
und 10 

un~liqfiuao~u'fi : un?Eiqguro~un?liqKu 
(Two - Dimenslonal Arrays : Arrays of Arrays) 

(Multidimensional array is an array with two or more dimensions.) 

10.1 un?sii&~aodii6 : un?si~&ao~un?ii& (Two - Dimensional Arrays 

: Array of Arrays) 

un3h6~aodflii ~ u i u 6 d  ~ ~ n ~ ~ i ~ u ~ n i ~ ~ ~ f ~ ~ ~ u ~ ~ ~ 6 d d n R ' L a ' ~ ~ ~ m ~ -  
a u ~ n ~ u n u ~ d u u u m i m ~  niodii~ ~ d u  nini~uuudw"~'Lurrio~~3uu 6duwcl~nuni~ 
b a u a ~ ~ ~ n P i n w ' L u ~ i u ~ ~ ( ~  (un?untd&) Y a~Iiirua~cinPinw ( g p ~  10.1) 

n ~ d r m ~ f l u n ~ i i ~ ' y ~ a ~ u ^ ~  (Declaring Two - Dimensional Arrays) 

' i i?a~iii~ 10.1 ii~ 10.3 L L I O I ~ ' L ~ ~ L ~ ~ U ~ ~ ~ = : ~ J = : ~ ~ ~ L L C ~ ~ ~ ~ I K ~  wad~~at i id\~ 



G90dld 10.1 

type 

MoveRange = 1 ..3; 

BoardArray = array [MoveRange, MoveRange] of Char; 

First dimension Second dimension 

TicTacToe : BoardArray; 

a'nassM~7s~n"urhMr'uLLn7d7~~~ TicTacToc ( g ~ d  10.2) ~JLBU%Q" Board 
rind 

Array LLn?dl&%h BoardArray ihodfi6 ~~ci~:umuaCmnnakiid rflw MoveRange 
nn .I e w t :  

L ~ 3 7 : ~ ; l f ~  TicTacToe ~ ~ ~ ~ ~ ~ 7 d l l & l ~ % h H 0 3 ~ 8 1  U 3 LLO?LLA:: 3 HRUn RdUULLn7 
Y., 4 

d76bq.clU5ld%JH%J7%l 9 h ~ ~ d ~ ~ ~ ~ n 6 1 d ~ d ~ R ~ n 7 3 # 7 ~ ~ R ~ 3 3 % ~ ~ 1 3 1 1 0 3 ?  (1, 2 

Row1 mE 
Row2 Jane Groucho f 

Jillian Row11 Harpo , i 

Column 

2 TicTacToe [2,3] M ~ D  

TicTacToe [2] [3] 

d 10.2 nT:mu TicTacToe 



d nisoi~ii~aui3nua~~~naiiCu1adZG ~3ik~s:yaaunaiiKu as.-CmQwou' 
4 -  d ns~ai ir i7~aa~ni nnaiidid$ai?u3nfiond3aii~~na (row subscript) LLR : ~ ~ ~ ~ U O I ~ M H O J ? ~ D  

d' nmiianufi (column subscript) $3 L L ~ ~ ~ ~ P I I G ~ I J K ~ ~ $ ~ Q I J ~ I ~ ~  - 

TicTacToe [2, 31 

'r 
Array 

name subscript 

row 

subscript 

TicTacToe [2] [3] 

'r 1 miurn" Array 

name I subscript 

row 

subscript 

const 

RowMax = 11; {number of rows in the room) 

seatsPerRow = 9; {number of seats in a row) 

StringSize = 10; {characters in a string) 

RowRange = 1 . . RowMax; 

SeatRange = 1 . . SeatsPerRow; 

StringType = string [StringSize]; 

SeatPlan = array [RowRange, SeatRange] of StringType; 

IT 257 5 13 



var 

MyClass : Seatplan; {seating plan for Myclass) 

a'nmM~3nlfillrh~r"ulLna~i~u~1od~~21odmuo'n21~t: do MyClass ~~nadicu 
d &  w 

MyClass ar~~~fiu~ou~nuodnwunwn~iI~flo~fitl~d~ 11 unauat~uusiaz~6dunai 
dd. d w w 

9 n w  ruo~ainmtl~n~sz~~dat:~md~znou6atlmaon~~z~~~fi l o  ni unadi5u MY 

Class $~cio~I3~ci?tl~fiud1~2~ 990 Iu6 (1 1 x 9 x 10) 

u'omaiuth 

MyClass [6, 51 := 'Marilyn'; 
dd. ' Idol intnw Marilyn I u ~ n a i  6 nw 5 m~dn~id~odfladfitl~ 

const 

NumberSalesPeople = 5; {number of salespeople) 

tY Pe 

People = 1 . . NumberSalesPeople; 

Quarter = (Fall, Winter, Spring, Summer); 
I 

SalesArray = array [People, Quarter] of Real; 

var 

Sales : SalesArray; 
d'd a ' n ~ ~ u o n M ~ a ~ ~ f i u k ~ r ' ~ L L n ~ d l ~ ~ I ~ d ~ ~ I I o d L ~ ~ d l ~ ~ ~ ~ ^ r d d ~  Sales fiR 

nnd 
~i~nr3waGn People ~~at:umn~o~bilwgiln Quarter ~~nadi5u Sales d~znoueiatl~ui5n 

20 61 (5x4) ? ~ d  10.3 

~ u i d  Sales [ l ,  Winter] r f i u f i u i ~ i t l  1250.00 k ~ r ' u w ~ n d i u i t l m i  1 

d?a~itU,%itl~z~$id Winter 3: t ~~~aa imu  L h k  

un?il&uu od u n  (Arrays of Arrays) 

u n a d i ~ u a i u i ~ n ~ r u i i 3 n d d ~ i l w ~ ~ n ~ n ~ d 1 ~ 1 d ~ 6  Ial l l i f i~~hs$n~i idi iu 



BoardRow = array [MoveRange] of Char; 

BoardArray = array [MoveRange] of BoardRow; 

var 

TicTacToe : BoradArray; 

~ m . r ~ r i ? u ~ f i u h ~ i u ~ ~ n 3 d i 6 ~  TicTacToe A u a ~ d l u ~ d  10.2 ~ o m i u & d  

~~sii6d:llsrnin BoardRow ~iluvC~~~o~di6uGauiQnmu6~vCn Char LLnr BoardArray 
" t o  

~ ~ u v h u n ? d i n ' u  GaulenrnuAi%n BoardRow ndwna~d.r TicTacToe (%fin Bond 

Array) w ounad?n'uuod~~naBi$u ~3o~~n~P i6uao~DG 

Syntax Display 

ni.rd.rtnivvCnr~nadi6~ (Mniu~ft)  (Array Type Declaration (Multidimen- 

sional)) 

Form : type 

multidim = array [subscript, subscript2) . . ., subscript ] of 

element type; 
( 

[Fall] [Winter] [Spring] [Summer] 

- 

Jd 10.3 Array Sales 



tY Pe 

multidim = array [subscript,] of array [subscriptJ 

. . . 
of array [subscript ] of element type; 

type 

Month = (Jan. Feb. Mar, Apr, May,$a(an, Jul. Aug. Sep, Oct. 
\ 

Nay, Dec); 

Candidate = 'A' . . 'El; 
Precinct = 1 . . l o ;  
YearRange = 1900 . . 1999; 

YearByMonth = array [YearRange, Month] of Real; 

Election = array [candidate] of array [Precinct] of Integer; 

i inaiu~uiunjif : subscript. unu@diim~33@dird1dvoJiiR i Yadbbnadi6u@diim 
u d 

multdim @dii~mm~hdbbd~r~aoi~~rbdu@d~mb%d~umu (ordinal) uim3giu Boolean 

Char @dftm enumerated M ~ Q @ ~ ~ I  subrange 

element type Q I ~ O ~ ~ ~ U @ ~ ~ ~ ~ Q ~ R ~ I ~ ~ ~ I M H " ~ O ~ ~ ~ ~  d i d h  u d d ~ i i u i u r h  

M C l  bbIj? ~ $ 8  UUU@~~R&)? R b!hbFl39 8 5 9  

~hu~Zualuoaun~d16~1aaa2S (Storage of Two-Dimensional Arrays) 

~ou!wbnoa"lJ as Pascal b~ubbnadi~us~osdft'bub.aa6~~aunaclu4idarBmh 
U U d  

(adjacent memory cell) bdo'b~bvin~ 8uiBn rbda::6a~11!64iu nu7Qnu o~~~nad7n'uno~ 
a: d a: 

~ftdnftbn"uiiud~6umiuuna (in order by row) bbu 11ubbanb<ubbnan 1 ~inuubiiu 

~ ~ n a d  2 ~ ~ u i f k n L i [ ~ ~  

n3r~auni3u"b"a~nil k%.Idhcn'uollubbn? (row-major order) I 

ni-rru"7b~auiiin~rnaWi$ilJCarawir ~QUIW rnnf-arfiiuaruonv/r.am (offset) 

vo~rrui~n~i$u-ainnia~n*~ sPuiQn6a~~an 



n i . r d i ~ ~ m d o u w o i 6 ~ ~ ' o ~ n n u u u i n u o d u 6 u o ~ a u i ~ n  uviat~~uetd iu?u 
d a: ruibnlp~&un? r ~ n ~ a n ~ d i & o $ ~ ~ $ ? ~ u n i a d a t  ~IBI"IIQ~LL~-J~I~YU 

h o h ~ ~ d w  un?ii& TicTacToe d ~ ~ f b l w ~ d  10.4 lu~~n?di iYu~sl f f  udet 
" a  A 6 - 8  on?!aui%nrtiu& oviatsi?la~unnvld~o~n"u~d~~urn RJUU ~ ~ d ~ % r n ~ ~ ~ a u i ~ n  

TicTactoe [row, col] 

niua milingma 

offset = rowsize x (row-I) + (col-I) 

~ w n e i i  rowsize iidi~vii<u 3 (rf irao un?~d t i i  3 aslufi) 

grnd l$di 0 L ~ U  offset h ~ G a u i 3 n  TicTacToe [ I ,  I ]  uercii 5 il:~gw 

offset h M % J  TicTactoe [2, 31 

TicTactoe 

Row I 

t TictacToe [ I ,  I ]  (offset is 0) 

t TictacToe [2, 31 (offset is 5) 

;d 10" ~nadh b TicTacToe lunriao~?iudi 



unumytmiop cuii:sbnmi # 

nl~iann~o grposnu~p +m euii ry ~fiio C~I,~~LRL~U~ (sdool pa~se~) npaoep8 
lbi 

p~nobippi u~arn:rpuuros~ynus~a~e~uir~~~~n~u~~ snrmxpub 

rplc~ynurn~eyuhug~ru, (ssa33a uwnloo Aq-uwnloa) yrtus:uuruLrrr P Pa .C 

p~nobignpi s~s~~:rpubros~euiin~t~uir~~~nsn~u~~ 

s~~~n~pubr~~~euiin~tuuiru~~ns +m (sse~e MOJ ~q-mou) ~uii:u~r~~~fii .Z 

ruuiirpp~w~ukofi 

y~~un$on: yLgrLrLpon!n,orn y :a (ssam~ wopueu) R~~Y~POL~ 1 

ui~y~ P~L,~~PLuPo~~~u~~~ ru~uo~~~grosnu~ptuiinr~~ a +m r~u~pnniir~~fi~:u~i +m 

$sqry~fii uyriy~ : ysrpvnldyLun +m ronugLrO~r~Lfii~Lun~Mq~t,rO~pui 

(SA~JJV 

IIIUO]SUOUI((I- OM^ ~u]ss~~oJ~) u I(lttPOYlflY u LI)LU'l'lPHlLtt2&~&LU o Z'OC 

JPA 

k 



V d  d  ~unis~%indnn:rrn~ nirnl3nqu?updniuuan (outer loop-control variable) 

fionssaGdi~ua~rrn2 ttn:nirrdsmu?updnih (inner loop-control variable) g o  
d' V d  d  nss%%iiduodanun' unuinr~diu i l :unu (reversed) lunis~uindnnranufi rdu 

Auan~Iuuwwuuu~o i q ~ ~ ~ ~ ~ u u u u o ~ ~ ~ ~ ~ ' i d i i ~ i '  
* H a  ~ ~ d n u u u d i n i u n i . r ~ ~ i n ~ n a t : ~ ~ n ~ n 0 ~ ~ i ~ i ~ ~ ~ n ~ i i 6 u  (Template for 

Row-by-Row Access of Array Table) 

for row-script ... do {Specify the row) 

for column-script ... do {Access each column of row) 

Process Table [row-script, calumn-script] 
* # a  u d n u u u d i n i u n i ~ ~ n i n ~ ~ a t : ~ 1 ~ ~ l ~ n 0 ~ ~ i . r i ~ u ~ ~ 5 3 ' i 6 u  (Template for 

Column-by Column Access of Array Table) 

for column-script ... do (Specify the column) 

for row-script ... do {Access each row of column) 

Process Table [row-scri pt, column-scri pt] 
dPY r lunu no n i ~ d i ~ ~ u n i ~ i a u u i ~ ~ n ~ ~ ~ s i n s : ~ i n ' u  r r n ~ d i ~ u  w o d C i  LLR:??~ 

v a  d uadnirruin~lnduu:~iI~1,.a' 
u a ,  d v d  cl r ~ u ~ i 2 t ; i a u i 8 n ~ n s i 7 ~ o ~ u n ~ d i n u u n i a ~ f l i ~ u n l ~  oiaarbuindnntun7 

V d  d  ~?oruiqdnw:aslun' 
V d d  V d d  ~iwnlnnuo~aui5npnK22umimd - oioarruindnnruna clioninwn: 

V l  d  ~iwnu~nuodrrda:anufi - ruindnn:anun' 

d?u"l (update) a u l ~ n u o J u n 2 h ~ u m l u C ( f l l M u ~ ~ n u u ' o ~ ~ ~ ~ ~ m  - ~ q l f i d  

nini'uRinodan53'1 (Initializing an Array) 

n.r:u?wiu Initialize (zd 10.5) i ; u $ i ~ ~ a ~ i ~ n u r i n r ~ j u o . ~ w i ~ i ~ b n o ~ u n ~ d 7 ~ u  

o o ~ h  Sales ( ~ d  10.3) hll Invalue 



n~:uau~iufio'~nui5nunaii6u~wr~~na for $d?muon sou (cycle) uooui) 

wiu~rna uw: for a n l ~ d u  91 q souunssJ"uwiuanaJn" 
" t  

I sr~iianisaud~ns;lu~n (first iteration) uo~pdunn NextPeksoh !61~fiin'u 1 
d d &tu p d ~ w $ ~ ~ i i i r r ~ i ~ n u o ~ ~ ~ n a i i ~ ~ ~ $ a ~ u ~ ~ n a ~ ~ u  Ifl~ilu hv$~ue  in'hJ$wii 

u d., nui5nu o~ ~~nadinu~maIu~~nan"s~o~ bhilu Invalue ~duu"do d d  

procedure Initialize (var Sales {output} : SalesArray; Invalue {input) : Real); 

i 

Initializes all elements of its array parameter to Invalue. 

Pre : Invalue is defined. 

Post : Sets each element of its array parameter to Invalue. 

var 

NextPerson : People; {Row subscript) 

NextQuarter : Quarter; {Column subscript) 

begin {Initialize) 

for NextPerson := 1 to NumberSalesPeople do 

Sales [NextPerson, NextQuarter] := Invalue 

end; {Initialize) 

nla619aame(aflan~adlbna (Computing Row Sums) 

' ~ I M T U ~ L ~ ~ ~ I ~ U ~ J L H W J I U ~ ~ J  10.3 n i s ~ i u ? ~ ~ ~ s u a n ~ n ~ ~ d ~ ~ ~ n a ~ r ~ f s "  
t 

f i u i m u i u n ~ ~ u n n u ~ h ~ i u w r i n ~ ~ w u i u ~ d ~ n t b  

( . j o ~ i i ~ ~ d u  1~200.00 + 1250.00 + 1700.00 + 1200.00 ~ o d ~ a n m u i u i 6 ~ u n  
d A 

~ ~ M ~ J ~ ~ ~ J W C ~ J I ~ ~ I U ~ ~ M M ~ J )  



for NextQuarter := Fall to Summer do 

Sum := Sum + sales [1, NextQuarter]; 

WriteLn ('Sales for person 1 are $ ' , Sum : 3 : 2) 
u d u  

~ i u a m w s u a n f i n u n ~ s u ~ n a m ~ n ~ ~ o a ~ n u a n a ~ u u o ~ d  1 iiu sum Wsn 
t : d d  

'-.. f i~n~i i~awirnm~diuuo~~clusl"~vi~uu n~dsuu~~ds~~um.~au~i~d~~dsrsou n i l  

htln'wld sum Bdi~riiKu 0.0 ns.-rliriour$i~d asrclkoinoanainpd urrnawsrii 

! ~ Y ~ ~ L ) ? I o J  Sum 

rsikadl~pd$aulu~do~i wsu~n~o~~~o in r~~na  nrruawiu SumRows (p~ 
t c l  

10.6) nrrrlinish~iiuniru~~n~n'ilr~~~~~w~u~n~~oisr~~na nrru~wiunKuiu8uwauqn 

hclruunad I ~ u ~ u d n ~ r n a h 6 u  RowSum (I) %fin RowArray mdsnmaiin Row 

d Array T/EIU~JZU?UJIM 
u a nsruawiu SumRows ~~iG~am%nun~Binunsr~~na for pdqnuanaurou 

ciiuuoa L L R ~  for ~ ~ ~ ~ I ~ Y ~ J S W ~ W S O W C ~ I ~ R ~ U ~ '  B d u a n ~ i ~ ~ I ~  sum i j i i~ r i i i iu  
t: 

0.0 riaucliuucismr~nson~~~~n' anmiclun\fldiqaM'iuvod Sum ~Rjainciiuuoi~r 

n?~~~'n"u~ui%nuoduoa4i~u SumRow di?anr~%~(iwvoduoa 

type 

RowArray = arry [People] of Real; 

procedure SumRows (Sales {input} : SalesArray; var RowSum {output} : 

RowArra y); 

{ 

Sums the row of array Sales, returning the sums in RowSum. 

Pre : Array Sales is defined. 

Post : RowSum [I] is the sum of elements in row I. 



var 

NextPerson : People; {Rows cript} 

NextQuarter : Quarter; {Column script} 

Sum : Real; {Each row sum} 

begin {SumRows) 

for NextPerson := 1 to NumberSalesPeople do 

begin 

Sum := 0.0; 

for NextQuarter := Fall to Summer do 

Sum := Sum + Sales [NextPerson, NextQuarter]; 

RowSum [NextPerson] := Sum {Return next row sum} 

end; {outer for} "L 

end, {SumRows} 

$10.6 nruaudiu SumRows uaeafim RowAmy 

nir~i i?u?mclau?nrood (Computing Column Sums) 

(quarter) 60Lh~~th(  $200.00 + 3500.00 + 4500.00 + 2500.00 + 1250.00 l f i ~ n u  

uonu~u&~anuoj\nsn~" Fall n~sd~u?mw~u?nh~s'ummun'd~~~uc~'L.~ L T ~ ~ J  

uanaul~nfl7niluud~:~~113~ od~mn'w"u 
- 1  melJ?wlu SumColumns (zd 10.7) ~fitdaudnun?tllmun~r~nun' un: 

ed u n~uillkuwcluan~munaa7ci~uu~~d~6~ ColSmn id 10.8 uan~nmu~uwih:~$w 

L L I I ~ ~ ~  Sales, ~ o w ~ u m  rrAr  C O I S U ~  
i ; 
i 



type 

ColArray = array [Quarter] of Real; 

procedure SumColumns (Sales (input} : SalesArray; 

var ColSum {output} : ColArray); 

{ 

Sums the columns of array Sales, returning the sums in ColSum 

Pre : Array Sales is defined. 

Post : ColSum [I] is the sum of elements in column I. 

var 

NextPerson : ,People; {Row subscript} 

NextQuarter : Quarter; {Column subscript} 

Sum : Real; {Each column sum} 

begin {SumColumns} 

for NextQuarter := Fall to Summer do 

begin 

Sum := 0.0 

for NextPerson := 1 to NumberSalesPeople do 

Sum := Sum + Sales [NextPerson, NextQuarter]; 

ColSum [NextQuarter] := Sum {Return next column sum} 

end {outer for} 

end, {SumColumns} 

3L] 10.7 n%~3ud7u SumColumns UA:'II~~@ ColArray 
I 



[Fall] [Winter] [Spring] [Summer] Petson Totals 

Quarterly ColSum ColSum ColSum Colsum 

Totals [Fall] [Winter] [Spring] [Summer] 

~d 10.8 rrn?d-i&u Sales, RowSurn ulr ColSurn 

n d h m  nisi~nnt"y1'~o y aoiu (Analysis of Sales Data) 

1. i k g ~ l  (Problem) 

j ~ m n i ~ u u w n u ~ u u o ~ ~ ~ ~ n 6 ~ ~ n i . r ~ d . r ~ ~ n . r u ~ n . r i : ~ n ~ . r u i u ~ d ~ 1 a ~ i u  

(track) n ~ i u m u i ~ n u i u u o ~ w M ' n d i ~ ~ ~ ~ ~ d i ~ ~ ~ n ~ ~ i u \ m . r n i f l  (quarter) ~d.runruotdiu 
C g.rn.r.runi.ruiundcluaoinu~uu'on~iu u'o;~uo~qm.r.ruud~rynd~nuds:di6 

90 J W C ~  JIUUILI I m . r n i n d ~ ~ ~ ~ n i m i u  ~ ~ n t l ~ ~ u i ~ u i u  

ssn.rruni.ruiu (sales transaction) b d i r i l ~ s i o d ~ U d o " ~ $ i ~ ~ ~ d o i n d l ~  
q 

smnuuiu~~c lunuh  q WltLn3uot ~ H ~ ~ R I ~ J ~ M ~ ~ L ~ U L I ~ L L I ~ J ~ M ~ ~  10.8 dJnu$J 
C 

W B ~  ? ~ ~ ~ H u ~ ~ ~ ~ J w M ' ~ J I M ~ I u L L ~ ~  ' i g l L L ~ ~ R l ~ \ ~ l ~ ~ l ~  

2. i~nntv!  (Analysis) 

~nd1~ilw6o~uun~~n?d16u~do~n'u~i~~~o;~nimiu w~u?n~rn?u~: wn 

u3n~aunC 

$aa@ka~ni.r (Data Requirements) 

Buynilryrri (Problem Inputs) 

dunun isrd~~wudn~n imiu  (Sales transaction file) 

Sales : SalesArray ; {array of sales amounts} 



LOI~~ROQMI (Problem Outputs) 

RowSum : RowArray ; {array of row sums) 

ColSum : ColArray ; {array of column sums) 

3. sonrruu (Design) 

Initial Algorithm 

1. bu6u'1fi~aui~n~nniuod~~nadi5u sales iiriiriIu~uS 

2. diu$o y au iu  

3. diuamwnuanuna 

5. L L ~ J  W R ~ I ~ ~ ~ ~ ~ N I U ~ ~ W R Y ~ ~ L L ~ ~ L L ~ : : W A Y ~ ~ E ~ ~ ~ U ~ '  

4. nvvhbhiitaw (~m~le&ntation) 

R J ~ ~ R ~ ~ ~ L ~ ~ T U M ~  (Coding the Main Program) 
t: d ml6~~~unscuau~iu~ i~r 'u~un 1 , 3  LLR: 4 L ~ O L L ~  (jd 10.5 - jd  I 0.7) 

d c i a l d ~ ~ i ~ r ~ i i u d d . r ~ ~ n f u ~ ~ n  ( ~ d  10.9) H R ~ O I ~ ~ ~ L ~ U U ~ ~ : U ~ U J I ~ E % I H ~ ' ~ ~ ~ ~ ~  2 
t: d rrazuun 5 

program SalesAnalysis; 

1 
Read in sales figures for one year and stores them in a table organized 

by salesperson and quarter. 

Displays the table and the annual totals for each person and the sales 

totals for each quarter. - 

const \ \, 

,\ 

NumberSalesPeople = 5; {number of salespeople} 



People = 1 .. NumberSalesPeople; 

Quarter = (Fall, Winter, Spring, Summer); 

SalesArray = array [People, Quarter] of Real; 
1 RowArray = array [People] of Real; 

ColArray = array [Quarter] of Real; 

{Insert procedure Initialize, SumRows, and SumColumns.} 

{Insert procedure ReadQuarter, ReadTable and DisplayTable.} 

,' 
begin {SalesAnalysis} 

Initialize (Sales, 0.0); A 

- 

ReadTable (Sales); 

SumRows (Sales, RowSums); 

SumColumns (Sales, ColSums); 

end. {SalesAnalysis} 

n73ad3<?4n3t.¶J?Md~ ReadTable (Coding Procedure ResdTable) 

nsu7usiu ReadTable (;d 10.10) diu$og6lainsnimiuain~~fl~~10ni~ 

~rl$owurl~sni~uiu ~ & a i n f i m . i ~ ~ ~ u u ~ ~ f l u u ' a ~ w ~ f i ~ ~ u i i u y a  nuni.ndduuttd~s 

~ d ~ r ~ n d i ~ u n w  c ~ ~ I u v I ~ ~ ~ . ~ ~ I c ~ ~ ~ L R o ~ ~ I ' I v I ~  UR~~~UINVIU MLLI~UJIW Read 
u u r  

Quarter (?uudnHkC 1 Amouauu o s ~ 7 ~ o u )  n~lliiuciiuon~iunslm~nic~ds ~ i u  

m ~ a c l ~ 7 ~ 0 L ~ o f ~ ~ r r ~ ~ V a 3 u ' u  L L R L ~ I U U U ~ ~ ~ W  (Boolean value) RRORWITI~LFIO~ 

&imam a s h  6aansi i~mmin&Qiuu"uan6~s~"ro~~ ' 

%n7iub if nnaauii wCnsiuuiu awrIamingndios~iaIi <ign<ao 
'c $ocl7aurrs 



Sales [TranPerson, TranQuarterJ := 

Sales [TranPerson, TranQuarter] + TranAmount 

u ~ n f i u i ~ ~ i u ~ a ~ u i r n ' u  w ~ ~ ~ ~ u Z ~ ' u r ~ u ~ ~ r l ~ u w ~ ' n ~ i ~ ~ i  u4at i  onhu 

TranPerson (cl3dr i idun7) rrar TranQuamtr ( ~ s 3 % ~ d i d u n u f i )  ~ ~ o ~ a i n u ' o ~ a ' L ~  

f i u ~ o i t L  uui8n~~n~~i'uG~gnru'in"~~m0~u 

procedure ReadTable (var Sales {output} : SalesArray); 

Reads the sales table data from a data file and saves the sales results in a 

sale table. 

Pre : Sales is initialized to all zeros. 
I 

Post : Each entry of Sales represents the sum of sales for a particular 

salesperson and quarter. 

Calls : ReadQuarter to read the sales quarter. 

var 

TranArmount : Real; {transaction amount} 

TranPerson : Integer; {salesperson number} 

TranQuarter : Quarter; {sales quarter} 

SalesFile : Text; {sales file variable} 

FileNarne : String; {external file name} 

ValidQuarter : Boolean; {flag indicating whether a valid quarter 

was read} 

begin {ReadTable} 

{Prepare data file for input} 

Write ('Eriter name of sales data file> '); 

ReadLn (FileNarne); 



Assign (SalesFile, FileName); 

Reset (SalesFile); 

{Read and store all valid sales data) 

wihle not EOF (SalesFile) do 

begin 

Read (SalesFile, TranPerson); 

ReadQuarter (SalesFile, TranQuarter, ValidQuarter); 

ReadLn (SalesFile, TranAmount); 

if ValidQuarter and (TranPerson >= I) and (TranPerson <= 5) then 

Sales [TranPerson, TranQuarter] := 

Sales [TranPerson, TranQuarter] + TranAmount 

else 

WriteLn ('Invalid person,or Quarter-', 'person is', TranPerson : 1, 

'; amount is ', TranAmount : 3 : 2) 

end {while) 

end; {ReadTable) 

fl 10.1 0 nr:u?udiu ReadTable 

~ I ~ ~ J ~ ~ I ~ I ~ % Y ? M J I M  DisplayTable (Coding Procedure DisplayTable) 
PPPCI d U d 

mn?.rttam w~mamLnn luuo?(16uao~umaa~au3n~ nuy'13tJ'uo~~SusJ'u 
u P D  u a n d  ~a~duoli.ri~d~una~uCun~uar~anuo~una~16u ~~nramun'uo~sJ"Ma~~M"onuumn~o~ 

uoJvn?di$u nisr l i~idhkl.r :m W I ~ L T O  $ a  L$I& unzuaad w~aui9nuo~un3d i6u 

fia:ttn? (row-by-row) 

ncuawiu DisplayTable (~d10.11) ~~ndhy~furrn?di~um157du1u 1% 
. ~ ~ U ~ U ~ L L R ( I J ~ ~ ' L ~ U  fuzd 10.8 ~ ~ n ~ i n C o ~ ~ ~ n a A i i i U  (winO~nofRjt tan) L L ~  
u 

naru~u~iufium~w~w~u3n~~n3 ( w i n i ~ m o f n i  Aaod) unrwau7nmuri ( w i n i u o f  



.procedure Display Table (Sales {input} : SalesArray; 

RowSum {input} : RowAmy; 

ColSum {input) : ColArray); 

{ 

Displays the sales table data in table form and the row and column sums. 

Pre : Sales, Rowsum, and ColSum are defined. 

Post : The values stored in the three arrays are displayed. 

var 

NextPerson : People; {Each salesperson} 

NextQuarter : Quarter; {Each quarter} 

begin 

{Display the heading.) 

WriteLn; 

WriteLn ('SALES TABLE' : 40); 

WriteLn ('[Fall]' : 20, '[Winter]' : 10, '[Spring]' : 10, '[Summer]' : 10, 

'Person Totals'); 

{Display one table row for each salesperson.) 

for NextPerson := 1 to NumbetSalesPeople do 

begin 

Write ('[' : 8, NextPerson : 1, I['); 

for NextQuarter := Fall to Summer do 

Wtite (Sales [NextPerson, NextQuarter] : 10 : 2); 



elqelAe~ds!a nLwtnzru c c 'O 1 $ 

{elqelAelds!a) fpue 



[Fall] 

[ I ]  1000.00 

(21 00.00 

(31 100.00 

141 0.00 

[51 0.00 

Quarterly 1 100.00 

Totals 

SALES TABLE 

[Winter] [Spring] [~ummeh Person Totals 

' U U U ~ ~  10.2 Self-check 

1. hv?uhuvo~hJsunsuuvi W::~FI  d~~i~( id~n?d$" (array Iocationp) zrn 
I ~ ~ i ~ ~ n u ~ ~ w n ~ ~ ~ ~ ~ t l ~ o ' u ~ ~ ~ a t i i ~ ~ ~  

a) for NextQuarter := Fall to Summer do 

Write (Sales [I, NextQuarter]) 

b) for Nextperson := 1 to 5 do 

Write (Sales [Next~erson. Spring]); 

c) for NextQuarter := Fall to Sammer do 

begin 

for Nextperson := 1 to 5 do 

Write (Sales [Ne'xt~erson, NextQuarter]); 

end; {for} 

0 u 
1. nstu?wlu ReadQuarter di~~?Dn~f:UD~fi~n~~91fn1~1 (FA, Wl. SP. 

SU) O I ~ U ~ U ~ ~ ~ ~ I U R ~  n~uiiucii~mfni~cf~uu'tln'u (Fall. Winter, Spring, Summer) 
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RoomHea t 
C1.1.81 

7 
6 

Height '-- 
4 -- 
3 
2 
1 I I I  I l l  I , i I , 1 ]  

1 1 2 ' 3 ' 4 1 5 1 6 " 7 1 8 ' 9 ' 1 1 ~ 1 1 1 1 1 2  

Length 

RoomHeat 
[12.10.81 

@ 10.1 3 Array RoomHeat 

d m u s ~ u R : f i o d l ~ a ~ f 6 7 4 ~ ~ 7 ~ ~ 7  a f m f  d ~ d c ~ ~ ~ f n  dd~ain 1 i id  12 slnaii 
Z r r  di~nidna4idip-in 1 84  10 ua:nnaEiriuniAmuGtilain 1 8 4  e Lwnraruuadu 

r r l ~  ~m.14-iu?un~n~nuluun?hl RwrnHeat   nu^ 12 x 10 x 8 = 960 6i~nrnvrro 

Idi~n~~iciud;da~fiu~cun~ijJF0~3'md~~~rldo~~o (discrete points) ~UJF~JDUIR 12 x 

10 dn 8~nnu~ii~twm-1u~riir~u 8 dn 
&El$79 10.5 

~ - i u u a ~ ~ . n i i a r ? i ~ J F ~ i l u ~ t ~ ~ n a u f i ~ ~ ~ ~ a f  (computerize) luhCn~iuuuinrR*n 
Z J A  r unnuad o ~ i i u r n ~ w u ~ n ~ ~ Z u ~ ~ ~ u u ~ u u o ~ ~ ~  a ~ ~ $ i u i u  Gnll~u 'Businessn UR:: 

'Personal" ( ~ d  10.14) $ f i u d u a c i ~ z ~ r ~ ~ u n  udcirfu<na 20 Idarnd (folders) 
W W  R R ~ I U  A fid Z u(i~r~d1~wafdfrn~)ufi7uY'ufln (memo) ~ 4 ; r ~ m  255 n?ansrr n n  

~ ~ ~ n i ~ ~ a ~ d d ~ n m r l ~ u ~ i i ~ k 7 n r ' ~ t ~ o ~ ~ i 6 u  office ddszifiumrau~nn<4~um1uf 

Lrluuflunw$ 
/ 



type 
CabinetType = (Business, Personal); 

DrawerType = (Top, Bottom); 

FolderType = 'A' . . 'Z'; 

Memo = string [Memolength]; 

Filecabinet = array [CabinetType, DrawerType, FolderType] of Memo; 
/ .  

var 

Office : Filecabinet; 

~ n d o ~ I C n a ~ d i ~ n u ~ i r d  ~ L ~ ~ J I U I ~ ~ Y  a4utl7 W~vi'up~u' niud3anaii 

d i c  oRce [Business, Top, 'A) L ~ I ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ I I I ~ G ~ ~  A Iufua'n~tlnddr~~n~~u 
3d 10.14 
U 

donqiuk 
Write (MemoFile, Office [Business, top, 'A']) 

Y I ~  h rux?ufin (memo) ~ w ~ v l a  ~mofXLd k d u ~ a 7 6 ~ m 6 0  ~ e m o ~ i l e  (sfin 
Text) 

unqhciu Office or I~~da in~~i?ur f i~ ] f iu i f \c~~n Id. iK \u6 ~ u w f i d  1024 

\ud ~ m q r i ~ u ~ A ~ v r i ~ a f i u  = 2 x 2 x 2s x 250 \ u i  
= 26 K 11.~6 



u~ i3nu i ld~~b l l ino i~v f i  (campuses) ~~ ILL(~ (J  ? n ~ i ~ ~ m u l i ( l : u P / ~ ~ ~ ~ ~ ~ o u  

50 nrnru?u?ni (courses) hrin~iu~~nnGuucioJni~~~Ij~m~mr~n~~ni~k~n=:~d~u~jY 
C d 

L ~ A J  h u 8 u o ~ f u ~ v o ~ u n n n w  (student rank) nlniit;.sd nidnflu8o~~iiu 
-add m r n m m m o ~ n i r n a ~ n ~ ~ ~ u ~ ~ ~ ~ ~ n ~ ~ ~ ~ u m a a ~ n ~ u u i Q n  50 x 5 x 4 = 1000 63 

riolrlllr,ni~un2~7~~~~1d uaruum~1fl~4u\u$ 10.1 5 

const 

MaxCourse = 50; {maximum number of courses) 

Number of seniors taking 
course 1 at Center campus 

ClassEnrol l/l .Center ,Senior] 
1 

Main Ambler Center Delaware Montco 

$ 10.15 Three-Dimensional Array ClassEnroll 

Campus = (Main, Ambler, Center, Delaware, Montco); 

Rank = (Freshman, Sophomore, Junior, Senior); 

CourseRange = 1 . . MaxCsurse; 

ClassArray = array [CourseRange, Campus, Rank) of Integer; 



var 

ClassEnroll : ClassArray; {class enrollment} 

CurCampus: campus; {current campus) 

ClassRank : Rank; {current rank} 

Total : Integer; {student total} 

RidrcmaQ ClassEnroll [I, Center, Senior] un~~lwauitntnm#u8d 4 

a~ntrriuu3nd 1 dtpnnolcl -C=nter 

Total := 0 

for ClassRank := Freshman to Senior do 

total := total + ClassEnroll [I, Center, ClassRank] 

~ ~ u a ~ i w u ~ n ~ n r n n " ~ ~ u m ~ n a " u ~ ~ ~ n ~ d  1 dqn~lrum center 

uauu ojldrttniu 

'Total := o ; 

for CurCampus := Main to Montco do 

for ClassRank := Freshman toesenior do 

Total := Total * ClassEnroll [I, Curcampus, ClassRank] 

uuui3nwk 10.3 Self:Check 
Y Y  I. o~d~rm~n3mrrnadim'~ mud6 d~n~saiid7.~~arr~ndf=:nou6atlmqon~f 

mn 'A' fh IF' ~ ~ d s i i ~ n i d a o ~ d a n o 1 ~ 6 a 0 ~ 7 u a u ~ ~ u ~ i n  1 64 l o  r r a z ~ n n Q h ~  

nidmudrznouhs n~ipl Day (Two~ailnid) d~~~lwuTas$g ~~ublu7uoi~a:gn 

~ f i u ~ u r r ~ a d - ~ & ~ ~ d  ~inu"u~~diua~~~~r~~adiCuni imd~::~n"~ 1u73n16n"~vuc1d~a 
- -A  

2. o ~ d r : n ~ ~ u n ~ ~ ~ n ' u r n u u ~ ) ~ ~ ~ f i u d ~ ~ a u u ' n ~ n ~ ~ u a " ~ ~ ~ ~ ~ n ~ ~ f i m m ~ ~ ~  

(Mathl, Algebral, Geometry, Algebra2, Trigonometry, Calculus) d l14~?~~;5~-u~r i l  

~DJLTI  Q~uunrln~nnnlurz6~ rnm umzrw~ uo~Cntnw ain~uk$d~uacud~ urn 

hn'updotii~ul%n$~~ucm6~a 



3. ~ d % ~ i o n l > ~ n " ~  flmtLLn7 (row-major order) %admufi~rr~:~~rnd'Ifl~~uii 
un7th6~ ClassEnroll gn~i/uodid~r uand6iuaru~i aovlnm (offset) uataudn 

un7hn'u ClassEnroll [I, Center, Senior] u~:~R&I~ hM?u ClassEnroll [i, j, k] 

r3u~lilrunru 
1. odl$~uiubd (redefine) Mascourse (6a0d ld  10.6) l$~nir% 5 aar~!su 

kruuod3h (code fragments) d d f l ~ f l l n i f d i ~ 6 ~ n i ~ d O W d  

a) INaganira~nr~duu 

b) o~diuaru~ihu~uu'ninma"uilll#mu (juniors) luqn~u~~uw~Lm:qn 

5n wan o ~ n ~ u ~ ~ u ' u d i u ? u u ' n ~ n w 1 6 ~ ~ d n ~ ~ f i o u ~ ~ o d ~ ~ d ~ % i  LY~IEW 
t r . l  

C) 0~CuQiu7uu'ninvinuJn aod (sophomores) Iuyn?no-~~~m ~ J R J  

n:~i/uu5ai# 2 

d) o ~ d i ~ ~ ~ ~ a ~ ~ i ~ ~ 4 1 ~ a u u ' n ~ n m ~ i n ~ i ~ ~ m  Main ddadnr~finulu 

ucimd%iu~:diuaurinin~in"d~u~1~?noi~~m Main l u ~ n i n i  riu4iuaurininw~d 

m~nzrfi u u ~ 4  o ~ ~ i t J 3 n i  ,) 

e) o ~ t l i ~ ~ ~ ~ ~ a : f i u W ' Q i u ~ u u ' n ~ n w  upper-class luqnini#ttdmtinui- 
t 

LVR ~ r i u ~ i i o ~ ~ u d i u ~ u n ~ ~ u ~ v o ~ u ' n i n w i  upper-class dm~nc~dtlu (upper-ciass 
L: d.1 t r . l J  

studentg ~uiuii~u'n~nwaudnmuuarnudna) oin~u1fi~u~iu7uu'nin~iddad 
C: ~~L~~~JuL#uJH~~J~?'F IL~Iuu 

10.4 ~ I ~ u ~ R U ~ ~ ~ Q ~ ~ Q J I I ~ ~ ~ ~ ~ ~ L I H S J I U ~ " ~  (Debugging Multldlmen- 

sional Arrays) 
L~R~UI~~ITH$&~IJ Watch L ~ D U A R ~ W ~ R ~ I B ~  ~ ~ d m r 6 7 ? 1 ~ d ~ ~ n 7 d l ~ u ~ ~ i ~ 1  

u i - m  t z i  aui%nun?r31~u(addrr%~8u~nitr~a H ~ o L L ~ ~ ~ I & H ~ I ~ u ~ ~ ~ ~ H ~ G I  LL~?~I$U 

TicTacToe 

M&~IJ Watch % I = u H ~ ~  content %Eld~n?dl$iLI TicTacToe LUU TicTacToe : 

( 0 7, ('0: X ,  '0'). ('XI '. 'X)) m.Ji%n~Dd TicTacToe dnngfia:uoa i io  
u n d  1 miu6auun?d 2 uat~~nad 3 nirnla'iiwad Watch 

IT 257 537 



rLpQW\ 11 '€1 eol3el3!~ zu11 [E '11 aol3e13!1 n!LpLuiiugLnrrruun 

z '[€ 'zl aol=la!l 

'XI "0' : Z '[c 'zl aol=?lql . 
n(l1 @Ol3ela!l K.LfLU11nl Z ~LUIIPDREOB~L~fU11P~H~L~U~LRBP~Bn 

Z '[c 'z] aolDel41 

Il=leM 

('01 ''XI "0,) : [zl aolael~!l 



ha Idao~c i?nh~~v l im  Pascal (Summary of New Pascal Constructs) 

n i ~ r t n i ~ ~ ~ o ~ 6 1 6 u ~ w i t l b i ~  

(Dedaring Multidimensiondl Arrays) 

Construct 

r r d r  I Matrix ~ ~ U I U L L O ? ~ I ~ A O J U R ~ U  

Effect 

Day = (Sunday. Monday. Tuesday, 1 52 Un? umr 7 mufl (<wad 

Wednesday, Thursday. Friday, I &"id) 
Saturday.); I Sales ~UwunadikuaQm Matrix 

Matrix = array [l . . 52.  Day] of Real; I u~rrnuirntf iu~~udiua~~~d~$i  

Sales : Matrix ; 

ni.r~i~d~~rnarSi6unf~iodQ 

(Multidimensional Array Reference) 

Write (Sales [3, Monday) L L R ~ ~  W ~ R U I ~ ~ ~ O J  Sales k7vTu 

i u  Monday VOJ&(II%~$! 3 

Sales [Week, Today] := 0.0 I ~ B J  Sales l$~riin'y 0.0 

for Week := 1 to 52 do t 

for Today := Sunday to Saturday do ~ i n u ~ d i ~ ~ u ~ u ~ a u o ~ a u i ~ n ~  

ReadLn (Sales [I, Sunday]) d i ~ d i L h ~ ? ~  Sunday k ~ n l f l u  

Sales 



L.L~ leau ~2% 

~tiiqn~p~nruyny a inLpH~t~~~ou:~pr~ nu~p~uiiugnngi nd3 a pi nd3 142% 

son y oz un~nnny i:arn+ ABJJV~~~ nu a y ~uiirr)wqu~uxp~unn~ir(5 -9 

(ukptou~p~~noi) fi1unw.y y Lru_nMron 

unar~nLrLFrnlL~ntnL~unrusi1:aiiwmLpo pin~rn~n~runnbir~ 'P 



Td~un.run~n:~unn~:ulu~~uoiaIdu" wme~aai Tally ~fiuw~~wh~~nqq~iantfd 
Pmoedure Initialize (var Tally) : d1unruuu~i~n&d~uunmqu30~ (precint) 

chnb~uu'n~u~amu 
Pmcedure WriteTabte (Tally) : urnnd wn wa&8nqq~#ank~lu~d~~uu mf74 

U'IJAIJG 
Procedure CountBaIIot (var Tally) : ~ f l ~ ~ ~ : ~ u u ~ ~ a n & d ~ ~ r ' u a o ~ ~ u u ' n ~  

Procedure Findwinner (Tally, var Candl, var Cand2, var Over5O) : 
Y Y  U C fiq~una7onmcd$acfl3\$n~ L L U U ~ ~  (Candl ) ua:m7anm~d$~cnq 

\6n:uuugd~;no'u~~~ftd (Cand2) UR:&I\~~  Over50 ~flu~id f i i$fahdd\~fl~~uu 
gdS~\6mr~~uu~tlonbu~nn~ 50% 

Procedure Displaywinner (Candl, Cand2, OverSO) : 

u U f ~ d # € ~ ~ o d  Candl U R Z ' U Y O ~ I ~ I U  Won the election 67 Over50 L B U ~ J  

Runoff election between 2 highest-scoring condidates LLRZ Candl hat 

Cand2 

w ~ ~ u u l ~ ~ u n ~ u n r i n d ~ 1 4 u n n ~ ~ u ~ w ~ u ~ n i ~ O  uar~~Irhun~u~7n%~'a~~ J 

I ~ ~ ~ q ~ ~ r i ~ l d d  uanda#&n.r c 'l6n:uuu~bbu~ 108 ~ted~~t~1un1q~fionk~3ou d 
4 (precint 4) 

Precint CandidateA CandidateB CandidateC Candidate0 
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