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.

ic Progratumin Course.
. that is 4. part hof "PrOjeCt oln..9. The _course is intended for

underprixileged high school",i'uniorS and senidts having an int rept in
mathemaiics' or Science and a:stirations to' attend' college. Th report
is di'vided in,to t h r ee SectiOn:t4i% IT1 seCtIon \Id. the ddininiStration *nd :, ,

operatiOn of the: courSe at lt. was. offered\ it the stimmei of 19.70 ip 1 .,
diScussed. In section4If tke contents of'' the course are described.
This section 'may be used as a. guide tor the design of curricula' for ..

tore coursesi of vie 8 ame nature. EValuktiq of the lourse and :

gested 'improvements are given..in section:III of the report.
arious cokase mat:erials and4.nformaion are appended. (Iiii)
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disadVanta

pro'

tyke ., e,..,,/;..,*;.1ta.,,,,,". YIP 7.,
,.

rogramMing .Cpurse ip, part a .I.!Project.

aining Program for high sc'hooVstadents from
. . ,

, ,

at'eas. .The Scientifk PrograrilMing port.ion of the

is i4ten'1ed forsunderprivilegedihigh,s400l. juniors and

seniors having an interest in tnattlematics or scieitce and aspira
tions to atterid coligge. It is,deSigned to help iclote the,competi-

",
tion;gap that may confront them in ine future y comf3ensating for

educational deficiencies and .by providing a lryadStart. The 'pro:-

gram. provides Valuable.baacgroand uPonWhieh these young persons.
, -can'build in learning computer science, and will enable; .thern to use .

.
the computer to solve problems in mathematics, engineering and

4 #

' science, from the earliest stages of their\ college careers. The
immediately practical aspect; as well, is significant; the students
re4eive training for computer-related jobs which can help them in

- financing their ducatio4s,on a continuth basis.

4 ,
This report on 'the SCientific Pr

. .
divided into three sections. In,Section wb discuss, the adrninis.

gramming Course is

.tradon and. operation .of the course is it wa's offered in 006 -suMmer .

. ..

'of 1970. .Further details. and ,general project inforMation may be

' found.in the general report. Iii Section II, .we describe the.aontents

thecourse.This Section ma's; b'e-used as .a guide for the design

of curricula foe.fUtore 'coursed of:the saine nature., In Section.III,
4

we -Provide an;evaluatidn of the cou.rse, and suggest iniprOvements

'04)....m:odificatIong again for futitre.cburses. Various. course Mater

fals and infOrnution are ap"pended.

;

..... -
of:
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. .. . also._ for class Placement. A prime consern, was that e atte t

/
0 to minimize. Or Chances of .(relative) failure and. its concop , ant

. .. .
. -,.- -, . . .

. ,

SZ4TION I
,.

Ad ission-and Place
. .

.-"" -.V.7..thrt.w.rIt 17,1,"*.'t . 4.27.1!"fr. . ,
hThe Seientifie..PrOgr g.-COUrs 0.. was-..c.lesigneq.,19r..

. ,

. .

matheinatice clencO ented studenth,.-. 'The OnlY sChol4stic

requirement.we.had poz ccl, howeVer, was ratnimali.,,a,year of

hlg1i sClaokri al ra with average.or above grades. ..Ottrationale
I

,

for this : t3trOgrarnming aptitude is not sufficiently wie.1,frvtl',-.
...

,
,

r ated witiit the usual aCademic subjects to wp,r-fant limitaAon

, o...above'average students. It is more.iynportant that the studentJ
4

flave an intereiA in the subject andi, of course, an .aptitude for the
.

peculiar rigors of programming. The interest is iinportant, for
without motivation little can be leirned.

The aptitude for progra.:mming is reflected-in the-al:Alia
f

to reason logically, to solVe simple mat4ematical problerne, an

especially to carry out tedious' algorithms.with precision, An
aptitude tek was designed .to detect the foregoing abilities. (See

Appendix C). It was 'used as part of the admission process,. an

:

discouragement b.9. exclu.dirig those students who all like odd

,;. would not Profit from the eburse, and by keeping the leve otu-,,

dents within each dais fairly uniform. ,It wa: iso decr ed to ex4,
cht.de students having. More .than 20 hOurs of p evibus.

posure to computer ii?rogramini.hg sinee they oul r). deriV/efs/ .

\
much benefit, 4s the untr:ained and would pr sent er ain p25brnleis/

, fst.. 71.:t .

,w

in the Classroom.
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43..o.a., 001.10 ..r0:atiy.fay, small y'Ve:a.,-'4'OmModqin0.150 sta-
. . ,, . . ..

dents, The lengtii of each seSSiOn *as fciar weeks, gonsisting. :

. Of five days-a week oi-lectUres, lahoratoriWork, ancUndividual...

iristruction S.ta necessary, totalini.foUr hOurs a,;day, 'half 'in the

,s

.4

:

The ,Sci,entifie Programming CouTse an 80-hour

course.. It was offered' in two consec5tiye sessions in order to

morning and half in the afternoon. The enrollment in each ses-
sion of 75 students was divided into three classes of 25 students'

('each. A schedule of classe is given xn Appen d B .

The placement of students was based
. ,

on the results of the aptitude test, which was al

n large measure
o used as a guide.

for admission. The test was given three weeks prior to the start
- :/

of the first session. Applicants were given the opportunity to ex-

press their preferences for sessions at that time.. A cOurse
calendar is appended (Appendix A of Part I (The General Report)).

;
A typical day, for the students was comprised of two houisc

of classroom instruction (lectures and aiscussion) and two hours of
laboratoxy work, in either''order. In the laboratory the students

Were provided with practical progranimilig experience.. There

were daily assignrhente which lcept each student bus'y coding, de-
.

'4?)

bugging, or keypUnching4,.. Laboratory assistants Wdie present at

461 ti'ineS to answer cluestioris and td provide *hatever other assist.,
:

ance the students required. Tutors Were.also'available for private
. ..

consultation; . .
,

at ,.....
I
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.4. .. ,-,. Pers' '2* r,;;-::.:.:..,..A44;4?:,;.,........,-...,- -... . . . ..K;, _.. . .

. .....',Ti4;:4-:;'''i.:42!x)IY;iiit.i74:910,'.tia.t. ini.iil.the Sc4nitikic Pr'ogiain. ...iiiitig
-:,...;,,,... 1, j',.. ; i. ; - ' " .. ' l' L'' '.... f

.0 04 k $ a is...shOwn:. ri... ,44.0014,i0.t1On..Chttert,-(Appandfx A):: The Prirk.o-
.. ,

i .....:.. ..f.i:`' ..' cip41 Investigator, Projedt :Pirector ...and Technical Administrator .., ,,,
. ., . . . . ,i'''

..... . .

.e . . 'had respopoibilit'y for tha..6Verall Managethent of.the Pr,oject. The. . ,',,,:,,,,...J.,,,,...,,,,,,...,,,,...._.,,,,a.,..... ,.,..,.-als., ,:,..i.......i.,..rti,,,,,,,...,,,,,,..0,1,:,f.,, ,,,...,,rr...y..,i-..t.
Imp..r.,k7-,-,T.7..7-rir"".7::P'r7T7 ''.."....'

,.Sciefitific'..VrOgicamming Otaff,pari. ipted,Of a .9Utri6uluirils.COordinaio; .....:: :,.-;:..': :

...

...

. . .tor,. Instruct° 0, o y - ss. stants, To.o.rs,.... and,stmcxal aides.
.

'c iitt,b.r at i. -A - 4 .. -' '. .
/

iro . ., -- - '. - i . . . . i. t
., i ,,,

./ . .... : 1. .. ... k -

,

,

' The responsibilities ol the Curriculum poordinater
were ta:
1. Develop.the curriculum for the course.
2. Prepare a general tu,ching outline., including daily lessOn

I

plans, reading assignm,ents, az-id laboratory probleins. .

Design a progra.mmini a:ptitude test to assist in the selection
,

of st9dents. ,

/

' A 1

4. Conduct ofientation and briefing sessions for the instruction-
, .

al staff. , 1

, 1 i
,

5, Coordinate and supervis'e the work of the,instructional staff,
,. .. .

and assist in ihe implementation of the cUrriculum as the
,

need arises.,.-; ,

Submit a detailed personal evaluation of the course in general
, . . -

. and to give recommendations fdr futUre projects..
, .,

..

"t

(

/
The responsibilities of the Instru-ctors were to:

Present daily lecturee according to the lespon plans pro-,
vided, (Variation:s at the diicietion of the InstruCtors. we're

perrnitted.5 ,

2.. Assign reading,..laboratory proble s., nef 0ther home

3. i Design,LadMinister, ;and grade exdrnihatons.
.,

- .e.. .4E)

4...

:t.

5,
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.
, .4. Sipeivie . the... activitiei OPthe Labtit4tOr

.:, 5. -.R.f4er,Eittldents to the Tittors for indivtdU41 instr,UCtio
i

i ... - ad Atie,rkep.ric.aridos. '' . r *. 1 T.-.1"...r.-,..,.....r.,-,..-,-, f.i...,,,,Yot..f.e,Vf.r4rf-i.K.,:i.rf.,7iv.' r.1-?r,,,FT 1..
i . .

. , . .
.

, . .

orrh, 7....r.,27,,,,,,,,,,,,..r... 7 rr, - --,rir -^1. 4 :. I .'
1 .. ,

.

1.

I ,.. ' : . i . "7 6 .0 : '.-1' ...... Monitor the. PrOgre6 q and inake.ia',final eva1uatiO4:ofreah ..

is

, sOderit.s ' '. f. ' ' f l, ..: t 4...i:, ., ,
i .

I

The respOnsibilities of the 'Laboratory Assistants
, .

. .. 'wereto:' I

.

.- $.
!,.

1. ., Do the laboratoky Problems (before assignmepi to students.
. ,

Give stUdenti.instruCtiOnson the use of thei keypunch..

1

,-.'..-zt.'. 14-,,*"".'3.,:ir
.

1

3. '
, Check laboratory and other hoplewOrk asd'ignments.

,

t 4. Assist students in writing'and debuggi4g their programs, a
1

. ,

in interpretini error messages. .
..

5, Maintain aqcurate records of each.Student's progreSs in
,

'their laboratory :work.
stl

6. Recommend tutorial assistance. .

7. Provide feedbaCk to the Instructors.

_The responsibilities of the Tutors were to:
rt.

1. '. Answer any questions" posed by the.itudents.

t

Z. Provide individual tdtoring to Students as the need irises. .

,

3. Provide feeclbacktp the.Instructors.

resPonsible for the submittal 44keturn *of ,student,jitbs from; the.

t computer center; and (fi) secretarial help, who typed;' ran dittos,

The speciariides consisted of iik) job,cartfers who, re
I

collaied, and sundry Other tasks..

. .

10,

s.

''P.
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CoUrSif aterial .. . :
. ,The. tex.i 4dtpted, fOi this Curse is 'C4p.,..24(j3,49194x-91: 0'. . .

. .

. . .

A1LIA,NItaaguag,92,m11...arrinalls, c-áuthored b . I. .P.xs
... .

--)r-i-vT74V-1,trittiorgarrfintt,Organic.k,4214.-WiiP'..Stegbergy
. ,-; ;., ;

lished 4.:yy jc4-in Wiley acf Sons; Inc..., New Yoilc., 1970. Its compan,
.

ion (volume; 'ComputerScience: A Primer, is. uSed a's. a refetence .

: but not required... SuripleMenta.ry .noteth written...especiallY.for the'
t .

. . Cbur s e inCludef . ',' '
. .

. , , , , , .
: 1., . .. 1!.A,ri. Intrbd6;ction to CoMpUtere and ProgramMin, V-. bY A Lew..

.
. ..,

e . . ,

,... z,...!. . '.'Basie Computer, Concepts,'"- by A. Le*. 0. ...
0,'

.. . ,

3.. ' P.Numbers and:Their Representations,." by E. Angel and
. -. .

,

. ° A. Lew. -
Tliese a t'e appended. (See Appendix D). .

Practical progr,amming experience was provided iiy means i ,

i
of a series of laboratory assignments... (See Appendbc Z tbra IZting.

of 'the lab problems). These assignments required each student to

write actual FORTRAN programs to be run. Keypunches were avail-
, , . ,

i, iable for the, students to,punch their own programs onto cards. The / .

; 4

programs were 'then run on anIBM System/360 Model-44 computer

(housed in the 'Syste s Simulation Laboratory _of the University of

0Southern alifornia 110(31 of Englneering.).1

i
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Course Objectives

In developing the curriculum, our primary goar'Wai3:this:, ,
upon successful completion of the' coUrse';The student"shottlabe

to write simple computer PrOgrams to solve whatever riurnericai
,

.problems he might enco4nter later in college or on dr job. Our rule

.of thurnb is that, if the student can_solve a problein on paper, he'
should be able to solve it using a computer. To this end, the course,
provides training in the use of digital domputers to,solve `problems,

in mathematics and ssience. Actual experience in 'programminkan
t IBM Sygtem/ 3.60 .computer using the FORTRAN IVlangUage is given.

. .

Most importantly, generalcoricepts basic to the .understanding.:of any..
Scomputer or programming language are disCussed...,K4owledge Of,,

FORTRAN and basic computer t Oficepts should- thufii enabli,the. stluderit 6.
. ,

to 'readily learn other computer languages Et's the;need arises..,./The,
. . , ,

sFeparation 1:1;rovided "by this Course.'ShoOd'also:.af,cpelerate the. rate ,
,

at whtch the Student can learn to handle the.more)cotrnoilen problems
-,,.. 77- ., ,.. .7

.with Whic}; he is sure to be confronted.i. .

r.

In the following pages we prefient three outlines of the

Scientific Programrping Course: (I) a topical outline,, (2) a chron7

ological outline, and (3),class cichedulles. °the topical outline is

a listing of tlie.,top'ics covered in the course. The topics are

grouped unoler thdred.headings:. (I) Basic Corigeptsi (II) FORTRAN IV,

,and Vlathemat The chonological is listed,.:

by leSsons. ..The subject matter for .each,of.sixteen leillonq is briefly

noted. . 1"104,r 61.i.s schedules .aie thenprovided.' Each,schedule
. e

tributes Some atinia of the lessons over a four-week span.



. ' .

.

Detalledlesson plansioll.me, the ficheaules: For eikoh.

lesson, vire, de Scilbe fireit the s.1,.11.40,0 !be_ Oiseu,Std.i.ri

elaSsrborn leturest. We then, Suggest r_tadiuLi. .alitsigaTientj'Whl6h

slIpplenient the lectures. Finally, we provide lahoratory prailerils:
. . . ,

.0.,114,1strate In a, ooncrete:Way,the cOncepts discuissed arid read, and a
-

to proviclepractical prograrivning eXp.,e;Fienet-.
,

.
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3A8I 04 'CONCEPTS , . ('

1. " . A
.! a. ,..The'stored-programitOncept

e

otpr -?%.16;-1

b*._ Basic .c4-Puter operations .
0 ,, .

c. compifers and oPrating. lir:Otero!

d: 'Aig4rithins'and.
.

f. Tracing a program
t$. .

g. ,Representation of redn'ibdrs'
.

FORTRAN IV

a.. FORTRAN' ele i4ments'
A

b. Inpilt and output

c. Assignment statements

d. Conditional bratichin

Subscripting
e

f. Iteration
g. 8ubprograms

MATHEMATICAL TOPI 8

a. Number syitems
b. Roundoff

c. Qu atic equations

d. Euelidea algorithm
f

es Square r ot -

f.

:
'Sine-fu ction

-7. '"`?

g. Roots oi eqyAtfens :
y t

h. Averages ic1 cle,Viations

Areas under ourves

Opussian ,,,...:
,t.',,!

I'
1.1

.
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,
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iv.
I r

t'q' . ,

:.;., .j. ... , .4, generktiJntodiKitiOn.. rograM.le, ps .'..;.' ..

.
. , .

.71. V
.

The, stored:progta.M..c6Oce : triiae. comOuter, opetititens.
., . .. . .

'tl,

0. \ . . .... .\,.. .

.. ..;.: 1 7, . Conipil...ets.al.id pp.trating:.sy'steinss.; ...
,

! , : ,...: .,
, i I .

:3';'. ,:i Algorithms and flpw...charts'.'`'.Tracing a pr9.graM, *FORTRAN:,
. . .. 1 f i '

, . as an algorithn)ic language. . '" 1 .

FORTRAN'eltiMents..1 Int-OUtp'ut. , .Carriage 6(intr.o1.

NUMber Systems...Integer numbera. Real xvirribers. ,

it

Computer 4torage of hilmb,ers.. alitoundofft.-

As signment statements and other- VORTB.414.1bleynTits. lute

ger and real representatiO of numbea: Real arithme

Dealsion's conditions and branching. Logicir expressons...
'Quaifaticiequations..

Litetals and spacing.. "'ttcliaeari algorithm...., Rt:VTEW....
Subecribed vatiables. .Memoty allocation. !Iiiput and r.
'output Of.aprays. APplicatioria.

ft

Tt'eratiop and DO. foops. InPut7;oUtput,and nested ISO 'bops:

The itek.a`tion box. .

,

Square root, Sine. function. Associated mathernattc

.SubPrograms. Argunrnts, Examplesd.

oots. of equations': ,(The Newton-kaphson Wth-od ).

erages and deviations., (Statistics).
Ateas under curves. (Integration)..."

I

S.

Gaustlan, elimination. (Matrik algebta),
'
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r

, , ' 41, frit ,,1"'" ' ; V, .. '' , ..: s'A , I ,(' , '.,. r , . '. ot ..40( ' : ''.
. . . ., ,, . .. . , , i ,, , . ,, ,. . , .. .

N, ' .: -
.

, 'AL
, '

'

' ' '

' '. .0 . ' . i 4 it * t. .., A 4
: : tTE$.v1 T. 1\444seTT.V .- .. '...'' A s; 10# . . ,...

- r ' , '1 6 ,
. J. I I. .:

.gener44,1 1ntrodu§ti.on.: #

: DiscUa's.,!Asi IntrOducti.o,,CoPUtets and PrOgrarnnilmg. e
Progiarxis:

2 q . 41

Describe th:1 Payr611.Program (A1.".1,.:4, it.. ii of text) and.the'
A . , . , ,

Fibona-cd progr.ath. (rig, 14, Ai. 19). The oblectiye is to 'give., 4 .. .
. ., .. ,,

, 4feet for,whit FQRTAAN prograMs lookl4kei nd1ience the descrip-
,.,

. .
tionfmAy be some.what iniperficiali e. (Say so, lest You Scare ant-

.

.

,, , . .
. . I

P. .14.14.
. , % "J.' one). Pass around 'sampler deckti bh control, cards.,so thAt the J..

.) 4

student may see a typical job deck. Also pass, out job listings.
.

. .

. .

CA IfP11% .e I.
P

REAIMNG AS IGIVNI;ENT. , . 4
\

.

. "An Introduction to' Computers.and Programmijir

, .,1. i , ": , . k/I,AB PROBliEM;..,,,.... A

.--:, : ' 1 .
1

1/4 . Punch and'run the ribonacci program (Fig. 1 4) with the
.°,,...., appropriate control cardS...,.(Thi,s,.assignmetit is_desiunedto intro- .,.- . er'`..- ,

'',. '.`, . diide keypunchng,....04aid,lifout,..tiesck set,:tipv-and job .adtirnittal.'
. , ..... ...- :e. . .., ,... .,..

The .preSent goal,-is pot-understanding the progr#M, ..but jubt the,,

mechanics of runhing a job. In fact,' thèvtogram as j0. has
errOr which should I:3e ignored for new).

,22' '

.



f11'

. 1

( 1, ' 4 I .

'71';')\I
' 9,0

4 : ;,;,
',*

y
'1..

the concet.tha \a4ltion tii,:data, -:prograM instructioa
'4N : 4.., .4.'! .

t axe .stored and xntbrpretea. Pistinailisk between compilani on time;',..,

and 'execution tiriiiihr ..Referxing.1011,),e...payrOil program, eop1ain the s

,

r,,o:

0. , .4,!,

41,i .

.f.,

, . .

I .
. .

1).

1!

I

ilact that input and' bUtput oCctie at 'execution time, "3,7(the.nce',.i.nplit.

data is separate from"the FORTRAN statements ae Outputted,.ansitvers,

oappear after' the programis'co lied "(translated) and kiiaded:

li,asic-cp*.:pu'ter operations .;:,
4P1s4uss the ba c' capabilities (limitationi) of computers:

. .

s.

k

.9.`

s

particular, c rnputers dank). arithmetic, replace data, at orie place
. .

:in its Memory by that at another, read and write.nuthbera lettere,,
.

and test the.'signs of riumberS and disc) alternate actions acdordingly.
. .

Illustrate'how the Payroll and Fibonacci progra#Is ;involve only those

opt ratiOns. r

3. Cornpiles' and oPeratini systems:" ,, ,
pitscms, just to give.a general idea, the fkinctions of comibilers

4

.

and.operatin0;ystems., 70ompileys translate proirarns written in .

9 I

.' "a-symbolic language (FORTRAN) into mOre basic .coMputer operatione.

.
.

Operatiikg systews allow jobs to be. "batct d" giving control aiternAtingly../.
,

)0 4'" ,

.

to translating progratis and user program
,

REAPING ASOIONWNT

"Basic Qomputer 'Concepte"-,

161 JACMALVI .

41 Punch and .run the Payroll piograM (Fig."1-7) with approtiriate:
, .

ut.data and control coirdil. (Make this just. another-keypunching

1

o ,..exerdise.

.

46cifir how,data cards should be pvched).',
, 0

t

"
'
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.. .A.l.gOil. ! and, flo* thai.ts:, , ,. .,+,,

,. . . .

.... I+ il

i : l'f ..' . I . " ; ( .

DiseUee 41;eo 8 Oid floW chart Use eXarnpl.:4jh that pxinr,. f'...
. - ' :TA', .-....,...,' : -.', . ,, .,.. ::. .

'..` RA?fiix; al.S.o4 Figt1.1.1ks.1-2 'and .14 ..c'd text. The hiai,.,flOW. chart :

boxes .are .j ).astf. gnxnent; (b.),....decision;...,end '(e)..1:110 arncli outpu;
A '. ' %. ' , ,

Note thiti t eqe,bft;iXeS pcirrespbnd to the basfc CoMP;4ter operations.
,, .

, dificus.se iti the lirevious les sane The .aSsignMent; boX conibinea the t '. .': ' '..''..r.
. .. 4,

w
4rithr.liet c and replacitment operatibne. Thii.decial4n box'inir6Wes . .. ', ' :.:','.

., : .. , . , .. '

' the teat arid b;ranch oper tion. The, input and output boxes correspond' ' .-
.... . ,

; ,. .

to re ng and writing.. A, fdurth.bOx, the iteration.b s noox, it d4....s. ,.;
,

.

cassq .until: LesStd.1.0)..
p. ....-.-,- :. 4

.' ;f.j'Ai ...r..1 , ...
..., I. . ,

2.5. 114....cing 4.,'program: .

... ., .,!
. .

. ...

Han trace the.Fibonacci program and otlxer exaMples.. (Hand-tia:cing'
, . .

ery instrUCtive because, the studept,themln essence acts.-,ae.a
, 4 . o

elf ). (Note th'alt a, Complete'traceql the ,kib.OnaCci prograM
v.

.10#g enough .to_ allow manY `students to help ) /
. 4

FORTRAN as an algorithmiC language:
.., r

1..orn.pare' the, fictw charts and toRTAAN ..pograms in F. l-4 and, 1-6..

I Note the correspcindences 9f the flow chait boxeir to the FORTRAN
. / ,

, ,
l

. .
l. f A A

/ A.
( .stgehlents; ,

/

,EA,PING ASSIdNMENT
/ '17

'pod, 1,* PP. ./t-11\ 4

'4:

3. 'Petermine what the following program compute/3 by hand,tritcing

it,

'

, .

il, 'I g .
. i i' , , , . .

. io

' ..".",;' 40 . i , . .. a
,

.

1,

.

AA ,, A a . . . .

,

i
c .ot

. ,,

S.
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.$,

S
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.

I ;-- 81.
. . .

Irq..caNipgro.5a,/.
.

A

014

,

I.

.4

Verify your answer by pUnching and running the prograrn: If it

doesn't come out 'as expected, rrtkil: it with,theyntrrt btateitpnt 1.1. '

.. .I= j + I..
. if; ''

i IV': . ' 4. .

. GbTO7 , .../

. .

_.5.,0,s WRITE'. (6, 33
, . .

.,; 33 , PORIViAT (3I). ".

. .

END

Moved .up onetotchAi. e interchanged with the CiorI;077, stttemnt):
_41.

..01.
Ji, .

t
-14

.4... 1'
I. .% 4 . .

... t .6
.)

1LO. . .

.4
4 ' $.1$k.. ,....,

0; r
f.; I :-:'..-' r":

a,

t-11".i

;f

4, "Vol,

t.

;
4.
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4 i

4
. . . .
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'Is

pu NEM' ;fiA.TAP,,

1. ratvrIcAN e1m-44m

Dibiass (0) the TOU,TIO.N

f variablenameg, (d) Vari

declarations. r

- must be memorized.

2.,

. .

Input.,-output:

p4s.cu s .the. RE*1), W.
4

explain the l'and r for
and -.Output lists

bianki to. t &roes 'mi.

.3.. Carriage cont

Titat axiomatically
line:acts. as-a carria
ductioti- cif' leading .b1

,niqUe for obtaiping .

1**Its; and X for

PIP9 AsigN
Text, Secti

Text, Sect
Text. Sec,

bA.42;miatt.

4. Itereun the,

, chajil

(b) '441,ry

(c) e).ipe

obj;e0ive

and obseryin

'

hara r stat;Mentia:bel.,4., ,
le .:ty : , and: (6y the' INTEGEli, anri..11241

ated. as an'axionT,'.hich

0 .4

Pit

tre

ITE, a
t cps s Emphasize the necessity for input

h for ts (ort, 1-1 basis). The equivalence of
ut dat cards should also be pointed out.,

. it ...IL.

;

..

,. . . .

. , .

d l$PRMAT staternents. FOr.no*, 'PIA.

0
V

e fact

N:1

hat the Blest ckircter on every prin ed
ol charapter and,is never prlOed. Intro-

nks by using large field widths is simplest torch-

ingle 1 e si)acing. (Use of H-formats,. quote .

ts are discussed in LesEion.8).
1

ENT

1,

Sn 2 2 pp. 20

$

4,,

t.4

,

g,4

,
. '.;>. ,,, C-----11'-'4''''''''..i .... r

.., ...
,. %,...t.,....,\-,- e. .......'..,,..,!...,i .. ?...=....,-. .. ,

.
.

./F 714warA Iv 14%.,-.....4,-.24 , ' .

.. ..).L....14...-.....04.r;i:. :.: iF .., .4. ', ..It . .. t.-

'/ ..s/s :. tiq'' '..14Aff '4,4. W:.... ...,; ; ;It.04,

Payroll. fit 0.g.FAn1 .ty,i.;;;:.
,. .

, 0, e
( /44

,

nig the FORVIAT .statementd,-

gthe orde't of t.1). input and oUtput lists,

imenting with' vai*.lOus data cards.: ,

.

ta lern lily rritikitig:pert4rbations ,to the prOgrarn
1 % %

. A a

4 effocits.:. '',,: . , ... ,
. ,

,1.?! t9
r.. S,

1417,
I 1

4,

, .11`

r..

I 2'
!e
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Sy.
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' U.DAT

,

, .(
,

tt

,

, 1,, 4aystems . .

pito,cuss the. a .;. and-O0er rdtc sySrnEl:, .CD
. 3

numbers and .coirver sion from One 'to another. ..

2. 'Integer numbei$:, .

k I

aks Cuss s1gn-4-nagnitilde 4rid Z's coMplernent, and .exees.s. 11

.representations of fixed length binary,inkegers. .

3. Real numbers:

Discuss scientific notati n, mantissas and'exponents, '-forrhat
numbers, and finite prec sion.

s, f

4. 'don:I:Outer storage of numbers:
Discuss the ways ih which nurnberg are stared in the IBM 360.

(2'$ cdmplement integers; bade 16 with exeess-64 exponent reals. )

5, Roundoff;
. .

Discuss the trtincation of nuinherktlue.to finite wOrd,>.
e

tinguiSh between "rationality!! in base 10 and base Z.. .

REAtilliaASSIGNMENT
44

1.: "NuMbernd Their Representattong"
-Teffi, Seetions5;,l.,'51-2,..PR: 118-122.

. .
: -.7 . .

.

%it

s.

,
the.foaerwing Pr6grarn loi:the,,.ditis!Sof ybOr:.ehoice (1).6n".

. .

.\, zel . . il ii, le 'esti. s.. . ,,

.
. .

..',{;-,t8AD'(.5, 1)1,
..,.. ,r .. .

, . . ,

1 Fortmkr, .(0t10. 0, Il,Q),, ,,

.. . VRI6, 1). I,. F
. ... .

.rwRxrp..(6,'1) 't, 1
,

46.
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' 't.
. .

t

t"," : 4'. NI ITV .(6i 1) OM, .
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LA giS4t ) 4

t
'

. . ,

. .

.. ,

Disbuss .(a) arithme;tic. ex,ptsions., '. (b). mixed-;MOde 'arithMeti.C.,,

(c) 'operators .and.their,.preedenCe Values,. (a) p,!edefineil .fun0,-

*.tiOns and .function. argufn!entEi, (e). length of statements and,coidtth 6
, . ,

Asti gnmero statements and other5FORTRAN eleinents;

. and .',ef) blanks in stateMents. 5 .

. .

a

.5

41.

N

2. Integer 'and. real representations Of+ number s:

Discuss the charige of rePresentations that may occur.by .use of the .

. .

assignment sttement and by Mixed-mode 'a '.i2escribe in-

teger divifiion and the trUncation func4ft CHOP.

3. Real arithmetiC: , ;

IllUstrate_the rotu-i.off errprs that may accumulate in using real .

.fixed-word-length arithmetic: Show the ldss of significant digits

when subtracting pearly equafnumbers.; Mention, that the associa-
,

eve ,and distributiye laws need not hold, for computer arithmetic.
. ,

(See Chapter 5 of the Primer). (Some Of this material,may be post-
.

oned until Lesson 11):
kZ

4.6

RE A 11) 11\1 .0 ASS GUMEN't

Text; eectiOn. 24,-. pp. 16 -1'7. . .
. .- ..5

,.4 ... ..'.2 ' Text,' Sections:. 22-3;'.2 - 40 iv.. 3Q-41.
tt, ...,.. ., .

-5.,..,. . t

.
., 6. :Write issignreneStaterriefits for the .exp,ressiond df Eixerdse 3,.'

.., . .1,* (
pi; 144 of text. Punch and run them', aSSuming ariprppriate 'values for

, ,

7'

.

the varia, les.' .

.

t

, "

'"i; ,
. .;., .

:

a a

.5
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0-

6utnCT

'ES.SONI

:. f.,
.4

'?

.1.7' -. . _
. ,.,. ,

.4..
1614i.us the 4ithnvti,c:IF,;'..lpil,o4.Ir,. and computed GOT a sWeMents...,..

,. f

'MeV" variations on the'..ribonacci.prOgr4m ers..0iing the.4Weent.
:.statericientS;%

2. Logical'expreOlione.i .

Discuss relation*lopetators,..truth.values., logical ciperatore, and
expiess14Ons.,,,,Xxp4in the ex.itended preCedefice.fibler

9 .4" . .

(Table 3-Z p. 76).
,

3. Quadratic equations:

tlow4art a prograin to determine the two roottliof a gcneral qUadiatie
equation'

r

A.* X ** .4; 13 *- X .+ C.

.uSing-the :quadratic formula.: Test forithe spec41 case'where A = 0.4;

Recall that the Agn of the.discrixninant reVeals the nature of the '
. root's.'
4. Mathematics:

The quadratic formula can be derived bthe method Of completig
.

squares. , Do so if time permits; The for.mula can`beverifiedby
plugging back into the equAtion.

I'

Section pi:4'10-20;
:4-

,4'elc.t, Section .3-1, . pp.' 51. 53;
,

''''Text,, Section 3-4, 3-.5,, pp. 64-.7.461. '''
: . t .., 4 ... ,4...iti. 1`. '4

tiA.i3 1111.0B,LKM. ..
/ I -

7. .Wil'Afe..ana run a 0,:ilegram to iolve the general quadrati;'-'hifitation.
. . , .,

V. , t ! - , : .. ...

Inliut tie e4egideriteA.,13:, p atx0'i).1104 the: rpots: Loop btvek to read-. ..
, . t

in. li'lli(g0;i'a. i;nOugh Ett;:t;of .dattt,.;;1141d1.5.e,....ue, 0 'fixt)r:OiSe allpdttik
4 . .

of the, Ooir.0.0.:..
N ,,.

. 'gr.
.7 . :...



1. Litéra ls an pacing:

Piscuss the use a II-OW& and quote 4nark0 to output literal
,

messi.geS, and to cOntrof.the printer'Cirriager. 6,AsO chicuss

Z. Mathematics:

Explain the two:Euclidean algorithm/programs (Figu.40.3-!5 and

3,-7). Consult the Primer. Trice the subtriétion, form for A. 12,

B = 8. Trace the dillsion form for A =400, B =64.

3. -.Review:

Use thd Tallying.program (Figure 3,-1, .14 56Y for review. Flow
.

chart it,. explain each statement, lassurne trOicaI data, and trace.

1. Text, Sections 3-1, 3-2, 3-3, pp. 51-64.
Text, Section 4-1, pp. 103-10,5. ,

,LAB PROBLEM ,

8. Add appropriate literal messages to Lab Problem . For

example, .

.

o a) for A. -4., 0, .write,. "A 0, single, root = . , "

.b) for discriminant = 0 write, "double rOot.=

c) for discriminant '0; Write "real rOots ard "

,d) for diEfcriininant :d; *tite) "comp1x roOt's are 1," .

EVeryone shoOd deSign his own formats.



ct.'4)'

4f4rJB.,TEt17* TT4R *0
. .

SubsOipted
,

Discusethe Use of si4le double.,SUbsc#PtsIii'arii.i4.9tWil
,

Sirs 'and ISsignrnOnt:stiatements (both left and right hand

Distinguish betweenXX and X Illustrate, for exaniple, the
i:;roblem.of averaging 10.numbers..with and wkthout subscripts. ilpe

of -subscriptserill require an IF 19op;. Oaf!! it. shOW. ing how subscripts 4.

change values, thereby addressing different words ignaemoryt::
4

2. Memory Olocation;

. Discuss the DIMENSION statemeni; computer storage of Subscripted t.

variables, and the column-wise storage of matriC'es.. Note that lack

of DIMENSION declarations may lead to,ambiguities since we can no
I' .1

longer distinguish between array names and fUnction narne.s in arith-

inetic expressions.
..3. Input and.output of arrays:

Introduce the use.oi imPlied DO looie in read and write lists.
(This rie'discussed further in the .following lesson).

4 0 Applications: ,

Sample ipplications br-singly-subspriptedVariables
1-D tabIes, function's Of one independent variable' (esp. tiine),, co-.

efficienti of.polynomials and other series. Applications of doubly-.
subiCiipted vari4b1es (matrices). include 2-15 tabies, fuicticnii.of

spatial (x y) coordinates, coefficients of linear syEttems of 4ua-

4.

:11.EADINg.ASSIgNIvIEN1.11

1. Sectie:.ins 3-6, 3- pp. 1546.

tAn

98, 'Write a prOgrain t64.resad :in a. /bit of aPtit4ide teSt ScOres,

grade4.betiveen''0 40,3(4,, and. to ther,i deterMine'the Pf....otente..ge.that.

fall'iti'the ,(1.(i1.-0); 16*- (0.'9) Vanges

' 4
,

-L:
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:

440.'"
r

17; .

' .

,34.2$,.n,TAMER .
,-,

1. heratiotr.arld DO loops:

".
. . ,

'

..
Ripcuss.,iteiative ,procedures. withoand without, dilce.,4 nTribers of

. . . ,
/1.*Oops,', i,e's0..tcs.t.11e Fibonacci and Payroll programth''(of Chaptv 1)

, .., . ,. , _,

,. Asing DO loops. (Bothlave no fixed loop limit)... Discuss the proto,
,,. .

4'

lern of wieragiiikN;numbers .uSing a ]).(..5..loop:'- (This Vyias dOne uSine

, IF loop iri the previovitr lesson): Illustrate how DO loops cari

-'' it .

*alWay..i be replaCed bY IF to4s..

2... .:.1npututp4t,an.d. nested DO loops:
0 :

/CoptinUe:.the, discus axon, 4n,144Iplied:pb lOops. Siiow.how Matrice s

may 'be ixipt,ittecKltk and WithOlit:irilizt.lied, DO lOopo,,, '1;1;irs'i,W1ll alsO,

.: i I .ereqUire explanatiOn'of nest-et jib loops...and of flow FORMAT. statements . ,.4

are refusted. ,,.
.3. The...itqation box: 4.4 ,

Describe.the iteration flow chart.box., Note that it-fs ju-st,..a; coMbP- .

liationvf two 4 signment staternent'boxes (for initialization and
mentation) an4 deOsion box. Beware. of the .nonequivalenCe With. DO

loops described on pages 96 and 97 of the text.. Rewrite Lab Problem
1 '3 usinka DO statement:.

RE,A.DiNG ASSIGNM.8Nt.

,1

. . .
1. .Teict, Chapter 4, 'pp: 87-102, ,106-117.

. LIAB, PROBLEM.

10. Write a program to

reaci'in a 5 '3c.5 matrix romnkse using iMplied pi:5 loops,f
b) Print it put roWwise without implied DO loqs

"..c) ,ptint it, out cOlumnWise' without any D,O loops (us ink
. , . , ,,

. ,

;* statements), .
'

02
,

IA

_
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.. . ,

and .appropriate lite tal. messages should Identify, the .iraiioui outOuts:*'.
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rbot:
-I4scu00 the 'use #1,eVttoct:tp.: determlnej4iare roots pf

Newtim:!e. Method 110"'An'1tel*Iiiv*.peci4ectuisil

:04-Ad.a inethod o'f9;ttf- 'co814;0.

Eitteteoll.tAiiiiterattone 100:41.0.
other.-WOrdS:,..tO

form X G(X) the. 'fOrmillik is tided (C"on.-.

rergence. 'Of the, proCedure 'clepezrs . upOn thafnOure Of.. Gp -414.
.

:
. . f

:

2 . : Sine Itmetion: i

Discuss the use of a' pOWer seriet4 to,app'foxiniatethe function sin(X).
Only a filidtemumber' of .terms.may be usied, hence the sers metfiod,

,. .
,.is akin to polykomial appiovimation.

1, Mathematics;
,

Continue discussion of suCcessive apprOximatiOris, and Of series ext3 ,

panqions i Introduce the Concept of, oonveigence iii both.contexts:
. .'

Distinguish between the errors arising from finite Word lengths
. .. .1

(rounding) and thos6 arising from using a- finite number a itei:atio4s

,t

-tor of teiras (truncation).

DXNG A.SkONkENT
4

"1. Text, Sections 5,-3, -4, 5-7, pp. 122-127.

Ie.AB kROBLXM

11 Write a Prograilnito carculatte tr to six significant digits 'using ,4

tt2the series `(a)'.-2--

'and
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1
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,
1 I 1

'
. .

.

) ' , j .; i 1 . .
. . / .! ," ,'!..)

. ,

i, ). , :
1.. ,

' :1 ,:a, ..
S ' . : . .. 0.4 ..... .;,:i,.0;

..".:4 4'..:.-. Si.i4i0tt'iatilS,1 ... '. . '."... .,'": ..' 1 ..... :I.,: . *''., ...':.**, ''; . .
.. .., ' . ,...,......,'''.1,"

.. y ; 1'.1.4.

. ., a , ' ..,.`r:A')(q,

N.,
.

.
. .: .

TE

'1Diacti88 furic#.pro anti brOutne, x$ain the, -xolio'a.t4i):ifs:11;y:.

'.°C41.414, FUNCTION, SUtIkOUT/Nt ItEDUigo-and 41DNIT.atatioixii;nt8i .

.

t

phasize thit. subpro'graMli aromptled. iladiPendi.ittY,44.t4e.tirP- ..
, 4 ;,...,,,,A,... '''. ,, , , ,...'.;;\

gr.gtni that c411Iliem or which'they.call'in.tuin ., ,:: ., '' . . - , -. ,4'

t,,, .4'. .` '
#,

. ,

.Argtnnents: , 4, ,s ,...' '"P., . .:,.. ..: . 1, . %, . ....
ne

Diacugi function and. subroutine ar.gUmerits,.thetyPitar,i0s type*, 'ilia. .

.the:restrictions imposed., tmphasiZe tite..one-to:-one c"o*reapondiinoe.
. ,-, ,

.r..ecluirOd.: Mention alteinate exits c n na ,e ar n s.,,, , .i'ind 'tun tiO Til g1121;le t
, 4t 7

0
.

A a
3.' Examples : - ,

, ,. .. . , .., tk..-

. Conitert earlier ptograms except for Lab Problem below) to subrow. ;.. .. . .--.1. . . .
.

"tinesj or functions,
,

:

I.
4

'' o.

;

, . . .

4.42,E,ADINO.ASSIGNMEPT , ,
,

.

1. Section 6-1, 6-2, 6-3, '6-4', 6-?5, .pp., 131-146.
. * . ,kt, .

4Al3 PRQDLEM
.

12,, Conve* the.quadratic equation program (Likproblem 8).tO a
sutiroutine. 'pitt afl input7output stteMenis in the m'ain Program,.

,A.

.5

, .

:
:

.
.4

: :

.

4.

. 41.4

.1

4

ft.?' .#

, .
1
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'5,
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; °Y. f
*, .#

r t

1, ,ROOtEi*Of.:eiinatiOne;'
.

9i.8.04ti8 th(;15:1:844on,thethad,:40i finatig roots (z.eroes).of

2.
0

'Aathe*Wiffiie I

pisciiSithe:'NeWkOn-Raphstni methiid fOr findiing.bote tp.rfliqUatiOns;
'hi's will reqqi-re introdtictiOn of' the 'oncei4.pt.4eitvaiivei.:.: (Note-
that thINewto,n-Raplisiut method Si 0.fixed-!pointethod...., Fure A

.

, make, the, Ne*ton.nletho.for finding equate: rpott, .:1E; a spe.cial Case
,the cal.eUlna conCePta bf seotenCe,S, 11.1141ts,' and c6ii*OlsgOice wil1 be

.

reqUiredr Derivatives afi be ir.e4ipa geometricalki by 4itiicussing ;

secants and.tatfigents.. Inthe:NeWtOnrRaphson for.mula.:,.t4e. cter,iya- .:. Y ,

( . .
*, t

* .." tiver§..dan be approximated,by.using. secants. ''.,. .,..,...:.,,.

.,..
4. .. . ,

. :. ,-,

, 1UEADIN9 ASSiGNMENT. .. ..,. A., .;, . .- - .'.

1. Le,i 151-.157. ,
k..

LAB PROBLEM i

13. Program Exercise 5, p. 157 of texti, 4's a Subroutine. Use , es ..

..

,
this subroutine, instea4 of E11:0, to lo Exercise 2i p. ,157.

sr4i

/ 4

;

I

) k

4.

)...... ... '

4
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.10" ,1I', 4**:'
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44 .411%
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. '* . , ' .

,

4

1

4.,f

; .4"

Y.

Discuss a*era4gp'S : (moan ,. roadkan;.Modo) 'and:40,4atifts (4;rartances.',,',
,

\,,,,,:
, ... s., ,. , .

,
- .

. . . .

.Ptatistica: ..: : : ;.', : '''.:;,':, :.. :.- :',.. , '. .,.... : ....,..:.,. :..

,

Loi.0 4:04 spther itatiSties #uch as, Cbtre'lation.; 'phi:413quarelesis etc

tp.AMCAAMittlART2 l'!".

Text,','Sections 8.2, 8-3, Dp. 10-1714.
, . , ,

i, I .

,14B PRO131-4M : ,

Extend Lab. Prob1e.1,T6termine the mean, thedialk, mode

and standard deViation óf'a1pude test. scores.

4`

411

h

S. r

,5
.

,

.
'

t

.

44

: 544.1' /..

p.

14 :AL

4

r , 511 4.'

5

swirl
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. .S0

4
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14. Areas..under Curve's;

I

".

Vb014:,t113,11. rettangulay.,.: trapi; z'Oid al 'and, SirripSon:fo'rWit1as

areas 'under curves .,

2., Matheraatic .

trodUce the concept Of illegyation. Thie wi,11 require the eileulue
concepts of- equpnce s limits, conxergeice

ALINC
.

ASSlGN,MZT

1. Text, Settions 3-3 , 74, pp. 161-.165.

ijAii:v5131,km

15. Determine n to six decimal places` by, finding the area under

y

. .
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. ),.: .. .041.1.sRit etitri*Oiko.a `,'. ...:.4 ..' ..* : ' :i
1. '.4(1' :.:. Ws 0s 0 ',141C GaOiolan elimination inet404or 0'61Ying......Y.st ii0.,t l'Ser.

.
i' /:. ,

, .

. algebraic it cfuatio0s.i?..: .i4itrocluce: tli.V.iriatiii; forni .4s. .1). 1'10'ii:isiriiiiia.
. . ,

J..... ttOtilneth004;00.8.6.409.11Y invtavseOr.Ow 41)..e0ist? 64,-, ..u....;',.. 2,,,''.*.: ..'2. ::'. l.:.:.''.,..',:s.:'`..i"';',.:'' : ',: ,'.. , ' "... ... , .;=.. . ' s' '. , ... ... . * /.1 . , ..,. .

...2. '..,Matti.t.eAti9br.,: ' .: . - .. ."./,'..,' ;' ' '. "
, .

: I) tei -Quo m.atrix aritimTh' etlO,.(.4c1,4#lani..111"tlit:ilAic..ii, .11'i_ai,litt'otherks.matoik ! ....

,a
.

lgebr toiiCs,'(inVerstOn; detertilinanta);? .

, , ..
l .

I..
`..

. ` 1 d` 11t :4.
SSI .

1.

.

I

Text; Section 8-1, ,pi. '166169,.
, ....

,

' ' . ''';'
. .

.41
1413 <, y

16. PrograM the Gaus'a elimination gortthtn, as flo*thatted
'Figure 8-1; p. 16.1 sof text. Add its'.,many of the improvements de-4
scribed .on-p, 468 go possible..

. . s .
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view pf the 0110.011ves 'of ther'cotir.se,, andt.`of the,bacls.7,

ie stuclenta'::,,the Sientif1 Programming;t,culfriculutn. liVas
witli the following points in ind r#0,. thi; ,courso

t as simply and.straikhtforWardly.as pOssible... There should.4.,.
e.redundanCy to aidln thelearning prO'ceps. The student's

should not be reqtiired to acquire ne* inforM'ation tht.,ough-reading:
. g,' o

Readineassigntnents should be ,gj4noxi topics'alreadY covey,ed.by
lectures -else should be optional...:.'llutoring should bO,m44fr'
readily.available. In th lt. belief that much can, Ve rearned.by" ana-

lying
e ' '

indepth sample:Prograinst thie tictic\.is relied upon. -The
stildent is also I'led-biLthe-handu a griat deal: to facilitate trans-.

.0

ference Of knOwledge.from sample programa to..newlya.ssigned

The curriculum shthild not be rigidly structhred; but,,trapter
should be flexible enough to adapt easily to any particulargroOp of
students. Consequently, the instructors shoufd be .ailoWed-a great
dealrof freedom in the conduct of their classes ,i3ut while we cannot

. expect every class to proceed 'at the Aanixepaee, a certain minimal
level of achievernentishould be see'(Schedule , This provides
definite target and assures that upon ahievellient, the student wi.11
ahave truly profited from: the course..

,

, .

'1,.Etriphails sliould be placed upon genuine Awderstanding of,
'.basic and general pbncepts 'ahd riot Upon the'details or idiosyntraciea

1
, of,specific languages. -Consequently, the, first portion of the course

coverS basic.concepts.4-aabeit-ihn,:t e FORTRAN context. w.h!ile
. .

FORTRAN may' eventually betO.Me bsolete, 4,14, underlying knowl::
eage will remain of value... Thus nd attempt pehOtild be made to teach
as much as 'possible Of FORTAN IV at the ekpense ofa weiVtteat-
ment of a futidamental.sUbsetr of the language. 'The subset st;kehised

,*
.

in the,course iS sufficient to program solutions, to all problems `the .

r
students are likely to "encounter in the near future, however IneVi-
ciently 'Ortinelegantly: This is t\heieason four basic compute*,

414
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, ,

-r.;',";!ify7.3."T.

:

operations- Op eiophasized, while other higher ie'vel, operations
a

as the. iteration .po statement) ate ,regartled. as. conNieniepceS
4-

The 'main matIpematicAl content of the 6ourse is' left until
13 the last week and is' essentially Optional'material. he mathematic's,

-heres.and in eaTlier,lesonSshOtild be prestented at whate;ifer, revel
seems apprOiviate for any par4culaiclaSs .. Since lit\tle' mathematiM
tat maturity Cam be .expeCted of the" students, it is expectedthat the

.1"evel will be relatively unsophisticated. This is rpt to say that,neir
and:/computer-related mathematical topics 'should not be presented.
In a scientific programming otiurse, mathematicsA:dayS A veiy im-

't

portant role. 8ut.care should be taken that Aifficulties i0 fully tin-
derstanding the rdathematical aspects of a problem do n'ot prevent
students-from successfully learninglo program its solution, nor
become a tf3 &tree of serious discouragement. When this is the case,
th.e Mathematics becOmes expendable.

I.

(- Treatment of numbers-and their representations is of
especial importance in understanding computer arithmetic. Re-
grettablyi the mathematics involved is somewhat complicated. .0

Very basic material on number'systems .and internal storage of
numbers ts included in thil course,' 'enough to tlistionguish between
fixed and 114ating point representations of nurnbers, and to reveal
.the mysteries ofroundoff. Fun. mprehension of these conCepts
is an unreasonable goal for this course, but knowledge of their
existence and appreciation thereof is of value in itself.

.Only a minimal number of laboratory probleins.,were in-
, ,

;eluded in the' lesson plans. These pXoblerns were designed to erri-,
-phasite.'certainclecific. Concepts, and were tiOt melant.to- be corn....

prehensive . 'The instructors *ere, expected. to Supplement the
.probipms with- h6liiework exercises and other laboratory probletfis,.

. 6i theh..own. They were also to design theh. own examinations.
Copies Orthe contributions of the instructors Appear in Appendix F.

\
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.%, At its.cOnolttsion,,the infitructiOnal stag was .4,01te4to
. . ,

..eyaluate, the. course. This *as .done biAuestionilaire,:,a';copy Of
., iirhiOhle,app.ended%(.A.pp4diX.ii)"... -...W.e s .here tlie maiii:'.

"'iv .ii - .
, .... t ...i. '':'. . ,%-........., , .

. ..

- critiCiiirhs Offered...:-..,' ..... ,.. '''''... ..::..' ...,...1.
. . .. ... . . .... .

., .... .

4 .... ., . ... .. .

. :

.'.

The cOnceneui opinion wa; ;41E4: in.$1,01,01.tie cOUrise.
".`

wa a fruitful and rOwarding experiince for staff 4an4 studerits
, alike. There Was no floitl:Et thatanon-hotio high, ithoOl etudelits
could be taught kdentific progrimming.in as litOolts. fair weeks. . .

, . . ,

,,. . This was borne out aiain in the ,ootirc.tethie*.sp.Mixi!e as ft..1.1Sd .,
. . . d

t beeit the .previous two."surnmers in predecesisOr courses. ,.ati well :
'- .. as in courses ,ticrosa the. country.. A 'c011eiction of programs ..(and

.. . ,.,
theit'results) written by the students ia'inclUded'in Aptiendix G. .

, Most of the remarks made' in lastyearls report remain
valid. Academioally Aiented.stiideints, many of *hom.will us,e their
newly acquired 1Cn.owledge as a tool in their '601lege work,. beciami
rnore,enthusiastic about pursuing scientific research after'having ,
been exposed to the Use of %computers di solving problems. Less ,

, academically incline& students showed much more,interestthan
they had in their high school science and rriath courses, which they ,

claimed were often too theoretical and irrelviant to their needs.
There were, unlortunately, a ntimber stwients who licked either

. sufficient motivation or persever.ance Qr aptitude, and consequently,.

di4 not derttre m.4ch benefit from the course..,,A majOr quetlion is
whether more careful pre-evaluation and adnlission Policy Might

have or should have eliminated these students fronithe start.

..

. : ''. .A.question.raised by One instruCtor was that of whethe
,. .:,.. our 4fitudentS;:14,i6Ul4 be .eactly those:who have .found,no motivatio

ic'',:":.'=rra.-:. ..;fY.4: A . , .e. . , ... ' I v e s

ft . . f
.,

, , .
"I

,

.
.
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traditionatedicational experienee. In Iirti'-selisiOn
,

sions 00 Was de,9idedlhalthSrS,WaS verY little we, having ,tri.2.forrixal
. . . .

.

sducational 'Or psyhooØc.a11z'aining, could do with kuch siiidente.
In any' case, it wai con4luded that.the ,problenait these ,students-face
are- so'.deep as tO'he imPeryipils'tO a liiited fOur:Wee)s :.attack; Qu

4,
..

. courSe Was. seen- as .providing...an, 'opportunity for those. Who' are moti- .
. . . A .1 t 1

..vated and. hoe .the aptitude (albeit not reflected in thsir performances
A : in high school clasSeS"),'. rather than As attempting to .proVide Motii4
..,, 4aticiikto. those who lack' same'. .

, ,,

N,
.,, e t .....

. , . .. 4

Y
Whileit was out objective to proVide pripaitor.y. rather -

..

... '1' than .remedial training,. We mUst still be Concerned With the'motiVa':.',
,-..

,
.

f tion of the students, 0.t least to the extent Of not .discourailing anyone'.

t

?

This is a derio.nding reqUirement and niecessitates a 'conscientious
,

effort on the part of all the *staff. The extent to which till :staftwas
successful in this effort, icult o measure. .

er criticisnis made relatod to the content of the cOurse
and to the tekt. The text was not found to be very helpful. Thiti aid 2

not, howeVer, present a serious problem. The coitirse had been de-
signed with most of the burden plaie4 on.the instructors. . Further-
more;'-programming more so than other subjects is leapied by doing.
Hence, although the text shoulcl..be ChOst'm WiSel, it is more impor- ,

tant totencentrate on iMproving }the quality and efforts of the imsti:uc-
..

"tional staff: It .should- be noted that no book examined was found to,
.be entirely suitable for this course.

The courie content was generally'fourid to be satisfactory.'.
Soine 'instructors 'expresied a preference for .a. different- ordering:of
subject&'and a Slight shift in emphases. The. IX> statement as'

.

thought to-be too closely linked"with subscripted variables, d a
simplification of input-output by use of standardized formats Was
suggested. Some students also,had difficulty with vatious

b

.

:
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iMathemat04 'erinceptir''':intt44'deemphasized expodUr0,0tthe oncepts,
,

torinIce ihiitr';(,cCtinPlete.
. Alternative.' : .. ... 4I,. .

r". '

th .. e. deSitcr Air the 'incluS/lOn of.Moreeacertised and,
.

,

;'. laboratory problems in thelesson plans was 4pressitl... More could

be.sea:eily found Pvtlie4tlitktide Of. FOrt.TAATIffekts! th4t :StkoUil4;.; %31d;
,cons'e4nent/y, there. was no. real .difficulty lealiing .adclitional, ssign-s

e*:*

. 1. . .

. .

.

l'.,-4'.

, mentk'to the discretiot,#.of theinstructor 0:* One other' citi,peiim .iirns / . '''-;;,',,. .

'that thelaboratory iirobleMs.,providpd were too easy at the start'', ,',..4;' .. ....'.;-."

4'. while:relatively difficitit ;Umi,:time-const'uning.riear iho..end of the. ,, . :.,;',

.o.tir.se. One inggestion for .remedying this is' disenssea.in.the con-, ..',, ' -

eluding 'Section. . .
, .. 4, ,.... ..

. - .. -,/ .

. 10.. Recostmendationii
we coiKUitle.this report on the 'Scientifid'Progrimming . .

4Couriie with a of recomMendationS*fOr irdprikring.tlip operation),
and content of the course.- We..first should emphiliie that the courie,
has been found.,to be extremely'valuab1e and should be offered agaiti, e

perhaps on an annu'al basis, Furtherrnbre, .we recOmmend that the

k

. .

course, or a facsimile, beoffered across the; country for there lir
need everywhere.. Recommenclations f6r flitt4e courses 'include the,

. '

follo g;:
t

4 S. s,

,

Apmis$ION. The ,m6re effort made in preoev.luation of
applicantd, the more Succestlful the course is likely tO be. There

*
is of course a practical limit to the amotmt of screening that can
be performed, but some attempt shoUld be maae to limit enrollment

_to those showing motivationAnd aptitude. (We iliscuse this further

,8

.

SCI.kit)ULE. Because of.the nature of the subject., it is
. , .

recommended that the Course be taught with,a shifting schedule.
For e?caMple, during the first week(s) of the class, three-fourths

44.

.., 7' ,.. .

3. 7
.

..

.
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vFeefg.(i)., ttip ..wtqd. bp ievers,e'd.,' With One -fotirth .10:ctuee,..0:nd th,icOP
. . ,

'fourths,'lal4oraitory'; 'The'rn.iddle'we'ek(s).niay.be 'split..eiierily 'between
iectUre and labdratOry....

STAFF. Great care should belaken in the reeru3trnent'4
the instructions.). 'staff. D'esitabke qualities for instructOrg,''labori7
tory as sistantb , and tutors,- include loiowledgeableneis Asolthusiasxn,,

9
.

and a sincere desirfs to help. Of course, spthe plickexperien54
teaching Would be preferable, :but this 'has been 'found to dbe urinetesr
sary. Of greatev imPortance is the ability to .Interact well. \

INTERAdTlON-. It is of greatimportance to establish.rapport
with each student. This has the benefits of increasing the niotivation

I

of the students, afding thereby in their learning proceos, and as -a
consequence-rewarding the members of thetinstructionak staft, stiinu-
lating then:An thir enthusiasim, whence also their effec\tivenesS. The

3

. instructors should see each student individually as often'as feasible
and should enc rage 'class, discussion by all. ,The,laboratory assis-

41

tants should tak the initiative in soliciting questions frorp the stu-
dents, for those ho need' the.most help generally will hot seek it
It is r commended that this be done by reviewing each student's
pro ess periodical ech day in hip presence, This 'would encour..
age the studentEi to ma e better ilsia of their time.in the' labsratory,
and would benefit the m e rbserved or shy students who` would
otherwise re'main withdra , The, instructors and laboratory assis-
tant's should not hesitate to r Eer student's to the tutors; again th'is

. should not Joe-voluntary, but sh ulci also not be an ordeak nor 4-stigma..
The tufors, for their part, *ghoul be well versed in the ;Socratic .

ratthod for best effectiveness. Idea ly-, the .etudents s ould gardo
each.inenTher of the instructiOnal staf as a friend to whontheyrna y.,,

sel , 'readily and naturally turn..
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E. CONTEWD. The co*tent oL the course is baBi'4aUy souz49, - '

However suture courses 4th dWererit phase5 bOfl nodi- :.

fcatiois vouid be . A more con?et 1o4*orLened Y ':'

OUre woga reBuit by e1im3.nting most o t)ie bastc i.ntoductpf'

t '

4

materta id atating w.th QTAN eieuènts ('O1(TRAN te*s
h , l'y an 1rge are of this natne4) A less athena1ic1 Qur8e woi1d

\ b Ic

l

r su1t by14eleftng Lessor and trCatng t1e Otbematiemaftca1
I \ 1

op*c,s in a ooithoolt fashion. 4 couxse or bnoi stitde*t, woild \

resuA by discss1ng each si,ibJt more deep1r, provicing more

rrotivation and balground for the various qonøept8, and also by

strengthening the uiathemattha content. A mpUf1ed course
would result by eliminating most of the discussion of itput-Outpit
problems and utihziig s1andardized formatL

DURAON. While the progress thade br mogt studentn
the eighty houis of thecourse ras rost grtifying, there is 1itle
doubt that a longer course would be of great benefit, EtP school
programming cOurses, fo example, provide five to ten times the

I hours of instruction. Co1ege coirses, on the other band, gener-
aly provide fewer hours (arOund 40 to 50) of instruction. (In

college, however, laborory work is not uBually included in the
above hour c9unt aS the s1udents are expected to do most of their
work on their own outside the classroom.)' In any case, it is rec-
omrnended that the duration of the coure be increased.

0. OBJEC11VES. The limitation to motivated and apt students
i justifiable in elaticn to our stated objectives and capabilitis.
Regrettably, many students,and in particular those who 1ve a sub-
stantial need, cannot meet our admission riteria This 1edsus
to the question of whether or not our objectives are too narrow,
and w1ether a similar course should be designed for those who have
the aptitude but lack motivation or for those who have the motivation
but lack the aptitude. It should be emp'hasized that,a course çr
these neglected tudents must necessarily differ in cQXiteflt from

(I
I

99I& ''
'

I

&

I I
I

r



b/ie iireseix('PArEl.'' rttlifOOttli4i0, . *shoo fri,i4i" siudetts *001 re
. .

,
.

,

quire :a well4rainOtt.OVci,(luotiqnaytiro.ry,and payehol9,00..instiu47.
tional;:ai4f:4-.4t iS4at that effoivii-aiOns theee tilifr'woliid. be of .4svvaiL..2..,..;.,

. . . . . .
.

al.uki4t0; ancl therefo?e it is ipcorninendedthat:alich.reMedial.cOurses'.
be deSigried. andfiiipiemOted..;,,

H. SCOPB, tecattiii of the success of thq prOgrairin this ye.4.1`i
".

and of the prograkne of the previous two yeais., lye feerthat th6,
lScientifi'c Vrogrammirig CodrSe ha's. Proven its''.ivalUe. ifherefore

re,commegd in expansion,of the%progiaM:to acconiiiiodati
as many underprivileged 'youths, as funds , facllitis,. and"personnel
w1..11 allow. .TUrthermore,..we recomniend that simil.ar programsibe
.made .availabfe across the country, wherever there,are stUdents

'who because of inadequate schools and a lack ot community conceyn
'find themselves iricreasingly at:a disadv"antage. .W.e note that7pro-

gramming courSes are sently made easily -`aArailable tE students-
.

r

at middle or higher:class schools ,..and a MUltitude of courses fOr
.honot stUdents. abound. There is no SOUnd re`ason 'for neglecting

tile average .but capable high schoOl youth, 'whci. may nothavd lieen

asZ 'fOrtunate as others, ttit who would take advantage and benefit
.

' atigii..wha:tever 6\pportunities he.may at long las,t encounter.
't '
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'COURSE .'... . DATE. CLASS
....SIZE. TIME ,- LOCATION'

t .
INSTRUCTOR'. DISTR.IBUT ONi .,, . ..

Scierttific
Progrimthing

Se Ction A .
I

. June 29-
July 24

.. 2) .
4,

25
:

10-,12 Lab. ,

'1-3 Lect.
*, OHE 210:--

viiE 310 .,

. . ,

,. 'A. "Vakush
... . . '.

I . . '

OHE 210-5kps

.
I,

Scie ntattc ''

Programming;
Section. B

ne 29-,
1 24

... .25 10-12 Lect,
1.-3"4.Lab.

VHE 3,10
: OHE 210 '..

D. They
.. .

OHE 210-5kpi.

Scientific
rpogrinuhing,.
'Section C

,

Ane 29-
July 24

. .
,

25
,

i

':. 10-12,Lect.
1.-3 Lab,.

VHE 314.
. OHE 212

'.M. Watise'rman
.. ... .

?

OHE 212-.5kpa

Scietttific ,

programminp
..S0144tioivb., ,#P.

,

JUly 27,
Augusts n

, .. ',,-

'. 25 10t.12 Lab. .'

,1,-,3. LeCt.. '
.4/-

OHE 210
HEA:10..,,,

i

. ,..
4.i. Yakush

.. ,, ;b,
.. 1.

:ORE 210-5kps .

, 4 . yii;. . ,iikri

. . 4..

Stietitific ) i

Pkbgra,tbmitig
OPtiOil Ili : e. .

',

July 27..
AuguSt .21

, .., 1. .'
'''

.
,

.25

2

.

10-12 Lect .
s'I-3 Lab. :

.

V HE' 310 ,

" OHECZ10:
D . They

: .

. ' i .

.OHE 210-5kps
, ',I

4cieptifid. ..
Peogramming
$00tio.n.ir

,

:Ju1y427.-
August 21,
. , .

r ,

. :
'

-10-12 Loci.
1-3 Lab.

.., ,
,

VI-1 314
'. O1E 212

IL Kashef.
: ..

.01-IE 212-5kps
., ,

4.

4 4

. .
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\:: 11.10,..lotttli..th:4';'4'.0.i:. 'series Loliow a certain rule, For each series
of tercrin
One of the. lette`ie:.at:the:.ri4ht "Side .of the pag,e Is tye. Ccirre9,: answer.
LoOk, at the .4xarnple below.

A1

. . (l) (Z) (3).:(4)' (5) .

W. 4.1), a b'.a .a d 'e-
. .

.Por this prOblem,' the series 'goes: ab ab ab ab
The next letter in the series it a. Choice 1 is the correct answer.

.1. (1/ (2). (3). (4) (5)

. . . .

,e

. In*Example Xaboye, the series AO,13 likethis:.aa :bb cc dd... .The
avver-

. . .

Now do' Example Y below.
I il

. Y
- 4,4q,adaeAfa clse.'f g h,I/ (1). (2) (3) (4) (5).

i
I 4

In..ExaMple -ic the series goes: ca da ea fa.. Therefore .

answer is:a, Choice 4. .

,

.

N'ol.x, do Iticarriple\ Z. C. '-

1

'axby.axhyaxb...a.b, x y
1( 1) (2) (3) (4) (5)

the eorrect

In tionple Z, the se les goe.ea axby akby ext.:. Therefore,
the correct answer, is - Choice 5.

4. In the problems ofi the following page,.you are to select.the cortect
,

letter an the righWian side. of 'the page which belongs,next, in thci
.serieS. 'Indicate the orrect answer osn the answer sheet-fr.:.

*.

.%

%,
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you..will be, giveri-SOO 'pfoblem,S, like. thOse'i.on,:,04S, pageii; ,
. .

tow,%s a prabletri. Zaah'i.Oir coriSysts oi foUi figures on the .

F:ohand.. Side .of the 040 Snd:fi'Ve flguies on the iighthax.td si.cle o
.. the .tage: :The foui..,fig#eS 'on the left nialce .a: Series ; You are to

. ,. find out which one o the figuies .onlhii-fityt-luvild'rsichirvot414--be-the
:

tiext, CA' tbe fifth.'cine'141the series ;;. 'Nciw. look 'at". giamPle..X... s.

A

srII kiii
1101

I
.111

mm
III

*In ExampleX thexe is li,,clockwise,MaYement a the stgipeci square:
upper iight, JQwer right, lOwer left, upper left. The nextt'or fifth
position in this clockwise Movement would thus be upper right; and
so Choice 2 is the cors103ct answer..

Now.look *at .Example

.1*

In We series of figures on thejeft, :there is. one More line in each
box ''a,nd these lines iicxease..in length:. 14o iv. look at the fiVe choices
on the right-hand side of the' page and determine the cdrrect answer.

'You should have selected dhoice .5 which has fiye lines, one more
th.an'the iaSt box o'iithe:left*with the.fifthline slighti/y.loger* than
the ia'stline in .80,?c
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art 4/. You Will..b0givezi 'aothe probleins in aitt4,4fietical reaSouip,:g..
. . .

After eaciPro,bleva there are five ansWert3i but only otie af,the is the
.corre'ct aniviier... You are to s'OlvAl eich:prObleril and indicate, e cOrreOt
axiswer on the: ans*ei Ot15:10. The foilQwtn rob1ems 44ves io,per..doxxe

.cbrrectlir, Study them'Caefully, t ,

mple X; Now many apples CapHYQu buyor. 80 cenfi.; at ihe
.

7 4

fs

(1) 6.- (2). 12 (3) 18 (5) 30

The correct answer to titt problem is 24, which.is Clioice (4)
A

,
1

' .

Example Y: In 4 weeks John has sAved $'Z Arhat havehis
average wiekly sa.O.ngs.been7

..1/4

-(1). 35 (2). 40 54 (4): 70 ()

'''r .

,

The correct-answer to the above problem is 7 Choice ( ),
.
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1.

.

.A clerk multiplied:a nUmber by ten when it shouldhaVe betan
dMded ',by.te,h4 'The .ansWer, he got w,p4140o;.isibt'ehi:oulgi the
answer have been?. . 1:

.

. (b) :10 . (c). .100:
,

, .
,

(d.) 1000 .. (e). 10,000.; ,

.
I

ti
22. 'The averagesalary.of three programmers'ip, .$95 per week.

If one programmer earni $115, a ..oebond earns $65, .hoWJ. .

.3) ° muCh is the' :lary 'of the third progra

.

r, (a) 95

(d) $160

(b) *10'5

,(e) $180 .

:

,

(c) $.115

23. If a card punch operator .can process 80 cards in-half an hour,,
liow many cards can .she process in a'seven and one-half hoUr
day? .

(a) 560

.(d) 1126

(.11 600

(e) 1200

kfk.

.,...,.. .
. , .

Iiraprogramming team 01:12 personfi, 1/3 .are .vomen and.:2/3 , ..:;,-. : .:. . . ... ,.. ,
are :men........,T90..tain..,4 Iftapl ....Niti*ZPIK,W9MA.4homt;;Outny;,,,tpaii,,,',,,,,,,..:,..,;,:,..;,;.,;.s.,,I.
should belated?. . .. '.: ,. 7 y

.

c e
. .

. . ..
. ... .. r

.

, 25.

(a) 4

(d).

1 1

(b). 6

(e) 20sN

(c

.

It cost a:::c6llege 79 cents a oopy to produce the ,program for
the home c °Ming fo.otball. ganie . If.. $154000 was re c eiVed .fOr
advertisements In the,prograni, how tnany-copies at.50 cents
a. copy mugt"be sold to make a profit of $8000? 1 .

1/4.

.. - (a) 14,000 ,

(d) 060

.

15,000

,(0) 115:600,
.

(p) t. 46,000.
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opt:MA:IOU:TO COMPUTERS,'
1,',

,

- Mahy.peotil, *..ega,i,d.digital'O§Mp4te,010, *cauq0,:y
d , , , ;, c;,c

O the'..04,raculo40 p.PWert'Ofteti 4ttrih4ed2t6.them.,4, :7114;is in1

aik- 'h ."pall :to, the faCt tha_ _oMptter n f4pora., ave. en e . ,. r
.

be more anthropomorphl,c than ncessa4ry, One spc,40 of a comt, ,,,

puter's "Memory t," anci. 0:',48 "r ading"...and a7bilitie
!

. Qr exain.'ple:: It is no wonaer. then that cOMputers ai.,;e::SOmetiineS
. , . . .

.. . popularly referrid to afi. nelectronic brain.s;" 'We shall See4 how, 4. ',
, .

,. ,... . ,.,.
;a"Vier,, that whatever c'omputia`is c'an do. today ,-..or for.4enera.tipnoo..

. . , . :: q, . , , : - '. : 'w} +t

*come ris entirely dependent on the brain power of the hinnan pr
,. ,.gr.Arra-4e r . Our immediate qbjective shall be the elimination of e '. ...,',' ... .

.
i'll *s cisin,thhtpervadet the' air ;egardini what afipomPuter ,44,i.

..,,, . ....

4 '
,

what it can do. , . .. .,
4),

.
, ,

.
,,,..

t h: . ,:,
I , :, ,

. ,

it N- ti- . ... .4 *,1"'

,.t t's Really Just An Adding Maohine : ,
k 4. 1,

A digital computer is More aptly likened to an ordinary'-

adding machine than to a'hunian brain. It is no secret that a corn.,
cputer does arithtnetic and does it welr. It adds; dubtracts, multi-
Plies, and diVidesall at extraordinary speede and With incredible
accuracy:0- SO it should come:as no surpriee that computers alid
adding machines have this characteristic in common: an internal

.

'mechanism, Which we'll call an "arithmetic 'unit," by which niim-
.*

bert can be operated upon. (BY "operated," 1;ve mean added, sub-,
.-tracted, etc.)

-.Our own experience with adding m chines.--a cash regis
ter is good example of a particular one--ie4s .gs that somewhere
,insiite is another unit by which.numbers can be itored. We inow

*This' is 11,(Ct to say that awe is totally unwarranted. but awe
; based oh ignorance 'rather than. knowledge shOuld he resetved for "

the aesthetic arid the divine.
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*his aloite itotalte eribee4 jr th 116,4011'1mo.. opute
'ehare what .maic 1)e ternled 0.,,!!ttarage

,

-.----Wal.00-lcnOvci, that --sOme eXist for
4 a

the,internal'operatic>n. Of an adding machine. Depending ,on whfch
.1

.
b*tqn is pushed, the.add.i.14 machine, can be l'instructed" is!), add Of

sUbtravt, to di.sPlay a subtotal or total, to cleia its91f,,and- so forth,
The meldhanism'w,tlich regulates t4 actions of the adtling machine

is called the l!control unit," a unit also shared by computers.*1'v

- A further analogy Inay be made in eliat adding 01.akchine8

and computers both.haye "input/Output units",-;-that is ,, mechanisms
. A

by- which numbers\ may be, entered and "instructions" .givend and b'Y

which the resuttd,of the 4erations upon the given ntimbod'r,d*may be

'displayed. Adding machines have buttons 'on a keybOard or input,
and have It.windows" and/or printed paper tapes for output. Corn-

. puters have* larger Variety .of input/output Media. In itar.every-.

i
--' day lives; uie have all encountered punched cards whyh may. be

. V ud,ed for 1:th inptit and outPut...Printed records, Or 'Ilistings,."
41

V c.-

are also dommOn for output. 1
. . .

We thus arrive at a model...pictured in Figure 1, fo'k.
.

:.' both adding machines and .cornputerde The presenceiofthe control
wilt at the hub is more.figurati've than faaual. It is Meant only to
represent whate:ver controls the internal*operatiob, and inter'actions

/

of the other-units.
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oneseItse a aø11e :.regpx it$4.0,k0a).1,y..th(kgiae 'Ss .1!!1*4*0,,sly-.

Punt, however, thoolci:beinterprotedwi cOV0.0 1:4*:4 re, oeo,p tat'
a fyiWaiiieiltal, :e01i, otbe

. ''',;.*. .'" . :

.:(4onoept:.: ,3.3sefore elaboratiN,,onthts,i we iU firOt doAsici,e;r.hoi,V:wp

mightJ4ott.:itt' a:lifitil.:son*b.if.1*(1 at ceas to a .44PIng.

cOlate 'We iio,bpc.autie.,:4n,

0,Ple ; 'the apprOaC:h to be -taken 1:s.:0;.k.,ctiy..anallogOu's tc4 the .. apprfoi0h.

we in4st takeWhen.using .... .

,

'4" Wfiat Vtra Th. .t. in
Suppokyv Wishedy calcul4te the average of a collection

Of numbers , as mtist be dOne,' kr_ exaMple', td.detexmine the average
ac,ore of.a.lass. after an exam4 An averaging iroeedure for fi'Ve nuin- *
bers may be described,aa?.follows: add,the nurribeis and divideby
It 'may ;seem :that *this cfe scription is uriamblguctus but that is because
we have all:taken averages before'. ti TO a person who doetr nat know
whit an average is, and who perhaPs.bas never addekl more' than two

numb rs atoa time the above description would undoubtedly be in-

ade ate. A more explicit averaging procedure for five numbers-is
as f llows: ,

41,

II 1:
,

Step 1.. Take the first number,:
,

... Step 2: . Add pie second numbersto the risult of ptep 1.

t Step 3. ,Add thp third number to the' result of Step 2.
Step 4. . Add t e foirtik number to the reault of Step' 3.i,

i

rl . .Step 5. ::Add the, fifth number to the re'sult of ,Step 4. .
( ;
.....

: ,itep 6. Divide the'-result of Step.5. by ilie nUMber five. . , .

,4
S.

The above set of instructions s still.so ewhi incomlete. For if
we were to assign the present task to a diof--who could°dAirnple.
4rithrnetic but was otherwise devbid of intellectual faculties (and it
would not be .improper to think of a .tomp4ter, am. s-uch an Igiot)--then
it is likely that we must be more speafic. For eiample, we must

1
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.(alih6Ugha, in :this, :Iiicariiple,,. it igi, irrelevant) , and , tur the, x.,:,,w.0'.,41-iiipf-li,

him that the ?iiseWer we qeelk, '16 the yesulf of the laSt.ssitep:(St0 eP 6) and . .\.

..to reportit... 4.;: .' . 0
, . , l 1

. 6 : ,

;
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'

v.
:

I.

-

.. This exlamPle was .c.ontrived to erriphasie the lact that, .

.when dealing,with, comPuterS, we must take .great pains to be.:un6rn-
bigttous. For we' canniqt'a.ssurne that our inte4, however obvi'd'ul*to

,q.
us, can be,coillmunicbled without' stating it explicitly, completely,
and precisely.

,

4. . A New Lan'gussy\e, A ,If We Didn t Have Enough 'Trouble With,
- ., English ,

A , (

. . ,. We now note two other inadequacies :in the foregoing s'ix-
. , .

,)

. step procedure. .First, a more concise means of .representation ,
,,.., ,, ,

should be sought-sO that
. Iwe can, state instruclions for averaging 100,1

or 1000, or more numbers in a mon!, compact.form. :Second, a more.
gener.al fneansid r:preSentation should b4 sought so tlfat We can use'
the same set of instructions to obtain Me averge,s of 100, and,1000,
and more, liumbers.* To,average an -"array" of '111 numbers,

,
.1

'
,

X v..'{X 1' X2' .,X 1 we- might reformulate our instructiOns asfol-
,N '

, lows: 1.,'

. Step

Step 2.,

Step 3 1

Step

Let our subtotal have the value zero.
,

Repeat Step 3 lettink 1 take each of the integer,
valties from /1 'up to N inclusive.
Add tte 1-th numbek(of tlie array .X)to the
"'Current" value of th ubtotal, and then let the
subtotal haye that sum as it's ne*vSlue.
Pivide the "current" value otthe subtotal by N,
and then let the- subiotal have 'that quotfent as
its new value.

The worci "curr'ent"--in the aboie ds ineant.tó imply thati the steps are
4slerformed sequentially in time, and thus that'the subtotal Changes in

6
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4.1 t, V01.1114). t .,eps. are exeou 4 as, go
,

. p.

Otep:2 :..a.ixtOs$tel:i':.3"ts.)...19.1.0;.exep404,,".'$:!tiirkeli:..0,40.te:'.1 4 .

.Thui 'the r.r..

. .
. . .

,

The, .aboVe! ta r.4ther wordy, and hence we.:4dOpt the folloOog
shorthand' language ,

fr t ;

SUBTOTAL=0. ,

1,4 2 -1)0 3A=4,11'
3 .SUBTOTAL=SIThirOTAL+4I). *,

'4 SUBTOTAL,=SUI4TOTAII/N

f

We shall call a set of Instruction's wiLitien in'this.,shorthand language 's
a ."0.4g/an-r;" A close comparisen Of this. Program with the Mores:
verboee version will ieyeal how this new.language is to.be interprAted..

,

But a fer explanatory notes ,Should be Made.

First ,observe that the values of ,N and of the arrat X are
astiumed to°be k.nown to whoevey (ox,whafever) use'S the program.
Stated in another way, N and X are vriablee, whose values depend
on the particular-sett of numbers we wish to average, and thus must
be specifically ddined for each new set. To average the three num-

,
bers 5, 10 _and '15, a complete program would therefore be as fol.-
lows:

.

Nir.3
X(11=5.`,.
x(2)=10,
3V1,5
SUBTOTAL:-.13
DO 3 1-1,11,,4 *,

3 ,S,1113TOTAL,=SUI3TOTAL+X(I)
Sth3TOTA4tt$UETOTAL/N

We observt, from the above that it is realty unneceSsary to
numbef each ine ()restatement," since we Van by convention assume,

;

N
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TYY,rTf 11, *ferItgelori:i),

,

A t*/ ertti *i4.0 1'6 iiP',4414,46.1,1f1410.:

Npt.i)ia:t(41.1f,t;0\;:vviite:'6tatenierito..#4nibei!s:or

',..40,41(e'illile:eatli.er.for the: ty,p).4.: fOr Arlyppgy,a,Phi4a1;

.

. has ,bee0 )(CO..
i

.finAl, 0bServation is that the equal signa usedn.i# the pro:- ''i .

'( 4

0 .. .r1'. ' ' ' '.:.i

.

gram signify, replaCeMent. rather' tiian' eqqivalence . . 41. 9,t er Iwo 8 , - ,

in the .statelpent: numbeFed 3, ,we cannot c'ancel.$U13.TOTAL0 and.r,can- ."
1:4 4) : ' ..

e ).

. 'r
clude that X.(i)=0 is .We woUld iii.algebra. :1:11se',correct mterpretation, v

i; that the -exP4e8siOn on the ,,right...hanl:StE4-:, the.eettial stgn is to be:
k.'

evalukted:andthis value.is tten to repjacetheiprevjoils italUe of the' ..

, variable named an the 'left-hand side, We ernpha'stze again .that Vie
. 0 . ,

instructions pf the prografiri are to ,be.exectted one at a time, inde-
. . .

.,

pendently of th:e other tnstructions',.t.n A sequential manner. . in other',

41.

wards, computers basically operate by sequentially replacinig the
values Associated witli variables ina mannet dict4ted by,prograMs

t
written in a language such as the above.

.5. ,

The shorthand:language used above is FOR\TAAN..
A/..s

. .

't

v.*

. ,

mo

.,

a
S.
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It Ttrfrgr'opuT. Ty.N04(0,9.47:1 1375:174);

BASXC qcw#,U.
I.

io '5'. .,

ptir.p.rey ..we have Seen whtit a typiial corn- .

1 .

.,puter,program looks.4ke InPartiCular., a FOg,TAAN program cos-.
gists of a set of staten'Oints'Whi.c,:ar, inStrUCtin.s. to '..roin.i3utei
.s.corte*.x.yv i'ippayin.i t24anrLer i w1nli 414S Of 71160:ab1.ii; th(.a

lie. aequentially.determined:: W9a.shall-attern'pt to explain here how
coniputer,516.tually..goes abOnt executing Such a prpgrat.

It shoUld first be eniphasized thaitcomputerJan&lageS toUch:
'li'ORTRAN cannot be 'unclerStood:directly,,Ii0140,1r.pu:ter; One rea.-

,

'son,for this is that', whereas ,we have an eXtended alphabet Of 26 1et4
,

ters, 10 divit,. and a., dozen or so spedialcharactera or psonctUatfon
marks at our diqposal in writing a computer-prOgrain, cOnaputerta on
'the Other hand only have two digits (zer.o and'one).in its alphabet.
Therefore'*each charatter in our 1éctended alphabet rnuat have a
tinctly.cOded internal-form. (Iri he IESi.4 360, fOr egarnplei*an A. is P:
rePresented internally by the String of ories and Zer6s. 010000-1.)
:The .encoding process frOm external to internal forn. is done auto.;
Inatically; so far as we. are concerned; .via t4elnagic ofselectronic8...

. , .

When a computer reads in a FORTRAN program, it will
have stored in its memory a very long string of ones and zeros.

. .

.,What Occurs then is a translation process of.serne complexity. W,e. . i,

can only hope to describe here in very simple terms the essential(
features of the translation procesis. The underlying concept is,that

. the translator (callecra "compiler") is in reality someone els
,

previously translated program, whose function, is to read in pro- ..
grams in our external language, encoded automatically as a'string
of onesvand z4ros, and,to then translate or convert this encoded,
string (which we emphasize

4 is numeric) into a different numeric -''''
strin which the computer can then understand. The translated
Strin (which we tall the "object code") is said to.be in a "machine

t language."
4

V

,

'
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pote't...i#1.(toi4pAin:g. of thr riatii.c1

maiine t4uguage, '91'ie .s.11411, first dl8cus8 whp,Ck4sic

;

.
1

.
r', , ,

Kcornputer can perform the four, basic arithtnetic op- ,

erations--ad.dition, subtractiopt.multiplicationA and

A computer can senpe Whether a number is positive,

quential.opeiation depending ,p.pon what it sense.

3. A computer can perform input and output (read or
write) operations, which invo1ves4 di,reCt and auto-
matic encoding and decoditig of inforr^tion (from
exte'rnal to internal form or-vice versa). ,

4. A computer can transfer numbers around in its
memory.,

A computer can do nothingselse that does not involve thege fundarnen-,
täl capabilities.. Thus the task of the, programmer is to devise schemes
(algorithms"),to solve complex problems utilizing only these basic op

erktions: r
Machine language consists of enCoded instructionS that

specify which of the above operations is,pfP be performed. The trans:-
lotion (compilation) process involves the conversion of FORTRAN, in-

structions'into machine languag instructions..
kORTRAN prokrarn
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1

wO411:1 bc tra'4lateof int0:01i!chtne'.:lik4u440' lx4EliuoftOns that speti#,:i
fol16ming seqUerice-0Cfunclamentat OperatiOns4 . .

th

1:

. %,k
41.

. 1. Transfer zero tO SUBTOTAL.

2 Transfer 1. to. I. ' . . . ,

* 3. :Ad'cl to SUBTOtAL the p,th element a X a.nd'frahPfer
to SUBTOTAL the stun

.

Add l to I and transfer to'I the sum.
. - ''. .

5, Subtract N from / ,i(withont. chAnging N or l) and, if the
result is not positive, go bak to Step 3.

6. Divide SUBTOTAL by N an . transfer to SUBTOTAL the
quotient.

Since the DO or ite'tation statement 'is not one of the fundamentallop
erations, it must be converted, and as we can see it is -64uivalent to

8, .

the incrementation, test, and bianch operations s'pecifiediin fines 4
. , .

and 5. The silc. instructions above #indeed-involve only the fundarnen-

, tal capabilities of a.cornputer.

We have implicitly assumed that-the symbols in our program
A(SUBTOTAL,, I, N, and X) are associated with physical locations in the
computer which are somehow distinguishable and which can be indi-

vidually referenced. In fact, a computer's memory consitiof a pet
of (uintaily several thousand at least) such memory locations, each of
whIch we call a "word." To distinguish among different words, there
corresPonds to ea..6h a unique nuini;er', called its "'address." (In

analogy,''we distinguish between houses by their street addreees.)
Every number or 'variable in a. program mUst be assigned to a par-:
ticularolOcation in rneinory, and 'every referenc-e to that numb.er

,
variable tan then be made using its numeric address, It is the addl.,.
tional task of the compiler to produce machine latiguage objept code
having such hutneric references. The first instruction in the above

.,

,o

1 \
' .

.

11.

;
; .
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P064.1:1411. 441(r khei .140. 0. fOr apPe ,.'utranS4 th'e

1,000-to.add.resi Z900!' .Snpposin Qf coarse, 'that the,co ant; 4exo .

at meniory lopo and tliat the .;v:artabie:StIBTCY±AL has be *(aSsociated . .4,

It

10-

.`.

. ,',4-
.,

with rxle.t-pori:lbcatidn a090

. .We.have daied...earner that objeat code itself is'a..ntir;aeric

string (Ofitones ana'zer4),- nd, consequently it Cp.'n be:stored in the
saine'memory locations as numbers and vabIeso 'It is. a. very fun-'
damentalfact that pro-gram instructions and program data can share
the nlemorjr of a computer. (Of C0t1r86.-a-t Any one instant, they Must

occupy separate WordS.) Looking at the leer .in an arbitra.rY word
of a computer, .it cannot be determined out of context whether that
number is an,encoded instruction or is siniply program data'. Whit.

then is a comPuter to do?

All_is not lost; For comp'uters have what.is called-a 'lloca-
tion counter:" which contains the address of the next instructior{to be

perforrn4d by the ompUter, We say. that "Control" is givdn-next to

the ins uction specified by the.location counter. This location couri-
ter is (ejeCtronically) incretnented.by orfe.instruCtiOn

as each inAruction is eXecuted, except of course when the present
instrtiction causes a transfer of control as after.a sign test. For a/
correct program, then, instructions are distinguishble from dat

. .

in*that: the location Counter e..anriot have' as. its..y'alue the .addre

word of, data .

-" In the abooVe,..we-

stored-prodram".concept-.
operation of a computor'as.

grams.

.f,a ,

have been .discussing What is knofti as the
We coficlude by describing the gene,ral

-
it translates and 4executes. FORTRAN pro-

The HR. atipn counter of the computer is initially set, mag-
cally if you will, to the first instruction of the compiler (whioalh we

as 81.1t1le. 18 410 object code forrn somewhere in the computer's memory)..

,

6 rki

0
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4".
. .

call the user priogra) to he ead..mtc?..*, mal,er.2,rpo,Q.rys,
.

.

..t-ia,ting this pr'o'gram'as ihmx riC 44ta:.; the .Cpropiler;e0v,i+ts it to.
maChihe'lanitiage. eXecute the .user Prograrh, the ornviler Can

. f

simply plaCe*:the ,address' of the ii18t instructiOn'of,,the .4ser:progrm
-1.a

n

into he 19catiork.cbtulte.r. The abOve.' are called t cP:comptlation and.
execution stage? , respectively. So that it m4y .regain 'control., the.

. . . . ,

compiler at :c ofhpile ,time .adds 'tO the .end of .thi) us;arprogiamin.
strutiohs to 1;lace in the.lochtion.counter the: aiddre#,S Of,the.coih-

; The coMpiler can theh proceed °to another user p'rciiiaM.when
e .

'the first.completes its job.. ,This process is.known as.:a:.13atched op-
. .

s.

c#*
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.-.Npmfok Np.TkaaR RE1-.ItXStNTATIONS
,,

.

..'IntektA ,1

k4,44C.:. ,S:.,: ....

liti.e...il.i.gitattom'Outei.:,.is.40,0gne4::tOhandle;tWO distinct ,

.ypes.,9f:nuncAers.: It 1 1ihport40to...unc1er;st-anc1 !.t,40,,.0.4ference,be.:.;',.

tweeen'the two, type i's( in.e..the'Y :4Or4d an'd opevated .6n.in:Ontitely
.

. te$:, .

different". ill:ant:le rs The hrst tyile ofmber is.;1;heiinteAeT..or, the,

Thes.e.numbers àrehe oxdina.ry whole numhers .

.-
'hoth positiv'e, and .negatie 'isirc.h. as' \

,

`i
. .-

,,,

"

The other.type of nurribers are called the reals or flo tin oinfl
":--

numr,, and are distinguished by the apPea'rance of a gcirhal point....

e. .rep es
'ExAMTS1e$ of

ations .(thus th.e names fixed .and floating point). 2

eal numbers are.

..

1234456, ,.0016..

s.,
. ,Since $n integer such .as 2 can also be written as the real Z.., we will

only baclude the decineal.point when we Want to use "2.". as a-real.
This pOint will become clearer when we-discuss how the two tyPes

\of nUrnbers are stoied and.hOw they are.operated on by the compu-
.

2. Scientific Notation'

k

The real nuMbers which 'ari'se in the problems in which we
are interested.; may'vary greatlyin magnitude. In a single problem

Fla

we might have nuinbers :E;,large as 1,000,000,000,009`and others as
small as .000,000 000 1. :Scientific notation' gives usa convenient

-way pf writivig these numilers. . The first number can be written as ,

1 ..0. x 1012: noz1:ill.e 'second a; 1 ; 0 X 10-10. We csiiad altio write the
/3 41 9

-ttwo nunthers as' .1 XX.10 and 10 for re4 ons which will
. , J

I 1

"become Clearer later we will always use the secon form. In gen-
era. a' nurnber scientific"notation has the. form .

-
,

, ,

L.

. ,

.10

'1
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.
, .:. ' ,. 7, .. . . ''. : :::' ... ''..'11'*: V.i.....1

ii .called 'the. ri,....it,.0.404.1 and e'illie Vititat..-..

... .! . . , -. :*- . ,%;,,,2....,, -.1.'4. ,..: ,. :','.'. '.(:.'',,..-..:,V-,;-K,i.... .
41,

. .
. . : ., ... , ....i.,ii,,,,,.., .11 ' 1. l''. ,. ,.,, . 1...; ... \,.,..: ,,,;...... ds.',....

I ''.A,1,,,Y .t:
. .i- , . Ail, teal nombet.S.,ate:,atofect ),ri'the 01:-Iptite'ilit :Sciento.fi0-----..;.!..

notation,.,::,that is ,. by their mantis daz and'itpoii'i'iili,,,.,:;.:1,The;r,ii;:' ,'''': '',-::: ,.:....'",..;,ict',.;.7.1,two
6

.: sOns 'for this:. , .The. fir St is i onfkerVe itOta4e A.'S'. ki.
1.),..;..-

1 .:like ,iyiii. computer, ,;'whi44- 'y'aslIiine tot .;nOitivi.!0'..,,..,
. . . . . ., ,,, ,..- . ,. . . .,';',. 91, -.. ,,,,t7':..-. decimal System,- to hatid.4: 'ers.:aa....bifpas';10 = ,.'and, othe,,..,

'- - ..,..h.,.:,..

... tiimall.:aS-10 99. We WOtfld also like to be ablt. to :etain'.'10..i.:1i.i.
i- Of anynurnber. 'if we Wer,e...:t0i try4o.:Store ourinliMber 0 in'ilie .4(Otin

,
. - , -. i r ...! . L`C.. 17-.7'; ,'' ; . ..: ,. . .

,',.

f... 4 .
, .

d :n n- Z 1 0 .cl -1,
. .

:

we 'Would hgve to,rnake Provision in bur cOmpUter loyfeY.Over,,200 digits
plus a 'sign. However,' if we *gree to s'ore riuMher.* by'friitingi'dt:./.,':

,

their mantissas and sUitable 'powers of 10 r We need only store 12 '
digits and `two signs; 10 digits for the niantissa 4 2 digits for the eX-
ppnent,. the' sign of the mantissa and- th, ..sign_Of:th.e exPOnent: Vriis . i

, , .ii . .,..,
..,.:--is 'a Coniiderable saving of computer s .. age-...-... .

--,---- ./. .40 .. 1Y
,.

..... . *. "

4 .. '0' .- . V
-The_second reason-for storing,. reaIs by. Mantissaik.and ex- ..-'.. .....'.

',, 'ponei4 is-the- e.ase With-which we tap do emdltiplicationiond division,. ,,. ... ..:
. .._._;,_ 4.

Usiii the a am e .exiiripl.,e as abOirei
.1

we see 'that if wekiWelte to doMul,
It. %. . , .! '----* 047' r.

.

tipli ation by ordinary methods ,.the.:arithinetit.unit Of our i4ornputer
would ha:'le to be caPab16'of mUltiplyinit3Wo 100 digit numbers4 , This -,z1:'".
.procefas is expensive in both time and equipment.. On the'other hand
if we write our twO, numb,ers .m

1
4.X. 10 and m ,X 10 we"know

,.'.

.. I Vi.
. .

A. '''''''''' 1 .4: ' i'll ; .6

A . .

.

,

s
tv--.,,2,.. .. .;

I e , . e ,. e -I-e
1 2 4 1'

iq., ,. : .

. ( 2T1 X 1 0 a ) ( , X f l 0 )..! (na kn ) x 10 '.2 f
.6 .1.. 2

et

TIC





Artrrrof.,17.'

:;.;'r ; ;,' .,r,r:

T1,

. ,

..4/ .

h I:$'4' .

,k01,44, +. 114 51/0.,
....

.

:' °
: ."r

""';."".

;

3101141 X,2 .+ 0 X 2. 44 XAZ ,+ 1..X 1 X

Thizt2:48u0. 170.68 fav itcidtiOnf 00til4.V310n # citvisig4
appkir o ,binary.nunlisers. 13tituWare'Sorile examples, 4( ,

S.
\LIO

;.

s.". 46.,
100011 4,35

' . 1011 11

1001
x 101
1001

000d

looi101101

G.

.9.
'145

0. i

I.

4$'

101
1001 4101101

_16 1

5
t; 9 jig-

,
. ,-- / .

When we read a deeimal number into the computer, the ..
. ,, . 9 . . i

number is imni' ediqtely converteei into binary and. stored. Thorp,

aie a number frotinethods fbr'aCcOMplishing thi's conversion. We
,

will.grvb an'ei_oampl of' oneJuch rule. Suppose we wish ip.COTIVert
the iriteger 125, to bipary.. Then, We. have '. " ,

J

0.0



OMPTIT 1r3S. mme:

a

( "

ak1Ag the column -of, remainders bottom-up ske find

ir 1110i

'The conversion from' binary to decimal, c
hathg a,fiableof values of 211' available.

Hexadecirhal

,

11

(7.When`rnimbeys are written in'binary form; the resultin

.n easily .be ac.com:plished .by

-.sitringé Of Ones and zeros 'can becOMe'verV'cumbersoMe.. For in-
**

sta.rice7, the binary. number

Cannot easily be recognized.. For thisreason hexadecimal. or baSe
16 riumbers are used.,as a, shorthand for binary snurnbers .1f

7

d..n

.

s a he4decimal.number then each d. must be c.11'osen from the set.
216-116 1-lov4ever, if we ar4e'nOt'careittl; vc.re coUld

conftfie the single .hexadecinial cha,ractr, 1.2 with theitWo consecutive
hexadeCirrial characters 1 'and 2... To avoid tkis confuSton, we replace

'.ihe:hexade c.4mxt1 kharaCters 10 14 , 12't 13 , 14 ,,1$. by A,13,C,D,J1,FÔ

ThuS th6 hexidecimal'nUmber:



; ,s ; '
-;:.

9

if'.

-.4',: ,..: .., , ;.

. .

,

A.

',...,...

,..
., '.,..::::,,..1.',

'''.',.1,''':.:,.'',;

!,. ", ;..e,". .; .,.

'',...,!.'";:i.

''''''''2.:::::.":: :';;':',,';':'''!'.;,'; ''',..''.,.'.','',!.',.I..i..;?.'''...";;:...':.:;:,i''1',.;.:

.;

. . : ` , - " Y..'... `, '
. .

....;, '...''''''','''''.',''.!,'''' '' ' ',
i'

,'
';

7%

Z 4.31,X 16 '4.. 2 x 16 4. 10 x .1066 + 1 lc
. .

.4; 1- 98; .62'10, _Tr
1'7

t
. .

.

t. .
It is vigry tO c4nVert binary numbers to hexadecimal

'ancl vice versa. $ince..16 = 2 , each tonseoptiVe*four bits of a 'binary...
number coiressponds_ to DE.8,41g)..e hexadecimal digit.- We merely have

-,,',. .;;',i'',.'"i ',.', ''''' ,

4. ; :;' .4.' :-;,..;';' . -r

,

ii

,

'4 *4?

;to Use thefollOwing.table

Decimal 113,,Ou.,"

o.

0 . 0090
1 0001'
2 9010. 6$
3 0011
4 ,. 0100.
5 0101
6 ..0110

4111/-
01117

8 1000
9 1001.

.$, 1010
11 ion

no6
13 1101
14 1,110
15 1111

Thus the binary number.

1001 1101 0110 0001 ,

,9 6 1

exac,g_ 1

3
4 /...,
.5,

5.
A

6 ,i . .

7, 4,

,.

9 ... ....,,

.: . A . :1
..A,

C

E
F

is 906116. Arithmetic wi.91 hexadecimal numbers follows directly
from what know of binary and decimal arithimeti,c. For example/

#
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""r"-filr;771111',71717,1rffrr7rtriTr

it is iMporiant to becOxne sorneWhat famiUa 'With 'hexacieciml since
.Most of .the.sit-stem,360 literatike is written in terms of it

5 Roundoff rror
We all know that th6 definition Of a rational ntimber is:. "One

which can be written as the ratio of two integers." Numbers sua as
, TT, e are irrational. Mathematically, .the diStinctio.xi

irriportapt but it is not very important as far aS the coinputer, is cone.
cerned. We can best demonstrate why this is so with an e2eample.
the numbei '1/3 is ,rational. However, since the computer chn onlY
teCognize the.riumber 1/3 as the result of ciivicUng1 0 by.3.0 or'.

.3333333333

t
. ..

we know thatt,the above number Will be stored as m X 10e., 'Since our .

!.

computer 'has only a finite memory We cannot possibly storethe in-
finite number di 3's. The computer will, chop off the number after
some point 4ild save perhaps Only^seven of the in. Thus, the number
stored instead of 1/3 is .3333333 whichalmost 1/3 but not quite..
The error'made clue to the computer's abnitr to handle only finite/

, length mantissas is called roun.d-off error. Although eaal round-off
i

error may, be very small, these errOrs can accurnulate and cause
difficulties.

We will say that a number is rational in base r if it can be
... written exactly as

d d cl 0 dn n-1' " -rn



as ",,,d S. `.

'

A

c'45 . .: ..,...,,. ;i
q (k4.,

. 1

'... .
..wheige eal.t. .10 cboaefi frOin (P ,. .andluj,03jaiti. Thuir'
While '1/3 Is'':ration4l, it Is Irrational in-'40e ZQ, 11:reitr44iiiii0, Of ,.

thiti ,cOncept.ii that U we halie a computer Whtch operateiA in 1:;ase r ,,,
and the representation Of a givennOniber,iti both rational baae r

1.`nd themantist:la. length of they cOMputer is greater' than m...f..n.+ 1
, . . .

. the.nUMber will 'be Stored correctly., For'inStance. the binary. gum-
ber .

1 ,

.. 5.,

- -19911.. .1.161., . . ...
,....

...,,

will be stored correctly in a binary, corhilutor 'with mantissa length1, ;
but will be rounded off in a binary comPuter with mantissa length 8.

,.

A number can §e rational ih one 'number system but irra-, .

tional in another. *For example, the clecimal.numbo4 .3* is rational ...

base 10 but irrati6nal. base 2. Thu9' we. caliziot pdssibly store ;3
,

. "".". r

elcactly'in any binary compUter.
)

sComputer atorage of Numbers
Although we Itilow tliat our computer actually operatee in

bin,ary, let us assume for now that we have a decirnatomputer. .

We willfjook at how real. and integer numbers are stored. Later we
will lie 4p1e to make th: necessary modifications to binary.,

\We will assume that our'decimal ebmputer has meMory
rds 11 digits long. Every number we iead into the memory will
iallotted,' exactly 11 digits of storage. Associated with each- set

f 11 digits is a number, the addre;3s of the woi.d. We will assume
at the memory has 4400 digits or equivalently 400 woyds numbered

s'

A

'tom 000 to ,399.

We will see how reals and integers are stored differently
ough each type is allotted only .one wovd of storage. To avoid

, 40n sion we will write the number two as 2 vii.hen we want it stored.

s .

.1LLL..

1.

1.
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as a* .iixteier but aè Z. :when NVe.livall.t.it st6.r.c;(1s. 'real;.. In. faLet;.this
,

is e4ct1y.the method .the .0ornputer gses.to make this distino,tlon.

Since'we allew foPboth positive d-iiegafive into-
ger's we'must use.one digit, of t4 eleVeii we are allowed:Or our nunn-

.

ber, to store the sign. We willetie a.1 In the first digitfof a Memory*
word to denote a min:us .sign and 0 will demte a plus sign, The rest (

I

of the 11 digits wilfbe' used to store the Maghitude of the integer.
Suppose we were to store the integer - 53 in.memory address 44.
ThenAif we look at memory word 44 we would find

II 0 urn
while if we stored + 53 we would find

0 a.
Since 10 digits 'are allowed for the.inagnitude of our, integers we can
store any integer in the range

,

999,999,999-to +999,999,999

or
-

0'

0 10
(101 11) to 1,

If we were to try to read- in an integer less than 10 10 + 1 or greater
than 10 /0 ' 1, the cOmptiter would print out an overflow message. .

.i*

Real Stora Mantissa-tx onent

JO,

You should lwow by now that the real number -12.34 can
also be writt as 124, x 10-4 or .1234 X 102 or even as

'

.



I

.1,

:

ocioi),; pr4ctice any atthese formO,Canhe reacl'in
tf.i(?.computer correctly....:Howeyer, no moetter whi6h form .is read,
into: the carn'iou:te''r :the nanber.ts alwas :Otorid., 44.. 123.4 )..t. 1,04:

, . ,

That is ,s'the computer. always . puts the .decimil point 'to left a th
mast Significant figUre.

,

Since only olle Word of II digits is .allocated 'td a real,
part a the memory wprd will contain the exponent and partthe man-

vtisga. We will assume that 3 digiti are allowed.for the exponent Ana
8 for'the mantissa. Since the expOnent can be positive or negative,
the first of the three bits will be uttle4 for the sign. The .remaining
two digits can then-contain magnitudes Of exponents ranging from 0
to 99. Thus if we tried to read in the,,number .1234 *,10100 we would
get an overflow MeSsage.

The mantissa can also be positive or negative so ti:ie first
of the eight bits allowed for the mantasa will Contain a signj The
.remainind seven citgitswill contain the seven most significant places
of the mantisSa-. Thus a real word is stored as..

1111111111111111011111111
exponent

sign of'
exponent

.SOme examples are

(.$7654.3A

sign of
mantissa

.=.987654$21 x 101

-9 6

9y87654321 . 987654321 X. 101

0113111111111 U 131 4 119 8 6



)t Wittit 1 i",rilr,r;

Double Precisiori
In .some applications we. would like to have more th'an seven

Significant figures fOr real numbers. We are allowed, at .6ur'option,
to tise two.adjacent storage words to contain a single real.number.
Exponents dre still restricted to lie, between 99 ahd +99, there-
fore the additional 11 digits'can all be uSed to store the eittended
mantissa. We now have 18 significant places. Thus if we store the
number 987.654321 in double precision starting with word 44, the
memory will contain

10
0 3 1

%...............,

exponent

sign of
exponent

word 44

sign of
mantissa

I jo

word 45

0 0

'

mantis sa

10. A Further Ekaril'Ple.;
,

.We have seenthAt the computer can store numbers in three
. ,

dihtinct manners;.as integers, as reals, or as double precision reals ..

, .

As lorig asIthe numbers are entered properly, they will be stored
correctly. FloweVer; if Wevere to look, at 0. stOrage lOcatiod,. we

I

could not tell what number the location contained unless we also
knew what typeof. number was Contained in thelocation. For eXa:m-

\...... .

.ple,.. suppose we looked ai ine,rrior'y Worda 44 and. 45 and they contained.
the :following data



ill EMU MI ONo

The iollowing interpretalions are all p?soible:..
1) 44 contains..the integer. 113410023.

45 contains the inteker 11z30000

44 *contains the real -1.',03410023
45. Contains thi real r,..123

44 contains the.integer .113410023
45 contains the real 423

4) 44 contains the real .03410023
.45 contains the integer 11230000

. 5) 44 and 45. Contain the double'precision real
-,034.I00230001123.

11. The IBM 360 Computer .

We have d'iscuss,ed in the preceding sections the basic ideas
*behind computer representation of numbers. As you might-expect,
the actual representation of numbers in a real computer differk
slightly from the earlidr idealized version. We will now make the
necessary corrections since we shall be dealing with a particular
computer (an IBM 360). The major differences are that (a) the 360
operates in binary or hexadd'Ornal, (b) integers are represented in
two's-complement, and (c) reals are represented in the hexadecimal
system with the exponent in excess-64. We shall elaborate npon
these concepts in what follows.

The,funirnental storage unit of the 360 is called a byte.
Each byte,consists of eight binary storage locations or bits (short
for binary digits). The memory of our 360 computer consists of



65 536) bytes vhlch arp'ninnberekin hOtadecithal fOrm.froni
0000 to rirr. EaehAnteier and real. is alloated four, byte ,4=32

,of...stors.ge; g4.04 such grouP pf.four byteM ia called a rird.
Hence,. Our .cornpthei has 16,384 worqs of meino:ry, each.'Of which
dan contain an integei,or a,' real (or pOsSibly .s. machine .language
mStruction). ',The allocation of rneMory.io the viiious types of 'data
is perfornAed automatically by the coxiipiler..

. Representation of InteAers ithe.360
Integers are stored in'a 360 word in binary two's-

complement form. What this means fp the following. Positive in-
tegers .are stored in sign-magnitude form., the first.bit of the word
being the sign bit (0 for plus)i,and the 'remaining 3.1 bits, containing
the binary representation of the magnitude of the integer. Thus',

the integer +100 would be stored as

o o o o o o o o. o . o o o o o cula s.0): .1 1. 0 O

The largest positive integer that can be stored in 31 bits is 2 31 1.

Negative integers are not stored in sign-magnitude form, i.e. , by
just 'changing the sign bit of the representation of its. complement.
(The complement of a, number N is defined as just 4-11;, This defi-.

.
nition holds whether N is positiire or negative.) Negative.integers
are stored in two's-complement form, which is derived from its
compiernent as follows: Invert ea,ch bit (i.e., change 0 to 1. and 1
to 0) in the representation 91 the complement, and then add the in-
teger one. Thus, the integer 100 would be stored as

l 1 1 1 1 1 1 1 1.1 1 1 1 1 1 1 1 1 1 1 1 1 l 70 o 1 1:1

I.

\

(Using-binary arithmetic, the two's-coniplernent of an integer N 'for
-32 .a 327bit word dan also .be defined as..2 N. NOtethe diffevence

betWeen two's-compleMent,and complemenf.) 1...
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.1P ,

,.,,ka...,...1.e4,0,4eLs.Ailtaticin of lkeali(in:the..,36,0 4

. ' Re4iumbers are..tra-nslalted.before atc. (Y4a0e inthe 06...from.
base ,10 to bas:e.16, *i.e. ,..t6 the .forti. ;in 16e.) .iihe're...m..(the man:

. ,

tissa) .is hexadecirrial .and e' .(the exponent)./S. binary... The mantissai
. .

is ,stared in sign-magnitude form: the sign of the mantissa is cOn
tained in the first bit of the360 word, with the.magnitude. being stored
in the, last thrEe bytes of the word. Thus, we have 24,-bit,precision,
which corresponds.to approximately six or seven decimal placeoc-

,

cur4ey. Ther.exponent is stored in the remaining seven: bits (of"the
Eirst byte) of the Word, in excess-64 form.

Excess-64 form means that fo the binary valu.e of the nuin-
ber et, the.constant 64 is added prior to storage.. For example, the
exponent 0 is therefore .stored as the' seven-bit infeiTer .1000000. The'.

largest exponent which can be represented is 4:63 (1111111 in excess-
64); the smallest expbnent which can be rePresented is 64 (000000p
in e`Xcess- 64) .

Since

Consider the 360 representation of the real number 100.
/

.

*P.1.00. 64. -,6 x 1 2 =. 4;01100100 "X 1 2
10 . 16 ' 16

q

and the excesS-64 form of the exp'onent 2 is 64
10

1000010

rive at the internal form

0.

1 I 0 "0 0 0.1 0 0 1 1 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0

which is the 360 reprsentation ofthe reall 100. ,The'above 32-bit
bina0"String can'be.written in hexadecil shorth.and is 42640000.

Double.precision reals use additional Word (four bytes)
for extending the mantissa. The seven byte (r---56 bit) mantissa yields

0

approximately 15 decimal ,place.aCcuracy..
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Laboratory Problems
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if ./
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Panch!and rizn.the Fibonacci prgia;in (Figure, 1.-.4 o ..,"txt),Virith
the apimopr.kate,conti'ol cai,ds., (heptogram as 14,. as'an 'piroi ,

..which.Ahould helgnored for now..)r ..,.
4:

i 40;'' .. , , . :

,
Punch and run tho,;Payroll prograM (Figure 17.7) °with app*opri-

,.

. a.te inipi# data ,and contrpl caras,
. ,. .

.

.

Determine Ohat 0104ollowing program computes by hand-traciAg,it.
1 ,

6
K = 1
I = 1.

'IF (I ...GT. N.) QOTO
K = K *I

,= + '1
.GOTO 7 .

50. WRIT.E 6, 33 ) N,KiI
33 FORMAT (3110)

; END

Verify your answer by punching arid running the program. If it
.doesn't come, out -as expect*4 rerun it with the WRITE-statement

. moved up one riotch (i.e., interchanged wi the GOTO statement):

4eriun the Payroll program
Tc'

ii(a) changing the FORMAT statements,
/(b) yarying the order of the input and outplt Hits
(c) 'experimenting with various data cards.

, i

,The objeetime is to learn by making pekturbatiOns to4he p ogram.
and. observing the effects. , .

1 . .

iRtin the .followi4g_prOgram for, the dat a. of your choiceT(rionie .:6)..,
+)

6,. .

/ READ(5,1)I,F
FORMATIF10,O,I10)
WRZTE.(6,1)I,F
WRITE(6.,-1)F.,I _
SUM 7 I +' F

./1#.1t1TE(6 t 1)SUM,SUM7 t
n1T(th,,,_a li.: .0.. results . .

. A

;rite ,146$nrant ptaten?erits for the expreoibts of Exercise 3
,

.ge la oftext. Punch and von thbln: agEisurnirig appropriate valges"
, .

'

or the variaVle.s,
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)
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,44i, .'

, .. I ,, ...0 j,, i If 4 . i . '`'.'"; )
. Y ,

.. .

, D. - , !. .,..4.,;. . , ..1 1 ''', -0 ,.' 4,-. . '''..V.14 '1. i ;',/,'4!:'' ' .:

'-' ''h-,;' ' '-.. -4 ' r /,.

047"'... .1,Atilte:94.nci-Tuit4"' 0 kcigl4an---to,--li 01*-,4 :the'general..quadratic eqva.tio.
. . .

1:4,'....;: .. "..4...1,-. -A.,.:''' ...;' '''''."`n ', ... !.. -.,'. ' - :. :.
.,...--,---------7,.-Ax7-9-,,.)*+..,.:.0.. : triok#411o4c#4,tokihnt4..:44And..cmt

.), rQQ,ts.1.4-1...Opplimcik .toteyead in.'friOre,..data...('..nough 'Sets .ofdatan' ... ,.

01,,,

. ..
. showa eexb rciS14.p4ris or the program 4

, r)0

8. Add appxopriate. literal-messaiges.to Lab Problem 7..-0r(n.°04cam7,
pie*

t
:4' 04

,

4

for A:4z: t. write "A, O., single root=
fo .dis'aitriinant 0, write "double ,root
for 'isor'iminant > 0; write "real toots are
f6r d. scrirpinant.'0:, write ,i'complex roofs rb

pesign your own formats.
*;,

(.,

:i4e,, .4

piookam tO' read& a list:of aptitude test E;ores (graded:
between,o and.3-0), allitthen deter:I-nine th'e'fiercentage'tht fall

. in the high (20-30) , .mid (101.9)., ansiolow (0.-9). range ,

°

10. Write4a :program to.

4a) read in 5. 5X5 matrix roWyvise ;Win implieq:DO loops
(l) jatiht rowwise vithout Usihg itnplied DO loops,
(c) printoit.out coluinhwise..without,Asirkg any po loops (uting IFs)
(di print out the largest 'elenlient.in theirmatrix .

`?.

(4,) ,p#int qaf the sum,of the princip'al diagonal.,elements .

- .4%4
. . . , ,

Thesp tasks 8houl.c.1 be.. done in separate pa'rts olthe,same ,pro
gram, and.eppropiiate liteilal passages- should identiftthb .vari--

. ous.'outpuig ..;
. . , ..... .

,
.

3
..,' OA; ,

' 1 . Write a pro-gram' to calculate. 11 t 0 ti434X significant 'digits Using the:
,series

ca.)

,(b) Tr

.
.

h

C(1.4-,P/4 + 1/9 +.1/16 + 6°J2

(1. 1/3 + + n
0144' ei,014 1 4

.

'

12, Cb:nvert, the quactrtio-esittationwr4.raill. (Lab Prob1;* 8) to a.
.subroutine...1)41t all input-outpfit ptt61-itnts. in the main prgyram

'

f?3, Program Exe:rcise "p, .pf.57 of ste'0,' ^all :a stAbiOtine. Use tills
subroutin%, in'sateaci of Z ggpreise 2, 0. .

. .
an 4

46

I F .` A

.-...: LC ,Etend. Lab Tr chlern 2 -to determirin th.relea12,-4 me;diarr,-morle,

. g

4,a

a

$0°. ,11*

4.

.4

-414,Q ti.nd stanclo.,id cleviatiOn of, the '00i:tut:le Scores. -

, , , S.4. '

' .15. DeLe-rmine'la it) six decimal pkaces byjindinrtheIarea uhdeis a- .
.' 4- , .

. qua;ter circl.e u4sing Sirnps oil.' A, rule .447 . " I
0

I %. (
S '

. i 4 1

.4 , '
. yi

t.,4

4.. 4.. 16. Orogram the Ga.utss eij.miration as4flowe'hart
A.ss, Irigure Adck air rn.4 y of the ithprove

.. described, oti 168 as pos:6711110.., ,

1,
14 4 . . *

4irt I. . ...,i(
e

4 i.: : .

.

,
.

t.

'
A

,

4

e.

lir e 4 d

h ,



7,77 ..

,

1,-.APPr4DIX F

,:Addittonal Hbrnework and ExamOtatfons
1 0

.1

00

)

,

,

I.

II
r,

*144*

_!..4 A

)



,

,9fA.

' .

. `'t

,4

.

,..", I

F9RMAT, 4XEIWISE .

4

1 0 4 8 6 12.5 0 1191, 5, 3 ic) 02 0(..1: 1 8 1 6479 164669 '1 7.9 '

r.

t.I

,

using thc aboviard, tki3presentOon', . perf9rm thefolloWing Input
4aternents:

REA0,11)IN, I;_j1.,N, it
il-' FORMATO, tZi 13, 212) : :

IN:: II= .', Jr... - '','.N= , Ic:-1 .,

IkEAD(5,l2)J, K, I, N, NUM,. mom
12 .PO1MAT(3(I3, I2))

.=.....L.....,i /5".................../ j--,..,,, N'...,..-....._., NuM=P`mom=1.....--1.
,,-

13

RAD(5,13)JOB, KOUNT, 1ST, LOVE, NEVER, iiMORE
FORMAT(2(42, 13))
JOI3n, , KOUNT,---, ,

LOV.E= ,iNEVER= , ;Ivl Er-

. ,

I If the variables have the following values, perform the indicated
output statements:

779J=6907, KART:11908, 1,0QVEE,4751,
NOTr-'9100,`MORE:=21, Il4LE=8, SON:=462,
KAST=t)3, LATE=48663, MONEY=22178,NOISE93.

4

f

\

14)Ii J,;'KAST, NOISE, NOT, moN4y
14 F0RMAT(216, ZI 217)

A

4.

"IV

"

WRI1E(6,15)LOVE, MORE, IBLE, LATE,'KAST, IBLE
15 'FORMAT (2 (I3 ,I6) , 216) .

4t

;

: . ;..!! .... A.

. . , .

JL

4

4

.



III. Using the card representationin
4tafernents:

perforni.the !pi:lowing input
,

. -

. READ(5,.17)AffLE,BAKER,"CANDY, DOG, ENOCH,. VUN
17 , FORMAT(F6. 1,,11 F3 . 2 , ra.4, 2F60g)

ABLE=, , BAKER= t CANDY.--.

DPG= ," ENOCH= ,. FUN=

REA.D.(5,18)PUPPY,'QUIT, RUN, SAVE, TIME, ZEBRA
18o FORMAT(F8.3, 2F6.2, 3113.1) t

PUPPY= , QUIT=

SAVE= , TIME.= , ZBRA=

READ(5,.19)K6UNT, UN, KAIL; VOM, IT::. BOTT6M,.
NEVER, TOP; LOVE

kORMAT(2(I3, I6))
KOUNT= : , UN= , KAIL= , VOW-

IT= , IOP= , BOTTOM= , NEVER.,
TOP= LOVE=.

8 1 5t.2 5 7 2 2.9.5 0 4.8 3 9 9 6-4 2 32.8 7.8 g. 2.6 5 1 1

Using the above card representation, perforkrt the foliowing input
.

.
REA1(5,20)HAPPY, PUP; QUIT, RUN, STAi,' TIM<

20 FORMAT(F6.3, 5.Z, V3.1, 1fl5.2, F4.31 p6.4)
HAPPY= PUP= ' QUIT= .

RUN= TAY=, , tICKF

staternents:



-717:7;

ROA1)(5'.0)44,10(..A, ,Y0," )0(4', .111`40,4R.:
FOTA,MAT (F4 F4.1, F6'. 1, FS . *V 2).
ztBRA= XX.=

WANT= VERY= .UNDER-4

,READ(5,22)4 ,-.13; ç,D, E,.*F
2Z FORMAT(F2.1,, F4.3,F3,2,*F5:. ...

ifi.,1 . a _'

Dt, , E= p Ft

If the variables have thp following valueo, perform the following
output statements:

ABLE=9O1725, BAKER=-522.10, CANDYt8397.2,
, DOGt65831.0, ENOCH=5.3172, FAREL=.41961,

ZEBRA=323.88, YELLOW=577375, XTRA=-7321.1,
WHITE=16.815, VENUS=2.1438, UP=1640.8

WRITE(6,23)ABLE, ULLOW , CANDY, WHITE; ENOCH, i.,uP.
23 .. FORMAT(F6.2,:F7.3, "F7.1, F62, 2F8.:)..

0

WRITE(6,24)ZEBRA, :BAKER, XTRA, DOG,. VENUS, ,FAREL
FORMAT(F6.1, F9.3, F6.2, F10.2, F5.2, F5.3)

'WRITE(6,25)ZEBRI, YELLOW, WHITE, VENUS, ABLE,
ENOC, FAR,EL

25 FORMAT(ä(15.2.,y6.14, 2F/.3/F8..5)

a
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I. ;

,

. ,

.; JAB X1IRCISES S4OTIpsp.:14.

Ptinch and run the Fibonacci prograr

2. ..PunCh and run the ,Elententary PairplI program.

.No. $ of Original assignment sheet. ;

,
..

4, *pc). 5 .of original asaignMegt sheet., ,
,

5. EXercise 1-4,upage 11 of twit. In' addition findlhe total amount
paid and the avetage atnount paid. .

. .*.

6 . Exercise 2-2, page 25 of text.
I.

46

7. Program the Quadratic equations program.

8. Add names to No. 5 for practice with Aft>ha.format.

.9. , Postal program. Qiven,the three measurements o. a package. to ...

be mailed, kind the largest dimension and the 'peritneter of the --
,

package the other way. Add these two numbeta together.° Ifthe
4total is less thanior equal to 72 inches, it mai?. be mailed; if it .1

.

is greater than 72 ioches, it may not be mailed._ Write a pro7
gram to do the abbvewriting out the4three measurements ,-the
final measurement, and whether or a& it triay'be mailed., Use
appropriate 1iteral4'messages.

. ,
. .

tt?

.; ,

A a

10. given data cards with names and a test score on each, <determine,
if the score is lovir., mediuin or high, and write out the name of k

6itthe person, his score, and his. rating. .Also find the highest
score,`the average scóre, the lowest score, arid ?what percentage
got each rating.

11.. Soml program for dattic'e with nested DO loops. Possibly 'a
prbgram with three nested DO loops with a write statempit °

insideall three writing out thgthree indices. S ,

12. Given the formula r= 6774. /(2*(8 + 3.34)) wherti the *----<
length of an organ pipe in inches, r 'is its. radius in inches` and.
f is its *resonant frequency; determiilie f.for A 5, 15'.', 25",
35sf, and 45" and r `-= .5", 1.0", 1,5", 2.0", 2.5"*, using .DO
loops. Write out f, and" r with appropriate literal messages.

13 . . No . la of original assignment sheet.,

14. ..Convert No..7 to a sulyoutine.

.15. Cortiptité standard deviatiorq...-

. I
4,

. , . , .

.00,1i . . '; 1,, , ,
. ,. _ :., L.t .

,

I*
!.1

4.



4/0

:16. Write a progranl to sort a. list of numberci..
. .

.1
..

,*

17,. Write a subroutine us'ing Neiuton's niethod 'for finding Squai!
roots'. ComPare to the tpredefined fcn.,SQR.T.

,* *`

18. Write a programtotevaluate.the truth value Of 19gical-6 res-
. ?. sions, (From a.special lecture on logic by Mike Wasser an)

k9. _ Numerical Totegration-Simpson's rule.
Itt

29, Newton-R:iphson method for finding roots of an equation.

%.

I

4 4

ft nt
,14

11

te:

ft.

A

11.
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EXAM NO. ,I

4

Place an I after those variables in the.following.list which are
integer,, aii R after those which are real, and an X after those
which are'illegal';

J.A.Clt
14110111.0.1104.10.

T4Z6
BILL INTEGER
3T89 MR.
KOUNT ZEBRA

2. Translate the following e*pressicins, in o FORTRAN..

'HOPE

NoW

4Z$ .

:LEMON

aj

u 2AR.
A. R

s B
2

3C
6

A(B C)(13 A)

B c rch

.
a

41`..

A2
4/(s

3)(s + A)

;



,r,\

Aitg\if

111001
2 ;-

+ 100112

(A C41316

10010-2 =

2

11.0,10.1z

10.01
. 2 ,

11100101-
2

A B. 6 D
16:

4,1 3-1-6

. 'A 13 .iC1.6.

45-10

,

Evaluate.the fon:Owing FORTRAN expres.sions

!.,

3.. 5 and B 2. 0 then

A +13* *.(A 1,) **.2.*13/(A..+ B .5) *

;;,

If A = 3.5, 13 = 2.0, and C = 4.2 then

C/B.+ A ** 2.=

If Y),,4,2 then

.1) / (y *** * (Y **Z.+ 5. * Y + 7)) =

r

If X.= 3 then

(X **? 3)/(X *,(X

'If A.=,1.25, r- 3

A * X * 2: + C ,7=

A 2..0, .B .= .4.0 ,- C 1.6 a thf

C 2.0, gind X = 2.9 theri

I. 1' .... 41 44

('''''B .+ PJ,(B * 13 .,.., 4 * 4 41. C)) / (4 *. A), = 4, 4.14.14,.....i..... '''

4,t

...

, . ", .
'4.

.,,-

, i . . . . , ,
. . .

,,
.

. ' : ' . ; : ' ';' .9 .e.) !,
. . .

, i. . .. : ... ,L.,..:: ........:.... , ..]... . . .............._....._. .......:_,...L..........___............._______:.._ ....,A......L.,.......,...,._..,_..1.____............2 .,..L....................i......_.......L.L. , A A.:I / AL, ; ' ' . .1.. ... A .' AA.A:AZAIL

.!

: '



1 ,7

.UsingUe abOve card.representation, determine.the. values for ,,
the variables.

, ,

READ.(5,11)4, K, R, S,
11 FORMAT(I3; 14, 12, zr3.1, r6.2)

`K=..

R= S= T=

READ(5,12)1, 3, R,..K, L,-S, T
12 -FORMAT(2(2I3, F4.2), F3.1).

J= . R.=

.f

a

K=

1=406.,1.=9125, K=82,L=110142, It=43.61
.S=.891.425,.T=84.691, U=4562.91, V=46Z981

. .

'Using the.,aboye values .write,out the variables.

WRITE(6,13)1, R, L, T, U,
13 hFORMAT(IX, 14, F6.1, 17, F5.2, 1.5.0, F6'.1)

WR1TE.(6,14)K, S, R., I, V, U., L, R
_.14 FORMAT((IX, 16, 2F6.1/))

4 '

t



7. Write a program 4sing the folkiwing flow chart:

..

' 41'

0

s&

1

4

COPY."-R

S-0

or.

r

?*

3!.

:.

"

1



" rr7

Ao .v

' '.

.
i A.

'

11=1, 41

V.

'

5

.

8. Asiauninethe values for .A and. B are 20.0
'what -is the 'Value. of R wfiich id Printed out.

. , ,

R.=
4

.
5

.4 O 5 .
,. .

.9 5;4.

and 8.0 respedtively,

.

;

4.

U.

. *
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9. I th e,fotiowing,progivrthgre are tiiev:eritisC4r*
y3e18:sh' oath write a txnall .m.trplaer in, a ,circle'in4d,.
below ide)4tify;the Ipietake 44.istaUe
tin of READ. " 4 4

4ED(5.,50),(B(I),

----7 .7;
; 'i '1 ". ....'.'.fl .., . ,:...

. .,,; ' ;

......:,.,.,.,1\.1. . ' . i,

4ri:,,.''''..:.' ik,..
....,

..... ,.

.1 i.

I 1

1

5Q Fott.MAT(4F 15.5 .
RE'AD(50$2)X

r

VALUt=13(1)

MO 10-, ,
,

VALUE VALUE X, 17 (R)

1 doNTINUE

WRITE(6,51)V.AL.Ut

51 FeldvIAT(IX , ri"(15.5)

.STOP

, .

_

Ir

,,:** )

0

:

. s

(1'

a

,

11

t.

3 12

4

5

11
59,

14'

;0 ;

*.;

,

. ,

10) *4 1. ;.!4

'

!;:, ...);!'_21....a.121..A1 4
*5;1'r

. A,

\I. x.
t



.
. .,'

:P:

S4CVON

., ;it" !. '1. !I. f I
r 6

.1 s
41* ferric., pn'the'Match tho statements onl,the ieft ivitht114,

. . ,

Read during tixeOution time

2..Read durirg compilaiiixii time.

3. Reqtfires iLdditiona1!.nfmmatiin

4: Re eitlt. of finite wOrd length

5: Reault of insidficient ield iridth

6. Sinals end of compilation

Signal's end 'of execution

8. Controls,flow of jobs

9.*dontrols class, (sometimes),

f"r1

. STOP

******

10. Name of real variable

11: Name of an integer .4ariable

12. Illegal.'FORTRAN variable name

points)

IL a) Give a FORTBAN output state nt for- ea'ch of the following
FORMAT ptaternents (8

QpatthgSystefl

round-off oitor
. .

.

. your ingtructor

INSZRT

OUIT

il6.8
program deck

data deck

It

4

1 FORMAT(61i1*1.0.=1.0X E1.6.8//,'Am
, , A

9 PORMAT(' iTAME'TgO'AG'113'5'SOCIAL p,CU*11,Y

3. '10 tORMtAT(114 '(T6tInd10,29XE.15.8/))
, ,

4. FORMAT('(i' 11 ',THE cOtICAL .V.ALUS. ARE' / /4(1OXE,15 .

.
8 15XAC1. 8/,),), 441.

.

A! r`'1)) Ciye. a FORMAT state ent'ior theFORTRAN output stateminit
given Wow. Skip to the 3i4c1 line of a new page, before erin.ting
iiclude aptiropriate literals in your output. (4 points)

C..

MUT/40,5), Lop1 ,,(4,(1) 13(t) tr- I , 3)



"77"77.5/77777,7
t

r-7--7777.-`27-71 'flT"

(24Ypb3.nts)
'

your, iPt;tr,1110,-r,Wr f?.4., 9, m KitY $1, .1%.4. 3;i9A° ,A{
:

y1the(Mornitig after drill ing t re&martinii,, ( orale Dori Write
a PrP rani at 3:00 a.m. -after three martiniti.) tor each s ate.. ,

mdnt, ou,are to (a) underline any error(s),' (b) explain thee0or(s),
and (c) write the corrected statement beneath' it. If a staternent :
has no errcirs., you must say 4o.

,

,
. .. . .

qfr 1' 4 I. '1)

. ;

6

$ 1$ MY. SUPER-.NOrING PROGRAM.,

10 READ(4,5) NO, iSATA
-*

I+1=SQRT(6.t-NO*4.(DATA+1..)
°

IF(A*I) 10, 10, 99

6020,NOTHIN.I+3,

att,

20 InDATA+I)*2..EQ.3(-NOTI-IIN)) SUMTLIN=DATA(NOTHIN)

FORIrAT(l1-10,I10.4,E12.3)

99 ENO

II2 Points)

0 .

I.

IV. Write the follówing expressions in ,FORTRAN nc;tation using as
few payentheses possiblF.

1.. . A
C+1)

P

st,

Y )
A

2 2

V 1)11:4n+1

.48
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r, 011

,

(1

o

./

/

If3i! ..th0;4VOiript*tifi:
y f(x) ritr pa.ch. vilue of x, Outptut the vOuelo 'of x and.. f(x) ...in;
list With awicpriate fieadings.. Design your oWnifoitt.tiatis.: -(a) flow,:
Chart. (Z.0 point's) ,;(13).code in tit:A-II:Apr- (20.ppints.), r '7. .

:

f '

2145x 0 . 68x

3 /24x + 7 .94

,

a

if 40,

if 00 x< 6tt.

ig 11.6 < < 15.0
11.' ..

if 15.

.41>,

. .

.`0

-

4'

.4

'#



" "v7,47'.11

rite FORTRAN elcpressiOns'ofor the foil:owing rnatheihatWal
..pplint 0, ("ach)',

!

, e

ft, t
''.,

S. (4+x)Y

. FORMAT PRO13LEMS .(2.points each)

A. Gi4en athe following format codes 'and numbers, punch the
nurtiSet's 'on cards, without usingbdecimal points.

12.98
.

7. F 6 ; .8,32

,
F.,8..3

4

. .

Given, the following format ,codes mid cards,
bers as the computer would:

1 2 3 4 5 ,6 1, 8 9 10 11 12

4 7 0 3 9 7 0

read.the num-

, . .
,

. , t+SYvs. , ' I.
'



f'

i

err

...

11

h

3

,

;4.

,

.

si 1..

41

, .

ihe .04V47.4)11 ógra1 a8t 4,ternOlt
33Y.WACiti.

-:itOzit.itat6iftept .0 ..VOIWAT...':;'.
Q946.6-!4pi"VirAP$i*.g.41e7E,I.,-'"altl.TnO, as well .ati

upplyin appropr1a$Uteial mesages
prinWr riew page for each tine ,eif

.

t

'4

48'

4.
'
I,

1.

I
*"-

The Computer j given the
Alter the pr4rOtn is run,

44- variableS?

bllowing.program nd data cafd.
hat b,re the final values of the.4

PROGRAM: READ (6, 12..).A,B,C*Oh. 4

)1\. ....,":-.

.

I FORMAT", .(F6 .2 2 , F 2)

I 2 **A

B &1 ,

IF! SA . .7. GO tO 10
J 12

.1 -4 I + :

GO 'ITO 3Pg
\(._

10 J.
D FLOAT (J)*A,

,

tt 1

3.0; STOP.

71'

0

,

. t.

.t)

;

0
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CA,RP

12 pointe ciachy

:4: ./

17. J

The following próg;arn has four errois; find them.
(5 points apiece) -

0.1

Th9 nurn.bets ,ox). -the right parenthei3es are not sifateMent
nUrnber's; they.4re line numbers and are to be..used as ref-
erence numbers in answering.

p.
READ (5,10.0 (40 ,B(I).,C(f)
FORMAT (41710.5)

DO 10: J
E(J) = li(T)*

F(j) C(j.-)17:* D() .

CUTE (6; 101) E.(0) F(J)
101 FORMAT (2I10)

. GO ,TO (20,30,40,SOV
20 WRITE (6,102) J,

GO TO 1)0
30 !WRITE (6,,103) J;

°GO TO 10*
qk

40 WRITE (61,100 3,..CM.
GO TO 11)
'WRITE (.6;102Y J :DV)
GO TO 10: :

10 CONTINUE

POliMAT (II0 FI5
STOP

NP

I=1.069)

1,

, 1
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,., .

.

. ',

,

.

. , :

(be

.

19.. transfate the following.flow chart Ants? FORTRAN. (18.1;oirlts):.

. ... .. .. . .

. e

.

i D

I
,1 k

1
, ,

VII ; 20q Deviie.a,progr. xnjo dd'the fo11 ingi read 100 rea
.

,...,.,

into the, X arra , find psthe sma t, arkti output it. (

.
1. t,

. ,, . 5 . ,

pp

. ' *tI '
N'tti

,

,..1 t
. / . '

Pp

'

I.

era
0 poin
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2o ppints)..

Write a..FORTRAN progratil for tile flOw.c.hart even.lpelow..

:V' ,"44 '

, ,

W-.1,1
A 01 'A.

y



,

4

p(?trits)
. .

. . .

he cbmputer 'was giyeri the fpIly g program a4c1;data.,arcl.,..i.p. --
After the program was, executed?what were th4.yalueS of the
..krariaigfifi I, It ,. Ap and g?

. .

1 2 3 4 5 6 7;-8 9 f.011 1213'14.15 16 111819'20'

.R:EAD.(5,.3.01) A.,- B. , 7.648 . 4 ,8.' .,.. ,,.,,t.,.;,,,,,,,r,,......,,,,,,,,..1.:,........,.........,....1r,,,....,...,,,.,,,,..,,..4,.. ,,,,,,,,, ,,,,...,,..,,,,...;,.,.,,,.,,....,,,,,,,...,,,....,......,...),...,,.Qp?:-...-'. , .,,-...,,:..5....,-,,,_v,.., i4.,.... .. .-.i.c.,,,..,.isi,.1)

-,.. : ., '.:.1'; ' .. 22!.:-.';. ; !,, .* . e: . . . t. :
n, r : f.' .....:

44. =10. .. .

... . 4'.
.,..

1:: .... r .,
, .. .K.::.I+5

t
-

. .

.

. ' B=2 .*A...!J .1'. ..... . .

.

I. ;. _.
,. .

,-.. t -..?

- it*".I/K .. .-1. l'',: .. ; A-4-. ''''' .'

.3.01 .. FORMAT (F 0. ).,F10......8);
..

,. -,-)11-. 74"7"7".1.
,--; : STOP. : . .. .

..<

., 0,
..B..7=. .

' END :
ir , ---,....../4 . ..; .

..,
.

.

.. i .

i .

'.
*.i

;, ,e

V,

l
.qr

'*,2

. r

.

..
'

4

-",

1.

..

. "

11, /

,

4

'.
". A , s

. g. 1
A;T, x:. ,

. . ,** ,*. .* * '11V%;

.0

J :42fr

04..

"clit 1!

%)-
.

4.

, . .

; ,4.
1. .
..!it`P*.

4

4.2

I.



!pfMnf!MILY.,11* Ici*ro r7,771'.

(10 .points)

. Identity the following FORTRAN variable names. 8 rea
Or illegal.

.
.

.

.11-- .

. .. N., Attri Vert te04. Of#7.(1:40404PQ41,14:

1. A23X7 .

2.* 14A06Q
3. MX2

.4 . 110,4
PRODUCT

7. kAPPA
8. GTEEN

Q
. 10: LX4ZQB

,

'Write suitable FORMAT statements foithe following READ and
WRITE. statementm .

WRITE(6,1.)A.4Z24,N1-,I,Q
. WRITE(6) 2).

DAN,I$,A;NICE,tifY
READ(5)4). NEXP, LATEST , OLD ,

. .

'Writeà FORMAX staterrrent for the following WRITE stateMent
so that the resOlting computer printoutoappears.ds:give,n below,.

. z

c,;:"" 1 Piiiri.kiki4;14.41.PEY,":"8 y;3 1,6, I',

WRIT( 35).114.,44;RMIDALqw.,:Aivb, VAA b Ey

.01..10., ...... '2,40 ., *70

214.1ine,.g.-riew. page TEST,,RESULTS .FOR.' 24 STUDENTS ,
,. ,

att4 2 .4i.p... .,; .. ,:.,
, .

tri-Ities,VPE=;3 PRcEvii.,,m -RANG*4 l ,i4 0411coNT.,
LokAiCia4.47.;,0i.ii!Eltc:ENc..,.

.:,4Vili.A0t-'1.0'.!6'7:3,:i.l*AitiANCE5., 4,'938, STi.C.DEVIATI6N.;84.5:16-



-;74077,7),-.77777.7.7,'74.'hoT474If..."::17'71.:714'17.7/0

hi- ,. :.

(20.,poi#OY

1. Underline each; errOr you .find in the program below.
,thei error iS and write the correction beneath it.I

/
6 W., . I I 0, ; '''Illt140,'

SUPOWHATZiT1)0 PRbGRAM
. .

0

Riii.t.)(6;50(1)A,X.

C .?:.-A/.B

00'TO 99

. )13=SOR T (A;13S(CP:4*.1

ttANIAT(rIO..4

STOP.

EI6.

20 points)

2. Write a program to read x, compute y as given below, ati44 write
the values of x and' y. (a) flow chart; (b) code in fORTRAN

0 if x < 0.0 or x > -50.
26.76 if 0.0 < x <
16.19-x if 10.9 < x< 21.6
3,0046'7x if 21.6 < x < 50.

1,



5 ".5''.47.17177.7777,7,77777,71:777.11,
"1'

"7711 ',111,111

. WT.ite a PO TRAN'arithirietic iiqplacerilentstatempnt.fOr
the following mathemiticial (15 points)

1.

.

.2
=c41--- .

V0+50r

an sin (r(3t 4/7
n). )

Write a FORTRAN program to read in a 10 by 4 Matrix (i.e. , an
array of 40 elernpnes, 10 rows and 4 col*nns), nio the smallest
element and outpUt its value and which elelnentmit is in the matrix,
then Output the complete matrix so that 4 cortimni of'10 Oements
each are printed. , (a) flow Chart; (b) code in tOR.TRAN: (25 points).

.

A

,



4

,{17/1.1.044V "7-t,

.thihre
yarlabkes whi,611.00.130glitt 0,1*.t Place 4fter!'real type.04.

'ant R anl Placg an X *Wei ,anii*ic)i:Arti!glesaL If i.WEI illegal
circle the part"whidh makes.it wng,. . % .

. .

Convert the followirig algebraic eRtpressiOnti td proper FORTRAN.
expressi3Onp.,

,



t , t
!

,
$ '4 qó

p
1J : 4 '.

1 I. )
:, : ..

e'' , :i'.. '
'4'' ' , ,.

'''j: 'P "'' ' '°'
s,

li

:

'
i , 4 I

) ! , '

tI
0 ,

j ?
(

\ ) I
,

4
,r

.

r

r
4 $ $

4 __1 V
)

,

,

: .
.

, ,,

, ,( :
. . I ( f

.i;' . ': . _ ; ? .

..

t ',., .;. .
. ., :

'4
I f

f.I fr,
P&\

)
$ bw ,

) ,tw? d $.

"w ?

_

,1e '

j "'. ' ..
\ ,

''

:

7' ':: q2V 4JtV/
:'

::
ti

j !'-
4

4

'

2

tL

:

,
4i)2iS.*R2

2 . .. .. * ..1-E -

, k

: .
JU;2( 1 1A .1

k
a :

0

0$ 1
.,

'a r 0.
... 44

::

4

1

4 iii. 43 98 r 104826 S 127 3 9 14628'
4 4

4*

-

.

Using theabove card representation, fulfilL th £f19wing SAD
statement: '.

0

'..:- .., .

4 . 4

I

5

4*

0 REJ)(5,.i1)J, R, IJ., .T., Q,-S
.

11 FORMAT(18, F22, 13, 3F3,1)
11= IJ_____

I

'0 00 /
0, $4 0 0

. 0 00I00,
0

0
:' I

'

0*
.

0 ''
.

0

Uitgthe'e card representation, do a in the previous '

problem. b" .''. 0 0

0

'.
0 0

0 4 5 . .

I. /
.1' $

I b UAD(,.2)A, 13, C, D F .

12 FORMAT(1r72', F31, F.2, F5..3, F4.2, F5.1)
'. 0' 4 . 0

.4. 0

0
.0 .

0

-, 1

'.

.IV. A465.391, B79.2468, c5UO.1Q2, p.9S32l6,
Iz469Z, J3, Ki42, L'31, Mt424156.

S
I

-
S

.: ';. '. ;thg he tbove 'a1tie'a . perform the, o11ngoütut .stteneit,, V;
:' ;, .

.4. .- 0
0

'
44

r
'

'

III
$ 4

,4$ 4 I
S

r
M

: ,
4 o

'5
(

................................................................................................................. ',. ...;

' 0



`;',777771.7
".

A

Ili the following ikr'rite statethent; how Man.fr nupItters would be
written out.

WRITE(6 ;14) ((MI 1);I= 1,2) ,C(.7) ,

. .

VI. Locate the syntactiCal errors in the following prograrrZ. Niimber,
each err6r f'ound and on the ,lines beloW,tell what the erroris .
For .example, the first error is a misspelling of the READ state-
mei)t . t .,

ED(5.400-)X, A

1010' POPMA.Z(*.2F16::-0)

SX.

.

T-tX
4 .

NI"

.

XSZS*T*

. DO '4. I .7. 1-N
, A ' . . t 4.0

. 4;;.
IF (ABS(P) LE:A.) GO' 'DO 5

GO TO .6

WR1TE(6,5)

5:

:/ N

-XS .*

ocnteiNuct;,
,

1.4
'txt

.'



1 1\fliti:s.p.ellirig :bt READ

10

14
1 I'



'-.1
.

;.

If-2 . ... ,.

I< Imo
P-1+1 .

.
r,

14... 1

t

Ni '

/

V:r4

.

2Nr4-1/-.Y/x

ax",

t
1.1.

$t. i.i It
r L

if-1+1

4

, ,

s or 4 .

;

0.

;

I
, .

,

a. . .
,

. .

i

,.

.

). {A.
.

.. .

,

.

.

. ''' F

-
tl.

.

N, 4.1%.; 1 ...

I '... ,I' : .: :!.: ):::.; 'l :'0, ' '. A'.'Y :.:; ',.;,',.,',,,,...,.., ''' 0.1,i44..'''I': ,:..,.!, ';.,::.,:



j
%*-111L11. ThS, o11owng Orolitani was ikaan,a

t.

:., , ,

';k4, *1'

I`" :..

*" : .

it

,

'1:1)'' , ' 4 4' "iPute itekI ng -th e aata cards
givRpv'below. Trae :t1:)1 P.F9104. knii.p4Ve,14e uos that .were','....':. , ::., .

.!printe . ,
. li,

o '1

.
I )ti ., ' l t., le:1

i
4 " lif .', ", if d

.4 i . .. . "' 4 4 . ..., ., . V .
. ; 1 % :. .4 .1 2 3 4.5 61 8910 1.1-'.IZ.,1,3. 1.4.15. I6. '7,..,..,,,; ,. ... ,47... . . ... g!ZO'

..,,,,.
.. , ,i.-,; .....,..!..v.,..:2....

li, . ir4 , ..i. ..,
:...-...... -v.oack.v.

i '\ :....
. . , .. : ": .Zn.d.. -

A.. ... ....

. .
,

. < :

.k

' .

.

Card

...

.

16.08

s

12 . 75
I '

J

46

4
I

.014

2..6

, DN/iN8C0°N.: X(Z)
! 4 '

20' 'IkEA4(5i, .(X

2.* I
IF(K /5 .LE.2)Q0. Ter.20

17. 3 -

1(.. 2 +K/2 1 4P:, 2
30...,0D0 80 L It, I .

4.

.

..
. 11.-,

.

.

" 8

WRIT,g(6;101)L,K, I., X(I)
GO0 .(60, 61, ,62)L

. . .

M
o.f. '

1 , 4 X(L) .t..: M
..,.,. ..., . , :.

GO TO 80,. ..
,, . . ..

": '',..,.,.; .61" X(L) it i;X(1.)' . /,,,......7.,.. . .

- ,-" '00,TO 80
...

..*

62

=twi..161...Im.1..1
.t vo,

.,. .80 :CONTINUE -: -
- 100. k0RM.A.111 (13. 210.4)

, ...

. ,,,_. . . .,01 FORMAT:01TO, P.0, 2F15.6).., v

v. \
STPID ,.

v. . :
. .. , ,

,, 1.

'11 t.

, I f

1.

At

. I.

. ,

'

4,, 44, ' Mk,'

1

,..

11i,
. ,1Y ' .
fj e , t. 0, IA%
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'. '.'! .),+.!.:.:,',..-',;;r .., :, ,: ,..,., ., . ...., .,,.. ..)..0, 1...' "1.1%;; .,1.4*.:'..rli' '",'.-','," '- ""); : ".'4.-',4.1. '''''''-1....'''''...',:;, '.,"-,.....,,

"..:ii!. ... I ,.., .r. !..; ,,,A4, ( rr',:r.i '0,4
, ))4''''''t.:: r.."...,.. " ..:,:,.',...

''''..";:.').1,,,..::, )...'4 ' ' '!.--1.)....'; .2" ""; ''.' .''
',,1,; ,., .,;' '-,<.),.."..':!". ,, .. ',..,,.-:`-li4:.;.'.?-",:.

' .

,ftes
. ,

.

1 r

" . . " ') ',sr

It

't "t

1 i ; e N VC 'a posittim.e Utgei4 ReeaXl tkat N'1 (4zead, 11' 'fac
is d firskid a Nsioi N(,,N.i!1)(N.4.4.).":. (3). )11). Let b
time t ',ger suOh. thaeX N. Th9 bi4otnia1,00effitAeil

. dofi e1 fallowes ".` ,

N t
K

.. 1, J.!

.1 .°1

.X 1(1\i-ic) t
f e

I it is\ nothatkito ace that* is number may also be exp
1

'

5:11.r

)

-,%;

.y .

at,
t

1. ( 2\.1'. 1 ) N41)."ht ON
S11i A

. . I, %,,k,,,,, t .

. ` ,V.ri,., C` k
.p;iii.pg either of,.the:se formulae ,.,,develo'p a

to reid two pos
,,, .

tI
itil integereXtii.

,' : ' ''.: Ooniplite and out-Rut the' binomial.cOefficien
M A, . t of 213 f.or your data carthii w.0.te your otitpia,.,.. ,

-,..' 1101(it-is a theorem-of mathematic'S that fo)l a

_

. 1..

asodf 9.s *,
r .

.

.

! . ." '

ilDOEC.TRAIT.

YIA.4-tki'c.
forMat,

ó 'for

704131]..t..
ro-

.,'

. ,

integer). YOu may, u.s e
*.Parti.a1'tr#Ot Wi11 te...given,"'for either ttie fib

. se; '.
,

; '

S.

4

S. e

-

S.
, 5.)

*". t't ,

, .1.

"14

.1, .,
. . -11A

. 4 .
"1

.e11,

e

t'
:

' 7.
,

s.s* v*.. 1 )4/

10. I
'1

1.

. it

21 5

,

. . ,.

.0

' s

, ; t -



": .:, I' .
6

.

.

4
" .

. .,
4 0<

I ".id A.04. of . the followin$,P:ORTRAN ,V4r.i.a140"naOlea ,Vri .!
t9.1.

an :12. iftjs typeZEAL , I fl'type'INTEOE,R.., oi.. X if an
.,. ,riablename.I. .4

; "
th * .

. 1 . '
'FIELPME 6 . , ,4LASTONE

zisoysr,
1B,M35.6

.

,01<,,7D4 . KAREN .
4.

,

Beside each of the followingFORTRAN conatants iite R
if it is type REAL, 1' typek INTEGER , X if an illegal

;FORTRAN constant.

.

'

-0 4,3E1-.0

..

, , 4. !.:./
0

7E3 :-: . .".i -933.333
-..

.'.' ::...c.;;. ,.. :.

.-,.. 614 - '4'4, .
? 1, i , ',It ye'iel
S' '421D.4. " .____._....... i

. . i .,.. ....
79000D+03" .. -.E.7630044,1 \-

r
1,tr").' i :` ';'.'7 V

. . .;
.

1

2. . This problem is on FORMAT stternents and is in two par
)

,

PART 1: WRITE format
^PART a: READ.forrnat . k

Symbol, A denotes a blaink column anywhere kk.appers.

4' ), Of
PAR:11,1: Given a writp statement

; s,'. WRITE(6, ;.o,cf)mpp, ; RHO, .

for'each of the fallowitig write a FORMAT statement that ce,kuld
produce sudh a line 0,,lines 'with the ,given iottritd

t '

ia;) 71 :4,1140 445AA' b:A*. 196 4, Zi4A3.1.10.321.

..,
.

.

-i.0) AA .t.-
4. .1

04

. 4.

' 4-* .` .^"m .
. .l !,

4N ( N4 , .. II it
.4

.

.

4, . 4

. .

I 1
.

. 4

, .

4. '4 II . d

I I

I t1 . . .

t ' ' ..



qt,titrs.7, 41;.,r''1.771777,77 7."77'''''''17";'77:-, .; ' , ,.i ,. ,.

):
1:5,Y'!!"'

,,1

, '51:5. ,:' i" '55'."k,:\'',N
' f

. , .
. .1. , f.;.$

4. ,...

t
,s'IY:,4 . e .

,1 ..4.

--gC00::
;

:!!,

i . . : :

'. . .

.

" ",

!;4e . . ' .sT1

.."r1
, '5.5 .6.) ;,-.4

S. * c 4IP

614°I), '4,F',IitiARQ:ViV1411114APPE

4..teRuo- r4 900p 11' , r

891410,i .66 .. f

.11 4. 6 .4.1. 66 \

'

' t :'"!;'
.

.

( ,

f. !? 'V'
II

t 1 ..., . . .
.

.
..,.: . .' 6.

', 1 . 4 : ., A
.

, .. s

:t p411.11 21_,'.... :.:.
,

.

.

I.

- .....

,

. ! 5 ."

. '2 A carcl is punched, in the fallowing.r_ORMAT,b,6giAr.ltng.,hi
.

,Coluoui'One . .6 .;

-I.
.i.s. car.d fs;punthed in:the folVAFing.fOrm,ats.k, . ,

,,....,.
N .

-. .
. r .

. Variable Name .-Columnd .. sample Format .. . .

, .

.4 996-5,,I.X.C.KA ON.
1, '

a . ,

's 'where ';3iiinb914 denotss .a blank column:

.Assume 'ai.comPUter whetes.one..alphahttmeric varlitble. can
- i hold 5 characters.. :Write:a FORMAT Statement to 4 EAD .

,,tvsuc I" 1. .
,

h 'card.
% , . . ,,

., . ... ,, ... ..., ,

INT

TIME
s*

. ,,

5.

173

479, ..Q.A 7.101'
. .

a.
10714 ,4A. 31. : f''

'RATE 15722
I. ,

OFF .,---e"!-,t).4' '-".f.s.,, 23-30

`
s

447.25 '06

Wriie' sa "forriiat siatemeikt 'to a tAtauch a carki,s'..
."., : .15 . s, ...

I

.

e

. 6

I.

'

Stir,' ..

, .
4

`4

t.

;,\
"-s'

,

u,

4,'11

..; .45 f4
15

'1 C. ,



.5.
ril'1'

' .,

- ,51,raw a flow chart of the deelsipris requz ed
s, tt -s write itatemTuts Fo carry out the actions.

. .

Theee....actions ars ornall.'part of a larger program,. a
, ,..' rnay assUrne that prsvious p.tatSments have given,value

.all.variablea and yao,U.need not writs input an4 output state.;,. .

t

, m4nta... t. '7 I

0... If (a -0-3. transfer tb:statement l29, otherwisi:
. transfer to. statement 820 .,-

using logical IF .

2). using arithmetic IF

b. Lace whichever of the variables Y and Z is 'algebra-
ically larger. in LARGE . .

1), Using logical IF
;2) using arithMetic

.

c. If Nr- 1,2 , 7, trans.fsr to statement 12t; if N.3 or 6
transfer to statement 123; if NL5,8 transfer to stats.Ment

. 124. STOP if it is not.true that 1 'N <

C1: If .55,5 < a < 1.555, STOP, otherwise transfer to state'-
merit 611. 13.o thi.s in two ways:" '4 s:

1) witb a logical IF having two relations combined with
. an .AND''.

2) with-ea logical IF having only bne test, using the
absolute valye fuction.

Convert the following algsbraic expressions to protier FORTRAN

'.:
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=thp .following,progratti , 10.csate :the .sirntkctic al. error , .

a Oriber beoide it .itictidlet#ify the error on the.).thes
helow, 4tIror wiample, vwei fr,roisipelling of. ,

' . th e 'AZAD ,s.taterrumt.. .. . .

,

REED(5,460)X,A .

.0 4'14'
.

100. .s.FORM,4T(2F10,-;0). .

X

= X

s * T

DO 4' 11 = 1;N

F TO 5

?,-GO TO 6

WRITE .(6, 5) . Tily

.FoRmAT(F lo . 6) .

.

.RI 1-1

*

= --XS T/ (2 . * *. * +

S +.;,T

4 CONTINUE

5 -WitITEs(6;9)

,1

0.

:

. .

.FORMAT (IX, IX-= ' 3X, F6.3,.3X, tS(X)' = , X., ill:Y.2)

STOP 4
1

Misspi311..inA,of,ikEAD

3

;
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. ,...-,. , ..., ,

Th.e fo1loVing.pto,gram Was, rUiyon ..4.Coimytito:...uortkIlip;.04ta
. . .. . . .

. caids giV-iSrk-yhelOw:. Trace,iliit:. prograrii ai),d 'salt* gie"t4ble :

. with the Values that were pr/rite . *. ' ' ./:..-.
i . . '

Parc}

1st .
Cards.

1.1i2 3 4 5 6 .7-8*-.10-171 fi 3i41S wrris 49. 401.1 22
.

,.

DIMENSION: A(2)
20.-REAP(5,1.00.)I, "(AM), K=,

DO 80 L =
N 4. 1 ".
WRITE(6,121)1, X, 1.0, M, N, A.(1), A(2)
GO TO p0,',60,...60,. 70, 0.1)., N

50 M =.A(2).

GO TO 80
it 60 IF(A.(1)(2))50,,590., 70

61 M,= A(1) + 1.
A(11 = 1. .

_GO TO 80,
70 , 1.4 = M + A(1)

A(1) = M140: .

80 CONTINUE
100

FORMAT (I3 , 2F7 .2)
101 FORMATRx .5110, 2F15.4
90 STOP :

END ,;ki.r.:,
.

, .

. VALUES 'PRINTED By THE COMPUTER*:



. .
. , 11_ '11. ,

.. . . .
1

. :
. .--, . .

.
)'' '' 'Sr: . .

...L-.....-....... . -..,1. -4'.- A. , .. .. . .
.

11

.. , . , " . .
I .,,.

P . .
. . . . .

. a , a

. . . .. .
.. .

. I
. ,a .

TOPM, St :T )1
hit 1 ,

. I
. ,

.

K ..=.

.

I.C<1. 1. .

I. K+ i :
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."`, ,;.. ,,. c . . ,

. 2. et ....Ribe'.a..poOttivi..1;ntegoir,,-,jkl'fa1,;;.that N
. .

.

1
a....000itt*.a.':-,i0agat',Eriich..'that?..! '

:

omi Coefflateniti,,defined,as. . .1.. ,

alsp 'be..e*p**Eteed
. ,

(Bit clefinitic?n .01,

not.hardIo see thatthie ntinkher

4.'
. ;4-

4.

A.,

4,

.

I, )).

.
.

.
4'

, '5

I ;

1}.

v , ;

c.'

(

*;S;..a.,
P

troi.4..e.iihet. :of the above forrnulie.,;develbp:a414w.'Cliart....
504% VP11,TRAN piogra;0.10...roact two pOsitiva Veal. AtlitOerfi.

:-.4e.:?110 . 4.-4.. ati.4 .a.-Posittvo intoget . aid, .Y
. gompute the.qu ntity.. .

.
..

/N\ N N.1.4 . .
. .4'.. , . ....,t;

S . ..,..kKj P ** q ' ..
.
4 ,

k ' ..' #14 '..
, ,

. 04,..,

1,
c .

.

. ..
.

, .... ,
5,4

. . .. .

Assu.rne an inPut fOrrnat,of 411.1..3 .a2,21. i$ ., '.W.rite out P., ;A 0: N, :... .,,...: . ........
andthe value for the sunk S. ,Y,ou xn.ay .usia a functio4.Tputine .` ..
if yoil wish, rtartial credit Will be ,givenlor eithpr U.0:flow
chait. or the program. , ..

-

V

,

.
4, -Qocid Luck t

, 1

, ;

*
OA

4

:

4

..

,

3,"

A

.
N1

akt,

:)

.4

-...4
.,,,

, 4
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:,I,I..:, ,.;',:.f.'''''..,,..,',.;,:"....,.:; . ...,

'. , -.... :',,dv,-,......., .,,!,".. k

414045.10 ii..5-1..,,,..4..,, .....: :.--

,409-4::..
''''''''''''''''''Agiti.'":(5-40f.:'441('It'41'. 4

. le. -,144RA At- (t6.. A. 5). ,..,. .,.
4,.._.,_ t_-..,,....t.,......:..s..,.:,.

, , ,:,., .., . : '' .., ,i, .....,', ..,..

'z 0645. -; ..4 '. ,:''.?...'.-1-iS'ffitt'.,,(z0..),..\'',,,ft,ii':. 1:04,11)0J*.ii$Co..1011.,,,$4',./,,
11(),QA.,:;,::::_,-..,i'4:11. '':,:::::. ;.H;'.,i---.;c?,'-:i*i#ti.:41,- -::..:1'X.'-i.'1;0.41-410:44L: m'AtR.r,k,:i"..'70-*-1:..x,..,';.:-...t... of ii::>'.:

..',-,' '..d.'; 000t, 60 ._. LARO....00...::. '.........''-.....,,:,..-'7-,...........-....... ,.i..-..-:....--...;.,....);:- * ,q. - , .--.....-.,.. -- -. ,. :.,,,..,..;,..,. .:,......,..- - . ' . . .... '' '' ' '.

I

.... 00.98 ,

.

,

000,4 1)0 100'44011.0 .' , , .:.

oLARGE), 60 10 IQ .

:9,011
.

'2.00 13. -0014t. .

.4416
: .

bot.i
0018
0019:'
0(40.
.0021
Ofi22-
0'623

4,
00.25
0026 =

... . GO 1,TO. 1t.E.04
1.Q5, LARG4sw4rtt,i1 s : ,'

. loci COATINVe", 1.:

.. 1

i.i -
: Skitii*.A(1404At,4Az..)+4(,34$) tA(.44,4)44i5454''',, ...., .v.....,' ... ",, ,;',!.,;,..

.. liftilIE.' .( A t 209f L4RO'E;stAt4';':. .... ... ,. '. , s.: ,... :,...,:. : ,, r::,

...,g90 ,P,ogitiart i IX ot' LARGEST.** .4k.,,Fib.a.i.,./.41x IcsUm.. .0 s, s

, : ;
. .

, . .*PR INC IPA L DiAGUNAL ! o 'IX iF 10. 21 //I: '. ,

WRIT E., (6130,0) ... .., ; 1, - . ' .: '.
300 I FORMAT. (1X it:* TsfiANSO,OE ..OV''',..t4Arrtlx*,- # )"...

.
.

Mit ,,,,, , .

70 1$44.1 I. '. .,

If itirG'.1.5). /GO T01.99 .. '.. , - ,.. . .

w.. ...,--y.,

. ..,WKIT Et:AO...006) Ar1IMItA4,240:4(.34/M):A(4,1MI.,,A0,11)..f . ..,-..,-,i

1, 06 FORMAT l'IX i F1Q '2X II V-. :. :'. : ., , . .' , ''.: .

.....'''. GO--10. 70
,

99 STOP 1 . '
...+1
,; ,`

1

1

f

. '

"i

. Is40'.

.

. ORIGINAL MA 11k1 X=
t

. 95 4 (- 67 .7
1 t

t sat

. 23.0 65..5.

12.?0 16.0" 18.5 . 23.0
.

, 31.Q 37..0 734 81.5 44.5

15.0 25.5 52. 0 96. 7 4

73.2 34:2 66.5. .55.0 ' 45.5

ARG6 ST=
-SUM, OF

96..70
,

TRAN.SPEY5E WE MAUI X= ,

PRINCIPAL UIAGONAL

I 42 .20000 12.0000031.00000
<

95: 50000 i o. oopoo 37:00000
,,

67 .74090

0000b

g550000

IQP

1

' .."

18. 5000,0 '4).00000

2.3.00000( 81 .,50000'

57.59999 44. 50,000

. . ' .k s

.
. e

. .k.......-..- ,,,,,.4,. ,-:i.,-.,,,..,....Z....;..;.;.,.A.,__,.........,..y.,..,.,' ....a.,.... -,..., ......\.,....-...,...._-...2.........:........,..,:li...2....A.-....4k...........4.......,,..
,

C.

294.40

15.00000 55. 0000'0
,

25.50000 45 .50000

52.00000 73.:20000

96.70000 34.20000

63.20000 66;5000.0

,

k



,00,Q4 . .

OP 0

0009

0.014:
0:15
Otto , .`

01,1
10018. .

0019
D020'

:

, . :

.

:

f:+0:1t2 41g41...01:11;11: ; 140 -

GP". 0.:0,Y 77
; :

t,X1...1M.E,*1 f4E.4 44. .

)(Awl' 5.IRAT
xw.A0a#:444,14tx rtke

.kWALi4=11:A T0.040. . ..

wAtie*gw:Ag+xoi
-.: ,

15.. -su* stitowA4 '
GO T G 3

.18

.

.

!'

0022 ..
. ..

0230
, 4

Is ,

.:00 24

.0R1T-Et:. 6t.241scp..
721 "FORMAT
22 .FaMAT. (143A 412), ' RATIotot
24 PORMAT 1X ir.AVERA8E WAGgss*.t

'
A

.

. I.:

, . .

- 'I, . ,

,. . ..
.

014:,JON.45:. : A AT 813 .00_ .. T1 ME 4,49. 50 WAGE0,22...250...
AfklAS. OWEk fLAT8=2 .50 ': T 01E43.00 WA6010.1/ .250.:...
4 bikaWN . ' RATE*21; 65 114e 3:46.30!`' ..W4d8i# 81 .592
pNIS .:4..emc :" .RATt). :25: IM'E., 4500 WAGE*. 59 375
CIA s1414 RAT.84i3 44. .1.1t4.8=38.25,: W44,09,35'.4.405
'tst SAW YeR , A.anz.5,40°- ..101840.:,00* WAG,Egit2s0 f0.000,
AA.' TwAIN s... 'RAT E0,2.85 . I' 1M8a48-.50 .waGE,15 .3.37..

Teo- MINA .. ,R AT 4.90 T1018=5500 ,,;.WAG, 80,18.. *250
44`ER 0010 . 0,ATE 4.15: .1`,114E ot 3 5; 75 r`, WAG4t448.. 342
Y.Ne SW ',kg 04;142 : f F4E444140 .W46E4309440

' ,

\ ,
.

I.

,"1,1M84.m 54.242)44:WAGE4a..0.41F1.47,
.

I

.

6.1X'

0

,



T4",i.17
'

0.001

,0003.
0004;
0005
0006

; .. 4007 ,

0

,. . .

4it,i1,010 II-IE....POST. OFFICE

(

R, 5144 A t 81, C

EQ.9991 401 TI). 2/.
475) `;31,3,r4 4' \

3 IF (134.44 ,6,A "Atli.% 4 ;!" .6 42 ) GOs,- ''5 le (
. TO .9 .

".. (6', ./O.) ;A B . ,

00 09 .

o0.1.0 .

0011::
;?,;re;,.

0013'
.r.QP,A4;

,0016 .
Q017

000.
0012.0.
Oag1

Iv, 'Ebitt'fAt. ig 11.Awfg: 44;:uf:'$X .1,.b 5* u!' .g,5)4
ARCO.; Ottiik14,SkON iF. 0 ,, I PACKkOE., CAW: T. AVE Ai:4E1)1,4

l v13,

.1

6 PL)=C+2*( OW' . ). ,

GO
, .

T.() 5 t.,

7 '.00$14.2*(13+.C) ,,.
,

. GO iTO
Pb4,2*(hirc)

GC TO,' 5. 7...
A40'): 7,07

'9 .14R1T'E (6,14) Aills;CtP0.

.

I , .
.

.7;

k,

(1.S.O.A641 f8 ;"!,. 0.4.0,8 zit 5x.i..041
'10 'PARCEL! (AMEN SI Ws.111 PA*CKAGE "C 461. .-toteepi )

GO T
21. STOP

fiN
, '411.

;° 't-

, ,,,,,,

ci

A= .,22 .0/0
'A= 5.00'
A = 28 .10.
A= ...41.00
A= 6.00.

:Ate .91:
A.='

. c#, g6 .

"itas'o ...cw :0 0
. 8Ft.. 5.007.,

44. k , .

9 .201%? C=
0:4; 18.50. . Coo'
sts. 21..90' '.131/40,00 ,

('
. ,

. .
PARCEL,,.01 ME NS,1, ON :0 ,118.00''

1.ARCEC.' .01MENSIPN: 2,5.40
PARCEL

- PARce meNsi.ON
.PAkCht EN$14.00 440,:.,'
PARC or me N$1 (ON,'
PARCEL,: DIMtli:ION';=:: 91. 71,
PARCEL 4.D1M.EN51 ON 41° ..99 .90

1 '

--0AtKAOE''.0011.1 T SE; .MA ea.
1.1 PACKAke Mk10 0

P.AcK.A mt.ALE ..

:PAOKAG.E.I.cANE.,,ribiAl4ILEO
'P*64000'C41%.1.i..iOrtiAleA)

PACKAGE 'CAN'T
*.:PA'GOGI,E T BE ;

PACKA40' N T BE 6MAILED4
. .

.7

;

If;

';

.

. ,67
,

,

T.



0.0'01
,0002
0003

s9004
0005
0006
0007
6,008
0009
0010
0011
0012-'
0013
0014
6015
0016
0017
0018
0019
0020
0021..
0022
0023
0024'

.0(45
0026
0027
0028

(JU46RAT IC Lc:1U* IONS ,A6111 SOL UT IQNS

1 REAL) ( 5,100) AO ,C
1=4-1
.IF (Q.EQ.8.) GO TO 10
iF (A.LQ.O.ANU.B.EQ. 0.1 GU TO 4

(A.EQ.0.ANU.B.NE.0.)G0 TO 5
-,.,R=8**2-4440,C

IF (R.0.0.) GO TO .6
IF .(B..t..T.0.) GU T0,7
X=(-8+.SQRT(R1 1/( 24(4)-
Y=(-,:8$443T(R ) )/ (.2*,A)
WRITE. .t.6.;104) A, C,X ,Y
GO TO 1

4 WRITE (6,161) A, tit C
GO TO, 1

5
WRITE (6,: 1.42) "A`t B,G, X
GO TO.. 1

6 X=-8/(2*A).,
_WRITE (6,102) A,B
GO TO. 1
W=,-8/ (2*A ),-
Z=S4JRH-4/(2*.A)
WRITE (6,103)
6c To

10. STOP
100 FORMAT' (1 X,31: 10.2)
101 FORMAT 1X, 'A=',* rio.5,5x, I B=4,Fio.5,5x,c;.

*f10.5.0X ''NU ROOTS EXIST )

0029 102 FORMAI ( 1X,'A=',F10.545X-,b=4 ,F10.5,5X ,(;=
4F1045,5X0X=AtF15.7)

0030 103 FORMAT (1X,, A='
**F10.5,/1X, 'RcAL .PAR

e *I IMAGINARY PART OF X='..,F15.7/.1X, 'REAL PART OF 11=4,.
7, ,'IMAGINARY PART OF P157)

6031 104 FORMAT IlXv '47--'10:10.5,5X,14.1,F10.505W,
*F10.5,5X ,IX=1 ,F15-.7,.5X,1 Y=1 ,F15.7 )

0032 . L(L) I

(

Or'

4.1

, V

4

\,



.1041.
7

,

.1

. , : . . .

, 2. 10000 Bo, 2.10000 , 4= 2.1000Q .

Re AI. PART:. X= -0.05.000000.,-
RE'Al PART OF Y.=.. :-9.50000.00,

8= 5 .00000::
"Au 040; ". ° 0

. ...,-.1MAIN4RY PART gc.)F:.,
MAG INA RY PART:, pF.,.

?"():80000001 -2 :., ,

: No-gout:4 .

. : .

...
*.>. .,

.. .4'.... .. ..,,..
.

.. . . . .

r'.4,,,. ?,. ,../. , ,..,, ,.. ' : ..
'', s'-' . ','"?;*.i.,

. ..7: .. .s., , , . '' s; . : ., . . ..:
i . .'

A= 8. 00000 . . .8= 2..0 0000 9 bocioq
R:EAL . PART , OF' X= -;0 .1250000 IMA(I:NARY.:.P,ART OP '.X=.
Ry. ..pART -0.1250000 1 IMAGINARY 'PART kg5322§84 *.

A= 1 0.0000 **. 1 .4100000 4=. 00000: :
A 5.60000 BS: 00000 . 4.50000 X= -1) `.4842

.
). #-12:0'582721

.

REAL PART OF X= -0 .5 000000 I MAW NARY Pg:RT. OF 'X= . .0 .8ob0g50
.REAL PAR)* OF 11'= . -7Q.sorp000 MAINARY PART, OF, .10=- 0.8664250

1.,6 4pcloo .x 3 .10,00. 4.70000 '1

14A1.....iPART OF X=1 :-0 .23923 07' I MAGI NARY PART .OF X =. 0....81i9i935
REAL PART 0.F Y = . -0.2392307 IMAGINARY PART OF, ifsgi. 0. 8150935

a

vf3()

1,

V

.

,

..*.

.
.' .

.

, /I.
". .

71/....

' ...

.
flt

,

", C,

. . . .
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000i ,
0002: '

4. ;
9491;
4094 \
..000
0.006

: O6o7, .

. .

. 0908
0004:'
9

.: 00.11

.'

,E$ONANTtRiN, ES FOR 01
'," 1,5

1,..004

p4;074,442.* (4,44,03*R )i:
èRLTE t:
ffiRMTt 1.X.0RAOL,1US..*",-4F
!RESONANT:, FREQUENCY I t

. . ,

RADIUS=0.5
RAD1US:24.5
RAOIUS*0.1

-.4910's:04.05
:RADI.US=1.
RADIUS=1 0
.RAD1 US,/ O.
RAOWS= /4. 0.

, RAOLUS=1'.0
RAOI uss4.1. 5.

.,,.:4A.0.1US= 1. 5:
RA0IUS:12145
RA04US=1..-5,

Aatus.al 45
RAO 04=40

401. ssite. 0
fooltg:40.
RA'01.0"k0'
R AMU'S* 44'
!RADIOS:222 .

R.Mil UP02.1'
11,40tUS=2
.001 US=t2i.

r

15 CONTINUE, :
6 ). .

20.x t's 'ENV dF
STO'i)

eN
;

, 'rtitg'*

it ENO Krt 5
L ENGT H=15

ENGT H=25
LEN6T11=35
LENGT H:245
LE NGtHr-1 5
L ENGT H=15
LafiGFH-122.5

ENGT1.1=35
L: EN GT H:245
LENGTti= 5
LEN()TH=15

.. r,"

", 1r

: 0 .1

.ptoP

. .

:

. ENdr 25.
LEW: H=35.;

,
ENGT1442 45
ENGT H= 5

,t4,NOTF01 5
ENTi*25
ENGT H*35

CENG TH=45 .

1.EN GT:H= 5
LENGT4,15 .

L ENGTH* 25
Lithat il=35 :

LENGTH=45 '.

tt,;

;.1`4-",r,

:

1,
:

34,XOX, *Le
,

T.HAt'
197: ..

:t

r

:

0

ae-$4 T.N.A.N

kg§oNANT:'
..R.EsoNaNT
RtsoNANST.
1,144.04NT
RE.SONANT.

: 'RESONANT.-
; 'RESONANT.

. RESONANT-
RESONANT

.; RESONANY',.,
. RESONANT;
,RESON ANT

.. RESONANT:
RE SCIA:ANT
RES_ONANT

.ftESONANri
:RESONANT a

:RESONANT.
...RESONANT

RESON ANT
. RESONANT
RE soNANt

5.. RE$ ONANT.

g

FREQUENCY,
FRE QUENt
PROUENC Y=
FREQUENCY#
F RE. Q UENC y=".
FREi4UENC Y=
OREQUE NC r=
,FagQ UENCY=
'FREQUENCY=
FLREQUENCY=
FR E ObtiC Y42:
F RE QUE NCY
EKE C A E Nc Y=
FRE QUENC
FREQ.UENcy*-.
FREAlUE;NC Y=
FREQUENCY',
'FREQUENCY=
PREQ OENC
FREQUEICY=
F RE QOM
pR 6,QUOIC
FREQUENCY, k
F4taitANC P.
FREQUENCY,

,

.

.?.. c' ..

504.32.3
2034423"
127..092

92.'4415
:72. 605 ,

404. 014
.1 85 .082
LI 9 682

88
70.124,

34.Q. 402
.1 6.9 .774
11.3. 088

. 84:781 4-

; 07 .808

S.'156 .606'
'1 07 .04

81.410.
:65 640

'2 55. 62)
ft5.1 618

14 .865
78. 312 ;
63 .606 .

.

t
I%. 4.

. . .

`.

,c

,

'14. 55

..

,!1/4:-
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7.7777)
?) 1

;"'":731*I'l 417

:( .; .t ,.
',le.' 1*;

.'11* .

". ' . I

:The fonoWing .queptions- re4te; to. yOur g neral itripre .

(Save Apedific Osomme#ts_r_prgarding_00:00.444,forLiatArAL.....
. .

. .

ai . What were the goodileatures'of the 'Orograrn?' .. ', 1-i-'

, . .
.. ,

,. . .

'la) What were the bad features of the..progrM? , ..,..,p, ,,....,,
,

'c) Generally, how pleased.wereyou with the'prograrh?
d) Where were you dispfeasecl or disiàtisfied?,
0) If the `course were to be taUght again, What changes in t

obiectives, scope, or whatever, would you recommend?
,

The followingoquestions relate to the course' Ontent? '

f) What ,were the good'fehtUres of the course Outline? Was
any part of it found to be especially good? .`i

g) What were thesbad feafures? What material presented a'
lot of difficulty?

h) What would you change? If yott nOt,follow.'the
.

give yOur. version. .',
. .

III. If yOti have any other conimentii on any phaseof Proje-ct Soul .-
which,you would like to see 'included in the Final Reporf;Ikv-e
them.
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