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Measurements of Quality
Programming

» Integrity

» Efficiency

» Flexibility

» General

» Maintenance and Documentation
» Simplicity

» Modularity

» Standards
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59 - COBOL

65 - Dijkstra: the software quality is inversely
proportional to the number of ‘GO Tos’

69 - Dr. Mills - Super programmers ==> 1:30

/72 - The investment in testing grows
exponentially with the size of programs

72 - Bohem-Jacopini: every program should be
coded by 3 basic structures only

86 - Object Oriented Programming
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(Awnan) nnvorn

1970 Structured Programming -

1975 Structured Design -
1978-1980 Structured Analysis -
1978-1980 Data Modeling -

1980 4GL -

1986 OOP -

1986 CASE -

1990 OOAD -

1997 UML -
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» Sequence

» IF-THEN-ELSE
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Structured IF
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StI’UCtU I'Ed IF (cont’d)

F T

J
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A 4

( Stop )
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Structured IF - Pseudocode

If CP
Call Proc-A
Call Proc-B
If CQ
If CR
Call Proc-C
Call Proc-D
End-If
Else
Call Proc-E
If CS
Call Proc-F
Else
Call Proc-G
End-If
End-If
IfCT
Call Proc-H
End-If
Else
If CU
Call Proc-I
Else
Call Proc-J
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Functional IF

Condition / P Q R S
Function

A T

B T

C T T T

D T T T

E T F

F T F T

G T F F

H T

I F

J F

......
W
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Go To -n vown

- Do not use goto

. “The GOTO must GO”
> “The ELSE must GO TOO’
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Functional IF - Pseudocode

If CP
Call Proc-A
Call Proc-B
End-If
If CP And CQ And CR
Call Proc-C
Call Proc-D
End-If
If CP And (Not CQ)
Call Proc-E
End-If
If CP And (Not CQ) And CS
Call Proc-F
End-If
If CP And (Not CQ) And (Not CS)
Call Proc-G
End-If
If CP And CT
Call Proc-H
End-If
If (Not CP) And CU
Call Proc-I
End-If
If (Not CP) And (Not CU)
Call Proc-J
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Convert to Functional IF (Ex-1)




Functional IF %7 20n

IF A > B Then
PERFORM P
IFG=H

X =1
ELSE

X =2
END-IF
PERFORM R

Else

IFE=F
Call Q

Else
IFL>M

W=C

END-IF

END-IF

End-IF
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Tree Charts
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For I = 1 To 100
S =S + T[I]
Next

Array Sum
Psiudocode:
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Sum of Two Dimensional Array

Pseudocode:

S =20
For I = 1 To 100
For J =1 To 12
S =S + T[I, J]
Next
Next

rights reserved to D.Maymone
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Convert to Code (EX-2)




Convert to Code (EX->)
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Exercise 6

nnpwn 12 -1 o' 100 2w Ymm 1T )wn [1m
T[100, 12]

NnNPYNN 720 10 X awNn 1
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rights reserved to D.Maymone 26



212172 NITNIM NITIED

MOVE - Reference Modification
EVALUATE

Intrinsic Functions
Search/Search All

Occurs Depending On

CALL nTIj7o

N'YUXIN N'DINT7 DVNTD NNAYN
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REFERENCE MODIFICATION

-VARIABLE (POSITION:SUBSTRING-LENGTH)

ranges: 1 - FUNCTION LENGTH (VARIABLE)

.01 EZ-TEXT PIC X(10) VALUE 'characters'.
MOVE EZ-TEXT(7:4) TO EZ-TEXT(1l:3)

-Result: 'terracters'

MOVE 'aaa' TO EZ-TEXT(7:4)

-Result: 'terracaaa '




EVALUATE

[ Identifier
Literal
CondExpression >
ArithExpression
TRUE

(FALSE

( C r

EVALUATE 1

ANY
Condition
s WHEN 14 TRUE ¢ ... ¢ StatementBlock

FALSE
o [ ey fueme
1tera [l lTHrRoUGH/ | _

ArlthExpressan |_ ArlthExpressan_l

V"
.
.

L \ ~ > J

[WHEN OTHER StatementBlock]

END - EVALUATE




EVALUATE - Format 1

EVALUATE TRUE
WHEN condition-1
statement-block-1
WHEN condition-2
statement-block-2
WHEN OTHER
statement-block-3
END-EVALUATE




EVALUATE - Format 2

EVALUTATE Identifier
([DENTIFIER 1] ([DENTIFIER |
WHEN < LITERAL | ( THRTF)Y LITERAL b
| ARITHEXPRESSION || | ARITHEXPRESSION | |
StatementBlock
(IDENTIFIER 11 (IDENTIRIER |
WHEN 1§ LITERAL | { THRIT}S LITERAL >
| ARITHEXPRESSION || | ARITHEXPRESSION |
StatementBlock
WHEN OTHER.
StatementBlock

END-EVALUATE




aiT - EVALUATE - Format 2

EVALUATE EZO01-RANK
WHEN 1 THRU 17
ADD 1000 TO EZ0O2-SALARY
WHEN 18
ADD 3000 TO EZ02-SALARY
WHEN OTHER
DISPLAY '"NOT IN RANGE’

END-EVALUATE




n'7'an

N1n T1P2 EVALUATE -1 IF -n DR 9210
IF A >5 AND B > 9

THEN
PERFORM G-HANDLE
ELSE
IF A =1O0R A =3O0RA=-5 ORB >= 2
THEN
PERFORM H-SUM
ELSE
IF (A= 4 AND B =1) OR B =0
THEN
IF C > 50
THEN
DISPLAY ‘YES !f
END-IF
END-IF

END-IF




Intrinsic Functions

NIan >

NI'Y{71190 "AI0 »
D'UNI9N 'AI0 >
NTNNN NI'X;719 >
NI'VO'VVO NI'XAID »
NI'KN'NN NI'XZAO >
D'DIXN NIYAID >

n'?2'20N >




Intrinsic FUNCTIONSs

79 nio nix7ao on Intrinsic FUNCTIONSs >~
il

User defined Functions -a nairm x%>

D"IV] A7YYT MY Y DITAN DYI9N -
D'N'NNN




qwna - Intrinsic FUNCTIONS

D'TINOIXNN TAND N'Y7119 7W NRXINA YNNWN? N1 »
JONX N'XPAI9DT7 N0UNT9D IX 71a17 NTIRO v

QYN 7Y TYD NNA1I9] WNNWNT? [N X7 »

Yin'vyn MY »
FUNCTION Function-name (Arguments)




NI'X71190 'AI0

Alphanumeric -
vojpu/nITNNNAa 71907 >
Numeric -

D"IV]] P) [N YNNWA7 TWON .n'0 DY )W NiN'Thn >
D""UNN'IN

Integer -
In'o nyi1 V X%7 n'nn oDy >




D"0ND

NI'N7 07213 0'MIAI0ON 1IN DNVNI9N )
(022012 N0 771D) DaNWN ©
D"UANIX D'V ©
D'V °
NI'N7 71>' D1VNI9N 190N »
(D'7"2 D'MAI0) 09N ©
(SQRT -2 nnart?) TnX ©
(REM -2 nnait?) Tnxn N ©




D"0UNYN 'AIO

NUMERIC »
ALPHABETIC »
ALPHANUMERIC »

n7v »




N'X7119%7 T10N19D NIX7AL

|71 ,0'10NN9 12N NYWONN N1 TWUND »
N720N 7Y NI0'1DN 70 NX |"¥? 10 ALL -2 wnnwin?

™ OCCURS...DEPENDING ON pa ¥ 07202 DX »

-1 'I¥XY NINWNN Y'Y Y2371 NI0MIDN 190N
DEPENDING ON

.NNAIT »
COMPUTE WS10-TOTAL =

FUNCTION SUM (TBO1-NUM (ALL))




nrnrtnnn ni'x2is>

n'X;7119 NDM0NS n'X;2219n 110 ATNIMN VN
CHAR int Alphanumeric INt DI7'na XYM 1NN
EBCDIC/ASCII -n n7a0a
LENGTH any Integer NTNNNN IR
LOWER-CASE string Alphanumeric NIMNIX? NTNNNN ND'ON
nnoyp
NUMVAL alphanumeric Numeric | M7 1uN19aw 1Wn NI'ON
ORD string Integer -N N72012 HINN DIpP'N
ASCII/EBCDIC
REVERSE string Alphanumeric 319N YTOQ NTNNNAN
UPPER-CASE string Alphanumeric NIMIXY? NTNNN ND'ON
NIITa




NIRNAIT = NI'NTINN NI'X209

MOVE FUNCTION CHAR (FUNCTION ORD('a'))
TO WS20-CHAR-X

COMPUTE WS30-ORDENAL-ASCII-POSITION-I =
FUNCTION ORD (FUNCTION CHAR(61))

MOVE FUNCTION LENGTH (WS20-CHAR-X)
TO CN10-ORIGINAL-VAR-LENGTH

IF FUNCTION LOWERCASE (WS20-CHAR-X)= WS20-CHAR-X
THEN

DISPLAY 'The value 1s lowercase'
END-IF
IF FUNCTION UPPERCASE (WS20-CHAR-X)= WS20-CHAR-X
THEN

DISPLAY 'The value 1is Uppercase'
END-IF

COMPUTE WSO01-NUM-N =
FUNCTION NUMVAL (FUNCTION REVERSE ('12"'))




NnI‘vo'vuvo NI'XANIS

N'¥j2119 D'IUNIO 210 1TNINN )N
MAX 1 or more, any | Any "N'opPnn VN
MEAN 1 or more, num | Numeric yNINN
MIDRANGE 1 or more, num | Numeric DIN1'NN 7w yxinn
DIn'opnnl
MIN 1 or more,any | Any mnam
ORD-MAX 1 or more, any | Integer '‘7n'07Nn )WN DIP'N
ORD-MIN 1 or more, any | Integer '‘70'1'N YN DIp'n
RANGE 1 or more, Any RN IAbhh
int/num W7 “mropnin
“7n'1'n
STANDARD-DEVIATION |1 or more, num | Numeric 7N N'"0O
SUM 1 or more, num | Numeric D'VNN9N DIDO
VARIANCE 1 or more, num | Numeric nniv




NIXRNAIT - NI'VO'VLVLO NI'X2AID

COMPUTE WS02-NUM-V99 =
FUNCTION MAX[MIN] (WSO1l-INTEGER TBO1l-NUM(ALL 3))

COMPUTE WSO1-INTEGER =
FUNCTION ORD-MAX[ORD-MIN] (TBO1-NAME (ALL ALL))

COMPUTE WS02-NUM-V99 =
FUNCTION MEAN [STANDARD-DEVIATION] [MEDIAN]
[MIDRANGE] [RANGE] [SUM] [VARIANCE] (TBO1-NUM (ALL ALL))




nron'nn ni'‘¥,7aid

N'¥j2119 D'"LVNO AlO

ACOS 1,num Numeric
ASIN 1,num Numeric
ATAN 1,num Numeric
COS 1,num Numeric
FACTORIAL 1,int Integer

INTEGER 1,num Integer

INTEGER-PART 1,num Integer

LOG 1,num Numeric
LOG10 1,num Numeric
MOD 2,intl int2 Integer

RANDOM 1,int or none Numeric
REM 2,numl1 num2 Numeric
SIN 1,num Numeric
SUM 1 or more, int/num Numeric
SQRT 1,num Numeric
TAN 1,num Numeric

HELP -2 w9on? w* - ?2INTEGER-PART -1 INTEGER 1'2 277ann nn




NIRNAIT = NI'ON' TN NI'X2219

COMPUTE WS04-INT =
FUNCTION MOD (WSO03-NUM-V99 5)

COMPUTE WS02-NUM-V99 =
FUNCTION REM (WSO3-INT1 WS04-INT2)

COMPUTE CNO1-FACTORIAL =
FUNCTION FACTORIAL (WSO1l-INTEGER)

COMPUTE WSO1-INTEGER =
FUNCTION INTEGER[-PART] (WS0Z2-NUM-V99)

COMPUTE WS01-SUM =
FUNCTION SUM(TBO1-SALARIES (ALL 2))
.D'TaIvN 72 7w nwa UTINN 7 NNDWNN DX 000 Nivnwn
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D'O'"AKRN NI'X2219

n'¥7119 DVNTO 210 TNINN YN
CURRENT-DATE None Alphanumeric | YYYYMMDDhhmmsscccecee 'mon pxn
DATE-OF-INTEGER 1,int Integer YYYYMMDD g2 %0 900m oun
DAY-OF-INTEGER 1,int Integer YYYYDDD 7122 %0 “00n a1an
INTEGER-OF-DATE 1,int Integer 1won? YYYYMMDD 713 70 owan
INTEGER-OF-DAY 1,int Integer 19027 Y Y'Y Y DDD 77123 7780 oun




NIXRNAIT - D'O"AKRN NIYX219

D"N'2 22 210°'T

03 WSO1-CURRENT-DATE.

05 WSO1-CURRENT-DATE-9 PIC 9(8).
03 WSO2-BIRTH-DATE PIC 9(8) VALUE 19451203.
03 WSO03-AGE-IN-DAYS PIC 9(5).

MOVE FUNCTION CURRENT-DATE TO WSO1l-CURRENT-DATE

COMPUTE WSO3-AGE-IN-DAYS =

FUNCTION INTEGER-OF-DATE (WSO1-CURRENT-DATE) -

FUNCTION INTEGER-OF-DATE (WSO2-BIRTH-DATE)




Tonn — D' Ik N1T'X/Z21183
P012W2 D1'N NXR 2W0T?2 TR

7 -1 NE1?27TN DTARDD Unnhun

COMPUTE WS10-DATE-DAY-OF-WEEK =
FUNCTION REM (FUNCTION INTEGER-OF-
DATE (WS11-DATE-YYYYMMDD) 1)

1 ,110x2Y 01 712y O 710N X 211390
... 10 D1 112D
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A=068

B=75

C=95

D=88




SEARCH Syntax

Indentifier
SEARCH TableName | VARYING
IndexName

:AT END StatementBIock]

( . Statementblock
WHEN Condition
NEXT SENTENCE

.

END — SEARCH

OCCURS TableSize TIMES
[INDEXED BY {IndexName}.. |




SET -n vown

SET IndexName/Identifier .. TO

IndexName/Identifier/Integer

SET IndexName.. UP/DOWN

BY Identifier/Integer



SEARCH - ninyn

nX 17w nTan2a 71737 2'n SEARCH - nmipoa v'oimn manwnn nw
OCCURS -n nj709

I'NW bynd P71 'vTIVo X7 XIn SEARCH nTioa VARYING -2 win'w
mRUalY

(SEARCH -n mnx nTij9%7 Naw niz'on) NEXT SENTENCE 1% 7"10

SEARCH -n nTipo 728 nnx n7202 INDEXED BY 190n 21an? nn
(7Tnnn Nn7M2) 727 IwkNa nwnnwun

wnnwn? INDEXED BY nrxa yviap7 I VARYING 2
QYN 7Y DRXIN NI 712" O TI'RN

SET... UP/DOWN BY : nmipon "y yx¥ian a1w'nin




SEARCHALL -n 2 amn

SEARCH ALL TableName [AT END StatementBIock]

-

Identifier

Literal

IS EQUAL TO
Elementldentifier
WHEN - |

ArithExpression

ConditionName

-

Identifier

Literal

IS EQUAL TO
4 Elementldentifier |

ArithExpression

| ConditionName
StatementBlock
{NEXTSENTENCE}
END - SEARCH

OCCURS TableSize TIMES
HASCENDING

DESCENDING
[INDEXED BY {IndexName}...]

} KEY IS {Elementldentifier} }

v




ninyn - SEARCH ALL

nn'mn nix?ao v 71 o SEARCH ALL -n
(ASCENDING/DESCENDING)

NnIMNX) .N1mn 07200 ox NpTia X7 SEARCH ALL -n nTipo
(Jna20mn

TN v 'xam Y win'y vt SEARCH ALL -n nTipoa

12'X) n720n N7'nnn TN wis'nn NX 7'nnn SEARCH ALL -n
("R OpTI'RN 7w W7 ont'Nn




DEPENDING ON

01 TB-TABLES.
03 TBO1l-LETTERS.
05 TBO1l-LETTER PIC X
OCCURS 1 TO 26
INDEXED BY TBOl1l-I
DEPENDING ON CNOl-TABLE-SIZE.

n2aun mi1u nx oyny? 70 DEPENDING ON -n nposa wnnwn? 1n"1 =

N231un win'wld 11127TN 27112 n® niwn x? DEPENDINGON -n =




CALL aann

CALL ProgramNameldentifier | ProgramNameLiteral

[USING [BY REFERENCE | BY CONTENT] Paraml1

[BY REFERENCE | BY CONTENT] Param2...]

END-CALL




LINKAGE SECTION

D'VINIAIR/DMLVNION NN NX ' TAN >

LINKAGE -nyma VALUE yman% 'x »
88 nn1a 127n SECTION

-7 NNT D' DMVNION NYSIN YTOW Ymin »
USING

NnIYTN NI wnnwn? 'k - UPSIE »

NX 72'Y [INNX UNID TN 9'oIN7 Ymin »
(Return Code) oiovon




CALL BY VALUE

NOYI1 NIAIND NI'DINT D'RIP DR UIN'wa 3"T1a »
(C now >"T12) NnOnNX NIdN

nowa NnidIN7? oa BY VALUE xnp7 ©wox »
-2 02 DIiwn7 w' 0T mzna .COBOL
nx7an nimn 7w PROCEDURE DIVISION
D' VNS DNIX 1Ay BY VALUE n'¥oixn nx




CALL RETURNING

nyv nanwn Mrnn? wnwn RETURNING -n»
YINT )V
n'¥oIxa CALL nmipoa wim'w vl mpna »

-n X N nnixa "x? ' RETURNING
PROCEDURE DIVISION -2 na RETURNING

JR 21N N'OINMN v




CANCEL

» CANCEL identifier/literal

JNOTANn "Nt nINN

N2¥N] [VU'N X' X7'N NDINNY AXAN Dy9] )
WORKING- -2 VALUE -n) mux1n

(qpn n'n STORAGE




INITIAL Mode

» PROGRAM-ID. progtramName IS INITIAL.

NINX N2INN DRI NIDINN YR Vil )
N7V9NN NOvn 72197 n'7'nnn n'Imnw 1197 )
JN7NNNN NAXNT? ANIX NN'ThN

-2 NTanw Values -n 7w X'n nnjz'vn nivnwnn »
21w n'yom Working-Storage

9NN IT N'XOINA WNNWUNT? |I'N »
Local Storage -2 wnnwn'? "won »




INSPECT Syntax
Format 1

INSPECT SourceStr$i TALLYING

-

BEFORE
CHARACTERS

INITIAL Delim$il | ...
AFTER

Counter#i FOR {

LEADING AFTER

-

INSPECT WSO01l-FULL-NAME

TALLYING CNO1-SPACES
FOR LEADING SPACES.

INSPECT WS01-SOURCE-LINE
TALLYING CNO1-NO-OF-ES
FOR ALL 'e' AFTER INITIAL
BEFORE INITIAL

'start'
'end'.

ALL [ (BEFORE e N
{— } {Compare$ll [ { } INITIAL DeI|m$ll} }

J



INSPECT Syntax
Format 2

INSPECT SourceStr$i REPLACING

_ BEFORE o
CHARACTERS BY ReplaceChar#$il INITIAL Delim$il | ...
AFTER

ALL

AFTER

|(FIRST

PERFORM VARYING I
FROM 1 BY 1
UNTIL I > 10
INSPECT WSO01l-TEXT-LINE

REPLACING TBO1l- BY '*#@!"’
END-PERFORM

_ _ BEFORE o
LEADING {Compare$|l BY Replace$il [ { } INITIAL DeI|m$|I] }



INSPECT Syntax
Format 3

INSPECT SourceStr$i TALLYING

r

AFTER

\
ALL . . BEFORE L

- Delim$il| <~ }INITIAL DelimSil |...} ...
LEADING AFTER

J

BEFORE .
CHARACTERS INITIAL Delim$il | ...

Counter#i FOR |

r 3

[ (BEFORE o
CHARACTERS BY ReplaceChar$il| {————— ¢t INITIAL Delimsil | ...
AFTER

REPLACING < (ALL

LEADING { Compare$il BY Replace$il { {
FIRST

BEFORE

— ¢ INITIAL Delim$il|...¢ ...
AFTER

J

.




INSPECT Syntax
Format 4

INSPECT SourceStr$i CONVERTING
Compare$il TO Convert$il

BEFORE e
{ { } INITIAL De||m$ll]

AFTER

INSPECT WSO01-TEXT CONVERTING
' TO '5298317046"
AFTER INITIAL 'codeon'
BEFORE INITIAL 'codeoff'.




STRING Syntax

_ Delim$il
STRING 4Source$il ... DELIMITED BY

SIZE

INTO Dest$i

'WITH POINTER Pointer# ]

[ON OVERFLOW StatementBlock]
[NOT ON OVERFLOW StatementBlock]

[END-STRING]

STRING WSO01-SOURCE-T
WS02-SOURCE-2
"10' DELIMITED BY SIZE
INTO WSO03-DEST-STRING
END-STRING
STRING WSO01-SOURCE-1 DELIMITED BY SIZE
WS02-SOURCE-2 DELIMITED BY SPACES
WS03-SOURCE-3 DELIMITED BY 'Frogs'
INTO WS04-DEST

WITH POINTER IXO1-POINTER
END-STRING




UNSTRING Syntax

UNSTRING SourceStr$i

[DELIMITED BY [ALL] Delim$il [OR [ALL] Delimsil] ...]
INTO {DestStr$i [DELIMITER IN HoldDelim$i]

[COUNT IN CharCounter#il} ...
WITH POINTER Pointer#i]
TALLYING IN DestCounter# i]

NOT ON OVERFLOW StatementBIock]

END - UNSTRING]

|
|
[ON OVERFLOW StatementBIock]
|
[

UNSTRING WSO1l-Name
DELIMITED BY ALL SPACES
INTO WSO1-FIRST-NAME
WS01-SECOND-NAME
WSO01-SURNAME
END-UNSTRING

UNSTRING WSO1-ADDRESS DELIMITED BY
INTO TBO1-ADDRESS-LINE (1)

TBO1-ADDRESS-LINE (

TBO1-ADDRESS-LINE (

TBO1-ADDRESS-LINE (

TBO1-ADDRESS-LINE (

TALLYING IN CNO1-LINES-USED

2)
3)
4)
5)

END-UNSTRING

|

4

|




N'YUNIN N'DIMY7 D0NI9 NN

UPSI -2 winw »
PARM -2 win'w »




UPSI -2 win'w

» CONFIGURATION SECTION.
° SPECIAL-NAMES.
* UPSI-0 ON STATUS IS FIRST-UPSI
* UPSI-1 ON STATUS IS SECOND-UPSIT

» IF FIRST-UPSI

o

» END-IF
» IF SECOND-UPSI

(e]

» END-IF
» // EXEC PGM=TESTUPSI, PARM='‘/UPSI (10100000)




PARM -2 win'w

// EXEC PGM=TESTPARM, PARM= ’'HELLO, WORLD’

v

LINKAGE SECTION.

01 LSO1.
03 LSO1-LENGTH PIC S9(4) COMP.
03 LSO1-CONTENT PIC X (100).

v Vv Vv

>




V7NN NINTAL

TAIWT? NOOIN NNAIT »
NN )'7NN )
DINYNN N720 »
nL?NN N7V »

n'72'20N »
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TAIV7? NO90IN

250 7w nooin 7apn pni nnw 15 -n nir oy N1 »

nnw 15 -n N1 o1 3-n nir oy 45 Ty 17w 1A »
400 7w nooin 7a' pni

500 7w noon 7apn 077 3-n NP DY DT )

NooIN 7' mw 15 1Y 72w pni 45-n "Nk 17'aw 121V )
200 7v
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n'12n '7NN

D'INYN NTaN »
NINWN 707 NI'NYONN 190N NyIap »

NINYN 7D Ay 79D0 a1vn )

N = "%%750 nirmwoxn 1%0n a1v'n »

nNiwy N v n720 nmMa

D'ON'NN 7D DY DNWNA D7 00w 1t »

Q'Y 72 112y nL7NNN 1M
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NINY

AN INW?D 1AW 727 70 ,17R0 D'RINN 197 ,0XN )
?TINX N90INN

?N90IN QX 177" XY D'TAIVN DN ' )
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0770 NIY

NINT 190N »
WVr-1na7, -0

NN0 4 - 0TIAY N7'nh MY »
nNoo 4 - nT? MY »

NN90 2 - 0'T7' 190N »
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Convert to Activity Diagram

Convertto 0/1

| =G*T+SK*2+C*4+A*8 +1

aSupplements]l]

N*"JD1N2 TI1DU'ND NU2TNN N?220 NX 9'0D1Nn7
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Convert to 0/1

G = gender

CurrentYear - HireYear > 18

Children > 3_______L______>

CurrentYear — BirthYear > 45
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The Elevator StateChart

Mowe to another floor

.N‘ Ogoﬁ(;ft Moving to
) another floor

Emergency

Mowe to another floor Al

 On another
floor
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State with Activities

On another floor
entry/ Initialize timer
~do/Increase timer
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Interaction Between Boundary Classes

‘ Edit

Customer
New Details

OK / Refresh list

L Customer List

4 Cancel

Delete

lose

OK / Remove from list

Cancel

Delete
Customer
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Unreachable States
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Dead States
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Examples

» During the "Process Document” use case in a word processor,
it is not legal to perform the File-Save operation until the
File—New or File-Open event has happened

» Windows:

- Edit-Paste action is only valid if there is something in the
“clipboard” to paste

» Compilers
» Editors
» Controllers

» Devices
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Buy Items

Enter item

. - Enter item | Entering
[ Waiting for } items

sale
End sale
Handle reply Waiting for
payment

e credit payment

Authorizing
Payment

Make check payment
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Nested States

JXN 7D 7IN2 D'Ax¥N NNOAX'T NINA7 N1 )

Active

LT‘ [ Talking |
) hook / playDialTone _

L PlayingDialTone

Connected
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COBOL 7o MOVE -n nTi79 nnaiT

Build an algorith to validate the MOVE COBOL statement.
The valid syntax is as follows:

MOVE % constant/variable % TO VAR 1 VAR 2 .... VAR N

Invalid examples:
MOVE ATO 3
MOVETOAB
TO AMOVE B
A TO MOVE X

Assume that a table containing the different components of the statement already exists (T(20))

-T-
MOVE

A

TO

S

T

U
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Move Statement - Statechart Diagram

0\

Empty ‘

ove

~ After Move |

Varidble Canstant

‘ In Source ‘
Error
To Other
~ AferTo j )
‘ ‘ Other
X?riable Other

i In Target |
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NI'N7119 X77 D'ax¥n n7av

-TS -

Input MOVE Constant Variable TO End
State
1 - Empty 2 -1 -1 -1 -1
2 — After MOVE -2 3 3 -3 -4
3 — In Source -2 -5 -5 4 -4
4 — After TO -2 -6 5 -7 -4
5 — In Target -2 -6 5 -7 6
6 — Logical End -8 -8 -8 -8
1. Statement does not start with MOVE clause
2. Duplicate MOVE clause
3. Missing source clause
4. Incomplete statement
5. Duplicate source clause
6. A constant is not allowed as target
7. Duplicate TO clause
8. Components appear after end of input
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R1, R2, R3 :n'xan n'alon oy nmiv nnima »
P1 yxa R2 mnx yom R1 ox»

P3 yxa R2 7w 21T 290n NMnX v'om R3 ox »
P4 yxa R2 7w nir-'x 1oon MNX y'om R3 ox »
P5 yxa N7 nhixa vom R1 ox»
P6 yxd n'720 naixa vom R2 ox »
P7 yxd 0721 naxa vom R3 ox»
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R1 -
R1 -
R2 =
R3 -
R1 -
R2 =
R2 =
R3 2>
R2 2>
R1 >
R3 =

5
5
6
4
.
6
6
3
6
4

P/
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States and Functions in the Table

Input R1 R2 R3
/Function
State ]
1 - Empty P5/2 P6/4 P7/5
2 -R1 P5/2 P6/4 P7/5
3 - R2 odd P1/2 P6/4 P3/5-__
4 - R2 even P1/2 P6/3 pas | >~
State
5-R3 P2/2 P6/4 P7/5
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State Table Algorithm

EndOfinput

Convert Input To

Column Number
Handle

Invalid
Execute aFunctions[state, column] NEE

state = aStates[state, column]
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Constant Number Exercise

v v v Vv

Given a variable 20 chars long. Check if its content contains a
valid presentation of a numeric constant.

Valid Structure: Sddd----- d.dddETddd

S - is optional

If E exist the T is mandatory

Check the following conditions

> There is no spaces between S and the first digit

- The integer part of the number contains 1 to 10 digits
> The fraction part of the number contains up to 5 digits
> The exponent contains 1 to 3 digits

Valid examples: 123, -24, -127.39, +12345, -123.45E+3,
123.3e-12

Invalid examples: + 123, 123.45.67, 123-, +-12.34, 150.7,
1239%
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Constant Number

Input Space
State

Empty
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SQL Statement

» Create a statechart diagram for the SQL SELECT
statement

* FROM tl1 [,t2] [,t3]
Or

SELECT coll/1itl [, col2/1it2] [,
col3/1it3] FROM tl1 [,t2] [,t3]
[WHERE condl [AND/OR cond?2 ] [AND/OR

cond3] ...]

[ORDER BY coll/constl [, col2/const2]
[, col3/const3]
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Input

» Valid ’ —'S"‘I’a"td » Invalid
» Selec
> %elect . Column ) Eelect
p » Column g
» From » Column » Column
-+ » From » From

- Jelole . Table . Table
» 1able ’ PB:G » Column
 Table - Table | Table
B ere

" » Condition ’ Where_:_
4 (:()r](j|t|()r] » And ) (:()r](j|t|()r]
» And » Table » And
» Condition » Condition » Condition
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NIDNT? 07 TIN

'MNTO 77TIN
NN'Y 77N

NN 77N
Syncsort - airn 77In

Syncsort - nN'aw oy At 7T »

v Vv

v Vv
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Cobol Example

03 SWO1-I01-STATUS PIC S9(4) BINARY VALUE O.
88 SWO1-I0O1l-END-OF-FILE VALUE 9.

PERFORM W-INIT

PERFORM UNTIL SWO1-IO1-END-OF-FILE
PERFORM B-HANDLE
PERFORM C-READ

END-PERFORM

PERFORM Z-FINISH

GOBACK.

A-EXIT.
EXIT.
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Cobol Example (cont’d)

K o e e
C-READ SECTION.
x - - __
o100/
READ I01-EMPLOYEES
AT END
SET SW01-I01-END-OF-FILE TO TRUE
END-READ.
C-EXIT.
EXIT.
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Cobol Example (cont’d)

OPEN INPUT IO1-EMPLOYEES
IF NOT WSO02-NORMAL-STATUS
SET WSO04-FILE-NOT-FOUND TO TRUE
PERFORM X-ERROR
END-IF
Read first record
PERFORM C-READ
IF SWO01-I0O1-END-OF-FILE
SET WS04-EMPTY-FILE TO TRUE
PERFORM X-ERROR
END-IF.
W-EXIT.
EXIT.
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Cobol Example

03 SWO01-I01-STATUS PIC S9(4) BINARY VALUE 0.
88 SWO1-I01-NORMA;-STATUS VALUE 0.
88 SW01-I01-END-OF-CUSTOMER VALUE 6 THRU 9.
88 SW01-I01-END-OF-FILE VALUE 9.
e
A-MATIN SECTION.
K o e e
AQO

PERFORM W-INIT
PERFORM UNTIL SWO1l-IO1-END-OF-FILE
PERFORM U-INIT-CUSTOMER
PERFORM UNTIL SWO01-IO01-END-OF-CUSTOMER
PERFORM B-HANDLE
PERFORM C-READ
PERFORM D-VREAK
END-PERFORM
PERFORM V-FINISH-CUSTOMER
END-PERFORM
PERFORM Z-FINISH
GOBACK.
A-EXIT.
EXIT.
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Cobol Example (cont’d)

U00.
Save Customer id 1in previous
SET SWO1-I01-NORMAL-STATUS TO TRUE
MOVE I01-CUSTOMER-ID TO
WS02-PREVIOUS-CUSTOMER-ID

U-EXIT.
EXIT.
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Cobol Example (cont’d)

IF I01-CUSTOMER-ID NOT =
WS02-PREVIOUS-CUSTOMER-ID
SET SWO1-I01-END-OF-CUSTOMER TO TRUE
END-IF
D-EXIT.
EXIT.
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|
End-Of-
Customer

End-Of-
Account
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Cobol Example

03 SWO1-I01-STATUS PIC S9(4) BINARY VALUE O.
88 SWO1-I0O1-NORMAL-STATUS VALUE O.
88 SWO1-IO1-END-OF-ACCOUNT VALUE 3 THRU 9.
88 SWO01-IO01-END-OF-CUSTOMER VALUE 6 THRU 9.
88 SWO1l-IO1-END-OF-FILE VALUE 9.
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Cobol Example (cont’d)

AQO.
PERFORM W-INIT
PERFORM UNTIL SWO1l-IO1-END-OF-FILE
PERFORM U-INIT-CUSTOMER
PERFORM UNTIL SWO01-TIO01-END-OF-CUSTOMER
PERFORM S-INIT-ACCOUNT
PERFORM UNTIL SWO1-IO01-END-OF-ACCOUNT
PERFORM B-HANDLE
PERFORM C-READ
PERFORM D-BREAK
END-PERFORM
PERFORM T-FINISH-ACCOUNT
END-PERFORM
PERFORM V-FINISH-CUSTOMER
END-PERFORM
PERFORM Z-FINISH
GOBACK.
A-EXIT.

EXIT.
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Cobol Example (cont’d)

U-INIT-CUSTOMER SECTION.
x - -
Uu0o0
SET SWO01-I01-NORMAL-STATUS TO TRUE
x Save Customer i1d in previous

MOVE I01-CUSTOMER-ID TO
WS02-PREVIOUS-CUSTOMER-ID.

U-EXIT.
EXIT.
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Cobol Example (cont’d)

SET SWO1-I01-NORMAL-STATUS TO TRUE
x Save Account i1d in previous
MOVE IO1-ACCOUNT-ID TO
WS02-PREVIOUS-ACCOUNT-ID.

S—-EXIT.
EXIT.
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Cobol Example (cont’d)

EVALUATE TRUE
WHEN TO01-CUSTOMER-ID NOT =
WS02-PREVIOUS-CUSTOMER-ID
SET SWO01-I01-END-OF-CUSTOMER TO TRUE
WHEN I01-ACCOUNT-ID NOT =
WS02-PREVIOUS-ACCOUNT-ID
SET SWO01-I01-END-OF-ACCOUNT TO TRUE
WHEN OTHER
EXIT SECTION

END-EVALUATE.
D-EXIT.
EXIT.
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Cobol Parallelism

PERFORM W-INIT

PERFORM UNTIL SWO1-IO1-END-OF-FILE
PERFORM D-PARALLELISM
PERFORM B-HANDLE
PERFORM C-READ-MAIN

END-PERFORM

PERFORM Z-FINISH

GOBACK.

A-EXIT.
EXIT.
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Cobol Parallelism(cont’d)

IF I01-KEYS NOT = I02-KEYS
GO TO D-EXIT
END-TIF'.
2 Add here your functionality **
B-EXIT.
EXIT.
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Cobol Parallelism(cont’d)

PERFORM UNTIL IO02-KEYS >= I01-KEYS
READ I02-SECONDAY

AT END
MOVE HIGH-VALUE TO I02-KEYS
END-READ
END-PERFORM.
D-EXIT.
EXIT.
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Cobol Merge

IXXX — INDEXES

01 IXO00.
03 IXO01-CURRENT-FILE PIC S9(4) BINARY.

01 TBO1-FILES.
03 TBO1-FILE OCCURS 0 TO 3
DEPENDING COQ1-NUMBER-OF-FILES
INDEXED BY TBO1-T.
05 TBO1-ID PIC S9(4).
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Cobol Merge (cont’d)

PERFORM W-INIT

PERFORM UNTIL SWO1l-END-OF-FILES
PERFORM B-HANDLE
PERFORM C-READ-NEXT
PERFORM D-SELECT-NEXT

END-PERFORM

PERFORM zZ-FINISH.

GOBACK.

A-EXIT.
EXIT.
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Cobol Merge (cont’d)

EVALUATE TRUE

WHEN IX01-CURRENT-FILE = CO02-I01-FILE-NUMBER
PERFORM CA-READ-I01

WHEN IX01-CURRENT-FILE = CO02-I02-FILE-NUMBER
PERFORM CB-READ-I02

WHEN IX01-CURRENT-FILE = CO02-I03-FILE-NUMBER
PERFORM CC-READ-I03

WHEN OTHER
SET WSO0Z2-INVALID-FILE-NUMBER TO TRUE
PERFORM X-ERROR

END-EVALUATE.
C-EXIT.
EXIT.
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Cobol Merge (cont’d)

MOVE FUNCTION ORD-MIN(TBO1-ID(ALL)) TO
ITX01-CURRENT-FILE

TF FUNCTION MIN(TBO1-ID(ALL)) = COO3-HIGH-VALUE
SET SWO1-END-OF-FILES TO TRUE
END-IF.
D-EXIT.
EXIT.
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Cobol Merge (cont’d)

W-INIT SECTION.
K e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
* Open files
* .........
& Read one record from each file

PERFORM C-READ-NEXT VARYING IX01-CURRENT-FILE
FROM 1
BY 1

UNTIL IXO01-CURRENT-FILE >
COO1-NUMBER-OF-FILES

PERFORM D-SELECT-NEXT.
W-EXIT.
EXIT.
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Customer
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Cobol Merge And Break

01 TBO1l-FILES.
03 TBO1-FILE OCCURS 0 TO 5
DEPENDING WSO03-NUMBER-OF-ENTRIES
INDEXED BY TBO1-TI.
05 TBO1-ID PIC S9(4) .

* Seqg. | Answers | Letters | Customers | Reports |

*
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

e
|
|
|
|
|
|
|
|
|
|

* 1. I 0 | 0 I 0 I

£ 2. | 0 | 0 | 1 |1 |

* 3. I 0 I 1 | 0 |

* 4, | 0 | 1 | 1 | 2

* 5. I 1 I 0 | 0 |

6. | 1 | 0 | 1 | 1+4 |

Sl 1 | 1 | 0 | |

8. | 1 | 1 | 1 | 3 |

A e fommm oo |

01 TBO2-REPORTS VALUE ' 1 2 144 3 .
03 TBO2-REPORT OCCURS 0 TO 8

DEPENDING CO04-NO-OF-DECISIONS
INDEXED BY TBO02-I
PIC X (3).
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Cobol Merge And Break (cont’d)

PERFORM W-INIT
PERFORM UNTIL SWO1l-END-OF-FILES
PERFORM U-INIT-CUSTOMER
PERFORM UNTIL SWO1-END-OF-CUSTOMER
PERFORM B-HANDLE
PERFORM C-READ-NEXT
PERFORM D-SELECT-NEXT
PERFORM E-BREAK
END-PERFORM
PERFORM V-FINISH-CUSTOMER
END-PERFORM
PERFORM Z-FINISH.
GOBACK.
A-EXIT.
EXIT.
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Cobol Merge And Break (cont’d)

EVALUATE TRUE
WHEN IX01-CURRENT-FILE = CO02-I01-FILE-NUMBER
SET SW02-CUSTOMER-FOUND TO TRUE
WHEN IX01-CURRENT-FILE = CO02-I02-FILE-NUMBER
SET SWO2-LETTER-FOUND TO TRUE
WHEN IX01-CURRENT-FILE = CO02-I03-FILE-NUMBER
SET SWO2-ANSWER-FOUND TO TRUE
WHEN OTHER
NEXT SENTENCE
END-EVALUATE.
B-EXIT.
EXIT.
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Cobol Merge And Break (cont’d)

EVALUATE TRUE
WHEN IX01-CURRENT-FILE = CO02-I01-FILE-NUMBER
PERFORM CA-READ-I01
WHEN IX01-CURRENT-FILE = CO02-I02-FILE-NUMBER
PERFORM CB-READ-I02
WHEN IX01-CURRENT-FILE = CO02-I03-FILE-NUMBER
PERFORM CC-READ-IO03
WHEN OTHER
SET WSO2-INVALID-FILE-NUMBER TO TRUE
PERFORM X-ERROR
END-EVALUATE.
C-EXIT.
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Cobol Merge And Break (cont’d)

* fIND THE MINIMAL id
MOVE TBO01-ID(1l) TO TBO1l-ID (WSO3-NUMBER-OF-ENTRIES)
MOVE 1 TO IX01-CURRENT-FILE
PERFORM VARYING TBO0O1-I
FROM 2
BY 1
UNTIL TBO1l-I > COOl1-NUMBER-OF-FILES
IF TBO1-ID(TB0O1-I) < TBO1-ID(WSO3-NUMBER-OF-ENTRIES)
MOVE TBO1-ID(TBO1l-I) TO
TBO1-ID (WSO3-NUMBER-OF-ENTRIES)
SET IX01-CURRENT-FILE TO TBO1-I
END-IF
END-PERFORM.
D-EXIT.
EXIT.
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Cobol Merge And Break (cont’d)

EVALUATE TRUE
WHEN TBO1-ID (WSO3-NUMBER-OF-ENTRIES) = COO03-HIGH-VALUE
SET SWO1-END-OF-FILES TO TRUE
WHEN TB0O1-ID (WSO3-NUMBER-OF-ENTRIES) NOT =
TBO1-ID (WSO3-NUMBER-OF-ENTRIES - 1)
SET SWO1-END-OF-CUSTOMER TO TRUE
WHEN OTHER
SET WS02-I01-FILE-NOT-FOUND TO TRUE
PERFORM X-ERROR
END-EVALUATE.
E-EXIT.
EXIT.
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Cobol Merge And Break (cont’d)

* SAVE THE CURRENT CUSTOMER IN PREVIOUS
MOVE TBO01-ID(WSO3-NUMBER-OF-ENTRIES) TO
TBO1-ID (WSO3-NUMBER-OF-ENTRIES - 1)

SET SWO1-NORMAL-STATUS TO TRUE

SET SWO02-CUSTOMER-INIT TO TRUE

SET SWO2-LETTER-INIT TO TRUE

SET SWO2-ANSWER-INIT TO TRUE.
U-EXIT.

EXIT.
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Cobol Merge And Break (cont’d)

V-FINISH-CUSTOMER SECTION.
K o e e
V0O
* COMPUTE THE DECISION TABLE ENTRY
COMPUTE IX02-ENTRY = (SW02-CUSTOMER-STATUS *

COO05-CUSTOMER-MULTIPLIER) +

(SWO2-LETTER-STATUS *
COO5-LETTER-MULTIPLIER) +

(SWO2-ANSWER-STATUS *
COO5-ANSWER-MULTIPLIER) +

1
IF TBOZ2-REPORT (IX02-ENTRY) = SPACES
EXIT SECTION

END-IF

MOVE TBO01-ID(WSO3-NUMBER-OF-ENTRIES - 1) TO O01-ID
MOVE COO6-REPORTS-TITLE TO OOl1-DETAILS.

MOVE TBOZ2-REPORT (IX02-ENTRY) TO OOl1-DETAILS (11:3)
WRITE OO1-R-FD.
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Cobol Merge And Break (cont’d)

* Open Files
COMPUTE WSO03-NUMBER-OF-ENTRIES = COO0l1-NUMBER-OF-FILES + 2
Read one record from each file
PERFORM C-READ-NEXT VARYING IX01-CURRENT-FILE
FROM 1
BY 1
UNTIL IXO01-CURRENT-FILE >
CO01-NUMBER-OF-FILES

*

PERFORM D-SELECT-NEXT.
W-EXIT.
EXIT.
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D'O7TI'NA VIN'Y

"'y X971 DX NT2 DAYINND YN N0'DN NAIMD :N'Yan
ayAblalirh

D'VIAPZ - NI N7V NIXD
PIC S9(4) BINARY : nTarr n"woin n'o711'X
INDEXED BY "y n7arr n%a0% noniwp n'opT1a'N

' ,OpPTI'R DY NINWYNT? NN N9 TWUNN NI YW IWKRD
2TV NLVWYT? N'aYNY?

T T2 NMINWN7? Nnwin
NIIYNIN NO0"D7 Nnwin
1 + DINNXN N0"1DY7 Nnnwin

|AT2 NQAYINN NAINDN YVIAP XIN O TI'RN DX :NIYN
n'x7'only
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?7N2N YL A'Yan an

IF T(I) > B
ADD T (I) TO C
COMPUTE X = T(I) + W
MOVE T(I) TO B

SUBTRACT T (I) FROM Z
END-I1F
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?7N2N YL A'Yan an

TF TBO1-GRADE (I) > 8 AND
TBO1-CHILDREN(I) > 3 AND < 7 AND
(TBO1-EXPERIENCE (I) > 5 OR
TBO1-AGE (I) > 37) AND
TBO1-TYPE (I) = 3 AND
TBO1-BASIC-SALARY (I) > 6000 AND < 15000

END-IF
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27200 1199 10100 VI NTAN

01 TBO1-EMPLOYEES.
03 TBO1-ROW.
05 TBO1-ID

05 TBO1-GRADE

05 TBO1-CHILDREN

05 TBO1-BASIC-SALARY
05 TBO1-GENDER

05 TBO1-PROFESSION
05 TBO1-EXPERIENCE
05 TBO1-AGE

05 TBO1-TYPE

03 TBO1-EMPLOYEE OCCURS 0 TO 200
DEPENDING ON WSO1l-NUMBER-OF-EMPLOYEES
INDEXED BY TBO1-TI.
05 TBO1-EMPLOYEE-ID
05 FILLER
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n'71INNNX

190N 7INNN YXANN YWXD D' TNI'M D'72INNN] wnNwn'? v
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D'2'21 7Y T'TQ OI9'N

NNIY OI9'X

LOW-VALUE 'y niMa1 nix720 o19'x

pointer 'y 17 019'N

yiap nuw "y 019'X

nn"n "'y o19'N

NIIYN DX 09X7 9TV ,NITINY NQN N7'oN NIY 7D DX
NNIYN IRYT? DNIX 7'TVn71 MIURIN

10 WNNYNI NN NUWA N7NNIXNAN 017200 NN INY
.N720 NNIN 7w D'XAN D72 INNNYT

rights reserved to D.Maymone

vV VvV VvV VvV VvV Vv V9

167



D111 X7 nnalIT

01 TBO1-ITEMS.

03 TBO1-ITEM OCCURS 100.
05 TBO1-ID PIC 9(4) COMP.
05 TBO1-QUANTITY PIC 9(D).
05 TBO1-PRICE PIC S9(9)V99.
05 TBO1-VAT PIC S9(8)V99.

MOVE ZERO TO TBO1-ITEMS
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T'TA OID'X

01 TBO1-BRANCHES.

03 TBO1-BRANCH OCCURS 100
INDEXED BY TBO1-TI.
05 TBO1-A PIC 9(5).
05 TBO1-B PIC 9(9) COMP-3.
05 TBO1-C PIC X (20).
05 TBO01-D PIC S9(8) BINARY.
05 TBO1-E PIC X (9).

PERFORM VARYING TBO1l-I FROM 1 BY 1
UNTIL TBO1l-I > 100
MOVE ZERO TO TBO1-A(TBO1l-I)
TBO1-B(TBO1l-1I)
TBO1-D(TBO1-1)
MOVE SPACES TO TBO1-C(TBO1l-1I)
TBO1l-E (TBO1-1I)

END-PERFORM
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NNIY OIY'X

NIIYN DX 09X7 9TV ,NITINY NQN N7'oN NIY 7D DX »
NNIYN IXRYT? DNIX 7'Tyvn71 MIYURIN

MOVE ZERO TO TBO1-A (1)
TBO1-B (1)
TBO1-D (1)
MOVE SPACES TO TBO1-C (1)
TBO1-E (1)
PERFORM VARYING TBO1l-I FROM 2 BY 1
UNTIL TBO1-I > 100
MOVE TBO1-BRANCH (1) TO
TBO1-BRANCH (TBO1-1I)
END-PERFORM
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NIMI' NINTALV OI19'N

01 TBO2-ITEMS.
03 TBOZ2-ITEM OCCURS 1000
INDEXED BY TBO2-T.
05 TBO1-A PIC S9(9) BINARY.
05 TBO1-B PIC S9(4) BINARY.

MOVE LOW-VALUE TO TBO02-ITEMS
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D"1IN OI9'X
01 CNO1-COUNTERS.

03 CNO1L PIC .. VALUE O.

03 CNOZ PIC .. VALUE O.

03 CNO3 PIC .. VALUE O.
01 CNO1-INIT PIC X (250).

N'DINN N?7'NNA )
MOVE CNO1-COUNTERS TO CNOI1-INIT

> OI9'RN NTI71 »
MOVE CNO1-INIT TO CNO1-COUNTERS

AR
\\\

rights reserved to D.Maymone 173



yiap now "'y o19'N

D'7INNNT? 2 WNNYNL DX DLW N7NNIXAN N720N NN INY. )
.N720 NNIN 7w D'RAN

01 TBO3-CUSTOMERS.

03 TBO3-CUSTOMER OCCURS 15.
05 TBO3-A ..
05 TBO3-B ..
05 TBO3-C ..
01 TBO3-INIT PIC X (300).

NNIN D'NIYIE WD no'wa TBO3 nx 0'ooxn »
MOVE TBO3-CUSTOMERS TO TBO3-INIT

" OI9'N D1 )
MOVE TBO3-INIT TO TBO3-CUSTOMERS

.......
\\\\\\\\\\\\
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01 TBO1-BRANCHES-INIT.

03
03
03
03
03
03

FILLER
FILLER
FILLER
FILLER
FILLER
TBO1-B
05 TBO
07
07
07
07
07

PIC 9(5) VALUE O.
PIC 9(9) PACKED-DECIMAL VALUE O.
PIC X (20) VALUE SPACE.
PIC S9(9) BINARY VALUE O.
PIC X (5) VALUE SPACES.

RANCHES.

1-BRANCH OCCURS 10.

TBO1-A PIC 9(5).

TBO1-B PIC 9(9) PACKED-DECIMAL.

TBO1-C PIC X (20).

TBO1-D PIC S9(9) BINARY.

TBO1-E PIC X (5).

MOVE TBO1-BRANCHES-INIT TO TBO1-BRANCHES
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NN'INN NIN72A0VA 'NNTO WI9N »
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Regular Sequential Search(C, C++, Java, C#)

printf ("Found in %d\n", i + 1);
break;

}

if (i >= N)
printf ("Not Found\n");
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Regular Sequential Search - COBOL

SET TBO1l-I TO 1
SEARCH TBO1-ENTRY
AT END
DISPLAY ‘Entry not found’
WHEN TBO1-ENTRY (TB01-I) = WS01-X
SET WS02-I TO TBO1-I
DISPLAY ‘Entry found in ' WS02-I

END-SEARCH

rights reserved to D.Maymone 179



Knuth Improvement(C, C++, Java, C#)

a[N] = X;
for (1 = 0; af[i] !'= X; 1i++);
if (1 < N)

printf ("Found in %d\n", i + 1);

else

printf ("Not Found\n");
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Knuth Improvement - COBOL

MOVE WS01-X TO TBO1-ENTRY (COO1-NUMBER-OF-ENTRIES)
PERFORM VARYING TBO1-TI
FROM 1
BY 1
UNTIL TBO1-ENTRY (TBO1-I) = WS01-X
END-PERFORM
SET WS01-I TO TBO1-I
IF WS01-I = COO1-NUMBER-OF-ENTRIES
DISPLAY ‘Entry not found’
ELSE

DISLPLAY ‘Entry found in ' WSO01l-T
END-IF
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Sequential Search in Sorted Arrays(C, C++, Java, C#)

a[N] = MAX VALUE;
for (1 = 0; al[i] < X; 1i++);
if (a[i] == X)

printf ("Found in %d\n", i + 1);

printf ("Not Found\n");
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Sequential Search in Sorted Arrays - COBOL

MOVE COQ01-MAX-VALUE TO TBO1-ENTRY (COO1-NUMBER-OF-ENTRIES)
PERFORM VARYING TBO1-TI
FROM 1
BY 1
UNTIL TBO1-ENTRY (TBO1-I) >= WS01-X
END-PERFORM
IF TBO1-ENTRY (TB01-I) = WS01-X
SET WS01-I TO TBO1-I
DISPLAY ’'Entry found in ' WSO01-I
ELSE

DISPLAY ’'Entry not found’
END-IF
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Binary Search and Sequential Search

Number of Sequential Binary
Entries

32 16 5

64 32 6

128 64 7

256 128 8

512 256 9

1024 512 10

2048 1024 11

4096 2048 12

........
.....
\\\\\\\
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Binary Search

Start = 1

Start >
End

Mean = (Start + End)/2

T(Mean)
¢

Start = Mean +1
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Binary Search Code (C, C++, Java, C#)

start = 0;

end = N - 1;

while (start <= end)
{

mean = (start + end) / 2;

current = a[mean];

i1f (current == X)

{
printf ("Found in %d\n", mean + 1);
break;

}

if (current > X)
end = mean - 1;

else

start = mean + 1;
}
if (start > end)

printf ("Not Found\n");
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Binary Search Code - COBOL

* See complete solution in BINSRCH.CBL
MOVE 1 TO WSO02-START
MOVE COQ1-NUMBER-OF-ENTRIES TO WSO3-END
PERFORM UNTIL WSO02-START > WSO03-END OR SWO1-ENTRY-FOUND
COMPUTE WSO04-MEAN =
FUNCTION MEAN (WSO02-START, WSO03-END)

IF TBO1-DATE (WSO04-MEAN) = WSO1-DATE
SET SWO1l-ENTRY-FOUND TO TRUE
EXIT

END-TIF

IF TBO1-DATE (WSO04-MEAN) > WSO1-DATE
COMPUTE WSO3-END = WS04-MEAN - 1
ELSE
COMPUTE WS02-START = WSO04-MEAN + 1
END-TIF
END-PERFORM
IF NOT SWO1l-ENTRY-FOUND
MOVE WSO03-END TO WS04-MEAN
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Binary Search and Large Arrays

n'T1a1w 1,000 2w wn Ima

A 707 )
(nNoo 9) 1Ta1 190n °©
(0'na 200) n0'01o ©

TAIY 150N '97 |'Mmn wnn »
N1 YWID'N NIX? 07200 NX YTAN »
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‘N |INNS

01 TBO1-EMPLOYEES.
03 TBO1-EMPLOYEE OCCURS 1000
INDEXED BY TBO1-I

ASCENDING KEY TBO1-1ID.
05 TBO1-ID PIC 9(9).

05 TBO1-DETAILS PIC X (200) .

NI PAGING 7w n1D0 )
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11220 [INNO9N

01 TBO1-EMPLOYEES.

03 TBO1-ID OCCURS 1000
INDEXED BY TBO1-I
ASCENDING KEY TBO1-ID
PIC 9(9).

03 TBO1-DETAILS OCCURS 1000
INDEXED BY TBO1-J
PIC X (200).
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Full Index

01 TBO1-ACCOUNTS-TYPES.
03 TBO1-ACCOUNT-DETAILS OCCURS 200
INDEXED BY TBO1-I
PIC X (100) .
01 TBO1-POINTER OCCURS 1000
PIC S9(4) COMP.
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n'2n Yoy

ADD 1 TO I
IF I > MAX-NUMBER-OF-ACCOUNT-TYPES
PERFORM X-ERROR
END-IF
MOVE I01-ACCOUNT-DETAILS TO
TBO1-ACCOUNT-DETAILS (I)
MOVE I TO TBO1l-POINTER(IOI1-ACCOUNT-TYPE)

rights reserved to D.Maymone 196



77N O TA'N

(' 200-> w') niwar 6 -7 NiIp?2inn NN »
1-6 TI7 *"v M1"'sINn NWA' D )

01-50 q'¥11 Y2 2702 Y'9IM N2'mn TIp ,Nwa' 701 )
(Nw2ar NN 190Nn7 DRNN])

'N2N N12N2 NN 7w wn [ina
9:nwarTip °
99 : N1 Ty °
X(20) - n'vO -

N'IXT NN DIN'NT7 AN N7V NV'YWN NIXR KXN )

rights reserved to D.Maymone 197



NNINNDS
o wionao

100 '"MNTO
8 M1
|1NDT X' OpTI'N

JWA 7D 7w NIYRIN N0'DN 7Y yaxny 79N ORItk )

0 I

2 102

1T nwa"n T D117 71T 190N

50 3 103
65

31 201

202

66 301

rights reserved to D.Maymone 198



Hashing
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Hashing
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01

01

03

nT1laYy 'NLVY

TBO1-SUPPLIERS VALUE LOW-VALUE.
03 TBO1-SUPPLIER OCCURS 125000
PIC X.
TBOZ2-BITS VALUE
7128064032016008004002001"
03 TBO2-BIT OCCURS 8
PTIC 999.

WS01-NUMBER PIC S9(4) COMP VALUE O.
WS01-NUMBER-X REDEFINES WS01-NUMBER.
03 WSO1-LEFT PIC X.

WSO1-RIGHT PIC X.
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7YNnn Nl

DIVIDE I01-SUPPLIER-NO BY 8
GIVING WSO02-RESULT
REMAINDER WSO02-REMAINDER
ITF WSO2-REMAINDER = 0
MOVE 8 TO WSO0Z-REMAINDER
ELSE
ADD 1 TO WSO02-RESULT
END-IF
MOVE TBO1-SUPPLIER (WSO02-RESULT) TO WSO1-RIGHT
ADD TBOZ2-BIT (WSO02-REMAINDER) TO WSO1-NUMBER
MOVE WSO1-RIGHT TO TBO1l-SUPPLIER (WSO0Z2-RESULT)
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1NYNa vidh

DIVIDE WSO03-SUPPLIER-NO BY 8
GIVING WS02-RESULT
REMAINDER WS02-REMAINDER
IF WSO02-REMAINDER = O
MOVE 8 TO WSO02-REMAINDER
ELSE
ADD 1 TO WSO2-RESULT
END-IF
MOVE TBO1l-SUPPLIER (WSO02-RESULT) TO WSO1l-RIGHT
* Shift Right
COMPUTE WS0O1-NUMBER = WSO1-NUMBER / TBO2-BIT (WSO02-REMAINDER)
COMPUTE WSO02-REMAINDER = FUNCTION MOD (WSO1-NUMBER, 2)
IF WSO2-REMAINDER = 0
DISPLAY WNOT FOUND’
ELSE

DISPLAY ‘FOUND'
END-IF
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[I'n NIV'Y

NIy [Im »

A01YUN NIV |I'M »
Quick Sort »
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Bubble Sort - niyvia 'n(C, C++, Java, C#)

void bubbleSort (int a[], int start, int end)

{
int left, right, temp;

for (right = end; right > 0; right--)
{

for (left = start; left < right; left++)
{
if (af[left] > afleft + 1])
{ // Swap
temp = alleft];
alleft] = al[left + 17;
alleft + 1] = temp;
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(C, C++, Java, C#) vo1un niyia ji'm

void bubbleSort (int a[], int start, int end)

{
int left, right, temp, isSorted = FALSE;

for (right = end; right > 0 && !isSorted; right--)
{

isSorted = TRUE;
for (left = start; left < right; left++)
{
if (al[left] > alleft + 1])
{ // Swap
temp = al[left];
alleft] = a[left + 1];
alleft + 1] = temp;

isSorted = FALSE;
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(COBOL) A91wn niyia ji'

SET SWO1-NOT-SORTED TO TRUE
PERFORM VARYING TBO1-I-LAST
FROM COO1-NUMBERS
BY -1
UNTIL TBO1-I-LAST < 2 OR
SWO01-SORTED
SET SWO1-SORTED TO TRUE
PERFORM VARYING TBO1-I
FROM 1
By 1
UNTIL TBO1-I > TBO1-I-LAST - 1
IF TBO1-NUMBER (TBO1-I) > TBO1-NUMBER (TBO1-I + 1)
MOVE TBO1-NUMBER (TB01-I) TO WSO01-TEMP-NUMBER
MOVE TBO1-NUMBER (TBO1-I+ 1) TO
TBO1-NUMBER (TBO1-1)
MOVE WS01-TEMP-NUMBER TO TBO1-NUMBER(TBO1-I + 1)

SET SWO1-NOT-SORTED TO TRUE

END-IF
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QuickSort(C, C++, Java, C#)

void quickSort(int al[], int start, int end)

{

int left, right, current, temp, mean;
if (start < end)
{

right = end;
left = start;
mean = (left + right)/2;

current = a[mean];
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QuickSort (2) (C, C++, Java, C#)

do
{

while (a[left] < current)

left ++;

while (a[right] > current)
right --;

if (left <= right)

{ // Swap

temp = alleft];
alleft] = alright];
alright] = temp;
right --;
left ++;
}
} while (left <= right);
quickSort (a, start, right);
quickSort(a, left, end);
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QuickSort VB

Sub quickSort (ByVal a() As Integer, ByVal vStart As Integer,
ByVal vEnd As Integer)

Dim left, right, current, temp, mean As Integer
If vStart < vEnd Then

right = vEnd

left = vStart

mean = (left + right) / 2

current = a (mean)
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QuickSort VB (2)

Do

Do While a(left) < current
left += 1

Loop

Do While (a(right) > current)
right -=1

Loop

If left <= right Then
' Swap
temp = a(left)
a(left) = a(right)
a(right) = temp
right -=1
left += 1

End If

Loop While (left <= right)
quickSort (a, vStart, right)
quickSort(a, left, vEnd)
End If
End Sub
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QuickSort (3)
- —

17 17 17 17 17 17 17
53 53 18 18 18 18 18
6 6 51 33 33 33 33
52 52 52 52 36 36 36
33 33 33 51 51 44 44
44 44 44 44 44 51 51
3 18 53 53 53 53 52
36 36 36 36 52 52 53
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From Unstructured to Structured

» Loops
» Mana-Ashcroft
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Loops - 1

IF P GO TO L1.
PERFORM C.

L5.

F QGO TO L-EXIT.

PERFORM D
GO TO L5.
L-EXIT.

» Convert to Structured COBOL.
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Loops - 2

L1.
IF P GO TO LB.
IF Q GO TO LC.
PERFORM A
GO TO L1.
LB.
ADD 1 TO X
MOVES5 TOY
GO TO L-EXIT.
LC.
COMPUTEA =B + 5
MOVEO TO XY Z
ADD 1 TO N.
L-EXIT.

» Convert to Structured COBOL.

rights reserved to D.Maymone 218



Nd Fo Pevmone e



Loops - 3

P1.
IF A NOT > X
GO TO L1.
L2.
PERFORM B
IFF D NOT > Y
GO TO LZ2.
GO TO L-SOF.
L1.
IF C NOT = W
ADD 1 TO C
MOVE 0 TO N
MOVE W TO X
GO TO Pl1.
PERFORM E.
L-SOF'.
PERFORM F'.

» Convert to Structured COBOL.
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Loops - 2 - FlowChart
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Mana Ashcroft
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Mana - Ashroft Solution

Nd Fo Pevmone °2



: 2N

Stop
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Performance

» Structured Programming
» Factoring

» Constants

» Numeric Variables

» Conversions

» SEARCH
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Structured Programming

NI¥xn7? Optimizer -7 NnMwosxn 1an NNdNA N2AND »

N'XT'MUOIN? DIV NI NINND
Inline PERFORM -a1 EVALUATE -2 wnnwn »

Alter nTipoa wnnwn'? 'K »
"Nx7?" Go TO amd7 '8 »
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Factoring

'D'N2N D'WOPN Y A Tan? 27 0w
MOVE ZERO TO TOTAL

PERFORM VARYING I FROM 1 BY 1 UNTIL I = 10
COMPUTE TOTAL = TOTAL + ITEM(I)

END-PERFORM

COMPUTE TOTAL = TOTAL * DISCOUNT

MOVE ZERO TO TOTAL

PERFORM VARYING I FROM 1 BY 1 UNTIL I = 10
COMPUTE TOTAL = TOTAL + ITEM(I) * DISCOUNT

END-PERFORM

\\\\\\\\\\\\
\ \
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Constants

N'TAN? W' yiapa tarme ant Optimizer -nw ' »
NN INIK nnw? X1 Value oy n'7'nnd'n
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Numeric variables

In'o QY »

S9(9) Ix S9(4) : BINARY »

Packed- -2 ninoo 9-n anir oy oMoon 1'1anY? 'NT1 )
Decimal

NnNoo 7w ik 1oon : PACKED-DECIMAL »

NI'VN [IYO7 NDYNT? DNA7 X7 ' TD NNS0 15 TV 9TV »
?717'N1 7907 NTNI'M N"M190

rights reserved to D.Maymone 229



Conversions

D' INYN |'2 TINNIM NIA0N VIX'A T©YUOXN 720 vin »

D?7TIAQ D'NT 2IY'N] D'ONNYN DINYNN YWIXRD )
.N20N 775 NTA Nyxann X7 0U9INAl
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Performance - SEARCH

NXN'N7 71D' N7 N1197W N0'1D7 OPTI'RN NN YN T »
YINTN )WN

20-80 : Paretto |npy nX 7von »
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Exercise 6-3

PERFORM VARYING TBO1l-I
FROM 1
BY 1
UNTIL TBO1-I > COOl-EMPLOYEES
MOVE 0 TO WSO1l-EMPLOYEE-SALARIES
PERFORM VARYING TBO01-J
FROM 1
BY 1
UNTIL TBO1-J > COO1-MONTHS
IF TBO1-HIGH-SALARY (TBO1-I TBO1-J)
MOVE 0 TO WSO1-EMPLOYEE-SALARIES
EXIT PERFORM
END-IF
ADD TBO1l-SALARY (TBO1-I TBO1l-J) TO
WSO01-EMPLOYEE-SALARIES
END-PERFORM
ADD WSO1l-EMPLOYEE-SALARIES TO WSO02-TOTAL-SALARIES
END-PERFORM.
B-EXIT.
XIT.
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Exercise 6-3

PERFORM VARYING TBO1l-I
FROM 1
BY 1
UNTIL TBO1-I > COOl-EMPLOYEES
MOVE 0 TO WSO1l-EMPLOYEE-SALARIES
PERFORM VARYING TBO01-J
FROM 1
BY 1
UNTIL TBO1-J > COO1-MONTHS
IF TBO1-HIGH-SALARY (TBO1-I TBO1-J)
MOVE 0 TO WSO1-EMPLOYEE-SALARIES
EXIT PERFORM
END-IF
ADD TBO1l-SALARY (TBO1-I TBO1l-J) TO
WSO01-EMPLOYEE-SALARIES
END-PERFORM
ADD WSO1l-EMPLOYEE-SALARIES TO WSO02-TOTAL-SALARIES
END-PERFORM.
B-EXIT.
XIT.

233



]

Decision Tables -

K o e

Supplement
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VALUE

01 TBO1-SUPPLEMENTS

'000000250000500000500400000000250200500000500200" .

TBO1-SUPPLEMENT

OCCURS 16 PIC 999.
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™
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Decision Tables - 1 - Method 1

MOVE 1 TO I
TF WSO1-MALE
ADD COO1-GENDER-MULTIPLIER TO I
END-IF
IF WS02-ADVANCED-SKILLS
ADD CO02-SKILLS-MULTIPLIER TO I
END-IF
IF WSO03-MANY-CHILDREN
ADD COO3-CHILDREN-MULTIPLIER TO I
END-IF
IF WS04-OLD-EMPLOYEE
ADD CO04-AGE-MULTIPLIER TO I
END-IF
DISPLAY '1ST-METHOD - THE SUPPLEMENT IS:
TBO1-SUPPLEMENT (I) .
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Decision Tables - 1 - Method 2

MOVE WSO1-GENDER TO WS05-G
IF WS02-ADVANCED-SKILLS
MOVE 1 TO WS05-S
ELSE
MOVE 0O TO WS05-S
END-IF
ITF WSO3-MANY-CHILDREN
MOVE 1 TO WS05-C
ELSE
MOVE 0 TO WS05-C
END-IF
IF WS04-OLD-EMPLOYEE
MOVE 1 TO WSO05-A
ELSE
MOVE 0 TO WSO05-A
END-IF
DISPLAY '2ND METHOD - THE SUPPLEMENT IS: '
TBO1-SUPPLEMENT (I) .
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D.Maymone
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