14: PAR(LINE, N, NUM)

1. Set NUM:=0 and BLANK := '00000".
2. [Initialize counter.] Set K:=2.
3. Repeat Steps 4 and 5 while K=N - 1.
4. [Compare first 5 characters of each line with BLANK.]
If SUBSTRING(LINE[K]/ 1, 5) = BLANK, then:
Set NUM:= NUM + 1.
[End of If structure.] \
S. Set K:=K + 1. [Increments counter.]
[End of Step 3 loop.)
6. Return.
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Procedure P3.15: COUNT(LINE, N, NUM)

I. Set WORD:="THE' and NUM :=0.
2. [Prepare for the three cases.|
Set BEG:= WORD//'0", END:= "[J' JWORD and
MID:="'0d' JWORD/ 'G".
3. Repeat Steps 4 through 6 for K=1to N:
4, [First case.] If SUBSTRING(LINE[K]. 1, 4) = BEG, then:
Set NUM:=NUM + 1.

S. [Second case.] If SUBSTRING(LINE[K], 77, 4) = END, then:
Set NUM = NUM + 1.
6. [General case.] Repeat for J =2 to 76.

If SUBSTRING(LINE[K], J, 5) = MID, then:
Set NUM:=NUM + 1.
[End of If structure.]
[End of Step 6 loop.]
[End of Step 3 loop.]
7. Return.
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Algorithm 4.1: (Traversing a Lineat Array) Here LA is a linear array with lower bound LB and

upper bound UB. This algorithm traverses LA applying an operation PROCESS
to each element of LA.

1. [Initialize counter.] Set K := LB.
2. Repeat Steps 3 and 4 while K=< UB.
3. [Visit element.] Apply PROCESS to LA[K].
4 [Increase counter.] Set K:=K + 1.
[End of Step 2 loop.]
5. Exit.

Zl> sl Repeat— For )|S5 2il> S 5 015 on o2y s ! 5 o JKS 53 ol oM
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Algorithm 4.1":  (Traversing.a Linear Array) This algorithm traverses a linear array LA with
lower bound LB and upper bound UB.

1. Repeat for K=LB to UB:
Apply PROCESS to LA[K].
[End of loop.]
2. Exit.
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1. [Initialization step.] Set NUM:=0.
2. Repeat for K= 1932 to 1984:
If AUTO[K]> 300, then: Set NUM:= NUM + 1.
(End of loop.]
3. Return.
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1. Repeat for K =193 to 1984:
Write: K, AUTO[K].

[End of loop.]
2. Return.
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Algorithm 4.2: (Inserting into a Linear Array) INSERT(LA, N, K, ITEM)
Here LA is a linear array with N elements and K is a positive integer such that
K =N. This algorithm inserts an element ITEM into the Kth position in LA.

1. [Initialize counter.] Set J:=N.
2. Repeat Steps 3 and 4 while J=K.
3. [Move Jth element downward.} Set LA{J + 1]:=LA[J].
4. [Decrease counter.] Set J:=J—1.
[End of Step 2 loop.]
5. [Insert element.] Set LA[K]:=ITEM.
6. [Reset N.] Set N:=N+1,
7. Exit.
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Algorithm 4.3: (Deleting from a Linear Array) DELETE(LA, N, K, ITEM)
Here LA is a linear array with N elements and K is a positive integer such that
K = N. This algorithm deletes the Kth element from LA.

1. Set ITEM:=LA[K].
2. Repeat for J=Kto N-1:
[Move J + Ist element upward.] Set LA[J]:=LA[J +1].
[End of loop.]
3. [Reset the number N of elements in LA.] Set N:=N~1.
4. Exit.
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Algorithm 4.4: (Bubble Sort) BUBBLE(DATA, N)
Here DATA is an array with N elements. This algorithm sorts the elements in

DATA.

1. Repeat Steps 2 and 3 for K=1to N- 1.

2. Set PTR :=1. {Initializes pass pointer PTR.]
3. Repeat while PTR <N — K: [Executes pass.]

(@) 1f DATA[PTR]> DATA[PTR + 1], then:
Interchange DATA[PTR] and DATA[PTR + 1].
[End of If structure.]
(b) Set PTR:=PTR+ L.
[End of inner loop.}
[End of Step | outer loop.}
4. Exit.




\\YV W, So,lit 5 sy S, daalyT / polesr Joa

3345 0 JESPTR paze baw g5 4S5 33 gy -l Al S 250 53 45 428 _go e
sdalie ol o gt 3 g0 JASK ey dil daw 5 4S50 )13 u—?)\élzk,&o»:pdl’w
u’d’.b|d‘)*;Ml{j‘b‘“‘ox)u&'Jw‘w))\g‘".’.‘)Tuﬂi-b|d‘)—90PTR45_,\:,56.

] 0 ES salazu) A.f_‘j

st 03,53 0200 38 Sk

L;)jnjwr;w{nJéuw_uﬂg.uwxm;&;fﬁ)ﬁ\& 65?\@\,0;’&,«”
S8 55 kS ol o35 3 on arlone okt ol 03 S5 o st lie slaad () 255 o0
n-z(,;)33)3.»;Q,.)uj;fig&),bﬂa)fm iS5y go plost aglien = 1
(A 0l 4 sle s ) 31 080 Zoluas 31y o33 paie o 5805 455 4 on plnil s lan
A I g aas e )

n(n—l)_ﬁz_
2 2

f=(-1)+@n-2)+ - +2+1= + O(n) = O(n*)

nQj)adg;g\nzl.:;‘.ut;»dbo;;&.:f‘.;i)ﬁl‘_;\ﬁldixj\.__?:)yohj‘ﬁab\-gq
el (63953 Slrasls slaas
uu;_ﬂ\&po;;;,;,‘.;,_)ﬂt)mmcJ;L;,ﬁ;;.t{FLAGv;ﬂlﬁ;:,&iywb_;...l
:ubh.:65@@;;J=JJ__,JJ,»J.§}|W=\§ST.L&L:FLAG=0)J\§Ja3‘u~7;‘..\;;5d
o:.a)ks‘-;:;.g)'\uu;.»w\{:.aO;_\:}?J\{.:ﬂrsu)ig;\waridowl{)\sa\.:).uAﬁ;)\s
J))_»FLAGFLZ.O)KJAJL)é_,J.'SﬂTSJ g_ﬂ)‘).j.d J:ﬁa)\)«cj_,‘)‘mi)Tgﬂ\{gFLAG
Sles g5 FLAG cudhe 3l aslinad gyenl 3o b Sl 03,8 s O Jaie U1 485,845 bl

5l e Loy sl e 48 e LS ke

‘k,. 6‘,.?:2.«’,- ‘&DJS"M ?_V
(}LIJ CLMLIITEM US55 9 a3b abil> ;3 glosls obe 3l (glas gpona DATA IS 4o b

L DATA 3 ITEM OIS LOC U5 Sty s ) Sl yle 03 S g S PY - SRRG P R
33> 3 DATA 3 ITEM ST 8 Giga |y gt 35100 54> 3 DATA ;3 ITEM 155 by Ol



Lol Slazs-bu J g VA

2 LITEM ;e ¢ DATA )3 ITEM 35 4l (g pinr 5 51 ol gl Se LL2
il 03,5 4L 5 gantun oy 5 S 51 ¢y 0= SIS g5 gl 4 oK =S LS DATA
Y i el ST TV U NUR TR S+ I I LSBT N AL

Nt 358 o A3 oS oy, KHY e s s 5 o SISl i slgazy; S
R P LY ST W WP 4 e Jas 35l DATA 3 SleMbl anibejle o
ISP N/ RPN L s syt oS aas e zor b dloole on) K1 sy
P23t 0L oy 5 i ) el 09353 (S amien Uiy e

PITEM 05 S1ay s f) 555 30 slaacy i sl o e laes, S Soo,
B (S gz 1S ol sl 3 0L ol e JALEDATA 0 5 48545 o (6 .55l DATA
Sl ey CHaty g LU o, S0 9395 5 gt Ll el o Ol b o, SIS
Somioer 02 )8 a5l i ezl e Ko g 31 il Togg Lslina o olej s

.P?SQ"L’“)J':}:J‘)L’L‘,)})

B e

o5 0ls 6 K5 el ea DATA 5 4e 3 2l aien L b L1 S DATA 1S 5 5
LITEM duslis 5 ool &, le DATA 22043 B ITEM G (g i (gl ol P S s
&1 4 DATAQ] = ITEM LTS oS bl b e €05 &jle o . DATA role S5 S
TTEM ove (oon (51 L DATA &S 25, ) 51 I, DATAL2] = ITEM LTS oS e tbej
Dbt odoall (gt spmioa | s gt 1S 0 by gk

DATA ;e o 575l des OIKa 5 ey DATA[N+1] 2 LITEM e s b3l 0L, ol
w&lf,..sv, o5

LOC =N +1

et 3 Sl 003 2Ll DATA 3 U 51 g1, ITEM S 485 ols ) S LOC Of s oS el
-\{l.JASc,....léjljisu‘.;_l,.jj!g:)l;;?idjlf",{.l»&U‘Q.u el g2t o 03 238 4als
LG i e b Solg s iyl b s b pilodems; DATA 11 slgs

.wh.l.«e:bu\...;f-oﬁ)ﬁl)adhsdﬂ;.?w)ub_w



\\4 W, S0l 5 sy sSs daaslyi/ gl Joai

Algorithm 4.5: (Linear Search) LINEAR(DATA, N, ITEM, LOC)
Here DATA is a linear array with N elements, and ITEM is a given item of
information. This algorithm finds the location LOC of ITEM in DATA, or sets
LOC:=0 if the search is unsuccessful.

1. [Insert ITEM at the end of DATA.] Set DATA|N + 1]:= ITEM.
2. [Initialize counter.] Set LOC:=1.
3. ({Search for ITEM.]

Repeat while DATA[LOC] # ITEM:

Set LOC:=LOC+ 1.

~ [End of loop.]
4. [Successful?) If LOC=N + 1, then: Set LOC:=0.
5. Exit.
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Doy alh aadad o) LS 53 g Wl g5 e ITEM oISTITEM>DATA[MID] 1 (L)
DATA[MID + 1], DATA[MID + 2], .., DATA[END]

{ b3 gt absl o dona by yim Jas s BEG 1= MID + 1 e 3 e

JBEG = LB ;5 JSOLLLEND = n yBEG = 10 a DATA :,_tjfuu))\s‘,-ui)f
=S ¢35 END = UB

o Bl o KT a5t 02 all DATA L5 ITEM S

END<BEG

I, LOC := NULLo_'.,_);a_\.y),;..add\;m,:,wlyrbmﬁwpbléry)u‘
o 333500 513 DATA (gl L1 4o pasma 3 3d5we 3 45 el (g ldie NULL ! s ol
(NULL = 0) .08 )Lzl o by |, NULL il 5 ga 5, g

S n Ol 2 paes S g0 ) 09393 gmnie o5 800 iy )
BEG = 4S s go sllm o 4 2y, 501 By 5 3L 4220 sy DATA 5 ITEM oS0 4S a g3
0220 S ooy A o 4y IS J 28 5 das oo 42D | ENDSBEG gy - o ol STEND = MID
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Algorithm 4.6: - (Binary Search) BINARY(DATA, LB, UB, ITEM, LOC)
Here DATA is a sorted array with lower bound LB and upper bound UB, and
ITEM is a given item of information. The variables BEG, END and MID
denote, respectively, the beginning, end and middle locations of a segment of
elements of DATA. This algorithm finds the location LOC of ITEM in DATA or
sets LOC =NULL.

1. [Initialize segment variables.]
Set BEG:= LB, END:=UB and MID = INT((BEG + END)/2).
2. Repeat Steps 3 and 4 while BEG < END and DATA[MID] # ITEM.
3 If ITEM < DATA[MID], then:
Set END:=MID - 1.
Else:
Set BEG:=MID + 1.
[End of If structure.}
4. Set MID := INT((BEG + END)/2).
{End of Step 2 loop.]
5. If DATA[MID] = ITEM, then:
Set LOC := MID.
Else: '
Set LOC:=NULL,
[End of If structure.]
6. Exit.

f.4
:C—-ula.l..’it,:}Sﬁ}Q)J—éﬂi).a;ﬁls)‘Jg_f:-“s‘quDATAJ.:.Sué)s
DATA: 11, 22, 30, 33, 40, 44, 55, 60, 66, 77, 80, 88, 99
W S DATA ) o 3593 (§ g2nimesr (TTEM il yolae L (6l
sdalys s 4 ¥ P JSS 55 DATA Ll S ITEM (), o ITEM =40 1S 5,3 (i)
Slice 30 pmls U o2 53 5 al> ;s 1 ;3 DATA[END] 5 DATA[BEG] >l Ol ys oS ol
25 M y2e 22laaMID SEND, BEG (S ol o3 5 4 sl 0 03ls DL o o S UDATA[MID]
Tz s
2502) JEND =13 4BEG = 161 55 (1)
DATA{MID] = §5 a=.S 3y MID = INT[(1 +13)/2] =7
Socn) 3 &S s ;S END = MID — 1 =; 6) )\4is LEND (40<55 0 o (Y)
DATA[MID] = 30 4= )5 5 MID = INT[(1 + 6) /2] =3

Sren) 3 S a 52is BEG = MID + 1 = 4 ,4is UBEG (40530 O px (1)
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DATA[MID] = 40 4. ,5 4 MID = INT[(4 + 6) /2] = 5
o3 S 14, LOC = MID = 5 3iS 5 |, ITEM

0 @ 22, 30, 33, 40, 44, 60, 66, 77, 80, 88, (%)
@) @ 22, 33, 40, 55, 60, 66, 77, 80, 88, 99
3 1, 2, 30, @ 55, 60, 66, 77, 80, 88, 99 [l

ITEM = 40 d‘)! 29093 ‘5_’:_&'—-’..?_7 J&fn

0dal)s g 4 ¥V IS5 )5 DATA 11 5 ITEM gl ymzer . ITEM = 85 125 4o 5 (@)
tazea blaly 55 Jiyze 3 END yBEG byl 55 .o
* DATAIMID] = 55 yMID = 7, END = 13, BEG = 1 51 5 sumus (1)
202) 5148 g0 ;a5 BEG = MID + 1 = 8 ik UBEG (85>55 () y> (Y)
DATA[MID] = 77 «>.3 ;5 3 MID = INT[(8 + 13) /2] = 10
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33¢2! 3 - BEG>END { ¢STLILAS o ;i BEG = MID + 1 = 12 jltia UBEG (85580 ()

2,00 > s> s DATA 5 ITEM

44,60, 6. 77, 80, 88,.
44, ss, @ 66,80, 88,
44, 55, 60, 66, 7,

4, 55, 60, 66, 77, 8, 9 [3iel]

8

) @ 2, 30, 33,

(2) 1, 22, 30, 33,

(3) 11, 22, 30, 33,
(4) 11, 22, 30, 33,

& 8 3

ITEM = 85 ‘5‘)‘! LI585 g oy JS.:
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1 2 3 4
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3 Al3, 1] Al3. 2] A[3, 3} A3, 4)

A Sdaiya ¥ X E LT T A K8

e il b T 93 s 1 S oh (ol Ol g2

Foyy Jl
J}.:Lfnu.a))b|n);¢5ﬁd&:¢|ur)i4):ojbzsw%& ul{)’..:.ab r\,‘;‘,\,:.su_p),



1% u;.,un,u;,,s)‘uglﬂ/f,%k}‘;

ft.:ZSX4 ‘;-J_)JLO:.J)T&L)Q u‘ju,a |) Qrﬂd)‘,u Lledd 6)‘30)\‘..:25 \Jl)" Q\.i_,a..'.ah
S Sl a0l asls QLI ¥ 4 S 5 4S5 30 4 SCORE
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3 72 66 77 72
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SCORE[2,1],  SCOREf2,2),  SCORE[ 3],  SCORE}2 4]
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SPL/TFORTRAN .13b (5,L281 ¢ 55 5| (5 polis b solas 334 x 8 1,1 S, DATA 23S 5 53 UL
.J...SJOJJ-—-J&)CJ)).@Q|)6|Q_|JTMPASCAL
FORTRAN:  REAL DATA(4, 8)

PL/1: DECLARE DATA(4, 8) FLOAT;,
Pascal: VAR DATA: ARRAY{1..4,1..8] OF REAL;

b Sl a8 BT LS ) SV i 3y Sl UKl 3 S S e S
0o Sl gl Y)W 0515 1y pdinal Glaaslyl 3 e Ul g5 oS Gl s il Sl6L5 1 A8 a3
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: FORTRAN 5 Jte gl
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oo el 3l o5

-3,-2,-1,01 4 2,345

Fpsd dam Jyb 9 5 - 24124 Ll Iyl de Ik (FF) Jge sl L LSS
o e 4.5=40 513 NUMB i by ol 1= 3) + 1 =5

aail> ;5 sy ghqlﬂﬂw
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LOC(LA[K]) = Base(LA) + w(K — 1)

P /“‘”"‘"“*\___’,___._,_.m—--

N
A Subscript {/ A Subscript AN

(1, 1) 1L
(1,2) (2, 1) { Column 1
Row 1
(1, 3) 31
(1,4 a,2))
21 (2, 2) } Column 2
2,2) 3,2)
Row 2
2,3) (1,3)
2.9 (2,3) } Column 3
3.1 (3,3}
3,2) Row 3 1,4 ;’}
(3, 3) (2,4) { Column 4 /
S a5 (9) S o ()
A g JS.’_‘
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g g elia] el m x 1 aSA (G g3 LT 2 )0 6 VU sy ULt zasy
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(527 S5a2) LOCIALL K1) = Base(A) + wIM(K — 1) + (J — 1)] (¥ _¥)
s
(& e L53,) LOC(ALL, K1) = Base(A) + wIN(J — 1) + (K — 1)] (f-0)
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B Subscripts B Subscripts
(1,1,1) (1LL,1)

(1,1,2) 2, 1,1)

(1,1,3) (1,2,1)

(1,2,1) 2,2,1)

(1,2,2) (1,3,1)

(2,4,2) (1,4,3)

(2.4,3) (2,4,3)

S A5 () S s ()
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Set FIRST := GROUP[L] and LAST:= GROUP[L + 1] - 1.
2. Repeat for K = FIRST to LAST:
Write: MEMBER([K].
{End of loop.]
3. Retum. :
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2. Repeat for K=FIRST to LAST:
Write: MEMBERJK].
(End of loop.}
3. Return.
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Algorithm 4.7:  (Matrix Multiplication) MATMUL(A, B, C, M, P, N)
Let A be an M x P matrix array, and let B be a P x N matrix array. This
algorithm stores the product of A and B in an M X N matrix array C.

Repeat Steps 2 to 4 for =1 to M:
Repeat Steps 3 and 4 for J=1to N:
Set C[I, J}:=0. [Initializes C[L, J].]
Repeat for K=1 to P:
C[L, J]:=C[1, J] + A[I, K]+ B[K, J]
[End of inner loop.]
[End of Step 2 middle loop.]
{End of Step 1 outer loop.]
5. Exit.
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ol 45 oS

B(L) = ajx
Aas e Ghalai O s sapg b ST o Jos jolis sl L 4S5 5 pa sl
aldes ¢ 51

1+z+3+...+(J-1)=‘m—2'9-

|)aJKU»’JaJK\:;SU,ASAJI;:)?Jj,L..)a).a;;l(;a)inﬁ_,ajxé\l\.gLgh).h..u);).a;:-
L= J(J;U + K

Sy e s B s ST Slagg Sfie 4 Ol e O SeS 4y S s gy oo N

L » @Yz an! e . Qpn

vy g

o bl J.> 6\5de

sk syl 5
L4y 5 iy 1,CCCA8) 5 BBB( - 5:10), AAAGS:S0) ks slanlyl: ¥ .Y ol
Sl by all a elie slaes (i)
ot S AAA (gl aliila sl )3 4wl SW = 4, Base(AAA) = 300 1S 5 i (<)
STy 1, AAA[SS] 5 AAA[3S], AAA[15)
S om 03ind 15 U e 3 sl 3l T U g il T sl slaas (i)t o
Length = UB — LB + 1
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tonlabl
Length(AAA) =50 — 5+ 1=46
Length(BBB) = 10— (~5) +1=16
Length(CCC) = 18— 1+ 1 =18

.LB =1 { 4> Length(CCC) = UB S o )b 4> o5
LS eolind 55 d ge 5 ()

LOC(AAA[K])= Base(AAA) + w(K — LB)
RS

LOC(AAA[15]) = 300 + 4(15 — 5) = 340

LOC(AAA([35]) = 300 + 4(35 — 5) = 420
" UB = 50 51 5,5, 55 O yor o AAA uaic AAA[SS)
31 Ol S Slasnie (gl YEAR(1920:1970) o 51,1 K, oS5 K0S 550 F Y s
25 S S pa gly leas W e K Il 5 a8 ol glia 1S shaas Jols YERK] O 5 o5
P gy b anked
S Sl okt W e e S L OF 55 S, Il s (il
S oy s W 20 (g 1S n T 55 45T Ll 5hans NNN (0)
I 598 0 o3 STy Xyl e JLL 50 Sl Jle SLL G &S Sluca,lS slues NSO 2
! 1984 JLu g 1>
ol Jbs g e (53 L5l o JLU L il Jle O b 48 aiSTug |y il S sl NL (3)
' ol 1984 UL

S rle 15 gl Tl anki a

(sﬂ")
1. Repeat for K = 1920 to 1970:
If YEAR[K] =0, then: Write: K.
[End of loop.}
2. Return.
(<)
1. Set NNN:=0.

2. Repeat for K = 1920 to 1970:
If YEAR[K] =0, then: Set NNN:=NNN + 1.
[End of loop.]
3. Return.

.‘.4_)‘,7;:....:4{.\3‘“\.2 BURCH QT}!J.:SLLHM Jb)aélexﬁjﬁalwrglﬁw @



\ov laSo L2l 5 Loy S, b/ gyl Juad

We want the number of employees born in 1934 or earlier.

1. Set N50:=0.
2. Repeat for K = 1920 to 1934:
Set N50:= N50 + YEAR[K].
[End of loop.]
3. Return.

We want the number of employees born in year 1984 — L or earlier.

1. Set NL:=0 and LLL:=1984 L.
2. Repeat for K=1920 to LLL:
Set NL:=NL + YEAR[K].
[End of loop.]
3. Return.

,a)‘lu..;l)Ax;u.a.J..iL.am,...,az,alJ,i;u.ab_éra;ploz_\j&A.\?;fué)é:\‘-"db

Repeat for K=1t0 9: (_5_\1)
Set A[K +1]:= A[K].

[End of loop.]

Repeat for K=9 to 1 by -1: (<)

Set A[K + 1]:= A[9].
{End of loop.]

5 5 () Semad 53 Ll 23S g 5 QG K g il () 2 2 Sy 0 45 52
S e exi Y BA)
sl A[L] Jadeay 4S54l 0 Al2] = ag SAL2] 7= All] Cuis (h

sl A[2] Jad Jlaiaay 4555 0 A[3] = a) SAD] := AL2) AT

el AL3] e e ay o550l 0 Al4] = a1 SA4] 1= A[3) Ktd]

e ATT] &) e Sles a5 el @y jliade Ghls A LT jaie a iy
2y ga 0als 3 A[10] = ag SA[10] := A]9] ceiN ()
g5 gn 03l 4,3 AL10] = ag SAI9] := AL8] oK
TG ghian o e sals L3 AIB] = 87 SSAIS] 1= AL7] oK
LA =y ﬁ)‘;Qw«UaQQLT)J.J}JQJJE;;AdJ.q:JGQ.A)J)L\.E.o,é'..:-_ij&i.b'
oY (,;_),{Jlu;.u_o;;euaﬁ),ill),‘swuwl,atxﬁ,: Jle oyl diS am g
.x,ifdjzao,;gq}qw&*g;A{Laj.a;s‘\]\.:);(y)i.il».uuw):
e s ekt e st bill Sy g 4 ST, F LYY JSENAME s 1510 ¥ ¥ L
by g pols 3ldai o2 LS| NAME & iline 0o} 4w 3 s Peters s Johnson, Brown el el ()
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Tans go planil 6 Ko il slasal) S 583 531y 03 LSl Jas il 25,2 S ()

¢ shime Johnson 03 S GLS! Jas 5l ate 13 005w lor p5ks Brown 03 S L (i) Jo
Ll a2 24 Lo pames il e 4 plaulr pilins Peters 05 S 5LI faos 5 aie 1 Obloulr
X bl

22 S g Lol e 13 el 5V oS (oS il o)L K ) polis ooal iy ol 8 ()
s e e LS g e 2 S

Il 3 Sy oL 5 828 g0 s o oo jlad sl 5,5 53 e K il 25,8 @
S 036 5 3,80 geu3 591y il glealy 4 s

NAME
1 Allen
2 ] Clark
3 Dickens
4 Edwards
5 Goodman
6 | Hobbs
7 Irwin
8 | Kilein
9 | Lewis
10 Morgan
11 Richards
12 Scott
13 Tucker
14 | Waiton
forr s

02 5 g 603 S giemar
e 50 ¥ LYY SENAME Uil Sascs e s ST F L0 ol
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3 Morgan , Hobbs O\Ke cyand (8l ¢ ¥ 20 o0, S ¢ o (g gt o5 S 31 szl b (Al
€3 ,8 o0 1 skl 5 40 € 4wyl Jus Loy Fisher
3534 (8 yir B S slomal (6 ek 4r 02550 33 (glod 53 &bl iy 81t A58 0o ()
Sontls dal g (6 U 4 () Comnd (505 1 e (0] S8 a3 S0 2D )
gar Allen pU 5l aclin ol 3 g5 o0 amlin LU ples | Hobbs & 4 C(Hobbs) = 6 (<ill) : J>
> 35 _ga 14y NAME[6] ;5 Hobbs &S o1 b ol
Syd e 5 NAME[10] 5> Morgan { 4o C(Morgan) = 10
4o ¢l L Fisher o1 5 .ol 433 513 NAME(15] )5 51 55 Fisher & 4> C(Fisher ) = 15
sl 39 30 g g50nl 33 g o 1dy NAME[1S] 3 48 0 U3 g5 o0
)'lu,.,,.\;b:d.#&Malxb.wiqf&gﬂlo)ﬂgNAME6&5&‘9\»(9)
,u;)-usém;g_d;...ixxxww«sdﬂb;,;d»_aspwv(ugxxxwfu&:ﬁu.
i Oy « CFisher) = § o2y, S ol KS 4 a8l 43 5 3 YYY 51 3 XXX Ll
544 _ib sz NAME[S] ;> Goodman\, Fisher &ylio )y X155 o0
\‘-V\"Ji.i):NAME211)76,)‘4.6(..;1)}{&‘&.,;};6”:.“?(..:.;_))Ql.L::Sué}:\‘_? dla
e gl 1) by MID 5 o GsSIEND 4 BEG s o2 1y Goodman O b el sl a8 0
S oy o2 S 5 oy 2 0 bl
il e hin (s INT Ol 53 &SMID = INT((BEG+END)/2)) a5 oS os (55 S J
.MID = 7[Irwin] >3,> s END = 14[Walton] s BEG = 1[Allen] =) ;5 ) i 50
.MID = 3[Dickens] 3,5 5| .END = 6 1a3 )3 Goodman<Irwin { - 1 ¥ al> s
.MID = 5[Goodman] 3, ;. BEG= 4 1as )l 5 Goodman>Dickens O yor 1 ¥ al> 0

A plol aeylin € = 3 5y 45 43S, » abi>Me .2 LOC = 5 Goodman RCOPH AN
o230 4y o b 4 Pl gl S 1, 4.6 o058 3335 8 i o2, S Y Y [
2 pd 03 S6lsl y gmie
5 4i5 b DATA L ITEM (355 5 o 55 (6 oo ot 4 05y SN J gt A g Sl 500 S
S aa b Jd ITEM &5 cpl &ty ol iy 52 S 0 Jize § Wom a4y 1y 1S J 28 oy S
Dl 25 D) o 4 a5 SN 3 43 e 43LS1 ¢ DATA[MID]
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Algorithm P4.7:  (Binary Search and Insertion) DATA is a sorted array with N elements, and ITEM is a
given item of information. This algorithm finds the location LOC of ITEM in DATA or
inserts ITEM in its proper place in DATA.

Steps 1 through 4. Same as in Algorithm 4.6.
5. I ITEM < DATA[MID), then:
Set LOC:= MID.
Else:
Set LOC:=MID + 1.
[End of If structure.]
6. Insert ITEM into DATA[LOC] using Algorithm 4.2.
7. Exit.

e S 1S 55 ol e she Sl et 200 S5 e LT S A0S 550 F A dl
St Oloj 5 fm) b oy 5 gl Ol o )ls g s A 31 J1Sa a3 0Ly Jlazsd Lx ¢ shee
sl s 41 59393 S i 520 S Sl o3l LA 5% 03 STty 6l L g) o Koln
K g 01 018 oot (sl S 23U A s (5 mlis sl £t mg 038 U5 5K ke a sl o

:aKJT.c._.I)'t,: ‘e

SPL200—127 =735 Ll +2 44+ .. +64 = 127 485 45 o0 25U il y o) 5173
el 25 )50 4 50l S (Gl Ol ezl f) = 8 S oy 5 sl Oley e pe

1 & :J‘,.:cdl
gw=y 2 ken,

_11+2-2+3-4+4-84+5-16+6-32+7-64+8-73

h 200
1353

= 500 =6.765

b8 Il 0 5 5 S0l S gl L5 o8 U8 e ki 333 & g Sl
.c,,..,lxlx

A Dy Lt i sl € 4 o) S ¢ lm 03,55 50 02,80 S solizd 1 ¥ 8 i

XS o e S D) 4o 4 |, PEOPLE LS i > n = 6 SaShy b ool
e e LR RVPSL B I 5SS 2 S ol it o
LS ol - S e Gane e ek bl sl e Gl i

C,...v 9 s w_zw 531.“\,..\41.-:-&4 k)t)L> g;]-’ M.Lu,a
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Pass1. [P EJOPLE, EIP O|P L E, EOLE

E O PP L|E, EOPL|PE EOPLEP

LEP ELEP, EO|PLI|EP

P E|P, EOLEPP

Pass 2.

®

tm
o
I

Pass 3. LEPP E|IO LIE P P, EL|IOE|PP

©

ELEOPP

Pass 4. EOPP, EILE|/OPP, EELOPP

Pass S. LOPP, EELOPP

@O

Db ool ol o p el C =5+ 4+ 3+ 2+ 1 =15lacsliesiiw cn = 645l )
2o e 3hAss 4y (S s 5 03l g5 41 (S

2y i 3 Sl o Sap s K gt o 5 a5 50 4Ty 5 alul 1 ¥ Ve Wl
S 2lS 2 S gl 03l

1+2+3+...+n="—(”2+—1)—

4 S S 0 Sy ade ) K sl 5 S 4 S gSade i g Jes b S
.Jg_’ldx;-ué
S=1+2+3+..+(n—1)+n

S=n+@m-1D+m—-2)+.+2+1

ol 525 S0 4 VL e S e 55 § pae
W=+ D+@+D+E+D+.+@+)+@+1)

2 p 3 D s L2S = n(n 1) gl cdn ls pgs b ma S slias O g
T s gl
Wt Sl Sy iz glanslf
Glosles 3laslinad UB 4 A gdmdinr glauhl S 55 F 0y Al

B(L:8, — 5:5, — 10:5) , A(— 2:2, 2:22)
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Lhodd iy a3
Sl HB g A olis sl das o J b (i)
oAUl e ol )3l 3By, By By S 3e sl b, 250 50 B 3 BI3, 3, 3] aie (0)
) s 4 A3L il Ll > 4JSW = 4 4 Base(B) = 400
Pogdip dmlne i e bdn Uk (G e
Length = upper bound — lower bound + 1

Sl sl A LTl L S b )00

L;=22-2+1=21 4 L;=2—-(-2)+1=5
3o S5l Bolal Ly J b el jeaze 521 = 105 ghisA ity

Li=8-1+1=8 Ly=5-(=5+1=11 I3=5-(-10)+1=16
el paie 81116 = 1408 i3 B o)L
wSd 554 OLS LB ¢ gl oy 1K O 53 48 0T g0 s W Ej = K= LB I (E 5 oo 1 ()
)
Ej=3-1=2 Ey=3-(-5=8 Ey=3-(-10)=13
o L XS e s e 2y b B AT e gl 0L LT S0 O 4 Ky
Dl (FA) U gn i 5l oslial Uil 008 02303 g g ) 0B LT oS 0 5 g g
EL,=13-11=143  EL,+E,=143+8=15]
(E\Ly + E))L, = 151-8=1208  (E,L,+ E,)L, + E, = 1208 + 2= 1210
ol
LOC(B[3, 3, 3]) = 400 + 4(1210) = 400 + 4840 = 5240
45 S gy (Gl andad Bl XDy e e LT SUA S 5t ¥ VY JL
STy GA i i ele slias NUM (i)
Ay ) (I<T SAL JT polie pn i YU olis § yama SUM (o)
ST b (a19, 8205 e Bpp) S b (9, pelie O alol>- PROD )
1. Set NUM:=0, VNN o
2. RepeatforI=1toN:

3. Repeat for J =1 to N:
If A[I, J]#0, then: Set NUM = NUM + 1.
[End of inner loop.]
[End of outer 100p.]
4. Return.
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1. Set SUM:=0. (=)
2. Repeat for J=2to N:
3. Repeat for [=1to.J - 1;
Set SUM:=SUM + A[L. J).
(End of inner Step 3 loop.]
4. Return.

@

—

Set PROD := 1. [This is analogous to setting SUM =(.]
2. Repeat for K=1to N:
Set PROD := PROD * A[K, K].
[End of loop.)
3. Return.

s SLIFLYE K2 paSadl g)go 4 sumn 5 hi an LTS A LS o F Y WL

sl 8

-~
a,,_,,_,—bu n
S LT FLYE S

A= A 0l ALk r et n =1 i 5L VL s et i A Ll gy, a5yl ey
U g 85 5530 4B s LTS 13 A o5l ail 5 08 (250 )5 s b paie 302
CK ) o p hL S Sl Jye i s oo i ol odd janie VY SS 0 BIS,
BIL] = A[J, K] &S a3 s 4 5 30
B[1] = ay4, B2} = ajy, B3] = ay, Bl4] = ay, .. Waa!
B Sy o s B ol S ALL K] Jlaze & Ol g oS (g, 4k
K= J+1 0w AL K] o cess 5 5 aie 30 — 2) + 2 shaws ALL K] YU S s oyl e
2o 3hosle s gy pats

L=BJ-2)+2]+[K=-J+1]+1=2]+K-2
K 3 ol bl ST S0,EmhA i o sl LTS FOVE WL
ALl K] = A[K, J]
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J)OKAJB)L&:‘ — y « PTR 4 NUMB dbgu‘,a)b 3 s> s LAWYER &‘)T&‘;.y’%‘)é (c)
Olazslu an s plaie ol (gl a3 o s 4 CLIENT 11 S 53l JSy oulSpe ol o)

U Sl jauze gleols

DAVIS LEVINE NELSON CLIENT LAWYER
1. | Brown Dixon 1 | Adams 1 | Adams Nelson
2 Cohen Fischer 2 Gibson 2 Brown Davis
3 | Eisen 3 | Harris 3 | Cohen Davis
4 Dixon Levine
5 Eisen Davis
6 Fischer Levine
7 Gibson Nelson
8 Harris Nelson
(<) (<&
LAWYER NUMB PTR CLIENT
Davis 94 1 p——1 Brown
Levine 72 125 2 Cohen
Nelson 86 275 1\ ‘ .
125 Dixon
126 Fischer
N 275 Adams
276 Gibson
()
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4 o yaine A ejled Sy 5 e Ko oS a1 e Jitees SNy 08 5 3
Fors S olT ol il (e 55 e St cd 59) (el e a5 205 35
3y Al 0ol Olai b 1y g Yaio! ()
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Yot () ¥ 279 K8 oL S St 5y el B 4y gl B ) o 5
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el 00 ST e oot U g g2l 3,48) K slaadd e 5 501 F NP Ji

1 Student 2 Number 2 Name 3 Last 3 First 3 MI (Middle Initial) 2 Sex
2 Birthday 3 Day 3 Month 3 Year 2 SAT 3 Math 3 Verbal

S ey [ O bl il e s sl ()

i planl glaaks daald 5 SaluS (o)

b My badas 5l 5y g il b ot €)1 e S g 4 Laalid i a (il ¢ Jo
il 255 g0 4y O Bl e Al oL s LS AE o e

1 Student

2 Number

2 Name
3 Last
3 First
3 Ml

2 Sex

2 Birthday
3 Day
3 Month
3 Year

2 SAT
3 Math
3 Verbal
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15 A 2 48 3 g go 43S laaled 4z T 4 ol el (&)
Mo S 45 43S s wla> Y. Verbal y Number, last, First, MI, Sex, Day, Month, Year, Math
...L.:«L_M;.il-\.'aay_—_,j\ﬂ.:c\a—uo)u\.g.llgiou.\g;ihﬁc..-ldl_\;{i
5 sy 1B 20 IS K 53 gty ja (hesls Slaastia oKl sl K, ¥ AV L
FYNPRLY

Name(Last, First, MI), Three Tests, Final, Grade
o35 6l PL U 5ol S ol A = L C L B+ S (g 581,152 L)y S, Grade byl
S Ol Waesls
A Bl § 3 Sl 4 L bl S 5 e 0 g5 093, 85 Sl K 0 e St
ol 23 D) e &1 S5 i oS 00 T K 5o b T k0 g

DECLARE 1 STUDENT(20),

2 NAME,
3 LAST CHARACTER(10),
3 FIRST CHARACTER(10),
3 MI  CHARACTER(1),

2 TEST(3) FIXED,

2 FINAL FIXED,

2 GRADE CHARACTER(2);

{8 g 03liied oIyl S S (sl e S S 0aStls S5 1 F LA Jla

1 Student(200)
2 Name
3 Last
3 First
3 Middle Initial
2 Major
2 SAT
3 Verbal
3 Math
GPA(4)
2 CUM

N

sl JS Jhae 3 00 CUM 5 1K Lo Sihyas Jdas S5ae GPALK] Lyl 5
S oy plazl ald Lo 6 )5 (il

ey 3 Mo OPA Ol Juaa (i) g pddas (§ gmails major 2235 (i) & Ol g5 0 35 ()
DS ey g s 093 Jlw (g pmitils
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A8l 25 s A ()
(i) Write: Name[15]
(i) Write: CUM
(i) Write: GPA[2).
(iv) Write: GPA[1, 3].
Sladin A VY gl ) 00 48 e dnuilonn JL 4 il a6y GPA O o (il 1 o
sl 3y s ladkie 132200 (o gama 5,00l 3123 0
GPA[45, 2] (ii) . MAJOR(S] ,Lazs! & L Student. Major[8] (i) (<)
L b Se S SO NAME Ll ol s 5 (5 gl pU S e Name[15] byl 55 () ()
&35 Slor MI15] y First|15]  LASTIIS} ycp) 5l .ol _Zamad
58 sl CUM 3 plas 3 00 CUM Loyl 5 (i)
CUM[1], CUM[2], CUM[3], .. , CUM[200]
itk
oon 3 il yals e 95 GPA L1, U3 ae GPA[2] (i)
GPA[2,1], GPA[2,2], GPAJ2, 3], GPA[2, 4]
Kk Py
Gl GPAIL 3] g fay oo g b gl p g S GPA iy Al S, GPA[L, 3] (i)
ety
PR R VETRVY WOyt RE VISP ROV PN PSS DS WOY PRI S VS ST IO
solieul 35 ¥ YV IS Gals Olazslus 3l o sdhe A8 o (6,J4K PRICE 3 AUTO gl
Oldsmobile y 5 Buick « 5 Chevy .ooul So,Lal gba yoaza b (63,5, Hlisbos K 51 S5 4SS e
<> PTR 4y NUMB (gl pate .0 3l oo Caned AUTO 5 oa L used car g5 s slgnile
A3 go T 4] 093 Aies (Slghens 3l Cnd OIS 5 3l 5 5 4 USED
SS o paiia &S |, AUTO ,; » Buick o J OIS (ally
$10000 3} 20 S 4S 5 (sla Buick plas JU ju (slasslad Ll () procedure Wb 5, 5 S ()

o -U)'JC.A.:.;
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1 DEALER AUTO PRICE
2 NEW

3 CHEVY
4 NUMB
4 PTR o

1
2
>
3 BUICK
4 NUMB
/

4 PTR
3 OLDS
4 NUMB
4 PTR o—~

2 USED
3 NUMB
3 PTR o

foYY e

BUICK.PTR i sl gycpl 5158 g0 alb (65,8, jbsla ;5 LSS 5l 2 PTR O g () 1 Jo
S 030z AUTO 3 45 Buick G O & aarl 0 (61

3 S O Cead oS S Ol |y L Buiick 31 azas OF g5 Lol a8 23 Loy traverse |y o L (2)
‘Sl 3 O a0 4 Procedure Wb 5, 5 5 ool $10000

Procedure P4.19: The data are stored in the structure in Fig. 4-27. This procedure outputs those
new Buicks whose price is less than $10000.

1. Set FIRST:= BUICK.PTR. [Location of first element in Buick list.]
2. Set LAST:=FIRST + BUICK.NUMB - 1. {Location of last element in
list.}
3. Repeat for K =FIRST to LAST.
If PRICE[K] < 10000, then:
Write: AUTO[K], PRICE[K].
[End of If structure.]
[End of loop.]
4. Exit.
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POINTER ACCESSORIES

82 | Air-conditioning
83 | AM-FM radio
26 82
84 I Rustproofing
85 | 383
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Algorithm 5.1: (Traversing a Linked List) Let LIST be a linked list in memory. This algorithm
traverses LIST, applying an operation PROCESS to each element of LIST. The
variable PTR points to the node currently being processed.

1. Set PTR:=START. [Initializes pointer PTR.]

2. Repeat Steps 3 and 4 while PTR # NULL.

3. Apply PROCESS to INFO[PTR].

4 Set PTR := LINK[PTR]. [PTR now points to the next node.]
[End of Step 2 loop.]

5. Exit.
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Procedure: PRINT(INFO, LINK, START) _
This procedure prints the information at each node of the list.

1. Set PTR:=START.

2. Repeat Steps 3 and 4 while PTR # NULL:

3. Write: INFO[PTR].

4 Set PTR: = LINK[PTR]. [Updates pointer.}
[End of Step 2 loop.]

5. Return.
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Procedure: COUNT(INFO, LINK, START, NUM)

Set NUM := 0. [Initializes counter.)
Set PTR :=START. [Initializes pointer.}
Repeat Steps 4 and 5 while PTR # NULL.
Set NUM := NUM + 1. [Increases NUM by 1.]
Set PTR := LINK[PTR]. [Updates pointer.]
|End of Step 3 loop.]
6. Return.
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Procedure: COUNT(INFO, LINK, START, NUM)

1. Set NUM :=(. [Initializes counter.}

2. Call Algorithm 5.1, replacing the processing step by:
Set NUM:=NUM + 1.

3. Return.
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Algorithm 5.2 SEARCH(INFO, LINK, START, ITEM, LOC)
LIST is a linked list in memory. This algorithm finds the location LOC of the node
where ITEM, first appears in LIST, or sets LOC =NULL.

1. Set PTR:=START.
2. Repeat Step 3 while PTR # NULL:
3. If ITEM = INFO[PTR], then:
Set LOC»= PTR, and Exit.
Else:
Set PTR := LINK[PTR]. [PTR now points to the next nodeé.]
[End of If structure.]
[End of Step 2 loop.]
4. [Search is unsuccessful.] Set LOC:=NULL.
5. Exit.
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1. Read: NNN.
2. Call SEARCH(SSN, LINK, START, NNN, LOC).
3. If LOC#NULL, then:
Set SALARY[LOC] := SALARY[LOC] + 0.05* SALARY[LOC],
Else:
Write: NNN is not in file.
[End of If structure.]
4. Return.
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Algorithm 5.3: SRCHSL(INFO, LINK, START, ITEM, LOC)
LIST is a sorted list in memory. This algorithm finds the location LOC of the
node where ITEM first appears in LIST, or sets LOC = NULL.

1. Set PTR:=START.
2. Repeat Step 3 while PTR = NULL:
3. If ITEM <INFO[PTR], then:
Set PTR := LINK[PTR]. [PTR now points to next node.]
Else if ITEM = INFO[PTR], then:
Set LOC:=PTR, and Exit. [Search is successful.]
Else:
Set LOC:=NULL, and Exit. [ITEM now exceeds INFO[PTR].]
[End of If structure.]
[End of Step 2 loop.]
Set LOC:=NULL.
Exit.
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1. Read: EMPNAME.
2. Call SRCHSL(NAME, LINK, START, EMPNAME, LOC).
3. If LOC# NULL, then:
Set SALARY[LOC]:= SALARY[LOC] + 0.05* SALARY[LOC].
Else:
Write: EMPNAME is not in list.

[End of If structure.]

4. Return.
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Algorithm 5.4: INSFIRST(INFO, LINK, START, AVAIL, ITEM)
This algorithm inserts ITEM as the first node in the list.

[OVERFLOW?] If AVAIL = NULL, then: Write: OVERFLOW, and Exit.
[Remove first node from AVAIL list.}

Set NEW := AVAIL and AVAIL := LINK[AVAIL].

Set INFO[NEW]:=ITEM. [Copies new data into new node.]

Set LINK[NEW]}:= START. [New node now points to origina! first node.]
Set START := NEW. [Changes START so it points to the new node.}]
Exit.
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Algorithm 5.5: INSLOC(INFO, LINK, START, AVAIL, LOC, ITEM)
This algorithm inserts ITEM so that ITEM follows the node with location LOC
or inserts ITEM as the first node when LOC = NULL.

1.
2.

3.
4.

[OVERFLOW?] If AVAIL = NULL, then: Write: OVERFLOW, and Exit.
[Remove first node from AVAIL list.]
Set NEW := AVAIL and AVAIL := LINK[AVAIL].
Set INFO[NEW]:=ITEM. [Copies new data into new node.]
If LOC =NULL, then: [Insert as first node.]
Set LINK[NEW] := START and START := NEW.
Else: [Insert after node with location LOC.]
Set LINK[NEW] : = LINK{LOC] and LINK[LOC] := NEW.
(End of If structure.]
Exit.
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Procedure 5.6: FINDA(INFO, LINK, START, ITEM, LOC)
This procedure finds the location LOC of the last node in a sorted list such that
INFO[LOC] <ITEM, or sets LOC = NULL.

1. [List empty?] If START = NULL, then: Set LOC:= NULL, and Return.
2. [Special case?] If ITEM < INFO[START], then: Set LOC:= NULL, and

Return.
3. Set SAVE:=START and PTR:= LINK[START]. [Initializes pointers.]
4. Repeat Steps S and 6 while PTR = NULL.
5. If ITEM < INFO[PTR], then:

Set LOC:=SAVE, and Return.
[End of If structure.]

6. Set SAVE := PTR and PTR:= LINK[PTR]. [Updates pointers.]
[End of Step 4 loop.]
Set LOC:=SAVE.
Return.
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Algorithm 5.7: INSSRT(INFO, LINK, START, AVAIL, ITEM)

This algorithm inserts ITEM into a sorted linked list.

1. [Use Procedure 5.6 to find the location of the node preceding ITEM.]
Call FINDA(INFO, LINK, START, ITEM, LOC).

2. [Use Algorithm 5.5 to insert ITEM after the node with location LOC.]
Call INSLOC(INFO, LINK, START, AVAIL, LOC, ITEM).

3. Exit.
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FINDA(BED, LINK, START, ITEM, LOC) (<l

Since START # NULL, control is transferred to Step 2.

2. Since BED[S] = Adams < Jones, control is transferred to Step 3.
3. SAVE=5 and PTR = LINK[S] = 3.
4. Steps 5 and 6 are repeated as follows:

(a) BED{3] = Dean <Jones, so SAVE =3 and PTR = LINK{3] = 11.

(b) BED[11] = Fields < Jones, so SAVE = 11 and PTR = LINK[11] = 8.

(c) BED{8] = Green < Jones, so SAVE =8 and PTR = LINK{8] = 1.

(d) Since BED{1] = Kirk > Jones, we have:

LOC = SAVE =8 aad Return.
INSLOC(BED, LINK, START, AVAIL, LOC, ITEM) {Here LOC = 8.] (=)
1. Since AVAIL # NULL, control is transferred to Step 2. ’
2. NEW=10 and AVAIL = LINK{10] = 2.
3. BED({10} = Jones.
4. Since LOC # NULL we have:
LINK{10] = LINK[8] = 1 ‘and LINK|8] =NEW = 10.

5. Exit.
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Algorithm 5.8: DEL(INFO, LINK, START, AVAIL, LOC, LOCP)
This algorithm deletes the node N with location LOC. LOCEP is the location of
the node which precedes N or, when N is the first node, LOCP = NULL.
1. If LOCP=NULL, then:
Set START := LINK[START]. [Deletes first node.]
Else:
Set LINK[LOCP]:= LINK[LOC]. [Deletes node N.]
{End of If structure.]
2. [Return-deleted node to the AVAIL list.]
Set LINK[LOC]}:= AVAIL and AVAIL :=LOC.
3. Exit.
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Procedure 5.9: FINDB(INFO, LINK, START, ITEM, LOC, LOCP)
This procedure finds the location LOC of the first node N which contains ITEM
and the location LOCP of the node preceding N. If ITEM does not appear in the
list, then the procedure sets LOC = NULL; and if ITEM appears in the first
node, then it sets LOCP = NULL.

1.

“»aw

®°~

[List empty?] If START =NULL, then:

Set LOC:=NULL and LOCP:=NULL, and Return.
[End of If structure.]
{ITEM in first node?] If INFO[START) = ITEM, then:

Set LOC:=START and LOCP = NULL, and Return.
[End of If structure.]
Set SAVE := START and PTR := LINK[START]. [Initializes pointers.]
Repeat Steps 5 and 6 while PTR = NULL.

If INFO[PTR] = ITEM, then:

Set LOC:=PTR and LOCP :=SAVE, and Return.

[End of If structure.]

Set SAVE := PTR and PTR := LINK[PTR]. [Updates pointers.]
[End of Step 4 loop.]
Set LOC:=NULL. [Search unsuccessful.]
Return.
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Algorithm 5.10: DELETE(INFO, LINK, START, AVAIL, ITEM)
This algorithm deletes from a linked list the first node N which contains the
given ITEM of information.

1.
2.
3

4.

5.

[Use Procedure 5.9 to find the location of N and its preceding node. ]
Call FINDB(INFO, LINK, START, ITEM, LOC, LOCP)
If LOC = NULL, then: Write: ITEM not in list, and Exit.
[Delete node.]
If LOCP = NULL, then:

Set START := LINK[START]. [Deletes first node.)
Else:

Set LINK[LOCP] : = LINK[LOC].
{End of If structure.]
[Return deleted node to the AVAIL list.]
Set LINK[LOC] : = AVAIL and AVAIL :=LOC.
Exit.
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FINDB(BED, LINK, START, ITEM, LOC, LOCP) )
1. Since START # NULL, control is transferred to Step 2.
2. Since BED[5]) = Adams » Green, control is transferred to Step 3.
3. SAVE =5 and PTR = LINK[5] = 3.
4. Steps 5 and 6 are repeated as follows:
(a) BED[3] = Dean » Green, so SAVE = 3 and PTR = LINK{[3] = 11.
(b) BEDI[11] = Fields » Green, so SAVE = 11 and PTR = LINK{[11] = 8.
(¢) BED][8] = Green, so we have:
LOC=PTR =8 and LOCP = SAVE = 11, and Return.
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DELLOC(BED, LINK, START, AVAIL, ITEM) (<)
1. Call FINDB(BED, LINK, START, ITEM, LOC, LOCP). {Hence LOC =8 and LOCP =11.]
2. Since LOC # NULL, control is transferred to Step 3.
3. Since LOCP# NULL, we have:
LINK][11] = LINK[8] = 10.
4. LINK[8] =2 and AVAIL =8.
5. Exit.

‘....Sg;a.).SL a3 o 0L Ohley cncd S Green Cads 5l g 1 03l Slezs b p} O_YA S
S o 5mis AVAIL 5 LINK[11], LINK([8] So,La) an g5 oS

S oo by (5 5y e 0.8

g yn ol 8 K s ian & o (60 5y e S ] o by (50 3y ] S
Sl 03l ) 30 2L 5 45 ) o 13 e £ 99 25 3 el e (gl 5 Headers 3 .
2y g0 SH1 45,8 e
Bl o 03,5 T S e S 113 ] Sy )y b ot 0 ot o) ()
o Jlast sles 31 Lz 3 (g5 Aswt,uo_:u;.@l,alywm‘)@C)&L.A.;..A@,v
S g 03l gy So,lsH Ol gl S SN 0L 2 oyme
4 0188 AT 48 o S bl cnd S e e b Sl b 252 e S (Y)
S a0 Ll e 5 5

] e 15 Gl s e OLS ) e o bl Slgmed ) Ll g 0 YR S
R N B T
S oo Jo Tl e DLy e 45 LS U 4 550 S 9015

Header
node

[ [t [ [d—{ T

START S o b g5 41 s S ()

[ H—*l—_ﬂ—{_ﬂ—{—l_—b

S S e ()

R Lte




Y4 6-*5::-;6‘-6-"'-:-‘/‘-261‘}‘45

omlpbe LS e oy Lsh e Son o Lo & START e 8o )L il S 1S 0 abiads
3o U e s s ey 4 Jaaze e 48 =i OF e LINK[START] = NULL
el J i s s i e S ool OF KL LINK[START] = START

s L g g s aiil o o gl glaed s 4 Oleslaesls 42 S
245 o0 SIS ) penn (S5 0y S K D g 4 4iimed AVAIL )

0-VA Jles
S o (S1> G K S g 4 O ey el 0 K 0y S ey LG
eonl s vl 5,455 S O O pSTLOC = 5 &S uS e abamYe ol Olejle 0 S8 ale
3 S Ol o )y 35955 e . LINK[10] = 5 (ool 120 -, 5T Rubin > 5 START = 5
Sia S sls S SSNIST = 9 1S e 5 3 Jlin 5y o2 85I 5 b plas Lo el

A2 Olaey 8w sdscsls S S gi Sy SALARY(S] = 191 600

NAME SSN SEX SALARY LINK
START ! 0
5 2 192-38-7282 Female 22800 12
3 165-64-3351 Male 19 000 7
4 175-56-2251 Male 27200 14
AVAIL 6
8 6 | Brown 178-52-1065 Female 14700 9
7 | Lewis 181-58-9939 Female 16 400 10
8 11
9 | Cohen 177-44-4557 Male 19 000 2
10 Rubin 135-46-6262 Female 15 500 5
11 13
12 | Evans 168-56-8113 Male 34200 4
15 i
14 Harris 208-56-1654 Female 22 800 3

0.F s



Wasls Olezs-lu J guo! Y\

Srane t S 00l a gl 6 S K o e s eI LS s 5 8 !
S 0 e Ay 48 and (oS ] s (13 Ted K 3 Uy 88 5 0 S 0l
S reme Sy SR U S g, 30 4 START & =l LINK[START] Jyf 5 S0 55,5 e
o 433 8 S

elid ) s b i e S ey 61 PTR )Lt e S 518511 o2, SN
ol O ST n Gl by pane (50 3 Comed Sy 45 o S 02, S0 Olen G5 35
SPTR = START L 6555 4s §9 4 PTR = LINKISTART] § (1) o2, S0 48313 5 gy o slis
« PTR = NULL |, & du) s» OLL 4 PTR = START L, (Y)

L g 4385 SIS J game (S0 5y Slged Sl 4 Bl o gl 25 (g
ol Agd e Silaesly 90 Oy Fesler 9 2 o o 51 Sl Sl aalizad b LB Oy
e TS p-— TR PL iy RS SOV PSP U 1
..u:..,.;t,,uu.,,i‘;u,u;.)wrw,,o,_s;l,;,,:u‘;,g.;.,u-.,u,,,@;.)w(\)
Jlaasly ol clle dajls Ll cad I b 3,8 5500t 5105 ek 3,5 (Jpama) 8.5 58 ()
S e Oy a9 ol S g

Algorithm 5.11: (Traversing a Circular Header List) Let LIST be a circular header list in
memory. This algorithm traverses LIST, applying an operation PROCESS to
each node of LIST.

1. Set PTR:= LINK[START]. [Initializes the pointer PTR.]

2. Repeat Steps 3 and 4 while PTR » START:

3. Apply PROCESS to INFO[PTR].

4, Set PTR := LINK[PTR]. [PTR now points to the next node.]
[End of Step 2 loop.]

5. Exit.
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Algorithm 5.12: SRCHHL(INFO, LINK, START, ITEM, LOC)
LIST is a circular header list in memory. This algorithm finds the location LOC of the
node where ITEM first appears in LIST or sets LOC=NULL.

1. Set PTR:= LINK[START].
2. Repeat while INFO[PTR] % ITEM and PTR % START:
Set PTR := LINK[PTR]. [PTR now points to the next node.]
{End of loop.)
3. If INFO[PTR] = ITEM, then:
Set LOC:=PTR.
Else:
Set LOC:= NULL.
{End of If structure.}
4. Exit.
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Procedure 5.13: FINDBHL(INFO, LINK, START, ITEM, LOC, LOCP)

1. Set SAVE := START and PTR:= LINK[START). [Initializes pointers.]
2. Repeat while INFO[PTR] » ITEM and PTR » START.
Set SAVE := PTR and PTR := LINK([PTR]. [Updates pointers.}
(End of loop.]
3. If INFO{PTR] = ITEM, then:
Set LOC:= PTR and LOCP := SAVE.
Else:
Set LOC:=NULL and LOCP := SAVE.
[End of If structure.]
4. Exit.
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Algorithm 5.14: DELLOCHL(INFO, LINK, START, AVAIL, ITEM)

1. [Use Procedure 5.13 to find the location of N and its preceding node.]
Call LINDBHL(INFO, LINK, START, ITEM, LOC, LOCP).

2. If LOC=NULL, then: Write: ITEM not in list, and Exit.

3. Set LINK[LOCP]:= LINK[LOC]. [Deletes node.]

4. [Return deleted node to the AVAIL list.]
Set LINK[LOC] := AVAIL and AVAIL :="LOC.

5. Exit.
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Algorithm 5.15: DELTWL(INFO, FORW, BACK, START, AVAIL, LOC)

1. [Delete node.]
Set FORW[BACKILOC]] := FORW[LOC} and
BACK[FORW[LOC]] := BACK[LOC].
2. [Return node to AVAIL list.]
Set FORW[LOC]:= AVAIL and AVAIL:=LOC.
3. Exit.
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Algorithm 5.16: INSTWL(INFO, FORW, BACK, START, AVAIL, LOCA, LOCB, ITEM)

1. [OVERFLOW?]If AVAIL = NULL, then: Write: OVERFLOW,; and Exit.
2. [Remove node from AVAIL list and copy new data into node.]
Set NEW:= AVAIL, AVAIL := FORW[AVAIL], INFO[NEW]:= ITEM.
3. [Insert node into list.] .
Set FORW[LOCA]:= NEW, FORW[NEW]:= LOCB,
BACK[LOCB]:= NEW, BACK[NEW}:= LOCA.
4. Exit.
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Procedure P5.3A: 1. Set NUM:=0. [Initializes counten,] (<Al
2. Call Algorithm 5.1, replacing the processing step by:
If INFO[PTR] = ITEM. then: Set NUM := NUM + 1.

3. Return
. - (<)
Procedure PS.3B: 1. Set NUM:= 0. [Initializes counter.)
2. Call Algorithm 5.1, replacing the processing step by:

If INFO[PTR] #0. then: Set NUM:=NUM + 1.
3. Return.
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Procedure P$.3C: 1., Call Algorithm 5.1, replacing the processing step by: )
Set INFO[PTR]:= INFO[PTR] + K. &
2. Return.
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Algorithm PS.5: DELLST(INFO, LINK, START, AVAIL)

1. [List empty?] If START = NULL, then Write: UNDERFLOW, and Exit.
2. [List contains only one element?]
If LINK[START] = NULL, then:
(@) Set START:=NULL. [Removes only node from list.]
(b) Set LINK[START]:= AVAIL and AVAIL := START.
[Returns node to AVAIL list.]
(c) Exit.
[End of If structure.]
3. Set PTR:=LINK[START) and SAE := START. [Initializes pointers.]
4. Repeat while LINK[PTR] #NULL;é“g%erses list, seeking last node.}
Set SAVE :=PTR and PTR :=! (PTR]. [Updates SAVE and PTR.]
[End of loop.]
Set LINK[SAVE] := LINK[PTR]. [Removes last node.}
- Set LINK[PTR]:=AVAIL and AVAIL:=PTR. [Returns node to AVAIL list.]
Exit.

Now
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Algorithm PS.6:

< SPY(INFO, LINK, NAME1, NAME2, AVAIL)
‘This algorithm makes a copy of a list NAME1 using NAME2 as the list pointer variable
of the new list.

1. Set NAME2:=NULL. [Forms empty list.}
2. [NAME1 empty?] If NAME1 = NULL, then: Exit.
3. [Insert first node of NAME]1 into NAME2.]
Call INSLOC(INFO, LINK, NAME2, AVAIL, NULL, INFO[NAME1]) or:
(a) If AVAIL =NULL, then: Write: OVERFLOW, and Exit.
(b) Set NEW:= AVAIL and AVAIL := LINK[AVAIL). [Removes first node from
AVAIL list.)
(c) Set INFO[NEW):= INFO[NAMEI1)]. [Copics data into new node.]
(d) [Insert new node as first node in NAME2.]
Set LINK[NEW]}:= NAME2.and NAME2 := NEW.
4. [Initializes pointers PTR and LOC.]
Set PTR : = LINK[NAME1] and LOC:= NAME?2.
5. Repeat Steps 6 and 7 while PTR » NULL:
6. Call INSLOC(INFO, LINK, NAME2, AVAIL, LOC, INFO[PTR]) or:
(a) If AVAIL = NULL, then: Write: OVERFLOW, and Exit.
(b) Set NEW := AVAIL and AVAIL := LINK[AVAIL].
{c) Set INFO[NEW]:= INFO[PTR] [Conies data into new node.]
(d) ({Insert new node into NAME2 after the node with location LOC.]
Set LINK[NEW]:= LINK[LOC], and LINK[LOC):=NEW.
7. Set PTR := LINK[PTR] and LOC := LINK[LOC]. [Updates PTR and LOC.)
[End of Step 5 loop.]
8. Exit.
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Algorithm P5.11: DELLSTH(INFO, LINK, START, AVAIL)
This algorithm deletes the last node from the header list.
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[End of loop.]
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Set LINK[PTR]:= AVAIL and AVAIL:=PTR. [Returns node to AVAIL fist.]
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Procedure 6.1: PUSH(STACK, TOP, MAXSTK, ITEM)
This procedure pushes an ITEM onto a stack.

1.

2.
3
4

[Stack aiready filled?]

If TOP = MAXSTK, then: Print: OVERFLOW, and Return.

Set TOP:=TOP + 1. [Increases TOP by 1.]

Set STACK[TOP]:=ITEM. [Inserts ITEM in new TOP position.}
Return.

Procedure 6.2: POP(STACK, TOP, ITEM)

This procedure deletes the top element of STACK and assigns it to the variable
ITEM.

1.

2.
3.
4

[Stack has an item to be removed?]

If TOP =0, then: Print: UNDERFLOW, and Return.

Set ITEM := STACK[TOP]. [Assigns TOP element to ITEM.]
Set TOP:=TOP - 1. [Decreases TOP by 1.]

Return.
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1. Since TOP = 3, control is transferred to Step 2.
2. TOP=3+1=4.

3. STACK([TOP] = STACK[4] = WWW.

4. Return.
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Since TOP =3, control is transferred to Step 2.
ITEM =Z2ZZ.

TOP=3-1=2.

Return.
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Algorithm 6.3: This algorithm finds the VALUE of an arithmetic expression P written in postfix
notation.

1. Add a right parenthesis ““)” at the end of P. [This acts as a sentinel.]
2. Scan P from left to right and repeat Steps 3 and 4 for each element of P until
the sentinel “)” is encountered.
3. If an operand is encountered, put it on STACK.
4, If an operator & is encountered, then:
(a) Remove the two top elements of STACK, where A is the top
element and B is the next-to-top element.
(b) Evaluate B®A.
(c) Place the result of (b) back on STACK.
{End of If structure.)
[End of Step 2 loop.]
Set VALUE equal to the top element on STACK.
Exit.
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Algorithm 6.4: POLISH(Q, P)

Suppose Q is an arithmetic expression written in infix notation. This algorithm
finds the equivalent postfix expression P.

1. Push “(” onto STACK, and add “)” to the end of Q.

2. Scan Q from left to right and repeat Steps 3 to 6 for each element of Q until
the STACK is empty:

3 If an operand is encountered, add it to P.

4. If a left parenthesis is encountered, push it onto STACK.

5 If an operator &) is encountered, then:

(a) Repeatedly pop from STACK and add to P each operator (on
the top of STACK) which has the same precedence as or
higher precedence than ®.

(b) Add ® to STACK.

~ [End of If structure.]
6. . If 'a right parenthesis is encountered, then:

(@) Repeatedly pop from STACK and add to P each operator (on
the top of STACK) until a left parenthesis is encountered.

(b) Remove the left parenthesis. [Do not add the left parenthesis
toP] - -

[End of If structure.]} ‘
[End of Step 2 loop.]
7. Exit.
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Procedure 6.5: QUICK(A, N, BEG, END, LOC)
Here A is an array with N elements. Parameters BEG and END contain the
boundary values of the sublist of A to which this procedure applies. LOC keeps
track of the position of the first element A[BEG] of the sublist during the
procedure.. The local/ variables LEFT and RIGHT will contain the boundary
values of the list of elements that have not been scanned.

1. [Initialize.] Set LEFT:= BEG, RIGHT := END and LOC := BEG.
2. [Scan from right to left.]
(a) Repeat while A[LOC] = A[RIGHT] and LOC » RIGHT:
RIGHT := RIGHT -~ 1.
[End of loop.]
(b) 1f LOC = RIGHT, then: Return.
(c) If A[LOC]> A[RIGHT], then:
(i) [Interchange A[LOC] and A[RIGHT].]
TEMP := A[LOC], A[LOC]:= A[RIGHT],
A[RIGHT]) := TEMP.
(ii)) Set LOC:=RIGHT.
(iii) Go to Step 3.
[End of If structure.]
3. [Scan from left to right.]
(a) Repeat while A[LEFT] < A[LOC} and LEFT # LOC:
LEFT:=LEFT+1
[End of loop.]
(b) 1f LOC = LEFT, then: Return.
(¢) If A[LEFT]> A[LOC], then
(i) [Interchange A[LEFT] and A[LOC].]
TEMP := A[LOC], A[LOC]:= A[LEFT],
A[LEFT]:=TEMP.
(ii) Set LOC:=LEFT.
(iii)) Go to Step 2.
[End of If structure.]
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Algorithm 6.6: (Quicksort) This algorithm sorts an array A with N elements.

1. [Initialize.] TOP:= NULL.

2. [Push boundary values of A onto stacks when A has 2 or more elements.]
If N> 1, then: TOP:=TOP + 1, LOWER[1]:=1, UPPER(1}:=N

3. Repeat Steps 4 to 7 while TOP # NULL.

4. [Pop sublist from stacks.]
Set BEG := LOWER[TOP], END := UPPER[TOP],
TOP:=TOP —1.

5. Call QUICK(A, N, BEG, END, LOC). [Procedure 6.5.]

6. [Push left sublist onto stacks when it has 2 or more elements.]

If BEG <LOC —1, then:
TOP:=TOP + 1, LOWER[TOP} : = BEG,
UPPER[TOP]=LOC -1.
[End of If structure.]
7. [Push right sublist onto stacks when it has 2 or more elements.]
If LOC + 1 <END, then:
TOP:=TOP + 1, LOWER[TOP]:=LOC +1,
UPPER|TOP] := END.
[End of If structure.]
[End of Step 3 loop.]
8. Exit.
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Procedure 6.7A: FACTORIAL(FACT, N)
This procedure calculates N! and returns the value in the variable FACT.

1. K N=0, then: Set FACT:= 1, and Return.
2. Set FACT:=1. [Initializes FACT for loop.]
3. Repeat for K=1to N.
Set FACT:=K=*FACT.
[End of loop.]
4. Return.
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Procedure 6.7B: FACTORIAL(FACT, N)
This procedure calculates N! and returns the value in the variable FACT.

1. If N=0, then: Set FACT:=1, and Return.
2. Call FACTORIAL(FACT, N-1).
3. Set FACT:=N=#FACT.
4. Return.
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Procedure 6.8: FIBONACCI(FIB, N)
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If N=0 or N =1, then: Set FIB:= N, and Return.
Call FIBONACCI(FIBA, N —2).
Call FIBONACCI(FIBB, N — 1).

Set FIB := FIBA + FIBB.
Return.
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TOWER(1, BEG, AUX, END) or BEG— END )
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Procedure 6.9: TOWER(N, BEG, AUX, END)
This procedure gives a recursive solution to the Towers of Hanoi problem for N
disks.

1. If N=1, then:
(@) Write: BEG— END.
(b) Return.
[End of If structure.]
2. [Move N —1 disks from peg BEG to peg AUX.]
Call TOWER(N — 1, BEG, END, AUX).
3. Write: BEG— END.
4. [Move N —1 disks from peg AUX to peg END.}
Call TOWER(N — 1, AUX, BE@, END).
5. Return.
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Procedure 6.10: TOWER(N, BEG, AUX, END)
This is a nonrecursive solution to the Towers of Hanoi problem for N disks
which is obtained by translating the recursive solution. Stacks STN, STBEG,
STAUX, STEND and STADD will correspond, respectively, to the variables
N, BEG, AUX, END and ADD.

0.
1.

w

Set TOP:= NULL.
If N=1, then:
(a) Write: BEG— END.
(b) Go to Step S.
[End of If structure.}
[Translation of “Call TOWER(N - 1, BEG, END, AUX).”]
(a) [Push current values and new return address onto stacks.]
(i) Set TOP:=TOP +1.

(ii)) Set STN[TOP]:=N, STBEG|TOP]:=BEG,
STAUX[TOP] := AUX, STEND[TOP]:= END,
STADD[TOP]:= 3.

(b) [Reset parameters.]
Set N:=N -1, BEG:=BEG, AUX:=END, END := AUX.
(¢) Go to Step 1.
Write: BEG— END.
[Translation of “Call TOWER(N -1, AUX, BEG, END).”]
(a) [Push current values and new return address onto stacks.]

(i) Set TOP:=TOP + 1.

(ii) Set STN[TOP]:= N, STBEG[TOP):= BEG,
STAUX|[TOP] :sAUX, STEND[TOP] := END,
STADD{TOP]:=5.

(b) [Reset parameters.]
Set N:=N -1, BEG:= AUX, AUX:=BEG, END:=END.
() Go to Step 1.
[Translation of “Return.”]
(a) If TOP:=NULL, then: Return.
(b) [Restore top values on stacks.]

(i) Set N:=STN[TOP], BEG := STBEG[TOP],
AUX:=STAUX[TOP}, STEND[TOP],

ADD :=STADD[TOP].

(ii) Set TOP:=TOP —1.

(c) Go to Step ADD.

Do g Jals ol el S s 5
Call TOWER(3, A, B, C)
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Procedure 6.11:

QINSERT(QUEUE, N, FRONT, REAR, ITEM)
This procedure inserts an element ITEM into a queue.

1.

w

[Queue already filled?]
If FRONT =1 and REAR =N, or if FRONT = REAR + 1, then:
Write: OVERFLOW, and Return.
[Find new value of REAR.]
If FRONT := NULL, then: [Queue initially empty.}
Set FRONT:=1 and REAR:=1.
Else if REAR = N, then:
Set REAR:=1.
Else:
Set REAR:=REAR + 1.
[End of If structure.]
Set QUEUE[REAR]:= ITEM. [This inserts new element.]
Return.

Procedure 6.12:

QDELETE(QUEUE, N, FRONT, REAR, ITEM)
This procedure deletes an element from a queue and assigns it to the variable
ITEM.

1.

2.
3.

[Queue already empty?]
If FRONT := NULL, then: Write: UNDERFLOW, and Return.
Set ITEM := QUEUE[FRONT].
[Find new value of FRONT.]}
If FRONT = REAR, then: [Queue has only one element to start.]
Set FRONT := NULL and REAR:=NULL.
Else if FRONT =N, then:
Set FRONT :=1.
Else:
Set FRONT := FRONT + 1.
[End of If structure.]
Return.
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Algorithm 6.13: This algorithm deletes and processes the first element in a priority queue which
appears in memory as a one-way list.

1. Set ITEM:=INFO[START]. [This saves the data in the first node.]
2. Delete first node from the list.

3. Process ITEM.

4. Exit.
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Algorithm 6.14: This algorithm adds an ITEM with priority number N to a priority queue which is
maintained in memory as a one-way list.
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Algorithm 6.15: This algorithm deletes and processes the first element in a priority queue maintained
by a two-dimensional array QUEUE,

1. [Find the first nonempty queue.]

Find the smallest K such that FRONT[K] # NULL.
2. Delete and process the front element in row K of QUEUE.
3. Exit.
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Algorithm 6.16: This algorithm adds an ITEM with priority number M to a priority queue
' maintained by a two-dimensional array QUEUE.

1. Insert ITEM as the rear element in row M of QUEUE.
2. Exit.
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Set AA/ and BBB :=5.
2. Call PU "ACK, AAA).
Call PU: = aCK, 4).
Call PUSH(STACK, BBB +2).
Call PUSH(STACK, 9).
Call PUSH(STACK, AAA + BBB).
3. Repeat while TOP #0:
Call POP(STACK, ITEM).
Write: ITEM.
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1. Set F{1]:=1and F2]:=1.
2. RepeatforL=3to N:

Set FIL]:= F{L — 1}+ FIL - 2).

{End of loop.]
3. Retumn.
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(11) A(0,3)=3+1=4

(12) A(1,2)=4

(13) A1, 3)= A(0, 4)

(14) A0, 8)=4+1=5
(15) AQ1,3)=S

5 ppl g 3 el Gyt by sl S 48 o OF S0Ly sl b 4 sl 2l
3 a5 and o Ll 31 a5 o oS e OF S0l e 4y ey Il oS bzl iy o
3y el sl slizul 14 511 (8 (5 gladd>,0 ;363 _L_J..:’J_,IJ,.J“I«S.\.:;SJ. abi~Ya
UKo Jole 5o ot e oslinal 3 92 (1 ladlapo 3 p g J 9o 3 51 9 4 U e 53 p 33 J ga b
2 S n e gl 4 oy Kol
SIS I PRI A I) JUEEt s IPUIJFIEEINIE S B R VIR
Step K. Call P.
s bzl (22850 (g5l (51,) STADD 2y @ 1y S s 1) s
S Sl KL Ao 4y cien S U 2S00 0 ymy 22650 Jps 1 S s Sl o
0235 4 ol el ol Bl 44 4 g 283U sltulay 38 e Jizs Return S255
Sl s Lais (ADD l>we jize 5) STADD Loty (6,10
(c) GotoStepK + 1
Dt L P A A3) cpmem, 55 o» " Step J. Return e
(c) Go to Step ADD
S 30 Sl 0 O 53 S A8 e i3 SIS Sl 55 Sl Sln J oy 182V S
g eslinad gyt 3 K 5 L 22850
M 13 Joln i e s Ojlite Sppo 1 B A laddn o el OF oy K 3 o



Y44 S sl 55 ghee sy / > Jrad

D

ks I LA C KTy S Jize B WA L SysN =1 sl

Wy K B2C oy S iz A B ) Sy N=2 ol

Ay S A C KT usS Jaxe B WA I, SN =3 sl

ks SIS L BC KT 5 usS Jize A W B i) Ko N=4 sl
IBEG sl S5 0 3l oy oS (oS S5 1y 2283 iy o S il 5 e cnliie 5T I
DR e 4 LS e o 4e |, AUX

Procedure P6.19: TOWER(N, BEG, AUX, END)
1. If N=0, then: Return.

2. Repeat Steps 3to S for K=N,N-1,N-2,...,1.
3. Call TOWER(K - 1, BEG, END, AUX).
4 Write: BEG— END.
5 (Interchange BEG and AUX.]
Set TEMP:=BEG, BEG:= AUX, AUX:=TEMP.
[End of Step 2 loop.]
6. Return.
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1. Call POP(STACK, ITEMA).
Call POP(STACK, ITEMB).
Call PUSH(STACK, ITEMB + 2).

Call PUSH(STACK, 8).
Call PUSH(STACK, ITEMA + ITEMB).

2. Repeat while TOP % 0;
Call POP(STACK, ITEM).
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Algorithm 7.1: PREORD(INFO, LEFT, RIGHT, ROOT)
A binary tree T is in memory. The algorithm does a preorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Initially push NULL onto STACK, and initialize PTR.]
Set TOP:=1, STACK[1]:= NULL and PTR:= ROOT.
2. Repeat Steps 3 to 5 while PTR # NULL:
3. Apply PROCESS to INFO[PTR].
4 [Right child?]
If RIGHT[PTR] # NULL, then: [Push on STACK.]
Set TOP:=TOP + 1, and STACK[TOP]:= RIGHT[PTR].
[End of If structure.}
5. [Left child?]
If LEFT[PTR] # NULL, then:
Set PTR:= LEFT[PTR].
Else: [Pop from STACK.]
Set PTR := STACK[TOP] and TOP:=TOP - 1.
{End of If structure.]
(End of Step 2 loop.]
6. Exit.
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Algorithm 7.2: INORD(INFO, LEFT, RIGHT, ROOT)
A binary tree is in memory. This algorithm does an inorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Push NULL onto STACK and initialize PTR.]
Set TOP:=1, STACK[1]:= NULL and PTR := ROOT.
2. Repeat while PTR = NULL: [Pushes left-most path onto STACK.]
(a) Set TOP:=TOP+1 and STACK[TOP]:=PTR. [Saves node.]
(b) Set PTR:= LEFT{PTR]. [Updates PTR.]
[End of loop.]
Set PTR := STACK[TOP] and TOP:= TOP — 1. [Pops node from STACK..]
Repeat Steps 5 to 7 while PTR s NULL.: [Backtracking.]
Apply PROCESS to INFO[PTR].
[Right child?] If RIGHT[PTR] # NULL, then:
(a) Set PTR:= RIGHT{PTR].
() Go to Step 3.
[End of If structure.]
7. Set PTR := STACK[TOP] and TOP:=TOP - 1. [Pops node.]
[End of Step 4 loop.)
8. Exit.
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Algorithm 7.3: POSTORD(INFO, LEFT, RIGHT, ROOT)
A binary tree T is in memory. This algorithm does a postorder traversal of T,
applying an operation PROCESS to each of its nodes. An array STACK is used
to temporarily hold the addresses of nodes.

1. [Push NULL onto STACK and initialize PTR.]

Set TOP:=1, STACK[1}:=NULL and PTR:=ROOT.
2. [Push left-most path onto STACK.]

Repeat Steps 3 to 5 while PTR » NULL:

3. Set TOP:=TOP + 1 and STACK[TOP]:=PTR.
[Pushes PTR on STACK.}]
4, If RIGHT[PTR] # NULL, then: [Push on STACK.]

Set TOP:=TOP + 1 and STACK[TOP] := ~RIGHT[PTR].
[End of If structure.]
5. Set PTR := LEFT[PTR]. [Updates pointer PTR.]
[End of Step 2 loop.]
6. Set PTR:=STACK[TOP] and TOP:=TOP — 1.
[Pops node from STACK.]
7. Repeat while PTR > 0:
(a) Apply PROCESS to INFO[PTR].
(b) Set PTR:=STACK|[TOP] and TOP:=TOP ~ 1.
[Pops node from STACK.]
[End of loop.]
8. If PTR <0, then: »
(a) Set PTR:= —PTR.
() Go to Step 2.
[End of If structure.]
9. Exit.
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Procedure 7.4: FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR)
A binary search tree T is in memory and an ITEM of information is given. This
procedure finds the location LOC of ITEM in T and also the location PAR of
the parent of ITEM. There are three special cases:

7.
8.

(i) LOC=NULL and PAR=NULL will indicate that the tree is
empty.
(ii) LOC# NULL and PAR = NULL will indicate that ITEM is the root
of T.
(iii) LOC=NULL and PAR # NULL will indicate that ITEM is not in T
and can be adde®+to T as a child of the node N with location PAR.
{Tree empty?)
If ROOT =NULL, then: Set LOC:=NULL and PAR:=NULL, and
Return.
(ITEM at root?]
If ITEM = INFO[ROOT], then: Set LOC:=ROOT and PAR:= NULL,
and Return. ’
(Initialize pointers PTR and SAVE.]
If ITEM < INFO[ROOT], then:
Set PTR := LEFT[ROOT)] and SAVE :=ROOT.
Else:
Set PTR := RIGHT{ROOT] and SAVE := ROOT.
(End of If structure.]
Repeat Steps § and 6 while PTR »# NULL:
{ITEM found?]
If ITEM = INFO[PTR}, then: Set LOC:=PTR and PAR:=SAVE,
and Return.
If ITEM < INFO[PTR], then:
Set SAVE :=PTR and PTR:= LEFT{PTR].
Else:
Set SAVE :=PTR and PTR:= RIGHT[PTR].
[End of If structure.]
{End of Step 4 loop.] .
{Search unsuccessful.] Set LOC:=NULL and PAR :=SAVE.
Exit.

o3 ,b & ITEM>INFO[PTR] L ITEM<INFO[PTR] <5 () &) iy 45 435 g0 k>0 6 Us e o
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Algorithm 7.5: INSBST(INFO, LEFT, RIGHT, ROOT, AVAIL, ITEM, LOC)

A binary search tree T is in memory and an ITEM of information is given. This
algorithm finds the location LOC of ITEM in T or adds ITEM as a new node in T
at location LOC.

1. Call FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR).
[Procedure 7.4.]
If LOC # NULL, then Exit.
[Copy ITEM into new node in AVAIL list.]
(a) 1If AVAIL =NULL, then: Write: OVERFLOW, and Exit.
(b) Set NEW := AVAIL, AVAIL := LEFT[AVAIL) and
INFO[NEW]:= ITEM.
(c) Set LOC:=NEW, LEFT[NEW]:=NULL and
"RIGHT[NEW]:= NULL.
4. [Add ITEM to tree.]
If PAR = NULL, then:
Set ROOT := NEW.
Elce if ITEM < INFO[PAR], then:
Set LEFT[PAR]:= NEW.
Else:
Set RIGHT[PAR]:= NEW.
[End of If structure.]
5. Exit.

2.
3.
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Procedure 7.6: CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR)
This procedure deletes the node N at location LOC, where N does not have two
children. The pointer PAR gives the location of the parent of N, or else
PAR = NULL indicates that N is the root node. The pointer CHILD gives the
location of the only child of N, or else CHILD = NULL indicates N has no
children.

1. [Initializes CHILD.]
If LEFTILOC] = NULL and RIGHT{LOC] = NULL, then:
Set CHILD :=NULL.
Else if LEFT{LOC] % NULL, then:
Set CHILD := LEFT[LOC].
Else
Set CHILD := RIGHT[LOC].
{End of If structure.]
2. 1f PAR#NULL, then:
If LOC = LEFT[PAR], then:
Set LEFT[PAR]:= CHILD.

Set RIGHT[PAR]:= CHILD.
[End of 1 structure.]
Else:
Set ROOT := CHILD.
{End of If structure.]
3. Retum. '
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Procedure 7.7: CASEB(INFO, LEFT, RIGHT, ROOT, LOC, PAR)
This procedure will delete the node N at location LOC, where N has two
children. The pointer PAR gives the location of the parent of N, or else
PAR = NULL indicates that N is the root node. The pointer SUC gives the
location of the inorder successor of N, and PARSUC gives the location of the
parent of the inorder successor.

1. [Find SUC and PARSUC.]
(a) Set PTR:= RIGHT[LOC] and SAVE := LOC.
(b) Repeat while LEFT[PTR] = NULL:
Set SAVE :=PTR and PTR:= LEFT{PTR].
[End of loop.]
(c) Set SUC:=PTR and PARSUC:= SAVE.
2. [Delete inorder successor, using Procedure 7.6:]
Call CASEA(INFO, LEFT, RIGHT, ROOT, SUC, PARSUC).
3. [Replace node N by its inorder successor.]
(a) If PAR»*NULL, then:
If LOC = LEFT[PAR], then:
Set LEFT[PAR|:= SUC.
Else:
Set RIGHT[PAR]:=SUC.
[End of If structure.]
Else:
Set ROOT:= SUC.
[End of If structure.]
(b) Set LEFT[SUC]:= LEFT[LOC] and
RIGHT[SUC]:= RIGHT[LOC].
4. Return.

JJL“‘“’L‘“LSL“)’TU|}~“J 7.7}7.6}}1.&'_,0_(.; LSL&MLJ;J{_))‘o:LAJ.u‘LﬁichQJS‘

Algorithm 7.8: DEL(INFO, LEFT, RIGHT, ROOT, AVAIL, ITEM)
A binary search tree T is in memory, and an ITEM of information is given. This
algorithm deletes ITEM from the tree.

1. [Find the locations of ITEM and its parent, using Procedure 7.4.]
Call FIND(INFO, LEFT, RIGHT, ROOT, ITEM, LOC, PAR).
2. [ITEM in tree?)
If LOC = NULL, then: Write: ITEM not in tree, and Exit.
3. [Delete node containing ITEM.]
If RIGHT[LOC] » NULL and LEFT{LOC] # NULL, then:
Call CASEB(INFO, LEFT, RIGHT, ROOT, LOC, PAR).
Else:
Call CASEA(INFO, LEFT, RIGHT, ROOT, LOC, PAR).
[End of If structure.]
4. [Return deleted node to the AVAIL list.]
* Set LEFT[LOC]:= AVAIL and AVAIL := LOC.
5. Exit.
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Procedure 7.9: INSHEAP(TREE, N, ITEM)
A heap H with N elements is stored in the array TREE, and an ITEM of
information is given. This procedure inserts ITEM as a new element of H. PTR
gives the location of ITEM as it rises in the tree, and PAR denotes the location of
the parent of ITEM.

1. [Add new node to H and initialize PTR.]

Set N:=N+1and PTR:=N.
2. [Find location to insert ITEM.]

Repeat Steps 3 to 6 while PTR <1.
3. Set PAR := |PTR/2). [Location of parent node.}
4. If ITEM < TREE[PAR|, then:

Set TREE[PTR] := ITEM, and Return.
[End of If structure.]

5. Set TREE[PTR]:= TREE[PAR]. [Moves node down.]
6. Set PTR :=PAR. {Updates PTR.]

[End of Step 2 loop.]
7. [Assign ITEM as the root of H.]

Set TREE[1]:=ITEM.
8. Return.
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Call INSHEAP(A, J, A[J + 1])
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Procedure 7.10: DELHEAP(TREE, N, ITEM)
A heap H with N elements is stored in the array TREE. This procedure assigns
the root TREE[1] of H to the variable ITEM and then reheaps the remaining
clements. The variable LAST saves the vaiue of the original last node of H. The
pointers PTR, LEFT and RIGHT give the locations of LAST and its left and
right children as LAST sinks in the tree.

Set ITEM := TREE[1]. [Removes root of H.}
Set LAST := TREE|N] and N:=N - 1. [Removes last node of H.]
Set PTR =1, LEFT:= 2 and RIGHT := 3. [Initializes pointers.)
Repeat Steps S to 7 while RIGHT <N:
If LAST = TREE{LEFT]} and LAST =2 TREE[(RIGHT], then:
Set TREE[PTR]:= LAST and Return.
[End of If structure.]
6. IF TREE[RIGHT] = TREE[LEFT], then:
Set TREE[PTR]:= TREE[LEFT] and PTR := LEFT.
Else:
Set TREE[PTR]:= TREE[RIGHT] and PTR := RIGHT.
[End of If structure.]
7. Set LEFT:=2+PTR and RIGHT := LEFT + 1.
[End of Step 4 loop.]
If LEFT =N and if LAST < TREE[LEFT], then: Set PTR:=LEFT.
Set TREE[PTR]:=LAST.
Return.
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Algorithm 7.11: HEAPSORT(A, N)
An array A with N elements is given. This algorithm sorts the elements of A.
1. [Build a heap H, using Procedure 7.9.]
Repeat for J=1to N-1:
Call INSHEAP(A, J, A[J +1)).
[End of loop.]
2. [Sort A by repeatedly deleting the root of H, using Procedure 7.10.]
Repeat while N> 1:
(a) Call DELHEAP(A, N, ITEM).
(b) Set A[N +1]:=ITEM.
[End of Loop.}
3. Exit.
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Huffman’s Algorithm: Suppose w, and w, are two minimum weights among the n given weights
Wi, Wy, ..., w,. Find a tree T' which gives a solution for the n —1
weights

W, Wy, Wy, W, .., W

n

Then, in the tree T, replace the external node

by the subtree

The new 2-tree T is the desired solution.
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Procedure P7.4: COUNT(LEFT, RIGHT, ROOT, NUM)
This procedure finds the number NUM of nodes in a binary tree T in memory.

1. 1f ROOT =NULL, then: Set NUM :=0, and Return.

2. Call COUNT(LEFT, RIGHT, LEFT{ROOT], NUML).

3. Call COUNT(LEFT, RIGHT, RIGHT[ROOT], NUMR).

4. Set NUM:=NUML + NUMR +1.

5. Return.
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Procedure P7.5; DEPTH(LEFT, RIGHT, ROOT, DEP) o
This procedure finds the depth DEP of a binary tree T in memary.

1. If ROOT = NULL, then: Set DEP:=0, and Return.
2. Call DEFTH(LEFT, RIGHT, LEFT{ROOT), DEPL).
3, Call DEPTH(LEFT, RIGHT, RIGHT[ROOT], DEPR).
4. )f DEPL = DEPR, then:
Set DEP:=DEPL + 1,
Else:
Set DEP:= DEPR +1,
[End of If structure.)
5. Return.
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Algorithm 8.1: (Warshall's Algorithm) A directed graph G with M nodes is maintained in
memory by its adjacency matrix A. This algorithm finds the (Boolean) path
matrix P of the graph G.

1. Repeat for I, J=1,2,.. ., M: [Initializes P.]
If A{l, J] =0, then: Set P[I, J}:=0;
Else: Set P{I, J]:=1.
{End of loop.]

2. Repeat Steps 3 and 4 for K=1,2, ..., M: [Updates P.]
3. Repeat Step 4 for 1=1,2,...,M:
4. Repeat for J=1,2, . M

Set P[I, J}:=P(I, J] v (P{I, K] A P[K, I]).
[End of loop.]
{End of Step 3 loop.]
{End of Step 2 loop.}
5. Exit.
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Algorithm 8.2:

(Shortest-Path Algorithm) A weighted graph G with M nodes is maintained.in
memory by its weight matrix W. This algorithm finds a matrix Q such that Q[I, J]
is the length of a shortest path from node V; to node V,. INFINITY is a very
large number, and MIN is the minimum value function.

1. Repeat for [,J=1,2,..., M: [Initializes Q]
W(I, J] =0, then: Set Q[I, J] := INFINITY;
Else: Set Q[I,J]:=WIL, J].
{End of loop.]

2. Repeat Steps 3 and 4 for K=1,2, ..., M: [Updates Q.]
3. Repeat Step4for1—1 2,... :
4 Repeat for J = M'
Set Q[1, J}: —MIN(Q[I 1], Q[1, K] + Q[K, J}).
[End of loop.]
[End of Step 3 loop.}
[End of Step 2 loop.]
5. Exit.
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Procedure 8.3: FIND(INFO, LINK START, ITEM, LOC) [Algorithm 5.2]
Finds the location LOC of the first node containing ITEM, or sets
LOC:=NULL.

1. Set PTR:=START.
2. Repeat while PTR # NULL:
If ITEM = INFO[PTR], then: Set LOC:=PTR, and Return.
Else: Set PTR := LINK[PTR].
(End of loop.]
3. Set LOC:=NULL, and Return.

cd K I ITEM Sudesls juaie (Algorithm 5.10 5 Procedure 5.9 oy ebL)84 wlyp)
5 5l SITEM \.J‘..:;,._.f\: =S s 03l FLAG ik iz SOt )3 .05 ERTY RV

e b1 2 (G ey ]

Procedure 8.4: DELETE(INFO, LINK, START, AVAIL, ITEM, FLAG) [Algorithm 5.10]
Deletes the first node in the list containing ITEM, or sets FLAG:=FALSE
when ITEM does not appear in the list.

1. [List empty?] f START = NULL, then: Set FLAG := FALSE, and Return.
2. [ITEM in first node?] If INFO[START] = ITEM, then:
Set PTR := START, START := LINK[START],
LINK[PTR]:= AVAIL, AVAIL := PTR,
FLAG :=TRUE, and Return.
[End of If structure.]
Set PTR := LINK[START] and SAVE := START. {Initializes pointers.}
Repeat Steps S and 6 while PTR % NULL:
5. If INFO[PTR] = ITEM, then:
Set LINK[SAVE]:= LINK[PTR], LINK[PTR] = AVAIL,
AVAIL := PTR, FLAG :=TRUE, and Return.
[End of If structure.)
6. Set SAVE :=PTR and PTR:= LINK[PTR]. [Updates pointers}
[End of Step 4 loop.]
7. Set FLAG :=FALSE, and Return.
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Call FIND(NODE, NEXT, START, N, LOC)
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Procedure 8.5: FINDEDGE(NODE, NEXT, ADJ, START, DEST, LINK, A, B, LOC)
This procedure finds the location LOC of an edge (A, B) in the graph G, or sets
LOC:=NULL.

1. Call FIND(NODE, NEXT, START, A, LOCA).

2. CALL FIND(NODE, NEXT, START, B, LOCB).

3. If LOCA =NULL or LOCB = NULL, then: Set LOC:= NULL.
Else: Call FIND(DEST, LINK, ADJ[LOCA], LOCB, LOC).

4. Return.

Procedure 8.6: INSNODE(NODE, NEXT, ADJ , START, AVAILN, N, FLAG)
This procedure inserts the node N in the graph G. a

1. [OVERFLOW?] If AVAILN =NULL, then: Set FLAG :=FALSE, and
Return.

2. Set ADJ[AVAILN]:= NULL.
3. [Removes node from AVAILN list.]
Set NEW := AVAILN and AVAILN := NEXT[AVAILN].
4. [Inserts node N in the NODE list.]
Set: NODE[NEW):=N, NEXT[NEW]:=START and START:=NEW.
5. Set FLAG := TRUE, and Return. :
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Procedure 8.7: INSEDGE(NODE, NEXT, ADJ, START, DEST, LINK, AVAILE, A, B,
FLAG)

This procedure inserts the edge (A, B) in the graph G.

1.
2.
3

4.

Call FIND(NODE, NEXT, START, A, LOCA).

Call FIND(NODE, NEXT, START, B, LOCB).

[OVERFLOW?] If AVAILE =NULL, then: Set FLAG :=FALSE, and
Return.

[Remove node from AVAILE list.] Set NEW := AVAILE and

AVAILE := LINK[AVAILE].

(Insert LOCB in list of successors of A.]

Set DEST[NEW] := LOCB, LINK[NEW] := ADJ[LOCA] and
ADJ[LOCA]:=NEW.

Set FLAG := TRUE, and Return.
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Procedure 8.8: DELEDGE(NODE, NEXT, ADJ, START, DEST, LINK, AVAILE, A, B,
FLAG)
This procedure deletes the edge (A, B) from the graph G.

1.
2.
3

4.

Call FIND(NODE, NEXT, START, A, LOCA). [Locates node A.]

Call FIND(NODE, NEXT, START, B, LOCB). [Locates node B.]

Call DELETE(DEST, LINK, ADJ[LOCA], AVAILE, LOCB, FLAG).
[Uses Procedure 8.4.]

Return.
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Procedure 8.9: DELNODE(NODE, NEXT, ADJ, START, AVAILN, DEST, LINK,
AVAILE, N, FLAG)
This procedure deletes the node N from the graph G.

1. Call FIND(NODE, NEXT, START, N, LOC). [Locates node N.]
2. If LOC=NULL, then: Set FLAG := FALSE, and Return.
3. [Delete edges ending at N.]
(a) Set PTR:=START.
(b) Repeat while PTR = NULL:
(i) Call DELETE(DEST, LINK, ADJ[PTR], AVAILE, LOC,
FLAG).
(ii) Set PTR:= NEXT[PTR].
{End of loop.]
[Successor list empty?} If ADJ[LOC]= NULL, then: Go to Step 7.
[Find the first and last successor of N.]
(a) Set BEG:=ADIJ[LOC], END := ADJ[LOC] and
PTR := LINK[END].
(b) Repeat while PTR # NULL:
Set END.:= PTR and PTR := LINK[PTR}].
[End of loop.}
6. [Add successor list of N to AVAILE list.}
Set LINK[END] := AVAILE and\ AVAILE := BEG.
7. [Delete N using Procedure 8.4.]
Call DELETE(NODE, NEXT, START, AVAILN, N, FLAG).
8. Return.
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Algorithm P8.11:  This algorithm finds a minimum spanning tree T of a weighted graph G. (Hd‘) ’ J’

1. Order all the edges of G according to increasing weights.
2. Initialize T to be a graph consisting of the same nodes as G and no edges.
3. Repeat the following M — 1 times, where M is the number of nodes in G:
Add to T an edge E of G with minimum weight such that E does not
form a cycle in T.
[End of loop.}
4. Exit.

S r My [ G ek 00ls 059 BIST Jilasm (815 oy oy, K
S S 50 035 53 e Gk 5 L G ladly plas
AL UL mep 56 glae S 0bea i Sine GBS U aas gl e |, TLY
LGHEJL ST 4 a6 glae Solus M Ol 13 S a8 IS5 as oM =11, 5 sla, Sy
L3 o BT s il 0 S LSS5 S asS Ll gl Sty 03 il
[ad> oLL]
(Exit oLL ¥

o (<A A LY. d‘L...-.;;ts;Luu\:;A-\- d'l...,dl.ao_.._.:;)'l.,\_s:_..l\,'gl)_:w LY >
T«SLSJ,LQ;M_.um)d,,,@ﬁ‘)@&;auwgd),hgt};wbedu_ﬁ«s.\i;‘,.u
B LT s s 5P 6,80 S, 8 n Loy () AV Wlen 5.k 3L 590 0 Olioes
Sydpe AT w e JL & ol 08
(A, X] a2 T o s WA YO JSST Jilds 15 oy PR 22050 5l aslizal b (o)
232 SNIY X1 5 0A YI L O 5 SGLSIT o ) [A, X] Oy gos Ll 5,15 [B, €1 31 (5 a8 050



A7) O W 5,08 5 )8/ gzin fuad

A el LSS

AXD S

S W 35y g ibe sDATA (gl SL1T iy 4 6 5l 00h 09 1S 28 15,3 1A VY s

:Jﬁdld)‘v\-@g&b)éx}c))y
DATA: XYST

0030
w=l 5 017
2 00 4
06 80

IS ) 6 ST 5 (5 g5
.s'..u»‘e.\—::r—d)/\-\‘? Jg.:).)g.jb;a‘xﬁ :J-’
t

AYF JS4

b.VjA._vVi )" J‘-L&J;ﬁ“'u #0 ;‘ w‘xo‘,w WA 6)‘.15;_',....{){DATA 6‘.»4.;‘)3‘4‘.&0;
:._.‘IJT)JLA:;;Q")JASJ:.;;‘V4 =T,vl = X, V2=Y, V3 =S.J...;Sué).§.;)|:;k.,wijo)'3

Llodl ,alb DATA



Losls Olas-Lu J gl tAd4

Ll S s gy Ruled
Q.u‘a“oﬁ’:@l’)éx)s'))ﬂuc ql}'/\-\" dL.‘

NODE |A|B E D|C
NEXT 71410]|6|8|[0}2]3
ADJ 112 5 719
1 2 3 4 5 6 7 8
START =1, AVAILN =5
DEST 2161 4 6714 4
LINK 10]3{6J]0]0 0
1 2 3 4 5 6 7 8 9 10

AVAILE =8

A8 ey 1) G K1
S0 &S S e by OF 5 gls e iy L, NODEIK] o lagsloen oo o
3 gb_po 425 1313 ADJ[K]

E: 6(D) C: 4(E) A 2(B) 3 6(D)

D: 4(E) B: 6(D), 4E) 5 7O

S oy ALYV S ale by GBS s g oK

ALYV S

A s 6 SIS 6 gy ralad 53 oabslomt s 3 pplant 5 Sl S1:AVE Sl
G Ui Se AF) UL () 235 4= G 5 (BE) JL, () 252 4ilSIG w F 8,5 (i) (0SS s
S 0y G ol 1S5 5 ails



FEV OF s\ o Wit $/ e Jab

255530 4 g g 3188 i Sl aalized UF s e sddis pn o S o (il 1 Jo
Dol e Wbl ced lant o

NODE | A|B E D|C
START =35
NEXT 7141016 {0[2]3
AVAILN =8
ADJ 142 5 719
1 2 3 4 5 6 7 8

6o i Iy ] 48 1S a i
TAS G 5oy ge wB 88 e i JHL,E 5 SLOC = 4 ()

DEST 2
LINK 10

AVAILE =3

4 S 6 7 8 9 10
Sy 8 o) oS S n i
A:;LSS)J\:.LAC,_..._JdtJ.:{‘gF;;LOC =SQL§.ALJ)?)JABTJ\.!_M)"“U;~|L£(C)

Mﬁ)@)ﬁb@‘ﬁéﬁwubl

ADJ[1]=3 DEST | 2

AVAILE =8 LINK 10

0955 i sddion) al bl a5 U8 o iV ol ADJI1] = 3 6 8 o 53 i g
b 03 00l OLES A YA Ji.i):(} a.)...fmj\.'; q‘;.\..sw.a QL_.; b\.g:.wtj

A-\'AJS.:



Wesls OlazsLe J goo FEA

Sy 4 il 136 SIS S 5 i1A N0 dl

GRAPH(NODE, NEXT, ADJ, START, DEST, LINK)
T 4> 3 INDEG (33,9 domys 4 dey g Procedure b, 515 oK 13 55 oo (5504
&S 1, G 5 2 OUTDEG
SINDEG (glaas il 4y Ools Lo St h jlaie jyhie w PTR So,Lil 5l oolizad b cuds @ o
e 2 (ol eanad PTRA. So,Lal 5l aalizad L o1 oS e Jhilany 1) o 8 o) OUTDEG
| NODE[PTRA] (slaa;Lwosr « PTRB So,Lal 5l aslazul b g oS oo 2be 1y 0 5 o PTRA
DEST[PTRB] , &1 izl 5 8 0 PTRA 5 3d oo DU JU K S 504 o =S iy
<) 30 43 1, OUTDEG INDEG (slaaslyl JU o 0 G s po s 1, OF ot 5 5 018K
DL

OUTDEG[PTRA] := OUTDEG|PTRA] + 1

]

INDEG[DEST{PTRB]] := INDEG[DEST[PTRB]] + 1
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Procedure P8.15: DEGREE(NODE, NEXT, ADJ, START, DEST, LINK, INDEG, OUTDEG)
This procedure finds the indegree INDEG and outdegree OUTDEG of each
node in the graph G in memory.

1. [Initialize arrays INDEG and OUTDEG.]
(a) Set PTR:=START.
(b) Repeat while PTR % NULL: [Traverses node list.]
(i) Set INDEG[PTR):=0 and OUTDEG[PTR]:=0.
(ii) Set PTR:=NEXT[PTR].
[End of loop.]
Set PTRA :=START.
Repeat Steps 4 to 6 while PTRA # NULL: [Traverses node list.]
Set PTRB := ADJ[PTRA].
Repeat while PTRB # NULL: [Traverses list of neighbors.]
(a) Set OUTDEG[PTRA]:= OUTDEG[PTRA]+ 1 and
INDEG[DEST(PTRB]}:= INDEG[DEST[PTRB]] + 1.
(b) Set PTRB := LINK[PTRB].
[End of inner loop using pointer PTRB.]
6. Set PTRA := NEXT[PTRA].
[End of Step 3 outer loop using, the pointer PTRA.]
7. Return.
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Algorithm P8.16: Finds the connected components of an undirected graph G.

1. TInitially set COMP(N):=0 for every node N in G, and initially set L:=0.
2. Find a node A such that COMP(A) = 0. If no such node A exists, then:
Set NCOMP:=L, and Exit.
Else:
Set L:=L + 1 and set COMP(A):=L.
3. Find all nodes N in G which are reachable from A (using a breadth-first search or a
depth-first search) and set COMP(N) = L for each such node N.
4. Return to Step 2.
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Algorithm 9.1: (Insertion Sort) INSERTION(A, N).
g This algorithm sorts the array A with N elements.

1. Set A[0]:= —c. [Initializes sentinel element.]
2. Repeat Steps 3to 5 for K=2,3,....,N:
3, Set TEMP := A[K] and PTR:=K — 1.
4, Repeat while TEMP < A[PTR]:

(@) Set A[PTR +1]:= A[PTR]. [Moves element forward.]
(b} Set PTR:=PTR - 1.
[End of loop.]

5. Set A[PTR + 1] := TEMP. [Inserts element in proper place.]
[End of Step 2 loop.]
6. Return.
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Insertion Sort o(n’) = O(n?)
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Procedure 9.2: MIN(A, K, N, LOC)

An array A is in memory. This procedure finds the location LOC of the smallest
element among A[K], A[K +1}, ..., A[N].

. 1. Set MIN:= A[K] and LOC:= K. [Initializes pointers.]
2. Repeatfor J=K+1,K+2,...,N:
If MIN > A[J], then: Set MIN A[J] and LOC:=A[J] and LOC:=].
[End of loop.]
3. Return.
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Algorithm 9.3: (Selection Sort) SELECTION(A, N)
This algorithm sorts the array A with N elements.

1. Repeat Steps 2 and 3 for K=1,2,... ,N-1:
2. Call MIN(A, K, N, LOC).
3. [Interchange A[K] and A[LOC].]

Set TEMP := A[K], A[K]:= A[LOC] and A[LOC]:= TEMP.
[End of Step 1 loop.]
4. Exit.
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Algorithm 9.4: MERGING(A, R, B, S, C)
Let A and B be sorted arrays with R and S elements, respectively. This algorithm
merges A and B into an array C with N=R +§ elements.

1. [Initialize.] Set NA:=1, NB:=1 and PTR:=1.
2. [Compare.] Repeat while NA<R and NB=<S:
If A[NA] < B[NB], then:
(a) [Assign element from A to C.] Set C[PTR]:= A[NA].
(b) [Update pointers.] Set PTR:=PTR +1 and NA:=NA + 1.
Else:
(a) [Assign element from B to C.] Set C[PTR]:= B(NB].
(b) {[Update pointers.] Set PTR:=PTR+1 and NB:=NB + 1.
[End of If structure.}
[End of loop.]
3. [Assign remaining elements to C.]
If NA >R, then:

Repeat for K=0,1,2, ..., S —NB:
Set C[PTR + K}:=B[NB + K].
[End of loop.]
Else:

Repeat for K=0,1,2,...,R—-NA:
Set C[PTR + K] := A[NA +K].
[End of loop.]
{End of If structure.]
4. Exit.
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Procedure 9.5: MERGE(A, R, LBA, S, LBB, C, LBC)
This procedure merges the sorted arrays A and B into the array C.
1. Set NA:=LBA, NB:=LBB, PTR:=LBC, UBA:=LBA+R-1,
UBB:=LBB+S-1.
Same as Algorithm 9.4 except R is replaced by UBA and S by UBB.

2.
3. Same as Algorithm 9.4 except R is replaced by UBA and S by UBB.
4. Return.
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Procedure 9.6: MERGEPASS(A, N, L, B)
The N-element array A is composed of sorted subarrays where each subarray has
L elements except possibly the last subarray, which may have fewer than L
elements. The procedure merges the pairs of subarrays of A and assigns them to
the array B.
1. Set Q:=INT(N/(2«L)), S :=2+L*Q and R:=N-§.
2. [Use Procedure 9.5 to merge the Q pairs of subarrays.]
Repeat for J=1,2,...,Q:
(@) SetLB:=1 + (Z*J —2)*L. [Finds lower bound of first array.}
(b) Call MERGE(A, L, LB, A,L,LB+L, B, LB).
[End of loop.]
3. [Only one subarray left?]
If R=L, then:
Repeat for J=1,2,...,R:
Set B(S+1J):= A(S T .
[End of loop.]
Else:
Call MERGE(A, L, S+1, AR, L+S+1,B, S+1).
(End of If structure.]
4. Return.
Algorithm 9.7: MERGESORT(A, N)

This algorithm sorts the N-element array A using an auxiliary array B.

DL

&

Set L:=1. [Initializes the number of elements in the subarrays.]
Repeat Steps 3 to 6 while L <N:
Call MERGEPASS(A, N, L, B).
Call MERGEPASS(B, N, 2 « L, A).
Set L;=4=#L.
[End of Step 2 loop.]
Exit.
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Algorithm Worst Case Average Case Extra Memory

Merge-Sort nlog n= O(nlog n) nlog n = O(nlogn) o(n)
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