
unn" 6 
L 

nisriu~Tdsunsuda~iirvci:: 

(Modular Programming) 

-l 

r l ~ ~ ~ u ~ i ~ ~ u ~ ~ o r i ~ ~ ~ o ~ ~ : ~ u  rn"s~ldrf (stereo system) q d n ~ d d ~ z n ~ u ~ n ~ o ~ ~ Z u ~  

nr i~ :n i~ i luqdn3:  (independent device) ~~ncflinish~iiwmnawi:wd~oLii~ 

~noionnuiaqd.r:rd611odqdn3&rbi azga ~~d~n ldd i~ i lw6o~n~ iu i~a ia tbd~zn  ou 
U U u a 

~~sia:~ad~:nousiaupiatbErn*nn~aQnffacb v~rorrdn:~a~~.niw~i#ratbw"routbnrIrwnd 

a Li idls 
d d ~~liru~~u~8r~nn~a~nd~~dnotb~iunn'u~dnn'u uitjitbmdd (fire) adrnou 

siar~ud.rrnou~nta~r'ru~diuni~rnir"Ru (plugs) siiw k ~ a r  rn$ooiumdor r'ruri! 

f l l ~ : o d w u l u i l ~ ~ ~ " o ~ a w : o ~ ~ u ~ a l t i ~ ~  muld4d~ia~ul6llZuu~tb~tl cl.l:~~lru 
P ounnsoCnfldu~aa3una~3~0=:~nd3=:uaawn I u u u dd ~ ~ l y i r u r w d i d a i d u i ~ i n ~ n ~ o ~ ~ ~ t b ~ n d  

mdoo?u5nq (tuner) w%~doi~,du CD 



LSZ &I 9LZ 

(EA 'CX 'ZA 'ZX) au!l 

\ nryn~rncn:ruu~~g X 

~.RLLU@+~LLI n (€A 'EX) ~brflp~ n (ZA 'ZX) uhu~bp~~ptt#lu~rm (ZA 'ZX) &by 
p~ (LA ' LX) ubu~byr u~ay sun n~m~n:rurnp~ryu$* n p P~~~OILII~LLLMPOIZL~ 

(ZA 'ZX ' M ' CX) P&~;OYI~ULMLLU~U:NII au!i nLmtnzrunFotynou:rp 
aweu 

~~~%PO~~LP~LTZ:LUU~~~~~~OLLUO$:NI~ n 

~ruiuor~p~~uuhu~nyqu~r eun o~ ubuurpnLmLn:ru nprrLpotv n 

  IS!^ JalaweJed lenpe) )OY~~LLLM~L~OU:~II (allleu 

a~npaao~d) nLmtnauo% : NCI)PBY? ~b:~p~~n~m~n:ruunrqr~ro~euo,n P - ': (s~a~awe~ed leuoj pue len~~v) R~~&~MI~L~LN:~P~C~~~M'I~LLLM a 

qr~~nuhro.:~~q~pnaisr~ebaz~eP,~ LL~LFO~~PO~~~LMI L~~L~ZEIII 

nrunr~r~pv:tuurwr~h9ryo~~~o~~~u~~,a~e1(~~~1~p~ ~p~ngonope. x un;quB 

n~kr;un,prrnur~puurr~siignurtuncr~p~?~b c. n CO IP~LPPY:LMIL~~L~~~L~ULL~~U)~ 
L~:LLMI n~u~rot~rogun~turo~au~~:~~~n~~ntn~~uy~~~~our~~r~~ ncron:LMqLb r m - -9 

n y nuu~unrunrp~r~p~:rr~h3o~r~u~n~roo~~r~u1(ne,u~,~ong~r~~~~~a~~ n 

(won ra)arueJed 01 uolpnporpl) raLsqnuut+rwnuLpann C-9 P u 

U~P~UUE~LMI L~~YPD~L n U~P~U:LMIL~~U) 

u~soutn~ru ynn - npc rnsr ropr nnzm y u~~pba~y~r~ro~roruqqrp~u~~yre L PL~ 

ntyr~uuor~u n ry ~po ~pzunrplnnzrr~ur~~ue C;I (salnpow) ~LMIL~RL~~)RQ~I 

r~u~p~nn~:s~rcnunne~~on~ R ~uiu~yqrr~unpounrrzspicnun~rur (npyrpku) , d 2 n 

nLgvt (a~n~aao~d) nwntnau n~u~~rpl~orbn~m~nxun~ r~r~pu~ur~puon R 

nrui1r~nouxyz~iqnn~0:11~pe!qqn~qy1~u~ii E ~unn~n~rntn=eu~~=nr~r~u 

uunnrLunrv v rn n y purngr r@+u~c~p~n~uoe,~ (~a~~ods) 

s~l~y~~~ppkp~oqnn~q a ycr~un~ppuvugoruuar rn 1. orn~Ar~~~yrcrro~i em 



t: ~unirr"ronnfzuau~iur~eiat~f~ bdrr~nru~uo+r&uun~fnr::u~ud~u Line 

fio&r~dfdR& M?~d i~d~~W~f i6 f l  (coordinates) X, Y Yodaoo~nuuooniw 
a" d o  a riiatoinwnnnnau cnuimidiuurn~a~lg\nfi5"dd Line ~ n i l u n  mGt$ior 

rmuCu6~o55lern"miuluniadr:niarnrtu~tbsiu 
ud o d  n i r j i i k d  rnlmnnuu (dummy names) Aonii wimiimof~dG'o (formal 

parameter) 

procedure Line (XStart, YStart, XEnd, YEnd, : Integer); 

T I 
Procedure 

T 
Formal parameter list 

name ' 

n3zuaudiur ior~nu (coordinates) X, Y Y Q I ~ ~ ~ R I U  (end points) VOJ ~ffuiot 

-nn$ Xstart, YSart unqndaiu6~ilmdd rraz$ XEnd, YEnd r rnu~~daio~nsi iu  

MQ nonirwimijrmoi I s ~ C o ~ u r t ~ ~ ~ u ~ a i r m ~ o ~ a ~ ~ ~ w i m i j ~ m o i ~ ~ ~ i u " ~ ~ u  integer 

I,&ddW knnuaudiu ~u'uuniu~&dnnr~u3~diu~~ni .si innf~uaudiu (Actual 

parameter list is a parenthesized list of variables (or values) passed to the procedure; 

follows the procedure name in the procedure call.) 
d 4 .d  swniswis~iitsloi;rlM"~ ~ u i o i i ~  'iiunirYndaonuu (W?QU<~LUUUUIQR 

&%a) d ~ ~ ~ u n ~ t u ~ u ~ i u ~ d o u w u w ~ ~ i i i ~ ~ ~ f o ^ s ~  r $ o u ~ i u ~ ~ ~ ~ o n r : u ~ u ~ i u l u ~ a  
d 

L f  OdnT:¶J3Wlu (Formal parameter list is a parenthesized list of dummy names (with 

data types) used in the procedure to represent actual parameters; follows the procedure 

name in the procedure heading.) 
d n  w n l s a u ~ u s z n i i ~ n m f i b a ~ ~ ~ ) s ~ n u n l s i i i u o i ~ 1 ] ~  (Correspondence 

Between Actual and Formal Parameters) 
L r. 

nrtuarwiu Line l ~ ~ + i d ~ d ~ i o : ? ~ u ~ i i o o : : I ~  ounftw~uu~n~'kn l d f ~ ~ n r u  

~?un (calling program) ~ ~ ~ R ~ L W R ~ G Q J ~ I S ~ O J  Line w~uwidmonir~imii~naio^sd 

&<u$ (matching) wi~ii~nofoi~~~cia:6~n'uwim~~moi~dG'u d d ~ u ~ ~ u k ~ s h  



rd 6.1 ~1til~1~ii~duiauu0~~9~r~~n~~d~dfrnou6au nrsuaw7u Line L L ~ :  
U 

niriiunnnuaunu yslr umdn7rlas (flow) uo~m~mrnsl~:a4i~wis7ij~m~~~^s~ 
u d u  uscwm2irmofjduu~ma 

U LY nirmGu o ~ w i n 0 u o 5 " ~ ~ n J ~ ~ u  
Actual Parameter corresponds to Fomal Parameter 

X I  XStart 

Y 1 YStart 

X2 XEnd 

Y2 YEnd 

program. Main; 

var 

X1, X2, Y1, Y2, X3, Y3 : Integer; {Main program variables) 

I {Formal parameters) 
procedure Line (XStart 

. . .  

{Actual parameters} 

Line (X2, Y2, X3, Y3); 

end. {Main) 

sd 6.1 I d r u n . r a ~ ~ ~ n # ~ n i s i r u n n s r ~ ~ u ~ i u  Line 
Y 



0 n rrd ldm k ~ n n i i  n i s ~ u ~ u a ~ w i ~ ~ u a f ~ d u " ~ ~ ~ s ~ ~ w ~ ~ ~ ~ m a f  93 tuna~~61ndi~ 

h 1u3d U 6.1 ~ ~ ~ i i i l ~ ~ i u i o d i ; ~ l n  ~ w n r i i  ni~~u~uillua~winlirmai~nfi~~un 

h u l i i ~ ~ l j t  (by position) ~ u n u n i ~ w i n O u a f ~ ~ ~ n r K ~  ' L d \ $ f i i ~ u n l ~ o ~ a  

ri?ad.rtarc~rd ~ u i u i i ~  ( i ? ~ ~ d ~ d ~ d 5 r n i ~ l u n ~ = : u ~ u ~ i u  WI$KILLI~& 

drni~lu~d.rttmuclR'n (Local variables hre variables declared in a procedure, not 

in the main program.) 

670$14 6.1 

ncu-~wiu ReportSumAve lu!d 6.2 f i u~ ru~~. ra rm J M ~ Y ~ ~ L L A ~ A I L Q ~ ~ ~  

natiinir. Real R D J ~  ~t~ri~ul&ns:u7u~lu~uflauLuud {input} ~ r y i i  r n n l i ~ m o i  

;dl.% Numl LLnr Num2 l ~ ~ ~ u ~ ; 1 m u o J n ~ r u 7 u ~ l u  

f i u d 3 ~ a w i r d r r o t ~ ~ b o  sum ttnr Average pnd.rmi~l lunscu7wiu ds~3u 
~dt~i~~d~~awir~illuat,n~=:u~u~itb~~iib"u ~ U I ~ L ~ I ~ J ' L ~  u'onmukt 

Sum := Numl + Num2; 

Average := Sum / 2.0; 

f i l M ~ R d l \ f i ~ 7 ~ ~ d 3 ~ ~ ~ 1 ~ ~ L i ] ~ ~ ~ u "  w ~ u ~ ~ ~ ~ J " I ~ J ~ J ~ ~ ~ J w I ~  1 0  ~ u r n l  

LLR Num2 rfiulu Sum anrdi rduuot l l i r~f iu lu Average 

ReportSurnAve (6.5, 3.5) 

d i  6.5 E4tld~twinO~m ohdu'u U ~ u m ?  unrdi 35 ~ i j \ dC tw im i j~ma i rd~u  U 

a 
Num2 ~I~IJ~~IHU~I\G sum %I 10.0 L ~ A d l ~ ~ f i l M ~ ~ \ $ ~ v e r a ~ e  5.0 n3ru3wluu 

~~~ntunr ra td i  n i ~ a u r i u s ~ m i i ~ w i ~ ~ ~ ~ m a f ~ " r ~ n ' u ~ i ~ ~ O ~ ~ 1 a f ~ d u ' ~ ~ ~ s a C ~ u "  

Actual Parameter corresponds to Fomal Parameter 

Numl 

Num2 

ReportSumAve (X, Y) 

riiilluat X E4t~dCtwimO~m~fSdu'u Numl anidiuat Y k b J k w i n i i ~ m o f  

;dl% Num2 
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Actual Parameter corresponds to Fomal Parameter 

X Numl 

Y Num2 

procedure ReportSumAve (Numl , Num2 {input) : Real); 

i 

Computes and displays the sum and average of Numl and Num2: 

Pre : Numl and Num2 are assigned values. 

Post : The.sum and average value of Numl and Num2 are computed 

and displayed. 

var 

Sum, {sum of Numl, Num2) 

~verage : Real; {average of Numl, Num2) 

begin {ReportSumAve) 

Sum := Numl + Num2; 

Average := SumI2.0; 

WriteLn ('The sum is ' , Sum ; 4 : 2); 

WriteLn ('The average is ' , Average : 4 : 2) 

end; {Reportsum Ave) 

ZLI 6.2 m : u a w i u ~ m a u ~  Sum YR: Average 

Y d  d' d u  ZLJ 6.3 u~ntlri~Auwunulnp (data area) 11 ~ ~ W ~ L L ~ ~ U M ~ ~ L L ~ : : W U ~ Y Q ) ? ~  
L d 8i~~unazuautiu ReportSumAve M ~ ~ Q I ~ ~ ' ~ R ? I U R J ~ ~ U ~ ~ ~ Y ' M " I ~ I ~  6-1 8.0 un:: 

10.0 k ~ d k w i n l i u o . f 2 d ~ ~  Numl m: Num2 RIU~I&J 

280 



d 6audsrawi:n Sum an: Average ~ n u d u 6 u C ' ~ ~ ~ ~ n i t u i u  nqsncrhnis 
* d ' r  ~o~ninszuaudlu (procedure body) rd$oudivod~i~~ds8n~f l3~rdu  18.0 LIR: 9.0 

niud12iY 
d' d *  wMnaataaodnszuaMm {The Procedure Data Area) 

d u  d. cl Y d  v n n s ~ n ~  ~ n a i u ~ ~ ~ ~ ~ ~ n n ~ : ~ ) a ~ ~ i u g n n s : v S i n i ~  wunvo~~(iwnai~d~a::  
t: a'ntmffi~iuvlrian~n"uvo~u'o~n~a~n~tuau~iIb~u 

Main program ReportSumAve data area 

data area Formal parameters 

b Numl 

[xq 
- -b Num2 

/10.OI 
Local variable 

Sum Average 

a d v  sd 6.3 w u n ~ o ~ ~ ~ ~ d ~ ? n l $ ~ n n ~ ~ 3 ~ d ? ~  ReportSumAve 

d' d u  nunuoynuodn.rru~uiiiu 16rrri i.aaivriau~?iu (storage cells) [ h ~ j U w i s i -  
d  a $rna$~d$ovo~f i  a n : k ~ ~ d s ~ n w i r n ~ s o t i i n ~ ~ a ~ ~  7 5niud~oia~nds:nidu 

d' d w  d nrzuaudiu ~ ~ ~ ~ a ~ f l i u d a u n s : u a u d ~ u w u n v a y a v o d n ~ : : ~ 1 a u ~ i ~  ~ u o  
8 d d ' d u  d ' d  ns:uawiuonison6nns~~~~ %I ~ u n ~ o ~ n ~ n a f i ~ l ~ ) J ~ t l u ~ u ~ ~ i ~  ( d i ~ ~ ~ u ~ l l i ~ n  

f i f J 1 ~ )  
w a d aornna~aao~msunun~~~iu'~maflu'gn~a~ (Illegal Parameters sub- 

stitution Errors) 

compatible) ~~uua(inh$nu odwlm~ ~maf~dla"o~d8uu'on"uv~ld~u (fvi?u'o 2.5) 



LSZ LI 
j .paAelds!p pue 

palnduroo we ZlunN pue LurnN 40 an(eA a6e~a~e pue urns aql : pod 

mni nouuyun (uo!i!puooard) J 

no pain o p ~puo;ip~~nop ua~ubn~rn~n~uno~r~~n~ir~n~no~i~~~o 
*sanleA pau6pse eJe ZurnN pue LunN : e~d 

unni nouuysrn J 

(suo!)!puo3)sod puo suo!)!puosard) PY ~apo~~zr)nn@ y ainm m P P 



a t  d otui u d a u h d ~ l ~ u ~ i ~ a r i ~ p i n n i f n f : : . / ~ i n i . m s  u a u ~ v d  

6unl l  dowh!rr& (postcondition) 

daulvria~~~::da~rVli~j~iJu~anm~ni~~i~i(~ni~va~n~:uau~i~l~~u 

~ d ~ u n s u ~ u a f ~ w ~  dm::~~rk:ua~~iu6 

n i a d i ~ ~ d u  dnulvriauuonld~un.ru~uoiii~n::l~6a~v~iria~n~::~au~iu~n 

isun lun3fiu" C i iY 'n~~cra~~as io~~nd~l iuw ~ ~ ~ d i u ~ ~ i ~ d U j ~ i n D ~ ~ 1 a i 0 ~ ~ r i a u n i ~  

4~6$i.& (Precondition is a condition assumed to be true before a procedure or func- 

tion call.) 

d o d a c l a j  nu iu i i~  d o ~ d ~ c r u i i ~ i  n&ainn.r:flinisnscu?u 

aiW6a);IJnb~ (Postcondition is a condition assumed to be true after a procedure or 

function executes.) 

u u u a n h  6.1 Self-check 

1. ~13flaif mlnf W ~ U J ~ W  Down 

procedure Down (N : Integer); 

begin {Down) 

while N 2 o do 

begin 

Write (N); 

N : = N - 1  

end {while) - d' 
a) ~ ~ a n a r h n i ~ o n a i u k f i u n n f : : u a ~ 3 1 u  mau 

Down (3) laisiYjniioo:\s 
a d  

b) 81 M i jh~r i i5u  5 ~8~o:~syu~uanr,vSiniru'ona1u~3 iiunn3:uawiu 

Down (M) - 



('aJnpa30Jd Olu! passed UO!l 

rr_a)o~lc~r~~yy~ri ~nn~fl ~IJ,LI(ULL nltnunnltsrp mmn r$o)oui rp~~~~ra~ll 

nagmrLuau1 n~mLn:ruroFMuan n (sunla;) nunau w I. LFL~JOYI~ULM 

n~rpr~n:rurl~ror~r~[rldu~nsru (san!aar) nr P$~&OUI~~LM 
P n 

rLPLpo$L (salnpo~ 6~!11=) UOkl 

:~~i~pnc~rnp~ldulnsrununaun~~n~n:ru n w n ~pn~ngo:~no,n~y lt~llt~l~~~~lt2~~ 
X I 

FLU pi~~rp~~bu~n~rnrn:ruo~~uanltruiir~~rn~~~uinrr~s m m (UJ~I~J) nunau cI n 

rlnunLn:ruyr nn~u~~urrurruenarlt:r~p~~~n~~p~n~~n~n:ru sna~n:rpuii:b 2 



d d w~nGmo<oi?ud.r ~ u i u i i ~  w 1 ~ 0 ~ a o ~ d C u a C n ~ u ~ ~ ~ n ~ u ~ u w a ~ w ~ o ~  

nar~audiu (Variable parameter is a type of formal parameter that returns a proce- 

dure result.) 

g a o i i ~  6.2 u~lsZfiiA ndi~ar~'11~wi'nOinofeii % wia7Zraof 
d ' d  Caiida ~$uhai~naiuCao~i74 i iaPsunnaruau~iu mouGa~ao~<nmr~uon 

d' d  ~Jaumaiudi~uwunu'o~~uo~na~~au~iuki~?uwia i~aof~dCuur iarCa h ~ i u  
a ouv;lnwimil~noffli h~uidiuo~8qnwin~inofo5d~idar<ai6~~u1~ad~Jaumaiudi  

d w r ~ a n r n ~ f i ~ u w i s i ~ i n o ~ ~ d ~ ' u ~ d [ ~ ~ ~ ~ ~ ~ ~ u  $anxu?udiu (procedure body) <n 
A' 6i~i2uniadiu 

@aoe/'ld 6.2 

naruaudiu ComputeSumAve lurJ6.4 ~ ~ 1 i l u K i J n ~ u a ~ i u  ReportSumAve 
w d w  luad U 6.2 u ' o a n n d i ~ d h 6 ~ i i o  qaiian (zd 6.4) ~ w m 0 i n n f ~ d u u m a  lf i ir i  r r o d k  

rh~?u8uyn (Numl Liar Num2) u a r ~ n ~ o ~ n j h ~ ? u i o l 6 v ; l a  (Sum bat Average) 

naruauJiu ComputesumAve A ~ u ? N H ~ u ? ~ u R ~ ( ~ ~ L Q ~  U V Q J E U ~ ~ Y  o d a h  
A' ad'lriu~n~ws e i i a d i u ~ n t i i ~ u n ~ w " n " ~ w i % ~ f i ~ ~ o f ~ d ~ u  Sum La:: Average ~i~rn;uWu 

d 
(return) i~u~a~w8~o~n~:uaudiu~do"~~au~i~wiri~un (calling module) i w a t i i  

A' n~~uatb9iuufi i~iuot iwla ~ ~ ~ u G i i 6 d a ~ ~ n a ~ ~ ~ n d a : n i ~  X, Y, Total Liar Mean rau 

Caudaaiin Real '~~omaiust~fiunnaruau~iu 

ComputesumAve (XI Y, Total, Mean) 
w " 2  

<nCania'~~uunw I 

Actual Parameter corresponds to Formal Parameter 

X Numl 

Y Num2 

Total Sum 

Mean Average 

procedure ComputeSumAve (Numl, Num2 {input} : Real; 

var Sum, Average (output} : Real); 
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LSZ LI 

(a~ywn~alnduro3) ! pua 

pus palndwo:, am ZwnN pue lurn~ 40 a6e~a~e pue urns aql : $sod 

'sanleA pau6pse aJe ZunN pus CwnN : aJd 

'ZwnN pue lwnN 40 a6e~a~e pue wns aql salndwo3 



Main program ComputeSumAve data area 

data area 

Total * 

Formal parameters 

---, Numl 

p* Sum 

1 Average 

Main program data area ComuteSumAve data area - 
X - - - -  

pq 
Y - - .  

pEq 
Total r 

pq 
Mean4 

pq 

-----------------) 

------------------) 

Numl 

p6 - l  
Num2 

WI 
e Sum 

b Average 



nny un~z~~i~~n~yn~r~~our~~e~~c~~prn~~n~nzru n~iulwrr~un~~ 2 R P 

L~zsprrrpnL~iourcuLMn,un~rosre nuwrrzru 
rons kap~n~n~r~~r~rr~ucon~~~~~~n~~~( m (ssa~ppe) Po pnsr nyi$oat uknou 

rprr~~~om~1*~~nl~r~~pnur~ur~un\ m ase~a~t, MI runs O~~~~QM~~WLM m 

nLwLnzruw .w pl (alnpow 6u!11ea) ufl~rz~~c~pnyu~b@~n~~ui 

r~uu~~~ngr&e~nrans~~r~u~~~uBc~zsrr m prLpoFrrprulm 9.9 ptne (MOJJ~ uay 

-oJ~) zrpngrr~u& nnrononmwrr~rourgu~~ .w pwJ nu .w LU~N DYL~E$@ULI~LLLMPL~I(~L .w 

plopugopnaprrLuEpFsrr numnauuarruLsLr nr n~m~n:ruronsRe~p~yn\n,ur - P 

LU~N o~p~~o~rp~~~~~ap~~~uB~~~pnr~n~pe~~n~~n~~n~n::~ur~ c. n_nrononrw Pa 

~rkb~o~r ~LLLML~L~~~~LLU:E~~II .w m L~~OULI~ULM~~I zwn~ zsrq ,nwn~ mrpt5our m 



A moufliuuodnfruaudiu ComputesumAve 6iuodh~~dqd<u Numl or 
r n  A ~dduurflu -5.0 uciiiC~iiuh x (w~.nSJ~mosn~lr~~u<un'u) o rkn t r f l u  8.0 

fiild~un.ru~uof2il&l0~~::d~rn~~1wimii~mo.f!dM'u~o16~ r f I u m n i i ~ m o 5  
R I ? L L ~ ~  ~ & o i n ~ u i i u o ~ ~ i (  ( ~ ~ ~ ~ L R U ~ Q $ ~ Q J U I U )  o r ~ i i u ~ ~ m ~ u a u ~ i u  L L I L ~ ~ L ~ ~ U U  

U ~ R J \ R  7 fimi~<u(iiuo~Ui( 0zTinKujUAuldKdld5~~nfu~"ron lcawng program) diio 
~~f imwnimiau~d7duin~uni f~%wi f id~m~i  

n l o l k o d € d ~ ~ ~ n s u  (Program style) 

ni~riioununi.rwiniirma~11M'u 

\uzd 6.4 nunirniniirno5~dCu XI 

(Numl , Num2, {input} : Real; 

var Sum, Average {output} : Real); 

~iiuuuuro~u.r~~m~~oVgi~91iii~~d~~~n~~~iu wi~iii~mo5ciio~yuu~rn'm~~fn 

vl%lun'unElu~uudi {input} L ~ Q L ~ ) U L Q ~ ~ S S I ~ . ~ ' L ~ ~ M E ~ ~ ~ ~ E ) ~ ~ J ~ ' U ~ ~ ~ ~ ~  huwinii- 

~no%a~~d~uuum<mA nod~iflou~a~u6 {output) 
n - A  ~ n u ~ a ~ d ~ n ~ i m i u n i ' ~ ~ n d ~ u ~ ~ ~ ~ ~ w m d ~ u f d  U 6.4 ~ u n i s t d u u n u n i ~ w i n d -  

r PI ~no5zdcitl n h a d o  n u n i ~ o ~ 8 u ~ a w i m i i ~ ~ o s  nuurfluoirn'ynm unenunimao 

~oi6ynw7nii~noflm 7 iimiu~duuriluoirCuqmn'iu 
r d o % d ~ ~ 7 n i i b m o i ~ a  L L ~ ~ W ^ S E I ' ~ # M ~ T  7~Lola i f i i i  (When to Use a Vari- 

able Parameter or a Value Parameter) 

~ n R ' n A u ~ 0 ~ 6 o l i i ~ ~ s i i o ~ ~ % w i ~ ~ ~ ~ m a ~ K a ~ ~ d ~ ~ i ~ 0 r ~ % w i m i i ~ n ~ i d i  luiff 

Ronp o d i d n i n  7 
nirnrmrn~nnidldC~n~ruaudiu U ~ ~ c i ~ ~ j n ~ u u o o o n ~ i n n ~ ~ ~ a u  

t: 
d i u  k$% ~ l ~ ~ ~ ~ ~ f ~ d ~ ~ ~ d l L ~ ~ ~ l f ~ ~ l n p l ~ ~ ~ ~ f L f I ~ ~ l r \ ~ L ~ 0 ~ 6 l  ( A o d i ~ ~ d u  

c . d d ' P I  

Numl unr Num2 \ u ~ d  6.2 i ~ a r ~ d  6.4) w i ~ ~ ~ ~ ~ ~ ~ d \ f l ~ a ? m t l f ~ n i i  8 ~ l ~ i n ~ -  
Lac# (input parameter) 

u t: 
firnr~p~~n~6~~nR'Yfitba~iu'~~11~~~n~uPrunoinnrruau~itb m d w  w ind-  

PdCY PI L ~ Q ~ R I ? L L ~ T  (6%rwdu Sum LLR: Average luzd 6.4) w in i i ~ao fdd l f l uam l funi i  

~ ~ d ~ o l ~ i ~ i i i ~ o l o i  (output parameter)' 





&€Jild 6.3 f l l 3 L ~ l m 7  (Sorting Three Numbers) 

U3ttn3u Sort3Number lU$ 6.7 diU(iiy'D~R~1~c2l?1~ Numl , Num2 LLfi: 

Num3 LLRr&lfiLId~Mi$~a$4 ~ d a k ~ ~ u o ~ ~ u ~ i ~ u ~ ~ ~ ~ i n i i : o u ~ d ~ i u i n  (increasing 
t  

sequence) " i~oud~mkcl l~$u Numl rn3fikJnns:u?~iu Order munsdnnfiims 
u d' d i  ~Guni~fiu~irmuu 

L ? U ~ E ~ I ~ U  WUIUBJ ni~<@iJtldlMdfh$R ~ d a ~ % $ a ~ ~ a ~ ~ u d i ~ u ~ i n i i : a t l  

ldviuin (Sort is a rearrangement of data such that the data are in increasing 

sequence.) 
u A niuadn.rru7udiu order dcnouhUu'on7lukd if q i n ~ d  4.10 ~ a ~ 3 a 4 ~ a . 1  

nxu~u~iud~ennuR'7tlmtlni~wimG~~o;?dGtl 

(var XI Y {inputloutput} : Real) 

d ~ u ~ m d i i  x LLR: Y ~9uwimij~mofjGu x LLR: Y L O U ~ ~ ~ R / L D I A ~ ~ W I ~ -  
u a D ~ a o i  LWJIL~I n~ru~~iuk~(iiwimD~tiloi~1^S~ ~~~Y'u~iluZuy~~~:aio~:naunu 

f i l l M d  
U d' 

~Rj~11nnxfiinisn~:uawlu Order atf7ciiCt(iouniiuodwimf ~mof1~~617u 
e n  u d  o:~fiukuwimli u o f a ^ T d 6 ~ ~ 3 n  u~r+=h#kMdniiw ~fiu'Iuwim~~a~~03d~~n1od Lwmr 

t  
a:uu 

Order (Numl . Num2); {order the data in W m l  and Num2.) 
u d u  ~fiuha7nuosniiuod Nurnl UR: Num2 ku Numl i~~:~f iuhnidk~dnii  

u t  
ku Num2 kuni3$dc2odid Numl ! f i l L ? i l l h  8.0 LLRz Num2 d f i l ~ n l h  10.0 muufil 

L P( 

L~di$~dGiiin13~d~su~~dwd ~ ~ ~ n i ~ n 3 : f i i ~ o ~ n ~ : u ~ u ~ i u  U ~ ~ E I ~ ~ I U I ~ L ~ ~ ~ ~ T : U ? W  

41u . 

Order (Numl, Num3); (Order the data in Numl and Num3) 

R k ~ f i l ~ ~ d  Numl ((~I~u~uwL~ 8.0) LLR: Num3 ( d d u ~ o  6.0) R i n d  6.1 

Edit Window 

program Sort3Numbers ; 



Reads three numbers and sorts them so that they are in increasing order 

var 

Numl, Num2, Num3 : Real ; {three variables being sorted) 

procedure order (var XI Y) inputloutput) : Real); 

Order a pair of numbers represented by X and Y so that the smaller 

number is in X and the larger number is in Y. 

Pre : X and Y are assigned values. 

Post : X is the smaller of the pair and Y is the larger. 

1 
var 

Temp : Real ; {copy of number originally in X) 

begin {Order) 

if X > Y then 

begin {Switch the values of X and Y) 

Temp:= X; , {Store old X in Temp) 

X := Y; {Store old Y in X) 

Y := Temp; {St~re old X in Y) 

end {if) 

end. {Order) 

begin (Sort3Nurnber) 

WriteLn ('Enter 3 numbers separated by spaces > I); 

ReadLn (Nurnl, Num2, Num3); 

{Sort the numbers) 
1 



Order (Numl, Num2); {Order the data in Numl and Num2) 

Order (Numl , Num3); (Order the data in Numl and Num3) 

Order (Num2, Num3); (Order the data in Num2 and Num3) 

{Print the results) 

WriteLn ('The three Numbers in order are : '); 

WriteLn (Numl : 8 : 2, Num2 : 8 : 2, Num3 : 8 : 2) 

end. (Sort3Numbers) 

Output Window 

Enter 3 numbers sepqrated by spaces> 

8.0 10.0 6.0 

The three numbers in order are : 

Statement Numl Num2 Num3 Effect 

ReadLn (Numl, Num2, Num3); 8.0 10.0 6.0 Enters data 

Order (Numl, Num2); No change 

Order (Numl, Num3); 6.0 8.0 Switches Numl and Num3 

Order (Num2, Num3); 8.0 10.0 Switches Num2 and Num3 

WnteLn (Numl, Num2, Num3) Displays 6.0, 8.0, 10.0 



M zsii z 'A 'X ~pronnr~uphq, nlr~~r ynruiirplro~uky~oiru~nr~ (B .z X 

JBA 



\ 

WriteLn (' X Y Z W I); 

SurnDiff (XI Y, 2, W); 

WriteLn (X : 4, Y :  4, 2 : 4, W :  4); 

Surr~Diff (Y, XI 2, W); 

WriteLn (X : 4, Y  : 4, 2 : 4, W : 4); 

SurnDiff (2, W, Y, X); 

WriteLn (X : 4, Y : 4, Z : 4, W : 4); 

SurnDiff (2, 2, XI Y); 

WriteLn (X : 4, Y : 4, Z : 4, W : 4); 

SurnDiff (Y, Y, Y, W); 

WriteLn (X : 4, Y : 4, Z : 4, W : 4); 

end. {Show} 

d 
b) a ~ ~ ~ u w d a u h r i o u  (pieconditions) U R ~ L J  a u l V ~ R j  (postconditions) 

u o d n r ~ u a u d i u  Surndiff 
dY d "  a d u  

C) O ~ ~ ~ R ~ ~ W U W Y O ) ? R Y Q ~ ~ ~ ~ L L ~ J U  Show U R I W ~ W U Q ~ R V ~ d n S t U 7 W 1 U  
d 

SurnDiff ~waucnn~ciiilogY'u~a~aiifia~ll~u6~~~1~i~7O~m0iyl.n~~ 
u d w  a 

.3. n 3 ~ u ~ u v ~ ~ ~ ~ i i w i m i i ~ ~ o . f a r l u u ~ m a ~ a  W, X, Y unr  z (yl.n&u'uuun& 

$ouflrau Real) ~1~~idni3n3r~in1m3~u2udiu~n"u w ~ i t a n u o d  W LLRr X lu Y uRr 

L!UUR~NYDJ W LLRI .X 1~ 2 O ~ U B ~ ~ I Y ~ I ~ ~ L ~ ~ ~ $ ~ ~ ~ ~ Y ' I ~ L ~ ~ ~ ~ ~ ~  LLRI<2\Rfid 

r f Iu~o16yn  
r9tl~'ldsrrnsu 

I. o d ~ h u n f  r u a w i u h v % ~ ~ u u ~ n ~ 6 1 ' U Y O  3 Self-check 
d u e  

2. ad~~aunszu~udiua~~uou~m~6ufl21u~d h L L R L ~ R ~  r ~ O J J ~ ~ S ~ U ~ J ~ B U  

(a right circular cone) u~r~o16yn~~ufil l~in~od;dnfqu (volume of the cone) 

f i u i n r u o ~ ~ d n n u f i o  volume = n t h  



LSZ LI 

sys!~als~ 40 sJaqwnu aql suJnlaJ pue sys!Jalse olvy uaalvyaq 43 sAelds!a 

1 
'!(~a6a)u( : {lndlno) sJelswnN JeA l~eq3': {lndu!) 43) 146!146!~ a~npaDo~d 

PLPO LlJl 

! pua 

Apoq a~npao~d 
, 

u!6aq 

uo!g3as uogwepap 

!(sJalaweJed (ew~o~) aureud aJnpa30Jd 

MZAX 



printed. 

Pre : Ch is defined. . 

Post : Returns 3 in NumStars if Ch = Border; otherwise, returns 2 in 

NumStars 

1 

Border = I*'; 

begin {Highlight} 

Write (Border); Write (Ch); Write (Border); 

if Ch = Border then 

NumStars := 3 

else 

NumStars := 2 

end; {Highlight) 

U t BR~IUHUILIRJU ns:uauJiu pname gnd'irni~snu&au formal parameters 

~ $ ~ l f l ~ ~ l R ~ ~ J H u l ~ 2 d l i j l ~  blmui ldboaf  (identifiers) dddsmidu declaration sec- 
d 

tion gndifmiawi~n.~zu?u~iu u~rpnituiusr~~i~nisnsr~ini~~o.jns=:ua~diu 
t 

lriiuu procedure body a~iflms<mdii l~un~~a~n~~tn~=:~gi~~unf=:u2udiu~~fl1.a' 
d U d  

wlm8~~o.f;d~u (formal parameters) b?hmanuu (dummy names) Lh~?~wim~ma i  
U U 054 d ~ u o d m n i i ~ m a ~ d u w u a i n ~ o ~ ~ ~ ~ ~ d ~ u ' i u i r ~ ' ~ n ~ ~ u ~ ~ d i u  unzwini~moi 

U U 

sduonauds u (t3ivlwidi?udiii var) n ~ u i i u w ~ K w h o ~ n s r u ~ u ~ i u l d ~ ~ t ~ u i i ~ w i z  

Eun (calling module) 

Syntax Display 
L cr u'onaiu~dbsonnxuawiu (nr,uau~iui(dwis~~i.of) (Procedure Call 

Statement (Procedure with Parameters) 



nontHfilpLepnupyey~nr~~ourirguLM c f"" 

LLUD W~~~~MILLU~L~L~BU~LU~~~~I~~~E~~~~MI~LLLM CI - UUI P~JUL~ 

- rnfe wguLMmnsm:rpsaLrncn:ru:uii n~m~nxuroasiig 

kaayfilngiuBr~n;nto~i~~r~~ron (ssa~ppe) hotp~i (JBI~WBJB~ alqej~e~) L~I~LMLDMI -a 

-nu~~nrlc " y (anle~ 1~301) #:~~ai~png~a~s~rt:~~n~rn~n::ruzt)ii n~m~nxuron u 

siiofiunwlngiub r~n~ouiguu.ironLp (~a~awe~ad en1.n) L~~OUI~ULMTUH~ 
.P R 

p~ne+i~pi ro~kiuronptjouig~c~~nurofien - - ~i rou.+~_ur~n)ouig~r~~ ucii~~ 

i3>pEj@bl!'j WULK,U~~~L~~~U~~~C~PI~~OU~~LLLM " -0 w LLULI(ZLU~~UII$IU~ awkud n~r 

ncnzruopi n~irrn~~urnto+uinln~$m s~a~auraed lanps nrunLnanLLu9 
R" 

(~~S!J~ISVU~N ',v,) IY~!I~~!H : Pl.! O LE 

: WJOj (slalaue~~d pnpe) awaud 

r 



(Ch3 : Char; 

var X, Y, Z : Real) 

q m d r o ~  

(M, N, 0 : Integer; 

var X, Y, Z : Real; 

A, B, C : Real) 

& a o ~ ~ a  X, Y, z d 3 r n i ~ r 1 l u m n  h r c l o i ~ a r r r ~ . ~ ' ~ ~ ~ a  Real 

Ch3 riluwinf tmoi61 a h  Char 

A, B, C rilu~inf ~010$Cii aQa Real rrar 
M, N, 0 r i luwinf iaa%~ Integer 

fiodi~u"&flr6~u'of aw ~ 1 m i a u l ~ n i ~ t ~ a ~ d ~ ~ u u ~ o ~ n u n i 3 w ~ a i f  ~ a o i ~ d u ' u  

var uamiilaaCu A, B uar c ~il~wmiirnofnir~d3$iatl d~loii~lu?d d i i i  var or 

i ia~dnngrioununisucia::~n~a3wi~7f rm~i57rrd3raua 

nsamounun7min0rmoio^r3 C t n a i u i i o ~ h  (consistency) rYunan1~mnfrao5 

du'tl 
n u n i s ~ i n f  ~moSoeT~oiaqr~irum unime6iwotf Kqud~ m~oCii~i1~~~rGiarmY1 

C n  u ;I"u~i7orn$omulu mmma nsni.rvnn~r~an~~nunun13win~~mo~du'adauu'u 

Y o~u'use~3ms3n'un"3diu7u (number) n l s l ~ u 3 & 6 ~  (order) u a r n ~ a  (type) d ~ q r I 6  
o%idungeiold 



OOE 

z-g ruLlen1rurrn 

!(WN 'A 'X 'OC 'E+YY) Pal 



L rr 
m i n d  6.2 nisauCu~ a~fiinfi~~a3h~.J'uu'en3iu~~~sunns::u3u~iu Text (M+3,10, 

L rr L: P I Y  P 'UYan?iur~~~unnstu~u~1u~~~~n'Iu~1in~ 6.3 u~a~aw~im3in~iTu<u6 
L PI Q n ~ i a r ~ ~ s u n n s r u ~ u ~ i u ~ a ~ a n ' i ~  ~ ~ d u ~ a k n w ~ i a ~ ~ r i a u n 5 " ~ ~ ~ ~ Y " u 0 i n n i s 1 a '  

n s r u ~ w i u w i n ~ ~ n o f o i ~ m u ~ a ~ ~ ~  (c, D, E) i j4o~~iouCuwinfi~~af~dCu BJ 
" t: r u t  n'uuic uci#~~ufro&d16d~::n1fi~~u6a~~ds'I~~ils~~n su~gn  nduu I~liY~i3u 

w i n Q  ~m af054IdI6 

Procedure Call Statement 

I Test (30, 10, X, X+Y, ~ e x t ) l  C W O ~  X+Y ~ ~ ~ ~ C ~ n ' ~ ~ i n P ~ n 0 f ~ 3 u d f  I 

Error 

Test (30, 10. MI XI Next) 

Test (M, 19, XI Y) 

Test (M, 10, 35, Y. 'E') 

Test (MI 3.0, XI Y, Next) 

u u u r C Q p u o ~  M W'Id Real 

6 1 u ~ ~ w i n f i r ~ o f  ~ d ~ r i i n Y Y ~ i u ~ ~ ~ i n ~ ~ a a f  

j c u  

(iln~87 35 urn:: 'E' IdruCuCuwinfi~nof631~ds 

3.0 I8j'I%Y'€IfN%%l Integer 

Test (30, 10, C, Dl E) C, D un:: E I8jIQI'ilr::nifl'Iuldf~~nfu~n'n 



(JB43 : JXaN JBA !~a6a)ul : w enlBA) 

(leau : 3 '~e6a~u( : 9 'Q JBA) 

nr~pr~~n~p~ouigu~~r~unun~n~n~nu~t~4~a~u~o,nn~nr .a R 
2.9 r u~un_un 9 upnnn ptnl 9.9 

r~~o~un~uhrosu~og~r~i~ro~ub~;o~i~u~~r~un~~ n (e6ue~e) rny ups r 
Y=W-~I~S ~'9 upenrCn 



j) Message (Z, Y, X) - 

k) Message (XI Y, M, 10) 

I) Message (Z, Y, Maxlnt) 
I 

ru'u~frlrrrnsu 
u t: 

1. qd~dnwnf ~ ~ 2 ~ d 1 ~ L L l ~ d ~ ~ L ~ ~ b @ l ~ 7 d ~ M ' ~ M " 5 . b f i l ~ d ~ d ~ ~ ~ 1 1 ~ d ~ l ~ f i 2 L ~ ~ b ~  
r u  d 

& ~ ~ 3 ~ V ~ d ~ ~ l n f i l & ~ ~ u ' ~ ~ 6 ~ ~ l n " ~ d d f ~ ~ ~ ~ ~ ~ l ~ ~ 2 ~ 1 ~ ~  (LRY~IW~WL~U 
t: 

u2n) ~J:U~WJIW~KU~U (return) W B U ~ ~ ~ Q J ~ I ~ ~ I I ~ ( I ~ L L E Q ~ ~  S~?D~IJ~+U i i i o i f i 2 -  
c u  d d u 6 -  d 2 

L~WGl~7~MUdFlQ 10 L L R ~ Q I ~ ~ ~ ~ L ~ u R ~ ~ ~ ~ Q ~ ~ Q  3 ~ ~ ~ U ~ W I W W D ~ L L ~ G ~ J U R L ~  1, 10, 
rd  u u too L L ~ :  1000 wnrSwmnaumu 3 a  1111 

6.4 iiv~me(aos1ormu6)ld1ooi Identifiers) 

lo~mwilAroof~nnilulE]s~~n~u Pascal mn~uw ~ u i u i i ~  ii?wVod~dfunfu 

d~u i ron~n iu  qI isunii &IJY o ~ l o  m w i I ~ ~ o o f  I o ~ ~ u ~ ~ ~ o o ~ o n ~ ~ I ~ n u ~ ' o m ~ ~ u  91 

t: d ~ ~ ~ ~ ~ ' L W ~ ~ C I ~ U O ~ ~ L V ~ I W U  " I I ~ Q I B I J ~ L ~ M ~ ~ ~ ~ ~ L ~ w I ~ ~ M " ~ Q ~ ~ ~ ~ ~ ~ M ~ ~ I ~  

a ~ n d a o ~ ~ o r ~ u 2 ~ r l r d  suiua~ rhwo~ld.runsu d~muiso h ~ i i ~ l o r  nu- 

~ l ~ ~ o a i i d r r n f l l w l d f ~ b n f u  (Indentifier scope is the part of a program that can 

reference an identifier declared in the program.) 
w . 4  d ngnh l l aon~u~  : ~Ifiu~am:A un:~lmdci?wnm (Scope Rule 1 : Local 

and Global Scopes) 

r r l n d ~ ~ o ~ l o u w i i l v i  L Q Q ~  ~ u i u i i d  uzon (~dsun~uclians:u2u~lw) Q ~ u i ~ n  

d~miw r w n r a : ~ w ~ i i l o ~ n u i ~ A ~ ~ ~ i ~ ~ d ~ : n i w n i u ~ ~ ~ d ~ ~ ~ n ~ u ~ ~ n  (main program) ij 
a d ~ ~ f i d h w n n i ~ ~ ~ n : ~ n d i d n d n ~ n ~ ~ n ~ u ~ d s u n ~ r n u ~ ~ ~ ~ a o ~ ~ d d ~ : n i w n i u ~ w h w  

d ..&a t: t: 
d i ~ w i t  (module) ij~~nd~awi:n n ~ w w ~ J g n d i ~ ~ k a w i : n i n ~ ~ i 2 ~ d i  rwi:wurriiww 

d d 
untciru4irwi:ow~ aG.d.rrnin 

ng~lmdd.rr nd.a'n"ul~~~~a~lA~a~]in"~~~un~lfl~ld~~~n~u . r2u~t~bouotr i i  
u t: 

m d f i  niud.r untwinfi~naf$ca ndww uoltdnau~udiuCfdf:niw~ui~~d~:niw 
uo~ld~~~n.ru~R'n i j  wlmdi~wnni~ ~ ~ u n i m i n f i ~ n o f J d ~ u ~ ~ ~ ~ C ~ ~ u i u d ~ i ~ ~ ~ ~ ~ ~  

uson ns:u-au~id~ij~lndrawiu'n" 

\ 



noA 

'yy con 
'X 'am 

adoos 

(Jallm) UD~I~ 

nouuo~iu~r~~pr~n~cn~n:ruu~u:bp~~~p~~nr0roy 3 ~LP~L~:~UP)?YU~UD~~P~ 

n~~c~n:rue~~~tsi y nnron~rnrru~wnou~ocoy~o~i~~gnu~o~\~onu~u:rpr~u - 2 

2~11 L~OJ~ ELINBLU-L~U~ - DOJ~ o~pn~i uo O~~RLUQNM~IAI - ~LFL zl~ld uov L~OJ~ 

nLcnLn:rupii y~ L~OJ~ UO~I Z~OJ~ n~rn~n:ru~pn~iyleu~11 ~'9 PLSLU) 

u~ul~u~iubnubro~ a X 
nLmLn:runnau rLuuntpjooipLgnuioLnEr zoo~d 2~11 ~oo~d L~:LLMI 

2" 

  no^ 'X ~zu(oirpi~~~:aii a aw 'N 'N anptjo~irp~~) - L~OJ~ np~~:rprp#:~~oi 

rpL.uo$iorLrrw q, n~hrosr u zoo~d nLrnLn:ru:uiiuuknLuiibp1nl R 2 " 
(zoo~d opt L~OJ~ opt u~lmruiirplron Apoq nl n%i) y~upp~~) w 

rpii~~r~r~~ur~nu~ri - L~RLLUOLRH c~uun~~rp~itun~i m z :uii A rpiit.. 

n~ronn~m~n=ruuo~nro~n~po~n~~pru~iiopi 

u~wr~puoiiu_urmnnuh:upii~np~~ouig~r~~r~u~ur~t~ri - uh:apnn~cn~nzru 

uogn:air ~~uiirpluo~nropuylr~u~ul ofipul~Bungi~lru~ii 8.9 pi 
(.uo!~oun4 

JO a~npaoo~d e u! pa~epap ~au!~uap! ue 40 adoos ayl s! edms leooi) n%yr)?nl - o~~n~cn~n:run~u~u:tp~jooip~gnuio~\~onpu~s ryLnk ~LY(II~~I 

('we~6o~d u!ew ey~ u! pa~epep Jeyguap! ue 40 adms aqJ s! @dm leqol~)) 



Scope 

Blank, 

UQd S, P, 

Hi, Bye 

fl 6.8 ~~ndvado~clui!~~ooi (Scope of Identifiers) 

nlnd 6.4 Valid Procedure Calls 

Y Y  nlnd 6.4 u ~ ~ d 1 f l ~ ~ ~ ~ l n ~ t ~ ~ ~ d l u ~ 1 u l 3 n f i u n n 3 ~ u ~ o d  (a recursive call) 

i. m a r o f i d n u n ~ ~ u n o  6.8 

Idsnkmni i  \o~cluG\d~oaf x lunl U 6.8 Zinm~d~tn?n 3 nkuunolnnic 

(niud.rhunnid. ~ L L ~ J L Q W I ~ ~ ~  Procl u n z w i n i i a a ~ ~ u  lu Proc2) ~rrnrc&t& 

x ~dd~~ndmuuvidunnei~dn'u L J ~ ~ T ~ Y U ~ ~ ~ ~ L ' M ~ T ~ ~ I ~ \ Q ~ ~ ~ ~ ~ ~ I O Q ~ L H ~ Q ~ ~ ' ~  

a o d n ~ ~ ~ u ~ d d ~ ~ ~ a n \ d \ ~  d ~ n m a i r o d n i n l a n i n v ~ n n i i ~ d ~  t~vidhtr(r'u\amui- 

I h o a f ~ Q n i  d~odil~nC~un&~luuijond~~nneii~n'u ngdn J C ~  2 otuonmii  

Pascal o * n n ~ f l l n 7 n h t n l ~ ~ l ~ ~ 1 ~ d 1 1 ~ d \ ~ 1 ~ ~ ~ \ d ~ ~ ~ f ~ d d 6 3 ~ ~ i d \ f  

Program or Procedure Body 

ShowSwpe 

Proc2 

Pr;OCl 

Procedure That Can be Called 

Procl, Proc2 

Procl, Proc2 

procl 



ron nu:~uera yun~r~~cn~n:eun~r~~un~~ep~~eucon~pcuprrnn~pre~u n 

Lnsnrurrrplnl (asna~) puplp~~~r~unr~ m y n~pn~rn~n:eunn~r 

r~uyl~~g~nrrrub nLmtn:suLunlnLu+eorpLgnutoLryryLrropr n Lnsu~u:rp 

rLualnspL 1e3sed RLUYU~~Y ~u:rpr~u~,eoe~~yb~g~a~ar~~,~~ k~~~n:run\n~~~~rr mm 

laLu:q-Lure:t n~uy u~~?u~u~pr~u~zbnn,eee~p~gnu~o~~pp~ rgrnyrroyngrL+(tL 
- 2 

ur r~~~o~~u~~@uu~o leased ron ~poq nl x plepr ru~nrub u - x R~~!;QUIG C. 

-LLLM:WI WOJ~ POL Apoq nl x pl~rroerry y~ub x FzLuarrFreu m uuurrrunrplele m C. 

X #lLLq@Pl PULBIU~~ v 6 X ELE)U'll,LF+O)fOnlE(L$lJI @R L~UO~PON~@$~U~N@U 

r~r~ub,eeor~~~nute~pr~u:u~rrn9;ba~ubuP~~1?liLp:~~~ru~~:r~r~~ nnr! 2 n.rLj, 

uunuo~nn~~on~nuru~urrreun~u~u~u~epe~u~~~r~~+oorp~,g~ure~o~r R 2 2 

(~agluapl ue 40 suo!leJepaa aldlllnyy : z alnu 



6inrCa (constant) ~.nmuim61rfirdifi~nu? hunnir'bunszu aruriul6 l t i l ~ l a i d ~ a  

nsrwy 
di tmn.rmlr auiufir nis~dnuid~dnrca~~ds nonlocal ~ J ~ ~ A U ~ ~ ~ U J W I ~ ~ L ~ ~ ~  

zd&fiuds F i i u n i s n s r ~ i n i ~ ~ ~ n 3 ~ ~ 1 a u ~ i ~ ~ " T a ~ ~ 6 % u  (Slde effect is the chang- 

ing a nonlocal variabel that does not correspond to a variable formal parameter 

through a procedure or function'ekcution.) 

&dn'i~?lrnznlr?u33~mr"i1~1~ (Scope for Nested Procedures) 
dl d nstuauriu(n'odu~~ nuu~u  ~ ~ s i d s z n i m ~ d r n a r u a u r i u m u l u ~ n ~ ~ ~  

w d  d nszuauciu ngaInduowaur uon.j~~Induorns:uau~ium"u~u (inner procedure) 
& 

auiuiiru~andtCugn~5-nim ~wnzatuunsruawiu~ulu~~~nb"aunlnuna::ua~~iu 
0 , -  

w . & 
drdxnimuitu~zInumauu~or (nisdun4i) ucinsruauriuaduldmuiangnb"aun 

1ntl1dsunsua~na~o1nunstuau~1~~~a~niuuannisauu u'o4i~n6~iluh415n 

~ n ~ n i w n i s ~ i n ~ u u i l ~ a ~ u a r n a ~ u a u ~ ~ u ~ u l u  nj~u$uj~l$u'ouuz~iii ~nlain?a 

6-1 ~ilunatuau~iu.a'oulu 

sd 6.9 ~~~aslG~Mcuwansrwu"~a~nis6n'o~lunaruau~1~uu1lnduo~la~nu~- 
91 

l r l ~ o o i  uaeminr 6.5 u ~ a d s i u n i r u o d l a ~ n u ~ ~ d ~ o o a " ~ d m u i ~ n n n  PI hddwusi~e 

u8oiuaensruawiudr~n~4unl6 lu~im~uan~lrilriuiinaruau~iu Inner mi isn 

h~iir6auds~awirduarCu lauu~l~~ao5tdaunddseniplluldsunsuaKn UR:: 

~a~nu~~vlro~ftrrrutildd~~nipl~uns~ua~diu outer a n ~ i u A ~ ~ d s  P LMO;ICIR&III?U 
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daul~~miinaiuinllou~ngulnd~o~ Pascal 

k 0 & l d  6.6 

Program or Procedure Body 

Inner 

Change (W); 

Identifiers That Can Be Referenced 

Outer (global procedure) 

lnner (local procedure) 

M, N (global variables) 

X, Y (parameters for Outer) 

Q (variable declared in Outer) 

PI T (local variables) 

Outer (global procedure) 

lnner (procedure declared in outer) 

Y Y  

fiunninllruacwiu Change hokudinll w ~a~ldruninllu~sin~uuunuwimd~moi 

a8uwngahJ (Illustrating the Scope Rules) 

n i o l i i ~  6.6 a%uiudju?niinll~~uuldinll~~ninllud~~d ~ w n c i i 4 o I o  u u i ~ ~ ~ a o +  

~ d n ? i a ~ ~ u i u ~ ~ r i a d i d ~ n  u n r I ~ i i n a i u d ~ ~ i l u 6 o ~ n " ~ B o ~ i  uriniinll6nwniodi~dqr 

u r  rl d u  Ridinll x zd 6.1 1 LLBRJIM L M U R U ~ V D ~ Y  o~ldinll~~ninllu~~nr~o~ninllruau~iu ~R jo in  

dunnauausluhninllzu?uslu Change ~ n ? i u & ~ i M ~ ~ f i I  

X := 6.0; (Change parameter X )  

~i iu 6.0 Iu~judinll w ~o~I~~inlluninllu~(in u~:~anai~&dfi i~unri i  

Y := Y + 1.0; (Side effect - dhange global 

IT 257 
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WriteLn (W : 5 : 1, X : 5 : 1, Y : 5 : 1, Z : 5: 1, 'in Change') 

end; {Change} 

begin {ScopeRules} 

W := 5.5; {Initialize global W) 

- X := 2.0; {Initialize global X} 

Y := 3.0; {Initialize global Y) 

Change (W); {Update global W) 

WriteLn (W : 5 : 1, X : 5 : 1, Y : 5 : I, 'in ScopeRules' : 19) 

end. {ScopeRules} 

Output Window 

W X Y Z  

35.0 6.0 4.0 3.0 in Change 

6.0 2.0 4.0 in ScopeRules 

i d  6.10 1ds~m.r~ ScopeRules 

SwpeRules Data Area Change data area 

Formal parameter 

------i X 

Local variables 

W z 
p-lm 

J' J w  3d 6.1,1 W U ~ ~ ~ D ~ R M ~ O I ~ ~ ~ U ~ ~ ~ ~ Y ~ U ~ I U  (Data Areas After Procedure Call) 





procedure F (var X, Y : Real); 

var D : Integer; . 

begin 

. . . . .  
end; {F) ' 

begin 

end. {NestScope} 

Xrln'a'~ : dar~irn~rd~nGuiix~drlwaGwd (Functions : ~ o d u ~ e s  

That a Single Result) 
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$1 ~uauodxa ntyry g&nppE1:aLpnsir$LyunsLunLug Pn (uo!pun4 ke~q!~) ~!E)u 
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Ganqiukd if ~uclilfiiYu .tQanCan~iu$dfii~uclrii wiahnqiukd WriteLn 

n'u o Ganaiukdfi~u~di 

a~l f ia ic~f lu o f i ihv od u tfludiuan (posi- 

tive) bbnaiakdCJni~u~di 

Exponent := Exp (VLfl(U)) 

dunLfiQuluCa (built-in function) vad Pascal do Exp LLRZ Ln ~dadiuam 

di~n'ornir b u l + ~ n d l l i ~ u n i o r h ~  %! 3.4 rlimucldim$ Exponent fi~iu~fluw~(iWi? 

llod44fiiYu 

fidiuod U LDURU (negative) Canaiukd WriteLn ~~ rnd~na iu~z~na iuka  

WRIR ~~d ld$d ih  7 f i i ~ u m l f i  Exponent ~ d u " u w ~ ~ i ~ k a d ~ 3 f i a ' u ~ d 1 d ~ n f i u i u  
' 2- 

(undefined) kunonaiu&~n'un'~dau~vriau (precondition) ~ a d b f i u  ddniiadi 

afiu Exponent ~ r ~ n  dun~avdit ~ d ~ w i m f i ~ m f ~ q ~ ~ f  nvad~u~d' Ind i~~ ~diu"u 

WsnriJ~nnii u'onaiurkfii~umriin"~~a.jdi~~ l&of ldiYu Exponent IRU 
W G w i n l i ~ ~ a f  t\i~nl+~ili~uof~i3'~6a4.~fi+u Pascal ~r i iod~d~f luni~r5unh 

(reversive call) 

- - 

function Exponent (U, V : Real) : Real; 

Returns its first argument raised to the power specified by its second 

argument. 

Pre : U >= 0.0 and V is defined. 

Post : Returns U raised to the power V. 

1 
begin (Exponent} 

if U = 0.0 then, , 

Exponent := 0.0 (Result of 0.0 to any power is 0.0) 

else if U > 0.0 then 



(,auauodx3 lo re~wwad ISJ~ u! 10~13 ....,) uis~u~ 
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Main program data area 

Main program data area . "  Exponent data area 

Exponent data area 

X 

p5 - l  
Y' 

12.51 
Z 

I?) 

Formal parameters 

Formal parameters 

F U 

? jm= 
* v 
1) 

Function result 

L1_] 

Function result I 

j 6.13 & ~ # ~ ' 0 ~ ~ ~ ~ 4 ~ n f i ~ n g 4 f i a ' ~  



Syntax Display 

n 7 d x n i w ~ ~ r f f u  (Function Declaration) 

Form : Function fname (formal parameters) : ftype; 

local declaration section 

begin 

function body 

end; 

h o d 1 4  function Inversesum (X, Y : Real) : Real; 

(Computer 1.0 divided by the sum of X, Y.) 

var 

SumXY : Real; {local storage for-the sum of X, ,Y) 

begin (I nversesum) 

SumXY := X+Y; 

end; {InverseSum) 

c u  d inaiuclu7ukd d.rrnin&nau fname rnudiu formal parameters Q V  

niulucci'soiIclui ~ ~ J L S U  
louuQlrlraofd~dr::n~w~u local declaration section ~ildo~nuGlrlroof 

~aw7rd~  o d a n ' f u  u ~ r  gniruiu~awit3r~i13ni~n ~::Ylinimo~~,qn'.a'u~riiw"u formal 

parameters 1[~mu13n~nd3rniw~i lu~o~nu~~~~oof  LQWI::~ 

function body o h 1  un73&(17 L i (~n ldo~n#n 3 3 ! l ' I f l ~ ~ 9 r f f ~  'Inuld. formal 
d u . ~ ,  d 

parameters Liluaonuu (dummy names) \~n73a^rmi~ ~uo formal parameter gn&ia 
c r d  u u  d~~o~wrn l imomz~a~~uuunu ~r inCa4i~ i run i~  

$hffunntlu (returns) wnEw8iaitn~ilw ftype waA'wha~4~rlau i i a  

cii~,qfirsudsin'u fname TiDuntYulu 



(Integer. Real, Boolean )rl% Char). subrange )rl%%fifl enumerated (o%uiulu 
un# 7) Turbo Pascal (ldld Standard Pascal) uoulfi string tLa:%finextended 

numeric ( a~u iu luud  7) ~ % L % A  function return type 16 
c d - i +o i i i ~ns l ro~  2 cirri; parameters ~ ? a w A ~ i l u  formal parameters ua: 

~d03 ) r lx11~33~1~~61n 'E l~  ~ ~ $ E ~ J L ! u u  

Syntax Display 

Function Designator  u unction Call) 

- 

6?oL/1d Inversesum (3.0, 2) 
" d' i ina ia~uiun~u actual parameter a ~ m u ~ u ~ d o ~ n u i u a . G u  r~oAdrlau 

Form : 

function desicmator dio3dnngmu~Mfiwou'LRuo 

)rl%oinns:fll nls~~n'a we~whIflt84&l?u  mud function designator lufiwod 
t 
UU 

c romnsl ililddwinii~nni. ~ririL~~!uuwimB~nofoiJ . , ua:~n~o~)rluiua~~h 

%l??W~%oddbb?f: ~~ in t l f t Jd~~nsml l rod f ld& i ,  (Software Engineer- 

fname (actual parameters) 

Ing : Avoiding Function Side Effects) , 

~i(o~oinwinduof~~n'5un"~)rlua1~)rlu'~~a~d~1d~u'du~tl w i i f  ~nfi~ 
Iri~Buunolnuud {input} l ~ s i u n i ~ w i n l i ~ n o i ~ d u ' ~ ~ o ~ ~ ~ n ' ~ ~  ~ 'o4 in 'n6~nujh  

l ~ u ~ ~ l o 1 n ' ~ o ~ n i ~ ~ G u u I d ~ ~ ~ n ~ a  lrildlnu Pascal ~nmunnnRIUfiu (return) wahd 

L & L G u ~ I ~ A ~ ~ ' . ~ ' u  ' I ~ ~ ~ ~ ~ Y ~ ~ ) ~ ~ ~ J ~ u w ~ ~ L ~ ~ ~ Y ~ J ~ ~ ~ L B u w ~ T ~ ~ L ~ ~ ~ ~ ~ L L ~ ~  LL&i 
e u  d' nis~dd eu~rdatk 9 uo~riiuo~wmB~nosn?u o : l ~ i i o ~ i t U w  side effect iwsi:di 



JBA 

{xelpu!j uo!punj s*sel) 

!JeA!Ja urw6ard 



I 

function FindTax (Salary : Real) : Real; 

( 

Returns tax anount owed for a salary < $15000. 

Pre : Salary is assigned a value. 

I Post : If Salary is within range, returns the tax owed; otherwise, 

returns -1.0 

(I 

wnst 

MaxSalary = f5000.00; (maximum salary for table} 

OutofRange = -1.0; {"taxw for an out - of - range salary} 

begin (FindTax} 

if Salary < 0.0 then 

FindTax := OutofRange (Salary too small} 

else if Salary < 1500.00 then (first range} 

FindTax := 0.15 Salary 

else if Salary < 3000.00 then (second range} 

FindTax := (Salary - 1500.00) 0.16 + 225.00 

else if Salary * 5000.00 then {third range} 

FindTax := (Salary - 3000.00) 0.18 + 465.00 

else if Salary < 8000.00 then (fourth range} 

FindTax := (Salary - 5000.00) 0.20 + 825.00 

else if Salary <= MaxSalary then (fifth range} 

FindTax := (Salary - 8000.00) 0.25 + 1425.00 

else 

FindTax := OutofRange (Salary too large) 

end; (FindTax} 
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alraTd~unsu (Program sty~.) 

nl.ms2orroun.nu~ul~~611ll~~~21~~~~~mwi~i~~aoi (Validating Input Para- 

meters) 

.~ron?iuk if Iu$~rfh FindTax n n r r ~ u r i i d ~ n h ~ ~  od'ouvy~vcisiC~aoi 

Salary r i o u n s r r i i n i s A i u i  ns:u~u~iuun:~rfla'un"~~umn~so:ms~o~oun~iu 

rrunqruun~o~Bu~awimfi~moi21otuic ldiinis?udstnirm 9 i i i i d i i i  7 #id\d& 
a oymwimP~mofo:iin~iu~uiu 

alaaTdsunsu (Program style) 

dau4i~wi:GmnUU (Cohesive modules) 

&fi+u FindTax ~ I U ~ ~ L ~ W I ~ I G ~ U L ~ ~ S ~ L V ~ I ~ " M  

$ ~ f i ~ u f i d l ~ i u c i 1 1 1 ~ ? u  Salary L L B ~ ~ ~ \ $ L U ~ J W ~ ) U R ~ ~ ~ ~ ~ I ~ ~ I ~ ~ ~ ~ ~ ~  

un:ld\irA~~rn~.Sonaius:yc12iu kmwnim fiirii#ci.sbl k Salary o t.Juonfii?u u'uncub 

r i i f i ~ ~ r  (-1 .o) ~ ~ n : ~ d s ~ ~ n ~ u ~ u n ~ ~ ~ m ~ ~ ~ ~ o n n u s : ~ n ~ i u k ~ w n i ~  

d ~ u ~ i ~ w i r ~ ~ n s r r i i n i s ~ i r i i u n i s ~ ~ ~ o l i i ~ ~ ~ u n i i  d l w d ~ ~ r r ~ t l m n i c  
(Modules that perform a single operation are called cohesive modules.) 

dd d nis~5iuuhudi~wi:Gmfiu ~9udg16va~nis~!~u~ds~~nsunm ~ ~ o r 2 j 2 ~ ~ q i l C  

$~fim'uns:u~wiuriouu'i~orn~:.a'~~ ~~n:hudonisdiu riuu un:u$munwia~ 

abdhsunsu (Program Style) 
u u  d nis~ iudds~~nsu~~uu~wonmrro~~d~udi~wi :  (Writing Driver Programs to 

Test Modules) 

6%.Jsansu~$nlusd U 6.1 5 ds:nouci?u~'on~iuktdi~?unis?~~~u'i (entry) 

cfl8Jfl '~of l iu&d~l  Wum~ildij function designator h4.f?u$w0621 OJ$U LLR:UIOR?IU~~ 
c d 

if t d o ~ ~ m ~ u n ~ ~ ~ i ~ $ ~ o d $ d f i . a ' u  ~ m q d s e r r ~ n ~ u ~ ~ ~ u ~ ~ a ~ ~ d s ~ ~ n s u ~ ~ n i ~ n m r r o u  

a t ficu FindTax W ~ L L ~ T ~ L ~ U ~ A U ~ ~ I  hhunsus i l l  
~s~~nsurunf#iids:mni~sci[ i ~ o u n t ~ ~ s t n s u u  ~4 onimmrrouriou 

(pretest) n"~&fi%uun:nsru.rwlu LunLiWnisn~~u~i In  7 IUL~RILLR~~~IUW uiuiu 

#onduu~d.n~nsu~iu'uPu~ I f lw~fudi  (pay off) Cunisnm~~ni~~~um#~fld~unis 



u u d n h  6.5 Self - Check 
, 

U 1 
I. rdo~a~n~~nrzu7u~iur~nz3~fia'u naunuunLi ~nznrzu7u~iuI~U 

P I ~ Y ~ ~ I L J L U ~ ~ ~ ~ L Q I ~ ~ ~ O )  riiIurnWioanirfidfi~u 
2. I u ~ % u  FindTax I u ~ d  6.1 5 ri i Iu~nS~I~un~d~t~n71u~~fi1~umci1 

FindTax := OutofRange 

67uu'on?iuI&d ~ r i t e ~ n  \ I  

WriteLn (Salary : 4 : 2, 'is out of range') 

3. a) & f i i?"Gi~h~dr i ioz I~  
function Hypot (X, Y : Real) : Real; 

begin {Hypot) 

Hypot := Sqrt (Sqr (X) + Sqr (Y)) 

end {Hypot) 
0- Y d r  

b) od~~uubon71u&dd~~un~~n'tluun~1aif~~~uu6~~~ A uaz B ~rnz  

rn*uwn~whoi~~dn'a'u'Iu C 

4. mud o~ d?pIan?ro: implemented i d  rfluq~n'a'u rrnzg~Im~flu 9 

nzu?ui~iu IGrnqw no r̂miudiclolr 

a) A i u ? ~ f i u i m r u o ~ ~ d n ~ ~ n n u  (cone) 

b) Urn4 user instructions 
I 

m u  d 
C) ~ R R L ) u ~ I ( / I Y O J ~ ~ $ R O $ ~ U ~ I ~ ~ ~ ~ I H U ~ ~ ~ ~  

d) n i s d ~ u ~ ~ y u ~ ~ n m ~ i u ~ % ~ w ~ o ~ n ~ : : p  (muzzle velocity) ( h n ~ ~ u ~ n ~  
m u  d v  

miuwaunmmnif 
\ 

thhJrttnru (Programming) 

1. ~ ~ ~ t u u l l h u n r u n i b  ddnnaauqdfia'u FindTax rhn?uynfiiuad Salary 
' A '  C 

ain -400.00 fid 151 00.00 ~Guuuwrdnz 500.00 

6.6 n ~ ~ o o n w ~ n ~ ~ d ~ w z ~ d u m A i i f l ~ d ~ w ~ w z n r z ~ ~ w ~ ~ w  (Stepwise 

Deslgn with ~unctions' and Procedures) 



muirod uuI~diu~~u3~~d$am37;uk3 pascal IL~~~:~~~H'RJ~HIR (code) ~ 3 %  

nr:u?wiu~ia4dfiiYu nriiilnwlil~di~d;un~lH'~~un~raan~~uunir~~d~a:~en 
uad~dr~~nru~nu'l$nr:u?u3iu~~a::');J~fiiYu 

n ~ d a n m  ~YMI  Uau?n~~l:di~aiu I~u&~IIJ (Case Study : General Sum- 

1 b ~ n r d  (Analysis) 

ci?u?udi (loop) l y d  5.4 hu?~f iu~~ounuua~u5~n~~d3~d3 mrnaim 

l$d~u~udidnho5u~daFgiu~11~~nu~nua~n~u~a~(ri~aa nirFgiu?ruciitde Ln 

airunu?n6?u d i u ? u ~ u ? u h ~ a # ~ ~ u ~  ~H'r:i~o:~Lnr,rlinimIrd fiQiu?u~IJ?e 

Y'oya~rii5u o 
~?1~6adniT$a#n (Data Requirements) 

~ccqmilqlni (Problem Inputs) 

Numltem : Integer (number of data items to be summed) 

Item : Real (each data item) 

~ a i d ~ 1 1 3 q l ~ i  (Problem Outputs) 

Sum : Real (sum of data items) 

Average : Real (average of da'h) 
11 11 #mmmu?&d (Relevant Formula) 

sum of data 
average = 

number of data items 

aanuuu (Design) 

~ana?tudu~u 

I. didiu?u~u?n$aiay a 

2. diu$ayauad iu?rnw~1~?n~a~$a~a  



C~lns~Ri i~  (structure chart) Iu:d 6.16 uan~Ifl~Gunsrum"o~n (data ROW) 

srclh J ~ ~ M I M ; ~ ~ " L I ~ Q H I ~  o ~ l ~ ~ d 8 h  mar implement 1iluhud-1 lwi:: u ~ l n a i n f h  
ucinr<umoui~~un~anun"h~Q label I ~ Y " M ~ ~ Q ~ M ~ I U ~ J ~ ~ ~ E ] J ~ M ~ I L W I : : ~ J  irnple- 

a: a: 
ment <urnout ucinruwou ~ n L ~ ~ u m ~ u t t 3 n  $n 'implemented ~ui?Udi~wi=:~un 
a i  nn'ta 

sd 6.1 6 rlilfi~dunsr u~u'oap  ~61~ous:~il~~.runsuw~nn"erd3u~i~wi=: 
Y 

U ~ R L Y G I  ~ ~ ? u ~ ~ $ J M u I  ~ ~ ( i l ~ ~ ~ ~ % ~ n ~ l M ~ 6 1 ~ 6 1 ~ d ? ~ ~ l L ~ l ~  ~ ~ l n ~ i L ~ i d ~ ~ d ? ~  
$ILWIZ (module outputs) 

Find and print the 

sum and average 

of some data items L- 
Read the number 

of data items the average and the average 

T 
Numltems Numltems 

Computesum ComputeAve PrintSumAve 

' ( ~ ~ m ~ r i ? n ~ n ~ s 6 o o n o i n i a u ~ i ~ w i = : )  n i u ~ s ~ ~ y u ~ ~ ~ r i i u o ~ ~ u ~ ~ u n i ~  

rfiu3ol ud"l~nis~d$uuudn~ bud~udirwi::~~unii ~uys ld~u4i in ir  (module 

inputs) ( a a n ~ c r ? n ~ n ~ s & d ~ k ~ 4 i ~ w i = : )  U W I J I W ~ D J ~ ~ U ~ ~ ~ ~ ~ L L ~ ~ U L L ~ ~ W = : ~ ~  h o d  %I 

U d  a: ~ u n i s \ ~ ~ o t u i ~ u h u d i ~ w i :  u~::~rl~uuurla~ain$umoucld~~du~onvunou~d~\u 

W ' J ~ ~ J  & J \ 

I t  I 
Sum Numltems,Sum 

T I 
,herage Numltems,Sum,Average 



t: 
L ~ ~ J P I ~ ~ U  Real the number of data items ~ ~ L ~ I U C ~ I ~ D J  Numltems c?i?li?lds 

U ad 8 
R?U P J L ~ ~ U L ~ I ~ ~ M U ~ J Y U R ~ M ~ '  hudi LWI: Computesum iioJnls6iuoJ Numberltems 

u C i?l~onnudiu?uuo~~ti?uu'o~n (data hem) RJUU Numltems 
d 
P J L ~ ~ U ~ U ~ R Y  o ~ d ~ ~ d i ~ w i :  Computesum Rii?l~ds Sum i i o ~ o i 6 y ~ u o ~ h ~ d i ~ ~ i :  

Computesum a d ~ i l u 6 ~ ~ ~ u o ~ h u d i ~ w i :  ComputeAve un: PrintSumAve ki?li?lds 

~ v e r a ~ 6  ~~ui?loi$y~uo~d?udirwlr  ComputeAve ud i ? l~~6w~nuo~r f?wd~  LWI: 

PrintSumAve 

ni.rrii'l6'~iiclaa (Implementation) 

nisI3rnrau~n~ns: u d o  y nI~w'dnswSi~ m ~GuwhJsttnsu~iYnri OM nis 
a S i A  i?li?lu'Jn:ri?iumKnnoin'u I$~IRI~~~?~J~~uIu~?"I.M~;~~~'o 3.1 ~d(~~~uddsi?li?lnsaJ~iYn 

~'su~~lnunisrli11 L M I ~ ~ I ~ ~ O J ~ I ~ ~ ' ~ ~ ~ ~ ? " I . M ~ ~ U ~ I ~ ~ ~ : ~ I R I I  odds~~nsu d.r:ni~ 

~i L L ~ ~ ~ ~ M ~ ~ ~ J ~ ~ ~ ~ I M W ' J I ~ ~ J E Q ~ I J I U I ~ ~ L L ~ ~ ~ M ~ Y ~  ~ ~ s i : ~ i ~ i r ~ ~ ~ l i o ~ n A ~ : ~ ~ ~ ~  
u P 

~JhUd7LWl: ~ ? o L f i l J  W R ~ Y W ~ ~ J ~ ~ U ~ M ~ I ~ ~ ~ ? M ~ ~ L W ~ :  ' L t i r io~dmi~n i~~ds  ltme 

i?lwn:diriurtidnngIuw'~ln~d&~ d c i o ~ ~ ~ ~ h i i ~ 6 d a n i ~ ~ ~ ~ ~ d s u ' I ~ d ~ ~ d i r ~ i : ~ ~  

1%~ (ComputeSum) &hkh LJ a n  a?~ui?li?l.rnld~?"L~~?'bds~~nsu LG ~U$UR ou~nn o- 

program Sumltems; I 

{Finds and prints the sum and average of a list of data items) 

var 

Numltems : Integer ; {input - number of items to be added) 

Sum, {output - sum being accumulated) 

Average : Real {output - average of the data) 

{ 

Insert declarations for procedOres CompllteSum and PrintSumAve and 

function ComputeAve here. 



begin {Sumltems) 

{Real the number of items.) 

Write ('How many numbers will be added> '); 

ReadLn (Numltems); 

{Real the data items and compute their sum.) 

ComputeSum (Numltems, Sum); 

{Cbmpute the average of the data.) 

Averagq := ComputeAve (Numltems, Sum); 

{Print the sum and average.) , 

PrintSumAve (Numltems, Sum, Average) 

end. {Sumltems) 

r d o f l l ~ f l d . r u n . r u ~ h ~ ~ ~ ~ ^ s ~ f d  s ~ ~ ~ ' a y " u ~ s n o i n ' u u d s t ~ ~ ~  in-line ( d u  

h u $ m o ~ l d f ~ n f u ~ 6 h )  ~ ~ o ~ ~ ~ n i ~ d u n n f t u l ~ ~ u ~ ~ o ~ u n ~ ~ f i ~ u  S J ~ ~ U S $ ~  

' $op r$ i  in-line rdo~am~ud~:nou6au Write ( h ~ i u h  n n u w f b u b )  us: ReadLn 
u d e u z :  d ld l~w l :  ComputeSum Us: ComputeAve nsunu~ i i~as~ iua  nduursl 

o~oduur0u4~fiaic a d i ~ l r ~ l m u ' l a  Computesum rUun~:uau~icuwn:.jq 

hd~ucrl(?u$ot/s B~o:nuIuusuan nid8dnifS$qhyr~dq61oflu~nf=:nu (side 
1 

effect) fiq ComputeSum ifluq~fik 
m~aurnmr:uaJopIupJ 6.1 6 uoni i~ w ~ n i i r ~ o f o ~ ~ d I f l u n ~ ~ r ~ u n  

nxuau~~u~iolr lauusi~:~m Iun~ciruooAdCu u i c u a n d o c i ? u d ~ o ~ l d ~ u n f ~ ~ ~ ' n  
b~o=:~n"u us&duo~43AQu Kaotii~rdu 



~an? iuhd i~uad i  

Average := ComputeAve (Numltems, Sum); 

riun ComputeAve ucl:dima~fi~udiuo~ Average iwni7riund Numltems 

UR:: Sum gndd~gu'oqcl~imd~~ofZd~d$dn'%~ ComputeAve 

dun Computesum I a u l # b m i ~ &  ~iunn7:u 7 u d i u  

ComputeSum (Numltems, Sum); 

h id  Numltems ~5u8uymwinJ~nof UR: Sum ~Juroi6ymwimtrmot 

lion PrintSumAve ~ a ~ l d " ~ ~ n ~ i u & r i ~ n n ~ : u ~ u ~ i u  

PrintSumAve (Numltems, Sum, Average) 

nltlJ3u37u ComputeSum 

r i o U ~ u n ~ u ~ ~ n r t l i o u ' i ~ a d ~ ~ i 7  m m u i m ~ ~ ' u A ~ ~ u ~ i ~ w i : ~ ~ ~ i ~ t ~ a ~ o ~ ~ ' u  

buriuainn~:u?wiu Computesum duc i~  n7iu6adnidois h ~ ? u  ComputeSum 

i i~u~uynus:roi~ym~o~n~:u~u~iu ' ~ o r n ~ u t e ~ u r n  6 ~ ~ n i r ~ ~ ~ d ~ ~ ~ l r l i : d ~ o ~ $ i ~  
Y 

&~ddrha?u~fiu~u?uu'o~s (Item) t tc iazh a n : ~ n ~ i v d ~ h ~ i u n ~ u ~ u n i ~ ~ u d i  
(Count) 

Data Requirements for ComputeSum 
A ouymuodnr:u?udiu (Procedure input) 

Numltems : lnteger {number of data items to be sumed) 

~oidymuo~n~:u?u~iu (Procedure output) 

Sum : Real {the sum of the data items) 

~ t t d 7 ~ a w i d  (Local variabels) 

Item : Real {each data item) 

Count : Integer {count of data items summed) 

ri ounrauwnu~nlunmu81 (loop) huriul4' sum iidirdi~ugud' ri our91 
8 

ninu& (!$ah 5.2) uu loop-control 6o~ku'Io$i 4 i ~ ~ u ~ u ~ u C o ~ ~ ~ d i u ~ n 4 i o ~  

w:diui~duwsu?n ~do~s inmnnud iu?~ items (Numltems) ~o:u?n mkM 
Y 1  gdrQclliudiu?u (counting loop) ~dTYunou~~ciiu~w o~duu~nno'ifiu h~iu 

ComputeSum zd 8.1 8 ~ ~ c l 4 m " H l I ~ d  ComputeSum 
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begin {ComputeSum) 

{Read each data ite 

Sum := 0.0; 

for Count := 1 to Numltins do 

besin 

Write ('Next number to be added > ' ); 

ReadLn (Item); 

Sum := Sum + Item 

end {for} . 

end; {ComputeSum} + 

Main program data area Computesum data area 

- - - - - - - - - - - - - - 

I sum 4 Sum 

1 Average I 
Local variables 

Count 

El 
l tem 

~d 6.19 n l ~ ~ ~ ~ ~ ~ ~ ~ l ~ f i l ~ 0 ~ k 7 1 r l ? f l  ComputeSum (Numltems. Sum) 
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CdSW ComputeAve Lba:nlrU?WdlI) PrintSumAve 
& 

ComputeAve u ~ z  PrintSumAve n4$fi~~ai~.~~\d~748Jl ozrGul6a7nnun~r 
r d  8 rrrcl4n71ulio4ni~~oya~~~=:~~no~n'u21~41J'u hnomun~ro~~an~aouou Numltems 

rwnri~uirorIri innu~u7u~~~iori i~Ia # A I U ~ N H ! D U U ~ ~ J W R ~ ~ L Q ~ U V D ~ H ~ ~ U ~ D ~ I  

57 Numltems ~ri~dfiiu7n 711 6.20 tt~fl4446%~ ComputeAve LLR:J~ 6.21  MAR^ 

nJZlJ1UJIU PrintSumAve 

Data Requirements for ComputeAve 

~Buv]nuo~rl~dCu (Function Inputs) 

Numltems : Integer {the number of data items} 

Sum : Real (the sum of all data} 

ro~dynuo~rldCu (Function Output) 

ComputeAve : Real (the average of the data} 

Algorithm for ComputeAve 

1. if Numltems is positive then 

2. Set ComputeAve to Surn/Numltems 

else 

3. Set ComputeAve to 0 

function ComputeAve (Numltems : integer; Sum : Real) : Real; 

Returns the average of Numltems data items with sum of Sum. 

Pre : Numltems and Sum are defined. 

Post : If Numltems is positive, returns Sum 1 Numltems; otherwise, 

return zero 

1 
begin {ComputeAve} 

{Compute the average of the data.} 

332 



if Numltems > 0 then 

ComputeAve := Sum 1 Numlteps 

else 

ComputeAve := 0.0 

end; {ComputeAve) 

Data Requirements for PrintSumAvs 

' o u ~ r r n o ~ I d d ~ ~ o f  (Procedure inputs) 

Numltems : integer {the number of data items) 

Sum : Real {the sum of all data) 

Average : Real {the average of the data) 

8aneQfiud~~Su PrintSumAvs 

1. If Numltems Is positive then 

2. Display the sum and the average of the data 

procedure PrinsSumAve (Numltems {input) : Integer; 

Sum, Average {input) : Real); 

Displays the sum and average of Numltems data items. 

Pre : Numltems, Sum, and Average are defined. 

Post : Displays Sum and also Average if Numltems > 0. 

begin {PrintSumAve) 

if Numltems > 0 then 

begin 



WriteLn ('The sum is ' , Sum : 4 : 2); 

WriteLn ('The average is ' , Average : 4 : 2) 

end 

else , 

WriteLn ('Sum and average are not defined') 

end; {PrintSumAve) 

;d 6.21 nTrE1au4iu PrintSumAve 

niso?mlou (Testing) 

SumItems (~fiJniada:ninei?~lrl3) r i0~6~:f J (run) 'bda~inau n i a n m a u  SumItems 

$~~~&u%oiiWaunaubb8fldwa wau?n ua:riilaiupn6ac bdo Numltems &iibiluu?n 

bat acmdu'on?iua:yn?iui~wai~ l d a  Numltems ~ d l L Y / i ~ ~ ~ ~ ~ ~ f ~ b f l ~ ~ i ~ ~ l  ad 6.22 

l ~ ~ n ~ n i d ~  h o r i ~ ~  (sample run) 

How many numbers will be added > 3 

Next number to be added > 5.0 

Next number to be added > 6.0 

Next number to be added > -7.0 

The sum is 4.00 

The average is 1.33 
\ 

;d 6.22 Sample Run for Sumltems 
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k d ~ ~ s ~ ~ f l d 6 ~ ~ k d a ~ s ~ 8 n a r ' ~ a ~ d ~ ~  (When to Use a Function or Proce- 

dure) 

l u d ~ u m o u ~ ~ ~ W s ~ ~ n s u  sum-andaverage Tnuni?!d (f;d 6.1 6) $umou 
C C A t 
nsnunun~aibuumou~~an .asa1u1snnsci16auiauti1~~1t~~unq1nKu q:~iu.a'na~ uu 

A 1 mu~sodfjd'LG~Rm wshu'b.a" write us: ReadLn &$u &.mou8& LBLI dnumm 

lulds~~nsunKn inrnl%ns:uauclu (Computesum) hn?~i?uLUd 2 ~wn:~~DIRno?fh 
A z d 

Y n~ui iouu"~~BCu uun 3 lraruun 4 riouu"1~dgu3lfl~'rRnwa!641~ rnl.a"qd6.a'~ 
t d t i  

(ComputeAve) hniuuun 3 as::~.a"nsru7udiu (PrintSumAve) diniuuun 4 Lwn:: 
A t  i inisi i1Ai in wsiouu"ii~uia &huP;l wa~uni~riimu.ii nis implement nu~uumou 

q r ~ i l u k d i ~ w ~ : u n i n u n o  ~ i n ? n d  ~ u k ~ s u n s u n ~ n 8 d d a : n o u ~ a u ~ i ~ u  

uosnia~"anna:uaud1u~~s::qd6.a'oa ' 

n q s d s m ~ r r ~ n ~ ~ ~ ~ d ' ~ a d ~ ~ L ~ ~ i ~ ~ ( ~ D a ~ ~ ~ d ~ k L n ~ ~  (Multiple Declara- 

tions of Identifiers in a Program) , 

!n~nuft!d~ooi Sum on:: Numltems ~nds :n i~~~uGai3nda&aun~id  lu 

Tdsunsunh ~~sr~iluCa~~ds2dCuluiautii ~wi::aiuq~ 6s~'%.~nrmu~ds~~ns~n gn 

ainnisoiid.n u d o ~ ~ I ~ d u o ~ I o ~ n u 6 ! d ~ ~ o i  ~ n n n u  uiYaii nistJs:ninadntqnii 
Pl Pl 

~ ~ n d u n ~ u i r ~ o ~  ua:a~nddhniuwinb~moQdCu~~ia:Ca~odau~i~wi::~~da:ninm~uu 

nunisruin5~nni~i(uau"o~n'~lCa~~da~aunni~ sum 6ubrnui!d ~ o o a * i h ,  ads:& 
t d g o  Sum diun~niudsiawnsi~ sum gniioiund~~Fi~~sn Luonseuaudiu Computesum 

Pl Pl 

rwnri iRi~~dsiaunai~ sum ~uuunu~oi6ymwinDI.oi sum umnsruau 

JIM Computesum ii%dBnk!d~dqdn".a'u ComputeAve ~wn::ii&atJshunait Sum 

au~u~uTiuymwisi~bnoa* Sum uodqdn".a'u ComputeAve tdu&%u!d 

~ ~ o n ~ n d u ~ n a i u i i u m ~ ~ r i u n ~ s ~ s e n i ~ ! o m u ~ ! d ~ o o ~  Sum luri?u41 LWI:: 
u t  d 

nsiu~m u o ~ u t ~ i ~ - ~ l n m ~ ~ o  ~~mniidn'u luiau41 ~wit~~Fis:qs~ (KaaLi i~  L ~ W  Total. 

MySum) oLi~d!s~?m~u 1~s~~nsuoiiw~iuniidil.a"~o sum mann 

-id obian'dwauan uo~iiu'o y s ~99"~u'b~ii~ntiinis~6oubu~ni~'b.a"~~un~1nelnn 

~~di~uo~!nrmuFi!drona" Sum !6msamsiuniswi~~rmoa* 

/ 
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yiipriimepirp r ~n$z~:~~i~pnqro~~unubn~n:ui1 nosuu:~n 
npon r ~K_UD:LMIL~~W~_U u.knruiirmrLpH:r (lo~ulm p moy llere~o) ntn~u 

(sqnjs pue Bu~sel umoq-dol) sqnjs z~n@L&@u%nuL&ncJIuurLU 

nncon:LMiLp C. 

n~pann~uiirp~no~uuot(i (uol~eu!suoa) nunLrgLgkigL%\urLnuLri C. 

(6u!lsel dn-uoaoq pue 6u!lse1 umop-dol) nnnRrLguLa .? 

eAVUnSlU2ld UOklLLU 

n~uyn~m~nsuro~uEiog~fi~~uii P uu~n~uiirp1ro C. ~uio~~ny-c!u~ta .c 
oc RiLuiLp~ swallwn~ :uii 00'00r nu~pr~p~ C. wns ~penn~ eh~a1nduo3 uog 

rLunrky C. nwr~rona -C hofipn~:m .? uu~nrunr~~ro~uii~p~fl~~crb C. r .z 

"%PF 
ngi pa~ueweldu! p~r)uin~~p ~pr~knunuu I C. wnsolnduo3 ~LN(LK:LU 'C 



dirw~:douuo~uitr?unil nimclawo~nuuada'id (The process of testing the flow 

of control between a main program and its subordinate modules is called top-down 

testing.) 
u d  z ~da~a~nldsttnruclgn~url piuu4i~w7:~:rnun 1 n ~ a u m ~ n d i  ~ilwfiaciniunw 

(substitute) 6LIndl Stub hcl?uhudlL~l:#Jclun d d ~ d h h h h l s ~ ~  

stub cluqtld~ (hudi~wi: $~ds:nauli?u~jda~n~:uaud7u cl?oA~rlau 

a7uh LI minimal body &or u ~ ~ d + ~ ( l ? i u r : ~  6dhud-l ~w l : d~ i~dn~ ru? in7  un:n?s 

rllauadlodi~htl'I$n'u~a7dyin s l  U 6.23 uandIflrAu stub r h c l i u n r u ~ w m  com- 

putesum ddf lunisn"~ouldf  LI~TUH kn !d 6.1 7 1% Stub fi~clunril 100.0 l$6u 
wini imof ioidyn sum B ~ ~ ~ u ~ a ~ n d a u r ~ ~ ~ u u n ~ ~ i u r i a u d - ~ ~ w i : C ; ~ c l l o  tAo  

Js:uafi~nnimsaorrou ~oidyinTdsunsuuanmi7 ~Jsunru~Kn~~unriau~ii~wi: 

.I:& 1 v o d u  ~ w d w h d i i o ~ n i s c l ~ ~ l d  unzu'oyalcln (flows) s:clJ~~WsunsuclR'n 

n'uhud~~w~zs:*u 1 Y o d h o  hdgnQd~?olJ 
Y .r a. n i ~ n m a a ~ ~ i n d i d ~ u ~ ~ w ~ ~ a ~ m ~ a ~ ~  (Bottom-up Testing and Drivers) 

a: kudnwl:d~Riau?~sdb~n'3~1afo:~n~~nun"rh~?u Stub voduir aduuusn 

n s t ~ ~ n ~ s n n ~ n u ~ u ' o ~ ~ u v a ~ ~ 3 u d i ~ w ~ ~ ~ c l d ~ ~ u a  n i s c l ~ l ~ ~ ~ c l r i ~ ~ ~ n r u ~ v u ' o i j ~ w n i ~  

procedure Computesum (Numltems {input} : Integer; 

var Sum {output} : Real); 

{ 

Compute the sum of a list of Numltems data items. 

Pre : Numltems is assigned a value. 

Post : Numltems data items are read ; their sum is stored in Sum. 





d~~iuiujr i7u4i~wir  o l n o ~ o ~ . i d i ~ v d i &  naiuvuia;nrioc 
& 

4. IG~non?iukdc~~~ncwac i~uac~a id~n~u~ i rw i tn~vum ~RjoinntY~iulu 
Y d  

(return) oindauBirwit diuam6a~Gorii~vdiu~w 0 n a u ~ ~ l u i i ~ ~ n n 6 0 ~  qI i h v ? ~  

f i  LQI O f &  LLdf 

5. od&uIojl  module stub ~ ivuc l r i l~ f i~U~a16~;1~1%O~~u)1n~a  

~ n a  I d  on3mcwnanim~u (turning) 3anaiu&a~munwfa~~9m (on) aat3m (off) 

~ ~ U ~ % ~ I ~ J % L L U U ~ A ~ ~ M ~ W I J  (global Boolean constant) RUUEJI~~~QO Debug 4 4  

drzn?du~drunruvtYn nirdrmiar 

'const 

Debug = Ture ; (Turn 

aa i id$dni fu~nunwio~ (debugging run) u ~ r d f f n i ~  

Debug = False ; (Turn debugging off) 
I 

f f ajid?iddnG (normal runs) 

niaIwniId.runru~tYnuarn~ru3wiu.uo~uirfi~ni (embed) ~an3iukc 
P P  auaa'u WriteLn aci~tqn Iu+anaiuk if dii Debug ~i]udouIv %ad& ciincuau 

Y u  
JIM Computesum du6ufl~u$anaiu&~ if giddidu v o n ~ i u b  WriteLn o t n ~ z r i i n i ~  

~aw1tav~id~dun'~munwiad~niu"~b (Debug 43% True) niu604rn.r 



(1 : swalllunN ', enpA seq surequrnN ~elauwed lndul,) uleluM 



function Factorial (N : Integer) : Integer; 

{ 

Compute N1 

Pre : N >= 0 

Post : Returns the product 

1 * 2 * 3 * . . . * n f o r N >  1; 

returns 1 when N is 0 or 1 

1 
var 

1, {loopcontrol variable) 

ProductSoFar : Integer; (accumulated product) 

begin {Factorial) 

ProductSoFar := 1 ; {Initialize accumulated product.) 

{Perform the repeated multiplication for N > 1 .) 

for I := 2 to N do 

ProductSoFar := ProductSoFar I; 

{Define function result.) 

Factorial := ProductSoFar 

end; {Factorial) 

L Y nszfiinis BJ LCIU; J uuu Pascal Y oqnsduo~ [ ~ U ~ W O ~ Y O J ~ ~ I ? I U R J U  
J d Jsznou&?u function designator, Factorial (N-1) ad~sun&n'Qu Factorial dfioiffi?- 
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- 1  t: A n i ~ ~ i r i i n ~ u n u ~ m u n ~ ~ ~ i u n t ~ s i ~ ~ r ~ ~ ~ ~  ruo N ilriiuinnii 1 gru N Aiurii 
t: n~uffuoln Factorial (N-1) ~ w r \ r ~ r ~ ~ d ? n ~ f f w i n  Factorial (2) ~ni?h 2'  din^ 

8 ~ i n  Factorial (1) ~ $ 0  2; f i in~uf iwin Factorial (3) rnirk 3 ' Tiin&ff%nin Fac- 

torial (2) M i a  6 (gzd 6.27) 

Factorial (3) 

N is 3 

Value is 3 ' Factorial (2) 

Factorial (2) 

N is 2 
2 

Value is 2 ' Factorial (1) 
> 

Factorial (1 ) 

N is 1 

Value is 1 

jd 6.27 n?d%rijuwa Factorial (3) 

U U I J ~ ~ ~  6.8 Self - Check 

1. ~ J L L R ~ J A ~ ~ ~ Y D J L ~ ~ < M  U Mystery do M ~ d i ~ u  4 uflr N n i i ~ u  3 ~ i n t u  

I$uoniivfJfi<u Mystery ~ l u ?  ruf i ior~~ 

function Mystery (M, N : Integer) : Integer 

begin (Mystery} 

if N = 1 then 

Mystery := M 

else 

Mystery := M ' Mystery (M, N-1) 

end; (Mystery} 





tion side effect) ufir ~ ~ u n i 8 n d ~ r j i i  ~5~1uldf~~nfudIbj# (bad) nis#i ~fiunish 

d a u n ~ i ~ ~ u n ~ r u a u ~ i u ~ ~ 0 ~ ~ f i ~ ~ b ~ n ~ 1 ~ 1 ~ ~ ~ o . S i r ~ u n ~ ~ n d ~ u ~ ~ ~ 0 u ~ d ~ ~ ~ n ~ ~ ~  ud 

rriun'ic n i d ~ k r u n n i ~ ~ ~ ~ u n n a ~ ~ ~ ~ d d ~ h ~ d i ~ ~ i r d i u m ~ n i ~ ~ i ~ u ^ ~ ~ ~ a i ~ ~ ~ u ' u  

ngalndvod Pascal r l i ~ ~ a d i  ( I O L ~ W ~ ~ ~ Y I L ~ ( ~ ~ A I U I ~ ~ ~ ~ ~ ~ ~ ~ & ~ ~  O ~ ~ ~ L R U -  
fi\draafnn6iduan~lnduodu'w u w~~~d~iimu'akvwfii~ain~1~u'NYW6 identifier not 

declared 

b a? dll'?a&d~Ja o~ Pascal 

Construct 

Function Declaration 

function Sigh (X : Real) : Char; 

begin {Sigh) 

if X = 0.0 then 

Sign := ' + ' 

else 

Sign := ' - ' 
end, {Sign) 

Procedure Declaration 

procedure Dolt (X : Real, 

Op : Char; 

var Y : Char; 

var XSign : Char); 

begin {Dolt) 

case Op of 

' + ' : y := x+x; 
' * ' : Y : = X * X  

end; {case) 

XSign = Sign(X) 

.end; {Dolt) 

iT 257 

Effect 

Returns a character 

value that indicates 

the sign (' + ' or '  - ') 
of its type Real Argument X. 

If Op is ' + ' returns X + X 

through Y; 

if Op is " ' returns 

X X through Y. 

Calls Sign to assign 

a character value that 

indicate the sign (' + ' 

or ' - ') of X to Sign. 



'u6!sr(~ 01 , - , suJn1sl 

'A 01 0'sZ SUJn]@J 

'do ow! , . , sassed 

'X o~u! 0.9 - sassed 

-1loa 11e3 



end; {Silly) 

begin {Nonsense) 

Silly (X) 

end. {Nonsense) 

10. odnoudiniuh 9 n k t ~ u u g i i  winfi~nof x Silly ~iluwinfirnof 
(3 uds 

i I. 

12. r i?uuod~ds~~nsu~~~a~mu~~d~oofmuisn~no' idn"~~ gun51 .................. 
uo~lorauftldroof 

t 
*is. o?~tr(+or~o : nitl~u&nr~u~~i~~~ns=:u~u~iu"ou~ntr(d~~a ddd7:nl~ 

luldrr~nrumuisnnnStlnl6 U 

14. $dfi<unguiiuwagwha~;u'wotiidIs 

;I ni~nunm (Review QuestionsJ 
A u  

I. o~~Bsutli~otuo~ncu~wiu~tr(~uns=:u~u~iu6 script r ~ r u w i n i i -  
u d ,  rmofmun~na~rC.iui knC~~af~a~~mCioBiu3u~3i i~  (spaces) C(~=:l%fiufimou 

0- d  r~u.'umn'cl winfiuom3nrro~W aG3o'nvr=: (character) do=:I%qufitr(ci~niii~ LLnr 
0- d  t m C r a  osn3nmul odiuquns~u o~n1rfiuw'win~~~of$i3dao~uuunn'n~5itl~nir 

0- d  d a 0 A  u d  
2. odrBtlu$~nau(nro LetterGrade ~ d ~ ~ i ~ i f i ~ ~ f i ~ t r ( ~ d ~ 1 3 ' 2 1 0  Grade un=: 








