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'I‘he Scientlfi )

'a,nung program for hmgh sc’hoolo students from

Ly
»

d areas._ The Scientrfic Programrning portron °f the

disadvanta‘
- _projg _ 1s _ntended for underprwﬂegedshlgh'sc}ﬁool Junzors and

o semors‘bauing an 1nterest in 1’nathemat1cs or science and aspn'a.— '.:
t1ons to attend collqge. It‘n.s designed to- help cclose the- cornpetl- “ : . &
tion ga,p that rnay confront them in the future }ay compensatlng for Lo
educational def1c1enc1es and by prov1ding a hs{adstart. The pro- . - |
_gram provldes valuable background upon wluch these young pensons . T
can bu11d in learmng computer science, and w111 enable thern to use . B
the. computer to solve problems in mathemat1cs, engmeering and S
! sc1ence:r £rom the earliest stages of the1r college careers.A The -
| 1mmed1ately pract1ca1 aspect; as well is s1gn1f1cant the students

re?\zeWe tra1n1ng for computer related JObS wh1ch can help them in

bas1s .

, e .‘-
\ - o

'I‘h1s report on the Smentific Pr grarnmmg Course 1s ,

L

PR "

d1v1ded 1nto three sectzons. ' In Sectron I, we discuss the adrnin1s~ A

tratmn and operatlon of the course as it was offered 1n the ‘summer . '

M ¥

‘of 1970 l"urther details and genbral pro;ect 1nformat1on may be :
' found. 1n the general rcport. In Soctlon II, we describe the - contents R
of the course. 'I‘h1s section rnay be*used as 8 guide for the desrgn

' of curricula for future courses of the same nature.H In Sectron ILI b
. \ A\
we prowde an; .evaluatmon of the course, and suggest 1mprovements

. ‘ a M,

- i‘ qu:ficatmné agam for future courses. _Vamou's’_cqurse, mater-

i‘als and 1nformat10n are append d. | ;’p" o I .
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' 2. , Adr#is s;on and ‘Placement

'to reason loglqally, to solve simple mathematical problems, an "

~ aptitude test was designed to detect t’he foregoing abihties. QSee /

,Appenchx C), It Was used as part of the admismon process, an ' i

oz p Sy g
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LT e e ‘?"‘f .« s Mw et B ey, My,

ot

' ented studentls, ’I‘he only scholast:co

,tl}at ‘programzmng aptitude J,s not suffmientl we ,i:-rf-.'."fi""i-‘
" ._o above average students. _ It is more: 1mportant that the student
o ,;, X have an interest in the subJect andr. of course, an apt:tude for the ‘]
/;,.';:,: peculiar rigors of programrmng. The mterest is important, £0r
o ‘r_?.-_.!ftwithout mot:.vatmn llttle can be ledrned. B R L
AR ! The aptitude for prdgramming is reﬂected :m the-abihti g 3 ERCORE

'A especmlly fo carry out tedmus algomthms with premsmn, An N

\-\\w M el . . LN

e atte ot
o-o"‘d
dents w1thin each class fa1r1y umform. gt wa. lso dec1ed to ex,~ o
' clude students having more than 20 hours of p' evmus burse. ex ; '_ k
posure to computer ﬁrogramrm‘ng smce they - oul n derwé/{ .
much benefmt as the untramed and would pr sent ey ain préb}em%
in the classroom. . ' ‘ | :
. : . . oo
i N
‘o, R

iy g Gourse was. designed for s ”""




Or gan.’matiorg

. 'I‘he So;n.entmfic Programming (;Qurse ;s an 80-hour |
_.-_.'course. It was offered in two consecuhve sessions in. order to

MBI -, \"J&m c];&&a swes relatzxa}y .,S.mall Wh

L% .9-«

e.i

accommodajingvlsp stﬁu- NS
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N : dents. ¥ The length of each session was four weeks, qonsisting I : :
o + offive days a week Of leCtures' laboratory work, and, indundual 5 ':':
\ S _.'A-:-.instructaon as necessary. totaling four hours a day, half in the A e
A -. ’mormng and half i in the afternoon.. The enrollment in ea ch s o s- .
”e .. " sion of 75 stude;nts was d1‘v1ded ‘.mto three clas ses of 25 students

:each A schedule of classes is g1ven 1n Appendzx B. ' | : o .. e .

" on the results of the aptltude test, wh1ch was a.l o used as a gu1de

for admlsslon. The test was given three Weeks pr1or to the start o
of the f1rst sesslon. Apphcants were given the opportunity to ex— _'
o .i - o press their preferences for sess1ons at that time. ‘A course .
B ca.lendar is appended (Appenduc A of Part I (’I'he General Report))
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- A typical dey for the students was comprlsed of two hOurs( : \ "
of classroom 1nstruct10n (lectures and d:tscusslon) and two hours of |
'-'.la.borato.ry work, in. e1ther*order. In the laboratory the students
( B -Were provided w1th practlcal programmmg exper:.ence,. There _
| o ‘were daily ass1gnnwnts whmh kept eaeh student busy codmg, de- 7
S _buggmg, or keypunchingis Labox‘atory aseustants were present at R oo
ks '411 times t6 answer questmns and to provide Whatever other assist- |
"'ance the students reqmred. _ TutOrs were also avaﬂable for prwate :

'consultatxon. o e _'
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é? Sonriel pa‘rtm&pating in the Sci,ﬁntu.fic programming

' _'Course is: shown.-vin-%hé otganiza,tioh chmrt (Appendix A). The Prm—-

; .ﬁ‘ ¥ o g

»

'c1pa1 Investigator, Project D1rector ‘and Technieajl Admi:ﬁstrato(r
" had respona:.bihty for the ove rall management of the Project. The

rngnar* t"’]“‘r‘"w\%rw ‘,’
Mot

s SR w‘- ~~q"~j"v‘ﬂ"~!"m\""‘"°""‘"“}"“' e ot 10, oy Gl 2 AR S S
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SClehtifiC gmarmpmg staff conzleted of a (‘éurriculumfcoordina— LR f

tor, Instructo%s, Laboratory Ass stants, ’I‘tﬁ!ors, and sbec;al aides. .
The responsibihties df the Currlqulum Coord1nator. |

were tor . Gy i Tl
N e . i e . .W. L. . . Lo .

) Develop the curr1¢u1um for the course._,_, o
: Prepare a general t@ching outl:tne, 1nc1uding da11y lesson ’
plans, readmg asslgnments, and la.boratory problems. A
';-'Des:tgn a programmmg aptltude test to asswt in the selectrmn r

of stqdénts. A e .

A

"._Conduct Of:{entatlon and br1ef1ng sesszons for the mstructwn--

al staff. i'. I

b . . .
: . ‘.}‘ . . .o Vr

‘.

o
~,

'_ Coordinate and superwse the’ work of the 1nstructiona1 staff,

. and ass:.st in the 1mp1ementat10n of the currrculum as the

needarlses.., o S S :

< Ly .

Subrmt a deta11ed personal evaluatlon of thé course in general

-
4 ]

and to gwe recom:mendatlons fo’r future progects. o

’ 3 .
. - .
! e T
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The responsib1li°c1es of the InstructOrs were to:

\

Preseﬂt dam,ly lectures accordmg to the lesscm plans pro-.

V'J.ded (Variatrons at the dlscretlon of the Instructors were 'I

: S A
.perrmtted Jo . ; I ._.{ ot

Ass1gn readmg, laboratory proble 8, @‘nd other home

I .Deslglluﬁ

K




\4. , Supeq‘viée the activmt:,es of the Laborato*r}r Assistants. o J.
".'._.5 | Refer students to the Tutors for mdividual instrucﬁon

}

- . R iy Aot e Al nv.}( e A '(M *""““-B“\"U”‘""‘ "g“"«r‘ ; 'f“"ﬁ “’*" N TRR
ke e e ,.,.,w‘}be ueeg a?:aeese( o ‘d i .f w@ r it *z THES }’ e
!‘.“',.’I L : 7, . oo L
f ' ‘ Mcmitor the progress and rnakefa’ f1na1 evaluation .of: each | BN

. - .-".g- - * . H P N . : " - s ‘. e
: student. i oot S A i

The respon91b111ties of the Laboratory As snsta.nts

:wereto° ’ R T

o ey

»

.' 1. Do the laboratory problems (before ass1gnmep\t to students)‘

g 2,7 .- Give students 1nstructions on the use of the keypunch.

Al

3. Check laboratory and oth,er homework ass1gnments.

4, _ Assust students in wr1t1ng and debuggm,g the1r programs, and 1
' 1n 1nterpret1ng error messages. ot S IR

-

5, . * Ma1nta1n accurate records of each student's progress 1n

the1r laboratory work v L
Recormnend tutor1a1 as srstance. g ‘ )

Provx.de feedback to. the Instructors.

]
-

3

The respons1b111t1es of the Tutors were to.

~

Answer any’ quest;ons posed by the étudents.

Ce

Prowde individual tdtormg to students as the need arises.

Provide feedback t\q the Instructors. L o R

L

. responslble for the sub;mittal a\md) return of student Jttbs from the
t computer center, and (11) secretar;al help, ,who typed" ran d1tt0s,

collated, and sundry other tasks. : o ‘h»

e,
e
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Coursé Mater1a1 2 el e
' } 'I‘ha text adopted for thms apt;rse is Cpmputer Science- S
FOﬁTRAN Language Programmmg, c ~authored bv A. I Forsythe,

11shed by J' ohn Wiley and Sons, Inc. ’ New York, 1970 Its compan-«

g ion (volume, Computer Science. A Pr1mer, is used as a reference

but not& requlred._ Supplementaxy notes wrztten especxally for thé ’
Fo

,1 I c ¥

- .

_A'_course 1nc1ude. L
1. L .:' “A.n Intraductlon to Computers and Programmmé by A. Lew.
2. _ "Basic Computer Concepts, by A. Lew. . '- '. \ ¥
' 3. a "Numbers and The1r Representatmns, " by E. Angel and |
| A. Lew._ o v oo _ ‘
These are appended : (_See Appen_dia_c. D). -
' s Pract1ca1 progr.am.mmg exper1ence was prov:tdedxlw means".
of a ser1es of laltoratory assngnments (See Appendlx E 'rbr a lgl:mg
of the lab problems) These as slgnments reqmred each student to |

: wrlte actual FORTR.AN programs to be run.. Keypunches were avail~

B

able for thea students to punch thelr own programs onto cards. The / /_

programs were then run on an. IBM System/360 Model-44. computer o

[y

(housed in the Syste 38 S1mu1a’t10n Laboratory of the Un1vers1ty of
,S‘outhern Calglformaa

h601 of Engmeermg,\

M
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Course ObJect:wes

,‘ In developing the ourrlculum, our primary geal was thuv .; o

B A A

upon’ successful completmn of the course. the student"should be \a.ble~
1'j'to write s;mple computer p?"ograms td solve whatever xiumermal ' ,
~problems he rmght encounter later in college or on th,e Job. Our rule )
'.'-"_-*.of thurnb 1s that, 1f the student can,solve a problem on paper, he .
_"should be able to. sqlve 1t usmg a cornputer. To this end the coursq |
e _. :{I‘[)rOVldeS traming in the use of digltal computers to solve problems’ .
' m mathernatlcs and sq;ence. Actual expemence in programmmg an
IBM System/ 360 computer us;,ng the FORTRAN IV language 1s given. -
Most 1mportantly, general concepts basw to the. understanding of any
-computer or prograrrimmg Ianguage are dlscussed. Knowledge of .

FORTRAN and baslc COmputer COncepts should thus enable the st/udent~

to read11y learn other cornputer languages as the need ar;ses. /The

re ratlon prowded”b thm course sho ld also c elerate the rate " T
I’ pa v fi R

]

~at wh1ch tihe student can learn to handle the more;/com]?le}g problems ,
'fwith which he is sure to be cpnfronted./ A o
...."/ L }‘) ) S .

. ‘i?. - Teaching Glu%e o /\ L / : e

n

In the followmg pages, we present three outhnes of the |
) Scient1£1c Programrpmg Course.. (l) a tOplcal outhne, (2) a chron-__

| olog1ca1 outlme, and (3) class schedu[les. The topical outhne 1s

| ‘a listmg of the toplcs covered in the course. The topms are R 7 '
o grouped und{er three headmgs., 1) Basic Conqepts, (II) FORTMN Iv, -
" ',_and (I.II) Iévlathematlcal 'I‘opacs. The chronologwal outline is 11sted )

by lessons. | The subJect matter for each of s1xteen les sons 1s bi’:eﬂy

noted. Four class schedules are then’ prowded Each schedule d].S-

.
tributes some subset of the lessons over a four»week span. .
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classrbom lgcture\s. We then s&ggest reading assxgnments which

_'supplement the 1eetures., Fina.lly, we promde la'bora,tory prbblems

_-fto illustrate in a concrete way the concept:s dmcussed and read, and K




.- 'I‘he stored program}wncept
.' ".'b.-"' Bamc computer operatmns
Qomp:lers and operating systems |
d. Algorlthms and flow chai’ts P '

Wi
.-m),. Y o S i

e. : ”Prpgrams* andf‘langua“ges" "

£ Traci‘ng a program o

-

' g.' Representatmn of numbers

FORTRANIV . %,
a. FORTR,AN elements
b: Input a,nd output
e . Assi‘gnment statetnents
- d. Cond1t1ona1 braﬂch:pg
e.. Subscr:pting
f.' Iteratmn

Bo Subprograms

MATHEMATICAL Topxds
. Number systems
be Roundoff

"G Qu at1c equat;lons
de

' f $ine',fu' 'ction

,g‘ ROOtS Of eguatmns 4.

]

h, Averages ‘é.nd deviatlons

.i.-"- Areas under ourves

. 'rj._ Cxaus sianh ehmina,tmh

wWete
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A generzal i’ntrpduouan.- Sarxfp‘lsé program“s. D, \ o AR

1.
‘- ) . ._ : .\ ‘ ’ - N
L E o C[‘he, stored program concept B’as‘ic odmputer, opera.twns. e

4 .

K

, |‘ Compmlers and opgxa(;ing sy’s‘bemsh

;. ‘ ' Algorithm.s and flgw charts.“ Tracmg a prqgram.‘ FORTRAN ~.' ‘
as an algpmthn;ic la;nguage. ;\.:..- {..-,...a.. .. = i “ f. o ' . 1‘;-.'-,"'
P "FOR‘I‘RAN elsments. A Inﬁut‘-output. . Carriage ﬁontr-OI. Vo

Number systemsw Integer numbers. Real numbe'rs. IR o

‘ '.;. . e . ““.‘:‘. e ”.;md\:‘ﬁ"‘l’
Computer B‘tora,ge of»numbers. Roundoff - . B N

6 Asslgnment’statements and otherx F QRTMN elemevnts. rIﬁ%é“' e o g

SR ger and real representat1§;n of numbens* ‘Real arithmetl . .; R
R ,‘...\:...lj‘;‘,,/..- v . e A
K X o }7 ‘ Decisions, cond1t1ons, and branchmg. Logicdl expressmons. R

O7 gt T g T
m, ' 8. Literals and sp_a‘cing. Euclu,aean algorithms REVIEW L o

' ‘ ¢ 9. '.'f Subscmbed var1s,b1es. Memory allocatzon. Inpl,lf: and " e

- - . . 3 5 ¢ ) " P '

T Output of arrays., Apphcauons. G Y N -

'TQ | Iterat:on and DO loo’ps. Input;,-output and nested DO loops. o L

| / N The 1teratlon box. . - oo - .' ."‘;::-‘ ._-«4" T ,

11 $quare root, Sine funct:on. Associated mathematkps. |
' [' - ’..: ' IS i ‘ Yy " : . . ., ) N
AR VA Subprograms.- Argun}énts. Examplesw . S '“" A "

'.1_23'__. - oots of equatmns. (The Newwn Raphson M‘ethod) B I ;o
| '14. o A era,ges and deviations., (Statistics). RO | N o
’15 | Arees under curves., (IntegratiOn).- | ‘_;' . ’ “
ausstan el:mina:ion. (Matrix algebra), A S .
L _ , v

L w.s
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' tion my bé somgwhat swperficmlw (Say so, lest you scare aﬂy~
S R L '*%'
R j'lf one )«. Pass around saﬁnple! decks vv?‘lzh controL cards so that the ' an T
“ e -’7.",;- student ma.y see a typical jOb deck. Also pass out job listmgs.
. ) N, XN s : PO . " BVAR & ; . ‘
‘#w.\y ; e W : e N ’.‘.'.’:-f‘. DRI, . ..‘.'-""-:}'I"\
TR READING ASSIGNMENT e S T T S YE .

;' ', : .@,‘-"1."1 S ''"An Introductmn to Computers and Programming” o o

; ;T e ": " \  . ’ . . R _ Lo RN ‘.'...,

. . v, ‘v . '..‘ ) ‘f .""1‘ i:"l"?-/':“ ‘ "A . . . ..'_. e L4 . . .‘& - . ) ", ‘ll\' \
‘,‘. .:‘ . ‘ V. ". }_ LAB PROBI)EM - . :;'l._\ . L . . . _.m'h".j'_ . v . . ‘- ‘ B 4 . ’:‘
Co 1s ' Punch and’ rin the ];‘xbonaccr program (F1g. 1- 4) m‘ch the N
' . appropnate control cards. ('I‘h1s assignrnent 1s des:‘gned to intro-— R
:'ij‘:, R & duce kerunchmg, axd lavout, derck set lipi“ and J°b éuﬁmxttal. S
L ‘ The preseh‘éngoal i8 not understanding the program. bUt Juéjt the g
L mechanics of runhing a job. “In fact. 'the'»progr&m as ib. has an

S '.'.;‘_- ) errbr wh1ch should be 1gnored for ndw). . 1 AREe "

' . : . D T SR ~. a !
- . ) o L «:_A(G n._,. ot . h .
n

:',' ..:!"- -

)A

o 1. “A general introductxon' # '

b Discuaa '\‘An Intrqdugtio:n to Comput;ers and Programmmg.

- ?« " Sainple progeames 1 h LN
e | Describa the Payrbll program (F‘lq. 1- 7 p. 11 of tex’c) and the - -

vé F1bonacqi prog‘ram (Fig, 1 3, p. 10). 'I‘he objective 13 to gwe a

EX

JEE .‘ afeel fpr what FQRTI(AN programs look Mke, gnd 'hence the descrip-

i
.ty«'
. ‘;i}




N . 1.. t, ’I‘he iétgneﬂ'eprﬁg fm cémegg B .
.V ' . ‘(‘\

w’ Discuas the concept-tha R ir\addition tb data, program instructione
e _' t\ are_t _.stored and intbrpretm\i.. ‘Diﬂtinguish betwe\en compila.tion time‘ .

. "ri“ .and execntion tirnea Referring to the Pa,yroll program,»«ea:plain the

mct that input and butput oecur at emecution time. whenee input L
de.ta 15 separ'ate from the FORTRAN statements a{n-d ¢utnutted answené

B o '2'»; : Basic wxmuter operatipnsu ‘ Lt ST
.'i;.'..;‘.-_.' DiscuSS the ba‘c capabilitiee (Limitatione) of cornputercs\o’> lﬁn AR - -l_';":'

o | particular, c mputers ca,n do. arithmatic, replace data at One place o *
) ' in 1ts memory by that at another, read and write.nnmbgrs and lettere. ‘_ '*f’:-'" v

BRI : nd test the signs of numbere and t&ke alternate actions acdordingly. SR
v Illustrate how the Payroll and F‘ibonacci programs involve only those -

o g6’

T L-:":'_ Operatwns. S C e A ~ SR

: R . .. ) A0 . . ",. . .__'. . L
e 3. ‘. Compilers and dperating systems' e ST -
R s ; S !

Dﬁsck}ﬁs, just to give a general idea, the Mnctions of °°mpi1ers - .. e ‘

u~.a(\_»- ,...“.

. 7

‘“'f?'.-_ “"‘A '_: and opératmg Bystems. (3ompi1ers translate programs written in e
";--{': oo e symbolic language (FORTRAN) into moye basic computer operations. J. |

‘ ) Operating eystergs alléw JObB to be, “batc

bj@

d" gwmg control altern&tingly o

S REA.DING ASSIGNMENT N
EN C 1. ; " "Basie Qomputer Concepts" ”ff““““?'“'\' :

WLl

to translating progran‘ls and user program .

’ . . A .. ’ N .'.. : '
[ . . , R - AT R L
. . B : . K . : T
e . . v LU \ . . we - . .
DRARMILCEEN Lot ‘ X - . 1 . . . . A . .
. « . 3 .

.\;~._7*,""~_1,.-ABPROBLEM oy

) . R v T
s . o e,

e EARE gg o Punch and run the Payroll pmgram (F ig."il 7) W"ith appropriate N

. b . | --”hyput data ancl eontrol cardss (Make this jugt another keypunching

]

L w L exercise. 8pecify how data cards should be pug)ched).\ . L S . el

' . |-‘.
. [ '
“ : . .
i oo . Ly
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R Refer alsot,f _'mgures 12 and 1-6 of tex&.- The baaic ﬂow ohart T
e bo:gea are j ') asg!gnment, (b) deemsion, and (c) inpuﬁ; a,nd output. ~._- -
'.'.,_-"'-'.':,'. K . L TR ".
oo =
K - the teatland bxanch oper ta.on. | 'I‘he mput ahd 0utput boxea correspond AR T
Lo ng and wr;tingh ?A fdurth box, the 1tera.tion box, is not dds- - .
-cusse unt11 Lesson 10). AU f",«'-,,.- ' ,
A N ,-.:,&;,.w_\-f | F
SRR Trac:mg d: program' k T ° R
. -trace the Fibonacci program a.nd other examples. (Hand tracing T ‘~*~
. 1s ery mstru_ctive because' the student then in essence acts as: a com,- 'i
3 P , pu g hamsel-f).\ (Note that a, cornplete trac oﬁ the ﬁ‘lbonacci program o
| B C gl Iong enough to: allow many students to help ). =5 ‘ :. -zf- e ' ‘
e FORTRA.N as an algomthrmc langua_.gef_‘; K NS L |
', /. ngpare the flow chartg and FORTRAN programs m Fig 1 2 atnd 1 6.' |
L / Note the correspondences of the flow: chart boxes to the FOR’I‘RAN :
. N . t “~ " . M
e statefments. Ry ( e S SO " o
//, | gEADING ASSIGNMENT L e N L e
\\ . / . . : E " . — :.- " ' 'v . . ' L '_,l. ~ \,
e\ o 1' T‘ex‘-t" Qbo qo PPc Q“‘ll% CoL . o B _ oo v ' ’... !h
J,AB PROBLEM R e
/b i 3 Determine what the following program computeya by hand«tracmg .;.,__ ;
f‘::,v..?‘;:..'v; ’ o >11t‘ | T \ A ‘. _: - _. l,‘. *n ’ ) i ' ' .... s . ’ E ' - ' ;\ :\‘ : f
o — | ._ -
".'; l 4 " Y ! . . o N R .._...“.
s .' " ' ‘.‘ ,,:-v \ J".‘"v - '




. Lol .

Verify your answer by punching and running the prograin. I£ it

doesn t come out as expected, rerun 1t with the WRITE statement
moved up one%otch\(h 8, interchanged with the GOTO“? st&tem\ent)




.._;"‘ -

, va.rxabl.e names, (d) ‘va‘ri 1‘
Thef,I N r

must be memorized. ..

declarat‘mns,

R

-2,,’ Inputuoutput. -
Discuss the READ W
,4'- explain -the I -and F for

tcod B._

le sho d be tzsceated as an axiom, w‘hich

and output hsts to ma 'h fOrrr

ats (on\s 1- lbasis).

" -3.' Carriage cont rol:

. \’

\' A

__ blanks to zeroes on input dat cards should also be pomted outw&

Trgat axiomatlcally e fact hat the first char‘cter oh everx prmted-‘

r s’et,ﬁ (b) statement la.bels, (c»)

A-.v' .

ITE -alf d E“ORMAT statefnents. For now, Just
Em‘phasme the necessity for input
The equivalence cf_

T e l,me ejcts a.s ‘8. ca’rria e cqnt: ol character and is never printed. Intro-
“ ‘ duction of lead;mg bl nké by usmg large field vndths 1s s1mplest terch- SR
. niq(ee %m- obta;ming ingle 1 ne spacipg. (Use of H formats, quete 'A " :
) mamks, and .X-forfl ts are discussed in Lesson 8) '-7 ~ | A
‘ . ‘.") o . u' e . . . . ’ ~
g ,smmm ASiGN ENT P S
; ‘./ _',, ™ 1.. : Te){t‘ sectl l}l’ pp. 12 "J-i ‘ " 7 ::!_ . Y __-:" N R . . . : -, ..
R : Vel coewege ' N . _"‘ ".ﬁ_
. . z-.' 'I‘ext, Sect_ 282, PPy 20- 9 S L * e o
1 Text. Sec b ; 2s—4.mn. 42 ,44.‘ A N
L /’ ‘ N '"l. - . T L’“ :_ et 8 :A'\;:v’ b
| LAB PROBLEM --‘.;,- EEE . |
LN $o e w\u{tx‘w\;“»"” gy -
P,ayroil program w ; S . SRS

4 i Rerun the

en

-.u4




° -1 | N}xmber;pystems. -

Diswss the: b‘ina:ry; hexa&ec;
numbers and conversion fi'om one to another. ,"

2 L Integer numbers'\':'.':"" L e

\ TR Lo Do C

Discuss sign-'\rnagmtude, l's and Z's complement. and é#'éﬁs.s *Zn L‘

Discuss scientrfic notat1 n, manta.ssas and eprnents, E-for!hat

'- :.4. Computer storage of nuinbers'
Discuss the ways in' Wh:l.ch numbers are stOred in the IBM 360.
(Z's complement}integers, bade 16 W1th excess 64 expoﬁent reals.) '
.5,_ Roundoff S SR

Discuss ‘the trﬁncation of numbers ﬂue to fimte_ word length. ,Dis-
tinguish between "ra‘aonality" in base 10 and bsse 2

READING AS$1GNMENT SRR o

_1..':,_- f’Nt_lmbers and Their Representations“ RO
2'. Text, Sections 5-a1 5%»2 pp. 118 122.4 _-_ _‘

L,AB PRQBLEM e _',;"" o e

”al' and othe;r radax systems, BCD RTINS

5. Run the £0110mng program for thendaﬁa of your choice (n0n~ R

M REA.D (5.1)1, g
1 FORMA'I‘ grlo o, Iw) el TR
R Q': g Y. B, B R S LA
T SUM 3 SR A (‘ S
mm (6,1)SU1;/L SUM

R




summc'r MAT:FER' R R P e T
Sl '_ \ Aseignmen,t statemerfts and’ other FQRTRAN elements. S T
N Discuss (a) arithme}@ic expreyss:ons, (b) mixed-mode amthmetm, S |

(c) operatora and their prededence values, (d) predefined f.unc-

taons and funct;on argumentsf (e) length of statements and co;lumn 6, ) ,; poE

and (’f) blanks 1n Btatements. R T AAPEEE S

ha— Lo . " R ) o ' . B
L k - W .

v oy . ot -.". co ‘ : o . - Y

z. N Integer and real representatrons of-numbers- o = [
: .! D1seuss the change of repres entatmns that may occur by uae of the
j ' ; " y | assxgnment statement and by. rmxed mode arithmetic. | Describe in- : ;‘.f
‘ o - 7 teger divmsmn and the t‘rhncatmn functi‘oga CHOP. .',. '_ o . \\ o
| | 3‘ | Real amhmetm. | L _- j_:.‘ S T
Illustrate._the rouﬁ*d?off errors that may accumulate in using real SR R y

fixed~word length arrthmretic. Show the 1088 of sigmhcaﬁt dxglts o A 1R

T -  ' when subtractlng nearly equal numbers. Mentmn that the associa- ._ v
. ‘l& :

\Q

t’ive a.nd distributwe laws need not hold for computer ar1th1net1c. . oy

gy

(See Chapter 5 of the Prrmer). (Some of th1s material may be post~--

fioo READING ASSIG’N'MENT e Lo C
R 13 ,-»f;; ’I‘ext, Sectron 241,. pp. 16 17 S _ |
'-z,; S Tty Sectioné 23,72 4, bb 30- R S

LAB PROBLEM R T T S
IRTMEANE ’ 'd‘- ' L . .

o '_ .f\.... 6. Wr1te assigngxent statements fOr the expreasione Gf Exercase 3, ) K
I. ”.".." RN ' ( C . r{'.‘l‘“' :
5 p. 18 6f text. Punch and run them, assummg appropriate values for SR




.,.',. S

suBmc'r MA.’I‘TER

"'_"Show;v;variations on ﬂhe Fibonacci progrg.m d o -ers using tﬁe dw.fibrent.""f‘._f" '

| @ . S ;’:atatements. - .'f-'_ o ‘; o T e e o

- R . . . I R L. s Ny

... B . N

s, Logma.l. expreasiona~ T ; e
L : Discuss relaﬁional operators, truth values, logzcal Sperators, and

J"i‘"__"? B ‘ : general logidaf expreseiona. xExpl‘a.m the extended precedeﬁce t’able Co L
L (Table 32, pu 76N L a

3. Quadratm equatidns. [ 2 P PO o
. Q . : ”_ . . _: ,
e Flowcilart a program to determme the two rootq of a’ ggneral quadratic '

. -
RS . L i S S . e cm Lt
‘ . . equation - : . - - I‘- o \ .o .. S R . ) . .. - . Y , . R

A*x**z ‘h B x X + c o T <ol

'-‘ . ) . \_\\ - ‘, j. L. ;&‘..

using the quadratm formula.~ Test for the spec;al case where A 0. ' j" o

- Recall that the s1gn of the d1scr1.;nmant reveals the nature of the o .
'- roots. - S E R R ST R
. . . . . . a0 ] R

'-"I‘he quadratic formula can be derwed bywthe method o£ completiﬁg

\ . T squares. , Do ao 1f t1me permitss The formula. can be verlfied by ",; R
. L8 T . _ . of ) ’ T B :';"" - TE e
L luggmg back mto the equation. , ) .

READING ASSIGNMENT B T L T O
‘ b 1. . 'I‘ext, Sect:.oni! .1 pp‘ 18 Zoo s | e ) -

-.‘. . Lo . PR . . Y R “

S ' ) A . ~ Ty v

L2, flext, Section 3-1,.pp. 51 53. S T e
e 3. 1I‘ext,. Section 3 4 3 5 PP° 64 75' s
S .._'_',LAB PROBLEM e T e
._ .‘\__7. e ke an d run a program to sol\re the general quadratié,%&uﬁtiqn.; Ty
Input t?e c¢ef£ic:enté A. B, (o} zmd o\“itput the roots. . LOOP bwck to read’

m mdre ﬁata. Enough sets of data, showld be use,wo ex;gmise all pdrts'

: & of the program.




suia;rp::cr MATTER s

L1térals and‘spacing ; _ R - '-

messages, and to control the prmter_carmage, élao diiscuss S
the X- fleld. - i\'- : : o

o A R

2 Mathematlcs. S e e e
E Explam the two Euchdean algor:thm programs (F1gu-res 3 5 and 7._ '. .
B _' 3'»7) Consult the Pr1mer. Trace the subtraétmn form for A 12, S

'B = 8. Trace t’he dnhsmn form for A.~0100 B = 64. _'_} Ce el Ly o

3 Rev1ew. _'_' I T

.o
S . .
a o A

Use thé Tallymg program (F1gure 3 1 p. 567 for rewew. Flow B .

. f chart 1t* explam each statem,ent, ‘assumé typmal data, and trace.

K ]
.‘\,

~ v o . . . N

BRI READINGASSIGNMENT e -__-_'_' e

».sl?‘

T

_ 1 Text Sectmns 3 1 3- 2 3 3 pp, 51 64 ‘ : o J
e Text’ Sect1on 4 5. por 103 105 o ., e e

Y L e o . A

LAB PROBLEM :".'. Sl S

) N N . . 2.

' 5 8."._,-. ' Ada appropmate 11tera1 messages to Lab Problem 7. Ffs,f.‘ L -
: * example, e \ e — o ﬁ . ._
B R a) ‘for A= 0 wrrte,' “A = 0, smgle root SELEA - ~ e . . )
- b) for drscnmmant 0, erte. J"double roQL— e |
T R e c) for dlscrlmmant ‘0, wr1te "reaf rovots are vos

‘ e

. _ D
" . SN

S d) for discriminant 0, wx::.te, "complex roots'are .o i
.l..-"?{-",' ) . o . ‘ - - .\ . {.‘\ v i '..)’\ -

EVeryone should des1gn h1s own formats. :
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fsuamscr MATTER A
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'4.. Applications., R T

;
-

tions. AP . Coe
READING ASSIGNMENT PR VRN R

-l. Text, Sectiens 3.6, 3 7, pp. 75 86.___ . L
LAB PROBLEM, S T T

Subsm'ipted variables. .

Distinguish between XK and XK ' Illustrate, £or example, the N
problem of averagmg 10 numbers wrth and w;J;hout subscripts. l}se

of subscripts@.mll require an IF loop, trape it showing how subscriptS‘ o
change values, thereb'y addressing different words in‘memo‘ryf Vel s -
2. . Memory ailocation. o '. S :
D1scuss t’he DIMENSION statement" computer storagie of subscripted

var1a.bles, and the colurnn wise storage of matrices. Note that lack

of DIMENSION declarations may lead to ambigu:t;.es since we can a0 'i-_
longer distmguish between array names and function names m ar:.th- o :
inet1c expressions. . 5‘ : S e e T "

S3e . Input. and output of arrays:v' Y TR e

°

Introduce the use of implied- DO looﬁs in’ read and wr1te hsts. | S |
(This is discussed further 1n the following 1esson). A L o L P

1 dl.

Sample applications of* singly subsonpted variables (\{ctors) 1nc1u‘de /

g .
" 1-D tables, functwns of one. independent variable (esp. tirne), co--

efﬂc1ents of polynomials and other serjes. Applicatmns of- doubly- ‘*
subscr.ipted Varié,bles (matrices) include 2 D tables, finctions of . .

spatial (x y) coordrnates, coeffic1ents of linear systems of e{1ua- |

9a '. j Write a program to read in a list of aptitude test scores P
(graded between 0 and 30), and to then déternnne ‘the pqplentage that
£a11 in the «'high (ZO-30), rnid (10~19). 'a\nd 1ow. (0- ) ranges.




. \,usmg DO 1oops. | (Both ha.ve no fixed'-:loop lixm.t) Discuss the probv-

lem of averagmg N numbers usmg a DO loop. (Th1s was done using

o

an IF loop in the prevm\is 1esson) Illustrate how DO loops can ST 1 :

- ._Z.j always be replaced b‘y IF Iob“p‘s. o "" | ) :
" _— 2._'.'. ) Input-butput and nested DO loops?. " : i .;. . ‘
» ( . ' "_';pl;med DO loops. ShOW how matnces T
) 4. ‘ ' may be mputted/ th and without 1rr1p11ed DO loopsa Th1s wﬂl also .
R requlre explanatmn of nest”’c'i DO loo'ps and of how F‘ORMAT statements S
. 3 ;ﬁs:ﬁ;‘ Thezxeranonlxnv';"'\'?!E”LQQ _'..;; f ;'?ifflvfff*'j":" d L
i | _.Describe the 1terat1on flow chart hox., - : Note that it'is Just a combz,\- - o '
o natmmpf two, a slgnment statement boxes (for initial‘izatmn and 1ncre~ S
.r _mentatiOn) and, de91s1on box. Beware of the nonequivalence with DO : ~ )
o loops descr1bed on pages 96 and 97 of the text. Rewrite La’b Problern ' ._'.-'- : £
. '.3 usmg a DO statement. - ' JE T E . _\’." = e
| __ ’READING ASSIGNMENT T e | ) |
, M '1-,',. Tel(t, Chapter 4, pp 87 102 106 117 - R e
',_.L.AB PR(DBLEM B ARSI 3 " |
T o SE T e . " \

10, Write a program to.

C c) prmt 1t out columnwxse mthout any DO loops (usmg IF e Y

[ ]
oo

a) read in'a 5%5 matrix rowwise usmg implied DO loops, /

b ) prmt it out rowwme mthout irnphed DO looﬁs

statements), L PR C
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ML

e pa.‘rts of the same px‘ngram,'




Dj,ecuss the use of NeWton s methpd to determine squa,re roots of

L positiye, reals. Newton 8. method i,a an: itea:ative prm%edure (also

| .;;'___;._ . caued a method of svgcessive approxirﬁhtions) in which starting
REA from an’ initial guess succesnive: 1teratione lead to improyed am
- - SWers. In other worda to solve a ”fixed—pOint" pnoblem of the

xform X G(X), the formrla xi+1 = G(xi) x c, is. used. (Con~ )

o "’vergence of the procedure depe ds. upon the ngture of G, and ‘ ~‘ '

uaually also upon C. ) .,'* 7 :

Y LR . . el

o o
e , . . . oy _.-. - R ) .

z - Sine function» B A R L NS TR
' Discuss the use of a power eeries to appi‘oximate,,the functlon sin(X)

% Only a fiy.ite number of terms may be used hence the seriea method R i
- . 1s akm to polyrx\ ial approx'imation. . e < , ) '3’-“" “
» L Pr : .' T

3. hMathematicw o T s T T r/

Qo A
Sy T ! N H . oo » r
KRR

L pansions.; Introduce the concept of sonveigence ih both. contexts.
UL Distinguieh between the errors arising from ffnite word lengths |

A . "l : Text, Sections 5«3 5:4, 5 7 pp. 122 127 L \ . |
..‘-' B ‘. o '.‘ " N - 0‘, . ‘&‘ : .' ) ‘ N ‘ E '_ .
e LAB EROBLEM S o

S o 11. Write a prograx’n to calculate n to six sxgnificant digit'a using 4

RENE the serxes (a) 7)»

R . ",*"
] L8 ' . .

- Continue discuseitm of euccessive approximations, and of series exa Lo
Ly e o PO ) KRR

Do | (rOunding) and those arie‘ing from using & finite number of iterations S ' “ P
R _ sor of tekins (truncatwn) L e T '.'}f‘.f'.o.r,. el
e I ‘” O S
RETT READING ASSIGNMENT e v .';a" S A -




D l.- Subpmgramm F e e N
s :‘,'I -} Diecugs functions an‘d Gubrvuﬁnes, Explain the rqlgs plaved by,’h@ R
o ‘CALL FUNCTION SUMOU'I'INE RETURN and END"atatementa.

e .-" o __Err(phatsize that., subprograms are, compiled independently‘pf. thenf;')ro-.
T grgms that call them or whi,ch thgy _qall in tuaéin R

S .z. Arguments e 'J~ --'.:l'-lé"dt';:"'-- IR
| Discués function and subroutine arguments, heierarious typas. o
‘-the restrictions imposed. E‘mphaaize thie one—to~one coxreepondence

- o '; ', :required Ment;on a'lternate exit:ai'and iunction name arguments et \'j
: e s . . . ' e t_ . L T S ,\’ ' IR
SR B AR Examples. T e T

S Convert earlier prOgrams (except for Lab Problem below) to subrou* e

o R .
‘tines orfunctions, _' ST AT U PO R

DN ¢READING ASSIGNMEN'I’ s .'f,j' e N R
| 1, Text, ‘Section 6-1 6-2, 6 3, 6-«4 6 5, pp. 131- 146. o

oyt LAB PROBLEM o = S -'_‘_- Ce IR

. . 6 .
. . . . e, L. . ¢ ." o Lo

S 12 ' Convem: the quadratic equation program quab Problem 8) to a L P ..';'

, S su%routine. Put all input output statements in the main program« R (




Rootsbf equatiénsx e e e e RN e
D(Qscuss the bisect:i‘on method cﬁor findi.ng roots (zerOes) of quaﬁiong, s :

2 i;-lMathemaftica: e A .' ‘
Diacusa tha NeWon~Raphson method for finddng roots of equations, T
'i‘his will require introduotion of the éoncept o£ derivatives (Note».' -
that the Newton-RapHaon method ia a ﬁxed pointnnethod. Further-‘
more, thq Newton method for finding square rootﬁ 15' a special caae.
'I‘he calculua concepts bf. sequences, limi'cs, and cofwergehce will be
: required’” Derivatives cah be ‘treated geometrically by discussing
_ ' secants and tangents.- In the. New‘ton-Raphson formula ,. the deriva---.":'
'_ o tives can be approximé.ted by using secanta. 7.;

R ADI ASSIGNM N'I‘ /’ L

.’

1 T.ext, Sectlon'? 1, pﬁ 151 157
LA,B PROBL.EM i‘

13 ’ Program Exercise 5. P. 157 of text, a‘s a subroutine. Use
thia subroutine, insteaq of ZERO to ?o Exerciae 2 ’p. ‘157. :




Diacuas aVQrages
' momen'cs)




Discus,q ‘che recuangular,, trapezoidal and Simpsonv

' areas under curves. e e ey EE
. 2.. _ M«athé‘in tlca: :

: 15 Determme m ta srix decimal places b}n finding the area under

o quarter circle usmg Simpson s rule._ T T

es ) : . ! -

. . )




eI algebra- T A
‘Discus' matrix arit}nneticu(éddition, mulﬁplig\gﬂ"

VLIRS

T 16 Pi‘b’@i‘ !h th‘é‘"Gau“‘ﬁ“‘eliminaﬁOn plgo ithm., as‘ fl""‘"”‘harted in
e Figure 8-1; p. 167 of text. Add as many of the improvements de- ':.
L Bcribed on-pi 468 a6 possible e |




| . lygmg in depth sagnple prOgrams, thie tactic ’18 rehed upon;. 'I‘he :

‘. Progfammingwcurriculum was
inda First, the course should

_ 't as su‘nply and stratghtiorWardly a.s possible. 'I‘here should W
ne redundancy to. aid in thexlearnmg prOces\s. Ths students :

should not be required to acquire new infOrmation through reading
S Readingyassignments should be gtvqn on tOpics alreadv covered bv
; .A‘-'lectures ), OF else should be opt1ona1.-. Tutoring should b@ madﬁ !

‘Teadily available. In th% belief ‘that much can be learned 'by ana- 3 | "

L)

(student is also “led- by fhe-hand'! a g;reat deal to faclhtate trans~_. )r

1

ferenee of knowledge Lrom sample programs to newlywa,sslgned ohgs. -
' ' FaTAL R R ' -

I &

S - T‘he currlculu.tp should not be rig‘ld}ly structured bul;,i'ather

should be flexible enough to adapt easily to any particulav\group of

~ gtudents . ansequently, the 1netr‘uctors should be: allowed~a great
deal,.of freedom in the conduct of their clas 8es8 . But whlle we cannot
expect every class to proceed at thg \\garﬁm 'pace, a certam mimmal |
level. of ach1evement ,should be set’ (Sthedulg. D) This -provides z&
dehmte tanget and assures that upon achlevement the student :mll

have truly profited from the course. : "

. s C .
. , ‘_ € . ) . . L
Coox

N ‘( Emphams sHould be placed upon gen\ume upderstandmg of
basic and general cbncepts ‘ahd riot: upon the: detal,ls or idiossyncracms."_t

., of, speélflc languages . Gonsequently, the first portlon of the course

covers baélc cOncept,s,,waibmbwtl;\o FOR'I‘RAN context. Whi,le
I‘CRTRAN may eventually become bsolete; the underlying knowl~
| edge will remain of value. 'I‘hus no attempt s,hould be miade to teach‘- o
as much a8 pos sibIe of FORTRAN IV at.the: expense of a. weakz“treat-
ment of a fundamental subsetz of the- language. “The subset stregsed

students are likely to encounter in the near future » however ine

~in the course i sufficient to p;rogram ‘solutions, to all problefms E(he

ciently oz i melegantly. 'I‘his is t\hea reason four basic compute"&‘

[ N




operations aa'e emphasized, while other higher level operations (suoh
" as the iteration IZ)O atatement) are regarded as oonveniencesg. PR '

e ...'~-_~ ¢ N

'.9; ) ‘ \ a,

_ The rnain rna,the_matlcal content of the dolurs' is left unt1l
% the 1ast week and is ‘essentially optional material 'I‘he mathematlcs
here and m earlier leesons should be prestented at whateve:r level - ;.
seems appropriate for any partmula class. Sinoe little" mathematb-" |
33.1 matunty can be expected of the stud'ents,. it 1s expected that' the |
‘ ': "l%vel will be relatively unsophlsncated ‘This. is not to say. that new
| and ,computer related mathematical topics should not be. presented
o In'a scient1f1c programmmg cﬁurse mathematics play‘s a very im- _
: 'portant role. _But care should be taken that k:laffmulties m fully un- o :
.'derstandmg the. rxfhthema,tical aspects Qf a problem do’ not preVent

~ students frorn successfully lea‘rmng to program its solutlon, nor |

'become a source of serious d1scouragement. When this is. the case,

the mathemat1cs becOmes expendable. :

- : - t

e Treatment of numbers and the1r repre‘sentatwns 1sf of
'espec1a1 importance in understandlng cornputer arlthmetlc. Re'- =
__.‘grettably, the- rnathematlcs involved is somewhat comphcated. o
' .Very baslc materlal on number systems :and 1nternal storage of -
‘numbers. is - mcluded in this course,” enough to d;stmguteh between "
_ _fixed and ‘fldatmg point répresentatmns of numbers, and to reveal
" the mysterles of’roundoff FuIl comprehension of these coneepts
is an unreasonable goal for this course, but knowledge of their
-rex1stence and apprec1at1on thereof is of value in 1tse1f
. Only a mmimal rtumber of laboratory problems«were in--
cluded in the lesson plans. These p‘roblems ware demgned to em-
'phasize certain sgeclhc coneepts and were not meant to be com~
_ '.prehensive. 'I‘he mstructors were expected to supplemen,t the
= _"problpms witb hornework exercxses and other laboratory problems
. bt thelr own They were also to design thezr own exammatmns. 5

,..'Copies of the ccntribut ons of thé mstructors appear in Appendlx 1“. .




a criticisrha offered

. R 1
- P

t»‘l h .

. .
|_ .

T

B have or should have ehrninated these students from the st%trt.

. . our itudent"‘j;

which is appended (Appendi.x H) We o ¥

‘,.

'I‘he concensus opinion wa.s thati n gen the cour
waf fruitful a.nd rewardmg experiénce for staff ancl students TR
* alike.- There was no doubt thatonon-honor high school Btudents '. .
could be' taught sc:.entiflc programmmg in as. littlec a8 fcur weeks. o
This was borne out again in the couree thie summer, as it had
been the previous two summers in predeceaeor cOursee aa well
a8 m courses across the countrv. A collection of programs (and
their., results) wntten by the students ia included in Appendix G. - ';

P S

.

&

-

.

.« M09t of the remarks made in lastéyear s report remain LR

vahd. Academioally d‘riented students, many of whom: wm uge their
' newly acquired knowledge as. a “tool in their éollege work becamo - . _
" more: enthusiastic about pursuing scientific research after having o
" been exposed to the use of computers ﬁx solving problems. . Less | B
' academically mclmed, students showed much more dnte reat than L
they had in their" high school science and math courses ~which’ they

‘3
. Ay

cla,imed were often too theuretical and. nxr.ql\e/vant to their needs.. e SR

.

 nimber of students who lacked either < ...
sufficient motwation or perseverance or aptitude, .and consequently o o

There were, unfortunately. a

+ did not deri\re much benefit from the course. A major questitm s |
whether a ‘motre careful pre- evaluation and admission policy might |

[ )
a g L ‘ i

L A question 'raiSed by one instructor was that of whethe o
éhould be exactly those who have fouhd no motivatio$

v . . :
. - v e . .




_ ':'-;in their traditional educatiqnal experiendef. : In pre ,sess-ion di.scus : AR
'~_ "'.';aions ’ it Was. decided“ tha.f’“there was very little we, having no'tformal [ !
educational or psyq,hological,training, could do wi‘th éueh stﬁdents . _j_;' B

" :'I,n any caSe«, it was conoluded that the “problems these st,udents face 3
n. are 80 deep as to be impervious to a lunited fourwtreek attack Qur
_' course was seen as providing an Opportunity for those who are moti- ". . T
- :vated a:nd have the aPtitude (albeit’ not reflected in their performances : '
| _lm high achool. classes) ; rather than as attempting to prov1de moti~ o

' "{‘atidn to' thoete who lack sarne., -

¢
2

. hlle it was our obJectWe to. provide prepardtOry rather |
than remedial training, _We must still be concerned with the motrva-
o .'._;tion of the students ) at 1east to the extent of not discouraging anyone .
. This is a demanding requirement and necessutates a consC1ent10us
effort on the part of a11 the staff The extent to which the staff' Was',

sueces_sfu-'l in thrs ef_f.ort;.:,_:: - i 'icul,_t 'o measure. o

-
)

. M . 3 . . ~. 'a
<

Other cr1t1c1sms made related to the content of the course .
and to the text. The text was not found to be, very helpful ‘I‘his did
'_'not, however, present a serious problem. The course had been de- 1
o signed with most of the burden plaxed' on: the mstructors . Further--"
'. more,“‘programming moyeé 80 than other subJects 1s 1earned by domg.
_Hence, although the text should be chosen wa.sely,, it is more impor--,
tant to, concentrate on’ improwng ‘the qualaty and efforts of the instruc--
tional staff, It .should be noted that no book examined was found to. -

°

be entirely suitable for this cOurse._ R ST P

1!

The course content — generally found to be satisfactOry. ,
. Soine instructors expre ssed a preference for a. different ordering of
G sub;ects and i slight shift in emphases. The DO statement ', Las
" thought to be too. closely linked with subscripted variables ) 8 '
.. ','slmpliﬁcatmn of input- output by use of standardized formats was
_ suggested SoxEne students also had difﬁculty with various |




3,
'''''

A AU

- is_ of; suﬁfteient valud to make ;their oqomplote I:‘lizninattcn “.:&nbious‘

L Finally, the desiré‘ forthe"inclus,ton o,f.more exerciseg"and
g laboratory problems in the leeson plans was e#pressed.' More could
be easily found in’ the»myltitude of FOR'I‘RAN texts: that: ahound‘ y 'and

: consequently there was no: real difficulty in leaving additional gssign-,_. L
‘o . ments: to the diseretio‘ns of the instructors. One other crﬁ:tcism we.s _ '
o ' “that the! laboratory problems provided were too easy at the start T
L while relatively diffxcult and time-consuming near the end of the.
course. One suggestion for remedying this is dt{scusse‘d in the oom

cluding section. UL e e e e {.J'*"

PRI A .. Lo . ' ° . B e
" -ig o R . & . PR -

-

IR (PR Recommeﬁdations I SO o

-". Ry i,' T We coiw,lude this report on the Seientlﬁc "Programmmg ¥

Course with a list of recommendattons for im‘pr&ving tl;,e operatxom | ,
RO '_ and content of the course. We ﬁrst should emphaaize that the course ‘-
. " hag been found to.be extremely Valuable and should be offered aga‘iﬁ '
ko . perhaps On an armual basis; Furthermore, we rec/ommmd that the - | P

L course, or. a facsnnile be: offered across thex country for there 16
o need eVerywheret_ Recommendauons ft)r futui”e courses include the

e )

'--f.’A',_ '. ADMISSION The mOre effort made in preee\raluat‘ion of R g .

‘ applicants the more successful the course is- hkely tQ be . 'I‘here el
is of cOurse a practlcal limit to tho amount of. screening that can y

N be performed but sogrie. attempt should be made to limit enrollment

"i" : to those showing motwation and aptltude. (We discuss thls further B

v : . . Ve

N
LK

Y
w s

I B ; SCHEDULE. Because of: the nature of the suhject it is e ‘” ;
Tl e . ', recomrnended that the course be taught with a shiftmg ‘schedule,
L I“Or example. durmg the fxrst week(s) of the class three-'-fourths

," .‘: a.. : L |
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£ourths laho rautory.

I

lecture and laboratory. SN R "-: e

¢ LT
LIS

',C 1 S'I‘AFF Great care should be take;n in the recmitment of
the mstructmnal staff DesirabLe quahties for. instructors, 1abora-
tory asmstants and t\ﬂ:ors» mclude knowledgeableness ' q‘nﬂﬁusiasm,
“and a smcere desire to- help._ Of course, sﬁme pnior experieno(e ihﬂ '
teachmg would be preferable ,, but this has been £ound to be unnec es-

v sary. Of greater 1mportance is the ablhty to mteract well \ )

[y

. . ;
P v‘.~-.'
.4' f

" D v INTERACTION It is of great 1mportance to establish rapport
w1th each student ’I‘his has the benefits of mcreasmg the motivation

. t_'_ of the students, eidmg thereby in ‘their’ learning proce‘s':'s ’ and as’ a

conseque‘hce rewarding the. members of the’ instructiofial staff, sth‘nu?
lating there‘by their enthusiasm, when,ce also their effec\tiveness. The -
_instructors should see- -each student individually as often’ as feasible

and should enc rage class dlSCUSSlOn by a11 The laboratory as 818-"" '

tants should take the mitiatwe in sollc1t1ng questions frorn the- stu-
dents for those ho need the most help generally will noti seek 1t
It is recommended\that this be done by reviewing each student'
pr‘_,gt{ss periodicall each day in his presence. . This would encour---
age the students to malce better ‘use of their tirne in the’ labdratOry,

and would benefit the m e reserved or shy students whao woyld .

¥}

'I‘he tutors for. their part, shoul be well versed in the Socratic"

'l

method for best effeetiveness. Idea ly, the . students sgould/ x\égardf

o each rnernber of the instructional staf as a friend to. whom*they gmazr,‘ }
readily and naturally turn. S AN ;v' o |

. w i
e ey

L . . L. . e ' - )
S . L e - MR oo <% {"}. ‘ :i‘l,.-—{
< . .'_. Lo .- . | . v . ‘/‘”‘" . .....(: ;)‘ A )

,'[; other\mse remain withd#awn, 'I‘he mstructors and laboratory assm-’_.
tants should not hesitate to re fe;r students £o the tutors, again this .. "
should not be- voluntary, but shuld also not be an ordeak( hor g stigma. :

e

¥y

P-THe




A
I

resu& by discussing each: subject mote deepiy. P*‘Wi&mg more

S problems and utihzmg standardized format&

tho eighty- hours of the course was mOst gratifymg,, there is Iittle R

'. doubt that a longer cowrse ‘would. be’ of great benefit‘ 'EDP school” | oo
. programmmg cOurses for exampfle, provide five to ten times the-. g
'l .' hours of instruotion. ,,Coﬁege co‘urses ‘on the other hand, gener- . v
" ally provade fewer hours (ardund 40 to 50) of mstruction. (s CL '
,‘\college, however, laboratory work is. not usually included in the S _ / ) i

. e

by and IQrge are of this natured A less matheruatiﬁal course:wquid SO
result by deleting LessOn 5 and trea;ting the other mathsmatical
tOpics ih a cookbook fashion. A cours'e' 'fo'r' hcmor sfudents would i

niotwation and background for the various soncepts, and also by
atrengthening the mathematical content. 'simplified course
would re sult by elimmating most of the dis cus sion of input‘-@utput

D . " . “ . : A
N . . » S o

DURATfON While the progress rhade by most Btudents qn’l;-

.

above hour Count as" the atudents, are expected to do most of their S s }
work on their owi outside the classroom.) In: any case), it is rec-;o,. R

[N ‘e “y o

ommended that the duration of the course be increased«.

- T ‘ . . . ’

i - . . -Q. . ’.1-.(

yo "

- L

G. 0BJEC'I°IVES. The llmitation to motivated and, apt students |

Justifiable in Irelation to our stated obJectives and capabihtles . ) L
Regrettably, many students, and in particular those who have a sub-. ' |
stantial peed, cannot meet our adrrns 81011 criteria. - This leads us | .
to the questiou of whether or not our. objectives aré too narrow, o
and whether a: similar course fshould be. designed for thOse who have A
the aptitude but lack motivation or for those, who have the- motwation PR |
but lack the aptitude. It should be’ emp’hasized that a course £or ) - SRR '

these negleoted @tudents must nec:essarily differ in content from S o




| .'.‘: ﬁhe present':course. | ' '
'<“-‘:quire a well trainéd (1h educetxcna} theory and psvchology) instrug,
o _-_:.-. ' tional staffh it 13\\& that efforts aloqg. these lnges would: be of: availr

¢ f,_.n .

; andwaalwé, and therefore it is recomhmanded that ,such remedial» couraes ‘;' B

i be designed and Amplernenteds L '
A H“.' : SCOPE Becauﬁe of txhe success of the p:rograrn thls Yea’r' ~ -

g
l
;
!
l

N -r
e x‘ .
P Y

-'and of the programs of the previous two years. we feel that the

SR Sc1ent1.£1c PrOgrammmg Course has' proven its v*alue. Therefore,
SR ._.we° agam recommend an expansion of the program ‘ta accomrnodate
SYSRE ‘.-_'as many underprwrleged youths as fu:uds, facihmes,v and person‘.nel __ -
- will allow. . Furthermore, we. recommend that simifar programs be - e
o "-.A".made ava11abl’e across the country, herever therevare studegmts, USRI '.
- who because of 1nadequate schools "and a lack o;ﬁ comrnumty concern v
V. "find themselves mcreasmgly at a dlsadvantage. We' note thabpro- e (
R gramming courses are: p?ﬁently made easily a~va11ab1e 3 students-" o o

: at rmddle or hlgher “class schools, and a mu1t1tude of courses for .

C o honof students abound There is no sound reasun for. neglectlng S
i ! -"'-'the average but capable hlgh school youth who may not. havé been R
A‘.:.-.as fortunate as others, lSut who would take advantage and beneht e

fx‘Om whatever Opportumtles he may at long last encounter. L . | L B

“w
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b S One of the 1etters ‘at the right side oi the page ia the cor‘rect anawe' vo
e Lo¢k at th‘e éxample below. B I '

@) ) (5) BRSO

w.- abé.baba‘b

‘a. ,b 6. d . L L e
- . e e e . _' e e . S, e Y
S et . o e ' ' Sl ’ N
" Lok u B T vy e Syt - {.. . ".,., .,‘,:. . . _, - e \" .

For this prbblem, the aeries goea. a'b ab ab ab | ~ REEEN
, -_" 'I‘he next letter in the series is . Ch01ce l is the correct ansWer. '

e e i m e
.X.‘..i...- aabbct:dd a Ab__c. dn.e, | | T

A N N
| qpa—o. . '. e

R | " - In’ F.:xample X above, the seriea gOes like this: aa bb cc dd 'I‘he | s

l

-

. v N o, e '_
KR . o e o ; L . . o)l N - b.___ . . | . - . . .
RS SSRGS + 1 b, 4 2 K 1 A - - wille b 9 R ¥ '-' g7 .‘- g+a., Choice 3 tNne 0 B mr_. : L P
K 0 B . . - : . - . A

Yo L »
St o . . Lo T —

. " Now do Example Ybelo‘w. . B  -. S - =y @

el \Y. o c; a d a e<'é £ a. e f g h o e e

w © . . . o A . .
. : .

' N " L ‘\-

Co % C In Example X. the séries goes- ca, da ea fa. Therefo:e the corrq!:t‘..-._
- o ‘ - answer. is g, Cho;ee 4 FED R S o - o B
AR N°W do Example\ : Tt e .'  T
o SRR l f e (3) T
Xv -Z,..-, o ax b ya x.b ya x a ‘b e, x v L s

af

i ' .,
{es goes like this: axby a&by axb Therefore, .
(‘Jhoice 5. T T

,..’

IEURE In Eﬁiample Z the se\a_
| the correct answer is

P

e letter on ‘the rightuhan"--ﬁside of the page which belonga next in thq : |
series.. Indicate the correct aﬁeWer on the answer sheet,, A P

. LN e
i : . _),,* ‘w : D .
' . , . . . ; “?“. N :‘) - . . L . . \\;
T , L : : ' v CoN
S : . o , .4’.9. ", '-. !
:..":. . . . . . L] fe
) . ) - . ., s :
: O R S DU LR )
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16Y —hand side of the page and five figures'lton the right-'hand si_,de of

the page, 'I‘he £oun figures on the. left make al seriea. You are ie
| find out whu;h one olvl the £igures on’ the rigﬁt{f?ﬁd*xi&ﬂouiﬂe%he
 fiext o the ﬁfth gne’

s ; i - "::_' A .- . ‘ .

. 'jEké}rnpie

cdn Examp eﬂ\x the(re ia o clocrkwise mOvement of tﬂe stnped.square-..
upper rlght, lower rlght, lower left, upper leff The next or fifth :
posltion in th1s clockwise mowment would thus be- upper right K and

. 80 Choice 2 is thb corﬁct answer. T
o, _ J

e
( .

" Now’ look at. Example Y.

00 1 L
In the series of ﬁgures on the left, there ip one. more line in. each

box and these. lmes mcrease in length N&w look at’ the five, choxces
on the mght hand side of the page and determme the. correct answer. ,

<

You should have selected C'hmce 5 whigh haa fwe lmes, one ‘mhore

than thé last box on the left with the fifth. line slightly 1onger than
the last line in BOx 4.

(c' '
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_£ E?fqample X How many apples ‘can’ you buy,_f.or 30 cents at the )

, e . A . . , .

c Ay 6 (2) 1z ._;('3)._‘_18 )24 (5) 30

Lo I B . XA - i
‘l?x‘)lx.)a - :{Wm. o s ke 'w rond e L et

L _' -Eﬁémple Y:' In 4 weelgé John has saVed $2 80 What‘have hls
S I average w‘eekly sav;ings been? . "_ v

‘.

S '_v-:'<1>;35_.¢_" (2). 40¢ " {3). 50¢ -;(4)‘5‘.70@ (5) 80¢

K : . . . L . . o

The correct answer to the above problem 1s 70¢, Ghoice (4).
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A clerlﬁ multi lied"a. mn'nber’by ten when it 'hould ave: :be n
divided by ten, The ansy Wha_ .hould the

swer he got was, 1oo
: answer have been? W S

. . . . B . LI . - . o ’ e S
. . . > RS

Th° a"eragé salarv of three programers iﬁ $95 per week R
—If one programmer earns $115, 4 setond earns $ how ST
O much is tht},ea,larv O,f..the._. third prosrammef‘L e

s m $1osﬁ, L e $us
T@ o860 o ge) mo

' If a card pun,ch operator .can process 80 cards in half an hour ’- R
. - _how many cards can she process m a seven and one half hour R
S o day? R o pe LT R I

A - L '._.I . '_ : ) '.

T @esee L (w600, (c) soo. o 0

- - g . . o . B A

P

T @ et (e 1200
Ina programming team of 1z parsons, 1/3 are wormen and, 2/3

.o % 7 Tare'men,  To.ohtain a tﬁam With.g %Mgmana_‘bgw ,1(10_33\1::&'~~»tafmi'fl~w»«w;ka
SRR = should be ired? o . o L )‘y

e . PR -

@ azo (e)zosb‘

. -2,5 I co;st a‘college 70 cents a copy to produce the (program for. N
Lo ‘the homecoming football game. If.$15;000 was received.for - - .
' ~ advertisements in the.program, “how many-copies at. 50 cents

e gopy must 'be sold. to make a profit of $8000? '

"'. ._ - «(a) 14 000 (b) 35 000 ' ( ) 46 000 '
(d) 5 000 (e) 115 ooo
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of the miraculous powere qften attribqted fto them ’ ‘,"-"I‘hia ie\ duﬂx
. part to the cht tha.t oom,puter deeig:‘iers andmpers hcv teﬁae&‘,tb'
i b more anthropomorphrc than nzceasuy. One speake of acome . o

P - -.vb-\‘*

i o puter ) "memory," and Kﬁ' ite. e

pese vyenas

ading” and "writing" abilities,.

- dor example. It is o won&ier then that cémputers ape: sometiines |
popttlarly referred to as "electr’onic brains. W@ shall eee, how,‘_ TR
ever, ‘that whatever computers can do toﬁay, ox. for generations to : 4
come yvis entirely dependent On the brain power o£ the human pr. 2

. " K
5 - gra.mmer. Our 1mrnediate obJective shall be the elrmination of L

It's R_@allv Just An Adding&_w aohine | L .
A digxtal computer is. more aptly likened to an ordinary

Tt

adding machme than to d human bram.. Tt is no Secret that a comi~
puter does arithrnetic and does it well’, . It adde dubtracte, multi:
pliee, and d1vides--a11 at extraordma,ry speeds and with incredible .
accuracy. 86 it should come, as no eurprme that computers and
‘adding. rnachinee have this characteristic in commom an internal
mechanism, which we'll call an “arithmetic unit, " by which nurn»ﬂ _
ber‘a can be operated upon. (.By ”-bperated_»,_"v.‘yye mean added, sub-.
'.-tracted, etc Do i | I '
~Our own experience wrth adding m“chmea--a cash regie-iE
ter ie 4 good: example of a particular one--tells us that somewhere

‘ insic{e is. another umt by which nurnbers cen be ‘stored, We know _.

N . . . L} :’\
» : '
Y * . N .

o *’I‘hie is ﬁot to say that awe is totally unwarranted But awe
based on ignorance rather - than knowledge should be reserved for

.’the aeethetic and the dwme. S




o -_‘thia sinqe subtetals can B‘e;ramembered bv
i ’,'f--_»':ffahare what mak be termed -y "storege “n““

AR

i "'-‘“"'“*‘We also”‘know that*some megms muet emet Eer eontmolling
the internal operation of ap adding machme. Dependmg on which
button ba pushed “the. addmg machme can be’ "instructed” to add or

' subtrafet, to drmplg.y a subtota.l or total to. clemr 1taelf and so forth
' The rnee'hanism which regulates the actions of the adﬁing machine
is called the "control unit,'\J a umt also shared by computers.

» HEEEa -,.'. R B __‘
W ) N ~. . [ . . .o - . o . . !‘ 5 e .o

AL T A further: ana,logy rnay be made in t‘hat addmg ma\chines
\-' » 7 and computers both haye "input/ output umts“wthat is,. mechamsms
B e by w}nch numberq\may be entered and ”instructwns" gwen,)and by
. o '.', wh1ch the resui’ts of the Operatmns upon the given numbers may be
! B d1splayed Addl'ng machmes have buttons on a keyboard or mput
- and have "windows" and/ or printed paper tapes for output

", \Hf‘,l

puters haveu,a larger varxety -of mput)output media In mr every-
< day l,wes, we haVe 3111 encountered punched cards wh1{zh may be |

S used for both 1np.ut and output Prmted records, or ”hstings,

© are also comrnon for output. T - o t
: <t . ¥ o ) )

_ _ We thus a,rmve at a model; p1ctured in F'1gure 1, for
o | both addmg machmea and computers.

umt at the hub is more figuratiVe than factual It is rneant only to .

repre sent whateVer controls the mternal operatioh and 1nteract1ons

e »

Py

| " . of the other-units. * . - ..

v . L

|ARITHMETIC | .

e o o ;Ubugf 1 .
REE - e ONTROL' -

-!“%umm

S . : w | 5
. “ . , . 2

UNIT °

At L R ) “ [

'STORAGE . BT
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Comy_

The presence*of the control

[ouThuT|. -
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.....

eoncept. Before alaboratmg on’ thia. wefwill ﬁirsf coqsider how we ; ',

ey -might in,etruct a. ‘person who had acceas to axx adding machine to caﬂ,- «

-----

. "I'f' ciple the approach to be -taken is d‘irectl}' ‘mal"g"“” to the WproaCh

"‘we muat take whén using a computer. , L U _'+
- -. j-'_. suppowe \mshed §;° calculatb thq average of a collectmon

‘of pumbers , a8 must be done, fo.r example, to determine the avorage

o ~gcore of-a.class after an exami An averaging procedure for £ive num-

} Q S bers may be descnbed as: follows: add the ;mm'be::s and divide by frve.

BRI 11 may éeem that thm Jescrlption is unambiguous but that is becausé .

~ we.have all tiaken averages before . ('I‘o a person who does‘ not know L
what an average is, and who perhaps has never added more than two. S
humbet's a%a time, ‘the abOVe des<:ription would undoubtedly be in- . B

L
Vvig s
M

SRR .; - ade fuate . - A more explicit averaging procedure for five numbers is. 1L

.‘asfll BTN S ',, . w p
Step 1.  Take the first number. T L B . | Pl

. . L '.‘S'tzep 2.. Add the second number’ to ‘the rgsult of @tep 1. o

) T _step3. Add t third number to ‘the result of Step 2. . '

4. Step 4. . Add the foutth number to the result of Step 3.

' Step 5. ‘Add the fifth number to the result of Step 4, .

AR C S Etep 6, Div1de the result of Step 5 by ‘the number f1ve. o .

S . 3 -~

. L J N
c‘ [ .‘ . - . n Coeg

The - above set of instructmns is st111 so ewhat mcornﬁletm For i

‘ T . we were to assign the present task to a diot~-wh(‘) could 'do™ sxmple

| . qmthmetw but was otherwme devoid of intellectual faculties (and it . S o

- .. - would not be: improper to think o£ a compyter, LLE such an ﬁiot)uthen ‘ |
1t is 1ikely tltat we must be more speeiﬁc. For emample we must

) A ' . r's ' - : ; g ' . v, .




R tell I‘t | :

,f-j;f}forth, lest he be co:ni‘used as to the order in whwh to ac;ld}_;t © niy R
(alth‘f’?«g}’v in bhiﬁ example it ia irrelevant) and further wéirtihst tell <
© i him that the ﬁnaWer we. seek s the reeult o£ the last step (Ste’p 6) and \
'.“to report 1t.. % LR Ty e T e 3 . SRS

\ . . ) - . L 4 . . W . - R 2R

] P . - . . S . . ' . - -

\ . L FOCE P . . O o . oo 0

(y B . . . 4 9 . . N : ‘o : . . *, : - ’ t ‘1 A
D — . L R . : .. . . » . . N e B -y K
SIANOE D N . . . . 3 e oo . ,‘, . . - o " .
BT . o Y

'I‘his example was contrived to emphasme the fact that, L

e o when dealing witn cornputers we ‘must take great pains to be unam-
bighous . Tor we cannqt assume that our 1ntent however obvi‘ou‘t to _ §
' us, can be. conprnumcb.ted without s‘tatmg it explim’clym cOm?Ieter, R T

- ) . R I
RN . and precisely o TR o ERE 1 el B
g S e « - : o S 5 S ;

A " 4. _ A New Language, Ag If We Dldn't HaVe Enough Trouble Wlth .‘ ':
" Tl » , b. _.‘ .E.P.gll_g_ll :' : B " - . ) C ' R . y‘(:".

e We now note two other 1hadequacies in. the foregoing six- S A

.

step procedure. Flrst a more concise means of representatwn ' e
o 'l_vshould be. sought 86.that we c;an. state 1nstrudt10ns for averaging 100 S

‘or 1000, o¢ more. numbers in a mone ‘compact form. . Second a: more
general means of repre sentation should b(i sought so that we' can use J R
"‘the samie set of instructions to obtain the averages of. 100 andalOOO o .
- and rnore, humbers._ To average an*'array" of N nurn‘bers, N ',- A

X %. {X Xz, co ,XN] we might reformulate our instructions as-fol-

A . “ N . ‘ . _s:
. IOWS_: . . i . o . L y . “‘;; o 0

. : T y : . 4

( . Step 6‘1_.__ Let our subtotal have the value Zero. . o e

| * Step 2.  Repeat Step 3 lettmg 1 take each of the integer
"« . . - valdes from ) up to N inclusive,

j
(

SRR «  Step 3, Add the I-th. numbey (of the array X) to the | . o
N L - T Neurrent" value of the subtotal, and then let the o
- .. +s - subtotal have that sum as its new value. ‘

. - Step 4. - Divide the ''current' ‘value ofi the subtotal by N,
oo S /7 v » and then let the Subtotal have that quotient ast; PN
Lo / S ‘itsneWValue. T | .

g

. . . ‘k.'.' . “ , :)
The WOrd ”current" 4n the aboveas meant to imply thet the steps are
\performed sequentially in time and thus that the sub‘(otal changes in

! . . o e e .
.t ’-, ' L ! ' Lo . - . v ) o . t

'-*fi{? N .




'f‘l

changea eaoh time Step 3 ’is executed) w and, finallyéStezS 4 is
Thus the subtotal 8hanges N o+ z t&mes. B ‘ L

LN

N T o,
et L HETE Y Y
JrooaL N ¥ '
SRR AR B e 0
R 0 ' N Tty

’ . ‘:.’.

horthand language

N, | SUBTOTAL'O L e
o e e o 2. DO 3SR, N S o
S R I SUBTOTAL= susrommxm
[P PRIPIRIS SR TR SUJBTOTAL:#SUBTOTAL/N RN R

e __ We shall call a set’ of instructlons wrlt:ten in this shorthand language
" E a "program. "OA cIOSe comparmon of this program with the more: . (_
Lo T o verbose version will reveal how this new language is to be interpretéd. L
co But a few explanatory notes should be made. N R
-‘_. .- N S ’ A- : . A o . o - oL , .. o L .' . R

, « : . ..‘ ' ! ’ . ' ‘ ! ' [ "
S R F1rst observe that the values of N and of the arra}? X are

assumed 'to be known to whoever (o,r whatever) usee the. program.

- e . Stated in another way, N and X arve var1ables, whose values depend
I { on the part1cu1ar~se‘i’ of numbers we. wish to aVerage, and thus must _,
. G specxﬁcally deflned fOr each new set, To average the three num-
;n N  bers 5 10 .and_ 15, a cOrnplete program w0uId therefore be as fol- Do
. - b . 5 L | '-
‘ . lowa . : ; ‘ - . : ’ B e Tt o
« e L T S * .
T ' L X(§=55 LT . | | o
- . . ) s L ] X(Z) 10 . ; | ‘ | | | |

R )3 I
o . .« SUBTOTAL=0 = | - | SR
. ‘DO3i=1,N_ 4 N BT
S S "3°v SUBTOTAL= SUB'I‘O'I‘AL+X(I)_ | “ R
@ . - SUBTOTAL=SUBTOTAL/N S X

A ‘f- g We observ‘e from the above that it is reall,y unneceasary to

number each ine oF &statement," since we ‘can by convention agsume’
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'3:-}(1 haa laeesp rewmtten X(I)

: ""5‘._~grarn mgnify replacemem rather than eql}ivalence .. In otl‘fer Mo?ds, ar e
- din the. atate@nent numbeged 3 we cannpt cancel SUBTOTAL andicon- ‘¢ L
/ : -clude that X(I) 0 28 we wduld in algebra. ; 'I‘he fcorrect mterpretation - o

_-.'1s that the expnession on the . r1ght hand si'i‘le* 91‘ the equal sign is to be '. «f KR ‘

| -1nstruct1ons of the program are to be. exec{/lted one at a tune, mde-

that ﬁhe‘stat;emente are to

' , ” "t?rpographical reasoahs, -

ek R g (tf ;

L PR . c-
'y . .o ey N -

!A fina:l Observatwn is that f:he equal signg uged m the pro— i g

'. evalu&ted and #his value is then fio reglace the prewoms Value of. the' P

variable hamed on the eft hagd side, We emphaswe again that ghe ; o

-4

pendently of the othex‘ i'nstructions 3 in a sequenhal manner. In other

words, computers baswally operate by sequentually replaci_ng the > S
: values assoc1ated w1th var1ab1es in-a manner d1ctat¢d by. programs ..

'wr1f:ten ina language such as the above. ; ;
5. Surpruse! BT : A ‘ w , o
. The shorthand language used above is. FOR\TKAN T
e . v D T
: o - : '
7 . . {
: AR | . . i
* > v . - ¢

- PO ISP Y D WIS P ) SR AN . L]




o semehow.specifvi_’,“g t})ﬁ ﬂianner. in whwh valﬂ%s of Va_niabl,- S are t
he sequentially determmed. We' shall attempt to explain here how
‘a c0mputer adtually goea about execnting sudh a prqgram. Lo

i

e It should first be emphasized that computern lan&uages such

- ap FORTRAN annot be understood directly( by*ia ‘éomputer. One rear . f |
eon for thig" 1s that, .whereas we have an. e::tended alphabet of 26 let~ S
ters, 10 di s, ‘and a, dozen or eo special characters or punctuation

' marks at our disposal in writing a computer program, cdmputers on

' the other hand only have. two digits (Zero and one) in its alphabet. |
’I‘herefore each character in our extended alphabet must have a. d1s-"_ -
inctly coded lnternal form.' (In the IBM 360, for example, an A 1s
represented 1nternally by the dtring of ones and zeros | 10100001 )

The encodmg process from external to 1nternal £orm is done auto-'

. matlcally, 80. far as we are concerned via thd‘nagic of electronics. e

e . . i .

_ - When a computer reads in a. FORTRAN program» it will ?
N have stored in its memoty a very 1ong strmg of ones and zeros. '
> What occurs then is- a tiranslation process of s‘ome complexxty. We .
can’ only hope to describe here in very simple terms the essentnal;
V’fea.tures of the translation process .' The underlymg concept is. that
. the translator (called*a "compiler”) is in reahty someone elsM
prevmusly translated program, whose function. is to read in pro- -
grams in our external language, encoded automatmally as a string
| of ones and zero:s, and to then translate or convért thls encoded
-,stnng wh1ch we’ emphasme is numeric) into a different numeric -
_strmi wlnch the computer can then understand 'I.‘he translated

string (which we c:all the "obJect code") is said to: be in & "machine

"’t)

f language.




Tl

SRR ) orderﬁto.obtam @ botte ..understandmg 'ot th\e naturq oj;‘ SR
ma&line lan&uage, _\te shall £1rst discuaa« what basic Operations a c@mw
puter ‘“n actually perform.-._ltuopeitoizﬁ 15 surprxsint,ly small. Vo

¥ ’ R
b

. SRRV W -.’.'A computer can perform the four basmc artthmetic Op- ‘
i'a,,__eratwnswaddltlon» subtraotlon, multipluatton, amd P O

‘ Cw e dw1sion. e e e ’,
S SR A computer can senge whether a number is pos1t1ve,
P S e z,ero “or. negatWe, and can then alter its normal s~ ~_f N
kN - .a,.' T o 'quent1a1 0perat10n dependmg M’POn what it senses. e e T
b .. 3. A computer can perforrn 1nput and output (read or '
: o _ | wrlte) operatlons, which 1nvolves&d1rect and auto- . R
' ST matlc encodmg and: decodmg Df 1nfornﬁt1on (from ' .
o . ’ c ) . » I\
PR external to internal form or vice versa) S
L 4, A cOmputer can transfer numbers around inits . - . ¢ o
S .memoryw SRR : . v

.

. A computer can do nothmg else that does not 1nvolve these fundamen- ¢
‘tal capabihtws . Thus the task of the. programmer ls to dev1se schemes .

. o ..: T (algorlthms) to solve. omplex problems utlhmng only these baSIC op— '
. LIS )

erattons. K ' . f o e e
B . ' . LI . '-: . . . . . e N ‘.

L ) ) L Machme lang,uage conslsts of. encoded instructwns that A |
" spec1fy wh1ch of the above operat1ons is;’ 40 be performed The trans~ o ‘ P

o latmn (eompﬂatlon) process involves the convers1on of I‘OR’I'RAN in- :
R e o structlons into machme languag ,mstructlons._ For, example, the

S FORTRAN program oy '_ ot IR
EEEE R SUBTOTAL o ) S .iq-i“" B IR
: Cl v Y DO8I= N' N S .- o

}h;;f; BRI _]8'SUBTOTAL-»SUBTOTALi (0 T o
T }"SUBTOTAL SUBTOTAL/ o e




M T

o

~ - variable tan then be made using its nymeric address, It is the addh_ ‘
tional task ‘of the compiler to produce machine lahguage obJeet code
having guch numerio references ¢ The first instructmn in the above

R
. tal” capabi11t1es of a. cornputer._ IR o SRR o - . \

. 5:’ . Lo . |
B S . . a . v - e . ,
e \‘Q S

| - Transfer zero to SUB’I‘OTAL

2, “.:’I‘ransf.er 1 to I L i?.." ',,‘-;‘ c :A;'_-il-"*f"».v--'

L L3 '_;Add to. SUBTOTAL the I th element o£ x and transfer
Ll e SUBTOTAL the: sum,i'_ Ve

4Add 1 to 1 and transfer to I the sum. . o -'l -

o -5_, | ;Subtract N from I,;(wuho‘u,t changmg N or I) and if the _
. . .-result is. not positive, go ba;;k o Step 3. R ,. ) ‘_s. L

» ' "\’

'k L 6 '_-Div1de SUB’I‘OTAL by N aryé transfer to SUBTOTAL the

'quotlent ey L DT

-

LN e B . (U

Since the DO or. ité‘ratwn statement is not one of the fundamental op--‘ o
era,tlons, it must be converted and as we can see it is eéluivalent to SR R
the 1ncrementat10n, test, and branch operatlons s‘pec1f1ed in lines 4 - \

and 5. The six. 1nstruct1ons above “Indeed. 1nvolve only the fundamen- o .:ﬂ'_ ',.‘-f?’\

We have 1mplic1tly assu.med that the symbols in our. program L “ A‘ \
.\(SUBTOTAL I N, and X) are associated with physlcal locations in the | N
computer which are somehow d1stingu1shab1e and which can be 1nd1—'. _ _ |
vxdually referenced In fact,.a computer s mernory conslsa:s of'a set. |
of (usually several thousand at least) such memory locatwns ,.each of '
which we call a ”word - To d1st1ngu1sh among d1fferent words, there | |
qorresponds to eaéh a umque number called its ”address. ' (In ) ' L
analogy, we dfxstmguish between houses by their street addrea%s ) | 4-5
 Every number or varmable in'a. prograrn mist be ass1gned to a par- L
t1cu1ar’“10czat1on in memory, and every reference to that nurnber or T




v

T A " " " e a

string (of nes and zero?s) y and consequently it can be stored in the

t e
&

“of a computer, it cannot be deterrmned out of context whether_ that 2 /

) word of data,

' assume 1s ain obJect code form somewhere in the computer 8 rnernory)

thh memo ry locatmn ZOOO

e ‘have. sitated earlmer that obJect code 1tself is: a nurnemc »

'\' _/‘ e
- same memory 'locatmns as, numbers and vamables. 1t is a ver‘y fun~‘ N

damental fact that program 1nstrnct1ons and program data can share

A
/' _\-.___.'_'.'.

the memory of a’ computer (Of CourSe, at hny one 1n8tant they must o

occupy separate words ) Lookmg at the 1y 1ber in an arb1trary word _7. B

.number 1s an, encoded 1nstruct10n or 18 simply program data. What

~

then is a computer to do?

v £x

L N ! Sas ¥ .

. » All is not lost "For’ computers havc what is called‘ a gloca-
" tion counter,'f which: contams the address of- the next mstructmn té be / N _‘ AN
perform;éd by ‘the COmputer._ We say: that "control" 1s glvé’n ‘next to0- R

Th1s locat1on cOun-

the 1ns uct1on spec1f1ed by the, location counter
ter 1s autoﬁahcally (e,lectromcally) 1ncremented by one mstructlon .
as each 1nstruct1on is executed, except of course when the present .
1nst uct1on causes a transfer of ccmtrol as, after a sign test.’ For ay . L

correct program _then, 1nstruct10ns are d1st1ngu1shab1e from- dat

m that the location counter dannot have as 1ts value the address

-

In the abapve, _we have been d1scuss1ng what is kno . _ . N
' We coficlude by describing the general e .

sto red program" concept

®

Operatiton of a computer as 1t translates and.executes FORTRAN pro". N

N . ° . . . ." ¢ . .: -i . . . . _b
Y

(/ C The 10( atlon counter of the computer 1s 1n1t1a11y set, mag- S .
$ o

ally if you w1ll to the £1rst instruction of the compiler (whwh we'




machine languarge., ﬁ‘o execute the user progxfat'fl t:he »

simply'place the address of the first mstructl,on of_‘ the- user program
into he. location counter. The above are called tl‘féfcompilation and, -
execution dtages, respectwely. ‘8o that it may regiin control the .
compiler at, cqmpzle time- adda to the end of the usel program 1n~ .
structwns to place in the’ locatwn counter the« a,ddreas of the corn- .
p11er. : The: compiler can then prdceed to another user program when

‘the. first completes its job. ’I‘hls process is known as \a batched op-
erating system. o _- e ’

\




4 "_ . tWoeen the two types since they are stored and operated on in entxrely -
P L "ﬁd‘ifferent' mannerss The £1rst type of\n@mber ig the mteger or the t L
-"fuged point number. These numbers are\the o,rdmary whole numbers,. oy

b , v L agy

SR both pos1tive and- negatWe[ uo)q as . .- \‘\-_. R R (.,”i;'
B . The other type of numbers are called the reals or flo ting»-'point :
S ' and are d1st1ngulshed bY the appearance of a g*ecumal pmnt o o =
','~at10ns (thus thé names fixed and floatmg pomt) . o
s Examples of al nurnbersi are” s e O/
L2, 1234056, mo0te T g PR
Smce an 1nteger‘such as 2. can also be written as the réal 2., we W111 T
., : only mclude the decirrval pomt when we want to use" "2" ias a- real.
‘ ‘ Th1s pomt w111 become clearer when we dlscuss ‘how the two types Sy
3Rt ' . of numbers are stored and how they are operated on by the compu- o o

K "tei'. . L g g . : A
oo 24 Sc1ent1f1c Notation L L . y |

: L | The real numbers Whlch arige in the problems in wh1ch we:-- iy

R .are mterested may vary' greatlyan magmtude. In a Slngle prOblem ; E

L D we m1ght have numbers 99 large as 1; 000 000 000 Ooo‘and Others as.'-' A

S small as 000 000 000 1 Sctentlhc notatmn gives us™h’ convement TR

i i Ca ~way of wr1t1pg thesc numbers._ 'I‘hé flrst number can be written as -_.';. RO
1. O X 1012 and the second as. 1 0 X 10° 10. We could also write the B |

013 and 1 x .10 9 For rea ons whwh wall X

B *two numbers as A %
become dlearer Iater we w111 always use the secon form. In gen- . 0 v

i ",

era].a number 11n scientific notatmn has the form i o \,

\ R .
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; of any number. If we. wera tos try.\t

v L _ 1 : "’ k_ W
0'.. ’:&. * . ’ ’ )

. ‘. their mantissas and sﬁitable powers of 10;.; we .need-only store 12
- digits and twq mgns, 10 di'g{ts f,or the mantissa, 2 diglts for the.e

. p,onent, the' sngm of‘ tha mantxssa an&th slgn cf thqa exponent "ngis‘ B
RN 1.8 a considerable saving of éomputer s a g '

. L S Th& s{iona reason.fo; starmg reals by mantlssa%nd e# 3 R eE ‘ "

IR "fp”o‘né " th&ea}se with-which we cap do &nultiphcatiomamd divaslon.‘.: g

N . Usin the same exabfnp}e as. al:;ave, wé see that if weﬁvetre to 'dq rhu \ 3 | ﬁz/: “ g

S | t1p1i ation by ordmary mqthods, the-~ar1thfr19tic unit of our omput‘er'fzf,r“ T S

» . would have to be capablé ‘of multlplying two 100 digxt numbers.. 'I’h‘_iq ,

. | . ‘7 o proeess is expeﬁsﬁ?e 1n both t1me and é’qulpment. On the othf'e} hand "_.-Q

e B L lif we wr1te our two\nu’mb;ers as«.mqu 10,’,1 and mz X 10 | ? we' know o

T e Lm0 Himy %110 3= (mlma) X 10 o =
. ' i ' L - e _."{.
‘ ! .




‘Q dygq,t ntmﬁbers and @dcling”two Z dlgit numbers , § : .
sé?\/mg of(,gffort‘“" Arithmet&c operations invqlving integai?s a'.f"e:han.n ;

. way‘s of" st,Ormg numbers and tWo dlstmét WaYS Of dou’fé arithmetic;.

BmaJ Numbers i ._".)'-"'" & PR SN

—- S ﬁ,s SRR

,‘q'

Ty et e . v R
‘t?e form "‘\"" \ B " /” 'b L : e e s \' " s " s . s
O : . e P R JERE
. . . . ! v . of B : - . e T
. C g, - . A M . o
‘ . L K - “ oY N L o ? ‘d“. N

Cor N : . . !‘aw\ - .(:.e'f.-" L .
o : .‘“(‘ u,d d ':: o‘o odz - ! _‘_.2‘0‘. L m" o “
el Lt . . S T R S A
T e T e e
DS oy ' "';i}n Re ;" 4 ey ’
o L .
where we: understand the above number to be the* suin

B ¢ LA

v

At

QL% 10%4d. . xmn g '4d x10%4a ~><10
e CerlTn=1 . _*.. M e LU

'I‘he: d1glts d., can ‘be *chosen from the qet '{0 1 2 3,4,5, ﬁ) Ty 8 9
10 - 1} We can extend the above }deas t\ get a tepresentatlon f'or

8

B X" 4

numbers m some ot’her base, 4say I _
. . <'_
'\, ¢

e

- .JrIa? general a, number 1n base r- can also be wrltten és .
s :‘\' V »

o v

,-. e . . A
v » . [T

ooodl 00 ..r.d"‘lfn/

- N

ﬁ" A v

. where now this.numbet is understood to be the sum * -

DR Tl e
d Xf»+d 1 n “.”*d/ﬁ ul"x' d
and the d .;re restricted t.o tha set {o 1,...;}, #4197 “Sihoe' the d1g1~

tal cornputer {s a(ctually a binary machme'% should be 1nterested

e,

in ﬁa*'*e_z numbers. Eaeh»bmary digtt (or bit) can b‘b 0 op '1 only. p:

Padted g
‘f

typmal bina‘&‘y number lo,ohs-like, 161’1 1, To flnd t‘he"ﬁ‘eg,lmal o§quiy~3'_
lent of 10141 l(.“we mw s : S

s
+ " .
.;; ,
o

K dled in thg,\orwuway.. At;‘prical digital computer hhst two distim;'f‘wo ~,

We uauall%r wr1,,te a real dec’mﬁal (Qr basge - 10) number in
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'I‘he, uaugl rules for additio_n, aubtra,q,tlgn, multiplic‘ation and division

. -

applv i‘:o _binary nurm;ers. Beiow atre aome examples. P ,

= 10111of e

-;f.-,.+10ab S
: _1.610501 L

P e

55

v ;335f 101110 | 5;1_- '-__1-";-j-é'3ﬁﬁ

- RN . 46, )
't " o e TAN0000 L w3k ‘
T oot L e ITEIOM e e TR <
’."-;_ ! o ‘.’ "\_ CL . ;f._v g _:' . "1 S d' ::-%“ N I - .
% ot w1001 L e T gt
e e Cox101 e S X5 R

'n'amber is 1rnnriedla}te1y c0nVerted mto binary .and stored. Th&vp

LY e e o TEE e
L 0000 - LT e 45 :

) _101‘101 o : ‘ ., . R L .’ '

',\. P . . . " o
: » ) ’ . v .
Lo - ! ' - T .

. . . . N . .
. I - I - Bad e
ke . IR

3

When we read’ a demmal number 1nto the computer the S

are a number of methoda fbr accom‘phshmg this conversxon. We -

[

'.w111 g.ivé an’ ex«ample of ope duch rule. Suppose we, wish to convert - , |

. . . N

r-;,the m‘teger 25 to’ bipa,ry. . '_I‘hemwe.have e * IR \

-v}, " ¢ ) '" Y

. » _
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X .
“u. B
v
.
'
" !
B
BN
o~
i v
o -
b
° -

’«.’. ~ . e .. ' T . . . . .
2o « o .. . e . Lo ) coat

2. xz%

=AU +0 - '
= ]! jx 2 +“1 _’ o

x ‘2 L . .
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35 1%
“,.:1_ 0x2+ 1.- L ST

o IR

Pt N
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Raking the ¢ Ql\i_rm; Yof r.emain(ie_x s bdﬁtdth; up, v've find R

T ki SN I B LR

'I‘he converslon from' bmary £6 5ec1maL c&.n easﬂy be accomphshed by

L ‘- ha,vmg a,ﬁable of values of 2. ava11ab1e. L :
. 4, * Hexadecn’nal T T S ,
S When numbers are wrltten in bmary forrn, the resulting/(- '

' ‘ s«trmgs of ones and zeros can become ve‘ry cumbersome. For in:;' "
Vo * staxieé,, the binary nurnber S R B

T 1001110101100001 .« o

O "“»_;, cannot easﬂy be recogmz.ed For thlswreason hexadeumal or base '

: ‘ ~ 16 numbers are uséd-as a shorthand for bmary numbers. It

. . ."\ .

% ..l' v
tore .
B * SELN
! o
o

j v s,
ot
.y ) P
' St

U

dolod_'l 0l .:..d""m. .‘ . - _2:"“‘ . A. R . ~“

Cl.ndn 1 L 2 I

PR ; .

" e 4 ‘ ' ) . “

is a hex?decunal number then each d ‘must be x{,hQSLn from th«. set

{0 1,2,1«. v 14, 15"== 16-—1} HoWever, vif we atle not careful we . could

oonfuse the single hexademmal cha;ract%r 12 with the &Wo ¢ conse cutwe

hexadeclmal characters 1 and 2, Ta avoicl this confusion, we replac«.

"'the 'he:aadecmml Lharacters 10, 11 12 13, 14 16 by Ay B C, I) B,

'I'hus thé hexddecxmal number Clhee o , ot
N \l . ) . Y ' o - I . ,
. ’ . - - . . -:“ . | N '3.". . . . . -. \
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o x16% 2 x 160 k10 x 160k wgeth U e el
SR ;__.;%5§;*q§gc*;19-*’?3.jf?39950é331£v= A TR
| ‘ It is vgry simple to ccfn\‘rert -bmary numbers to hexadecima,l
~ and vice versa. Since, 16 = 24, each consecutive four bita of a binary ‘
. -number com&epond&to a. siggle hexadecimal digit. We merely have 3 ,
.. “to upe the following table K TS ' L

Y . . ) P - )
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Q
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S 0101
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'I‘hu,s_thg binary number . . I o o <

. . . Iy

RN £ 1001 1101 - 0110 0001, .

is 9D6116' A,rlthmetlc wit:h hexadecimal numbers fbllows dlrectly L
from what v,é know of binary and decimal arx/thmetic. For axample S




b Lo
+ C
I

. It i8 1mpqrtant to beco;me somewhat famihar with hexadecimal since
L most of the gystem 360 literature is written in terms of it,,-" o

i .

f
[ . ! \
. . S
R

5,_'"\'\.'- Roundoff Errors RS \\ R ‘ e
' B We all, know that the defuution of a rational number ia* "One
: .whmh can be written as the rano of two integers. Numbers suEh as.
" ”Vu ‘\/— Tr, e: are 1rrationa1 Mathematxcally, the dmtinction 1'8 Ve‘wy

'1mporta,nt but it is not very importa.nt as far as the cornputer ig. con-q,

cerned, We can best demonstrate why thts is 80, w1th an e:&ample. -
_The number 1/3 1s rat1ona1 However, since the computer can only
!ecognize the nurnber 1/3 as the result of dwtd;mg 1 0 by 3 0 or*
: b

.333_3’3'3_3333.'
we know that ‘the above number will be stored as ,m X 10 Smce our .
computer has only a f1mte memory we cannot poss1b1y store the in-
finite number of 3'5. ’I‘he computer will chop off the number after
some point and aave perhaps only seven of the m, Thua, ‘the number
stored 1nstead of 1/3 is .3333333 whlch,ma\ almost 1/3 hut not qu1te. |
The error' made due to the computer 8 abiht)y to handle on],y finite -
length mantnssas is called round- -off error. Although each round - off

error may, be very small these errors can accum?ulate and cause
difficulties, -

“

~

We w111 say that a number 19 rat10na1 in base r if it c4n be .

r1tten exactly as , %\ S

4

’ (lrl'dnml“‘c‘lo.CI*l..‘d




b _-' ”.;.

_,whue 1/3 s ratio,fél it 13 irratibna.l in’ base 10,7 Theximportance of S L

”

e this coneept i8 that if we have a oomputer ‘which operates in baae v

o - and the repre eentation of 4 giVen uumber ie' both rational iri baae ; i
{and the mantissa le;ngth of theJ computer is greate r than m '+ n + 1, RN i
' “ 3 the number w11l be stored c0rrect1y. For inatance the binary num~ o

ber R

'-.1.09151;.‘.1,1:61'._ S

- ) ) .‘. . . ‘ ._ » S | . ) . X S, , ) .. q . . .

N . w111 be etored correctly ina’ bmary cori‘xﬂuter with mantlssa length 9 S i
RN but will be’ rounded off in a binary computer wifh mantis sa length 8 e
- A number can: be rational m one: number systém but irra-  .- ; . '

tional in another. _For examplé the decimal nurnber 3is rational RS

. base 10 but 1rrat1ona1 base 2. Thuq we. cannot po:;stbly store ’3 : _: . o

AATS

exactly in any) bmary computer. .
. ' .‘ ' - .' - ) ¢ . . e
6. Computer Storage of Numbera . I

3

LT Although we khow that our computer actually operates in ) /

\ bm.ary, let us assumae for now that we have a decimal: computer. |
|\ We wxﬁ‘ look at how real and integer numbers are stored Later we K
will Be t::le to make the necessary mod1ficatlons to bmary.

[

) _ .
' el /,' L \We will assume that our'decimal‘ obrhputer' has mérnory e L —
'; LvErds 11 dxgxts long., Every number we read into the memory w111 o
b a*ilotted" exactly llvdlglts of stO\rage . Associated with each set
“ ‘f 11 digits is a number, the .address of the word., We will assume .
e that the memory has 4400 d1g1ts or equivalently 400 wogds numbered A o
T from 000 to 399, ' L

- . .
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}
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.
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‘a8 an integer but as" Z when we: wam: it stored’ﬁs real In fact, th;s :

7 " Intetzer Storage ($mn Magnitude) E A P TR B

'gers we must use one digit, of the eleVe;n we are allowed or Our num-. s

| word to denote a mmus s1gn and 0. w111 dengote a plus 91gn. The rest (
: of the 11 d1g1ts will. be’ used to store the magnitude of the mteger.

- Thenﬂf we look at memory word 44 we would find. - _
' ~4“-’ ' . . | R S B o . : . ¢
fr]jojofolojofofofo]s]s] L
while if we stored ¥ 53 we would find
‘ [oJoloTo o0 [oJoJo[5]3] * .
Smce 10 dlgits are allowed fOr the. magnitude of our 1ntegers we can ' .
4'.' storeé any 1nteger in the range ) e o
‘7_':—999',9-99.999‘150 +999,999,999 , _
0;1‘ e L .
s 0 s ko, o B
=10% - 1) to T0t0 -y,
e .' T L 1) B
If we were to try to read in an integer less than ~107" 1 or greater
- than 101(-;-— 1, the computer would print out an overﬂow message. L . '
- '\ . . ' . o . N 3
oo .. - . : - -) Y . ; . i , -
8,  Real Storag‘_iLMantlssa ‘Exponent) ( - v f '
‘ f .' f You should kpow by now that the real number 12 34 can
’ also be writtn as 1234.. X 10 -2 or . 1234 X 102 or even as
W P s

ia exactly the method the eemputer q.ses to make tlns distinotmn. | '._' i f

: * Since we want to. allow £oﬂboth pos1tive and negatlve inte-

ber, to store’ the mgn. We w111‘use a.lin the first dig1 of a memory ___- L

Suppose we Were to. store the mteger =53 in- memory address 44




S 123400000 >< 10"'7 In practice any of theae forms pa,n be read into
* the computet cdrrectly. However, no.matter which form is read
T fnte’ the compute;r. the nuimber is always stored. as ;1294 X- 10%,

o That is,"the computer always puts the decimal point to left of the " :
"'.,most sigmficant figure. e "ﬁ S

e

R ,‘ SN Si.nce only one word of 11 digits is. allocated toa real, '

part of the memOry wg:rd ‘will contain the eXponent and part’ the man~

BTSRRI

‘tissa' We will assume that 3 d:gits are allowed-for t‘.he exponent and. S

i 8for the mantissa. Since the exponent can be, positwe or negative. .
the first of the three b1ts w111 be used for the sign. . The remaming g
_ two digxts can then- eontam ma.gnitudes of exponents rangmg from 0.
L to 99 Thus if we tr1ed to read in- th? ‘number 1234 X. 101 we would
. 3 ‘
get an overﬂoW message. . S :
. fi‘f o g The mantissa can also be positive or negative 80 tbe first
| of the e1ght bits allowed for the mantissa will ¢ontain a slgn.ﬁ The =
remaining’ seven dtg‘its'will contain the seven most signiflcant places -
. of the mantissa. Thus™a real word is stored as. " |
_ex_ponent 7 -fﬁaﬁtissa '_"'
S Nsignoft o Neignof Y.L
: o © - exponient /  mantissa . :
‘ Some examples are (,, v “
| 9.87654331 =, 987654321 X 10 T ;
o JoJoThTo 9B 765 [4]3) .
\ ., =9.87654321 = -,987654321% 100, 5 |
ofolrfrlofslrlels]a]3] .
! Cof e G e




- 00987654331 5. — 3987654321 X102 e T T

o tfolz[1fol8 76l «[3] .~ . ..
‘”9, B DOuble Prec1s1on - ‘
In ‘some applicatlons we' would h,ke to have’ more than seven ;
_ s1gn1f1cant f1gures for rea1 numbers. We are a11¢Wed, at, our option, ‘A
. to use two~ adJacent storage words to eontam a smgle real number. |

Exp0nents are st1ll re“stricted to 1lie, between -99 ahd +99., there-

e

ffore the addltlonal 11 dxgits can all be used to store the extended : ‘ o '
| A'imantlssa. We now haVe 18 signiﬁcant places. Thus if we store the L L

number -9817. 654321 in double prec1sron startlng with word 44, the .

) rnernory W1ll contam |
C . - .ii" . o - . ‘ . "'.' . ‘\_‘,‘,' K.\ ‘y
“word 44 A .. - word 45 - o

i

exponent : e mantissa i
s1gn °f , . *mantissa- - . S
g exponent ' - R A S

10, | AFurther Exa?ﬁple R . . -_ o ‘
' .We have seen ﬁ}ﬁit the computer can store nurnbers in three |
_ dlstmct manners;. as integers, as reals, or as double precision reals.
As 1ong as‘the numbers aﬁre entered prOpe‘rly, they W111 be stored
) --correctly. However, if e were ‘to look at’ a storage 1ocation, we -
coulcl not tell what number the location contalned unless we also
A knew what . type of number was c¢ontained in the location, For exam-
-:?':__ple, suppdee we looked at mem(‘)ry words 44 and 45 and they contamed

the followmg data - P &

~.

ofo[s]1ols]7]e[s]a]3] [2]1]o]o]o]ofo]ojofofo] v




2 1.4
- .
T H

' R 'I‘lf_ief-t'ol'lov'_ving i_nte'r,preta“t"ion‘si.are a1~1"p9‘fséi'b‘_1e'.'; L
R 1) 44 contams the integer ~113410023 Ty
Yo L 45 contains the integer 11230000 CEL o AN
2) 44 contains the real = 03410023 R N
' ’45 contaJ.ns f:he real - 123 .' - ' ,
o R ‘ "'.3')_ 44 qontains the 1nteger .113410023 L | e
' S A © 45 contams the real -.123 » R
L e e contains the real - 0341,0023 [ R
o L | _45 contains the mteger 11230000 D ’-f'f': N i i
5) i 44 and 45 contain the double precision real S " . -
034100230001123 _ AU VA ' :
* . " .' : “ o .
11, The IBM 360 Computer Ve e
E B We have dlscussed in the precedmg sectlons the basic 1deas o .
T ‘behind- computer representatlon of numbers. As you might expect, -
"the actual representatlon of numbers in a real computer differl\ AN
s11ght1y from the earlielr 1dealized version. We will now make the |
A\ o neces sary corrections since we shall be dealing with a particular .. "
\ k computer (an IBM 360) The major dlfferences are that (a) the 360 u

operates in bmary or hexademmal, (b) 1ntegers are represented in
two's- complement, and (c) reals are represented in the hexadec1ma1 _ '

system with the exponent in eXcess- -64, We shall elaborate upon . 3 T

these concepts m what follows. > o S ST | |

he +

_ . The fung{amental storage umt of the 360 is called a byte.
‘. .Each byte consists of eight binary storage locations or bits (short

for binary diglts) . The memory of_our 360 computer consists of

a - : e . v 4 .'




'w-_.,_.i,'oooo o4 rr‘r. maéh.mteger and real ls ellocated £ourf bytes f(usz
. bits) of" storage. Each such grOup (of four byte;e ia called a ygord
'-'IHence, Our comphtex@

has 16 384 words of memory, each of wlnch

can contain an intege¥ or & real (or posslbly a machine language Lo

' "mstructlon) .'I‘he allocation of memory to the various types of data
. ¥ .
is ‘performed automatmally by the comp1ler. o T 2 L
oL : T = A IV
12, \\- . Representatlon of Integers m\ the\360 L ,’

Integers are stored ina 360 word in’ blnary t’wo 8=

complement form. What th1s means 1s the followmg. Posltlve in~ '-

. fjétegers are stored in s1gn magnitude form, the first bit of the word.

N .being the sign bit (0 for plus), and the remammg 31 b1ts containmg

' -mtmn holds whether N is pos1t1ve or negatlve ) NegatWe 1ntegers

' the binary ‘representation of the' magmtude of the 1nteger.

5 _‘a 32 - bit word can also be defmed as 232

~Thu,s ,

the 1nteger +100 would be stored as - L e N .':'i;.:

A,
P . N
» w, e

W

000 'o'o 0 o' 000000000000 00 0/00.6/11 0010 0

The largest posltlve 1nteger that can be: stored in 31 bits 1s 231 '. 1.

. Negatlve 1ntegers are not stored in slgn magnitude form, i,e., by

-Just changmg the sign bit of the representatmn of 'its. complement D

(The complement of a number N 1s defined as Just -‘-Ns “ ’l‘his defl- :

are stored in two s~complement form, Wh1ch 1s de,r1ved from its
comp'l’ement as follows-~ Invert each bit (1 e, change Q to ﬁ and- 1-

to O) in _the representatlon of the complement, and then add the in~
Thus, the_inte“ger" ~100 Wduld-be stored as .. Q SR

teger one,-
’ . \ Al ¢

1111111111l

' . . . ’ ) . E ' A : ! bl‘* . ' n’
~ N . . * )

(Using bmary ar1thmet1c, the two s~ complement of an mteger N for
- N.. Note the difference °

bet‘Ween two g~ complement and complement )i ‘~~ ' LN e
“' | . ‘ . . l ' - ’-. .'. ‘ . . 2 T , ’
(] . y . ‘v . e . \ ’

001110 0%

o




RepreSentat:,on of Reals in the 360

B 5 Rea,l/numbers are. translated before storage in the 960 frOm -
_;?’.;,4. - : base 10 to base: 16, i, e., to the for im X 16 " where m. (the man?'_:.. S
(e o tissa) is. hexadecirnal and e (the exppnent) ia, binary. 'I‘he mant1ss . PR '%-’-‘
L is stored in sign-magnitude form° the s1gn of the mantls sa is con- T tr

tained 1n the first bit of the. 360 wbrd, with the magmtud_e bemg stored - :'
| in the last thrée bytes of the word 'I‘hus, we have 24-hit: precismn, Lo e
= ,, " Whlch corresponds to approxzrnately s1x or seven decunal plecegac- B |
o curacy. _The: exponent is stored in the rema1n1ng seven btts (of the | RS
ﬁrst byte) of the word in excess 64 f,orm.“- Sl e o f_ L
. . : o Excess 64 form means that fo the b’inary value of the num-'
._~'-' N :' ber e\, the constant 64 19 added pr1or to storage. _For example, the g ' _' S
- exponent 0 1s therefore stored as the seven- b1t mt’éEer 1000000 'I‘he".u o
largest exponent which can be represented is +63 (1111111 1n excess~ .
64) the smallest eprnent Whlch can be represented 1s - 64 (0000000 o “'

1

Lo in excess 64) j R o g RS e
. . . . ) . .. ). . o . £ » . .. . ~, . -. -'-.'.":'
i -l vt - ., o« . PR |

i S - Conslder the 360 representatlon of the real number 1 . 10. ,
A o . R ) e . ‘
) R Slnce ) :, | B . | L . | | )

. : . . . . . ] . .,. vr \

G 100 = b = = X 16% - f 01100100z X 162 o
. ., and _the exceijss--64 form-'of_ the exp'on'ent_ 2 is'6410 = 1_0.()(‘)'0'102'.,_ We ar- \\‘
rive at the internal form - ;o R . - _ n

. ’ ' ot
® . . P

71000010061 10010000b0000000000000

t

' Y . ', N et

which 1s the 360 rep esentatmn of the roal e 100 The above 32 b1t
binary strmg can be wrltten in hexadec1ma1 shorthand as A2640000
[N O ‘:) ~‘ ¥ . v

oo ' . i . Double prec1smn reals use ah additional word (four bytes) '

-

a

¢

for extendmg the mant1ssa. The seven byte (=56 b1t) mantls‘sa ylelds -

o v ‘,'approxlmately 15 dec1mal place accuracy.

. .. .
[ . . . ©
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Laboratory Problems ..

“




Punch nd rim the Fibonaeei progi'am "(Figure 1 4 o',""'taxt) with
" the appropriateé control ‘cards. . (The: program a,s zsx has an”

which should be ignored for: now Yoo |
Punch and run the“ Payron program (Figure 1 7) with appropria S
a.te input data and control cards. T A

: A Determine v?hat the followmg program computes by hand-tracihg
o . ¥

e
P

LaT. N) GOTO so
I¢

1
(I
= K %
=141

i

“f'GOTO : R
50. ~WRI'I‘E(6 33)NKI
33 FORMA'I‘ (3110)
¢ END
Verlfy your answer by punching and runnmg the program. If it
' deesn't come out a8 expectgd; rerun it with the WRITE “statement .
moved up one notch (1 e.; interchanged w‘ the: GOTO statement)

. l&erun the’ Payroll program - o
‘(a) changlng the FOR*MAT statements, S :l. - ey
'(b) yarying the order of the input and output lists ) '_"
. (c) experirnentmg with various data cards. e e
J\ . . e - C . ’
- The ob;ectWé is to learn by makmg perturbatrons to*»the p ogram )
: and observing the effects. o ___t r

,/ READ(5 1)1 Fooo .-
FORMA'I‘ {F10,0,110)
WRITE(6, )I,F -
WRITE(6;1)F,1
SUM=I1+F
WR‘iTE(b l)SUM SUM

/ END L

v Expm‘kn the results. S -  S .'. ' j
rlte aési nment statements for the expressibns of Exercme 3, o
? ge 18, of. tzexﬁ, Punch and r.,,un them,: aasuminé apprc)pmate values" .
or fhe varia'bles. Ll S A AL UL _ :Kr.:v_

. \

[ '.=.'.




e ‘ o b, !
(“-’.t . oL ¢'m

B e
b .

—~ ﬁmm AN and, output
R roqts.‘ “Lopp Padk to,,read in more. datd, " Enough sets of data
' should be_ qﬁ"bd to: exerc1ge. zﬂL pa,rts ot‘the program} N

."

Add approprmt.e hteral messages.to Lab Preblem T For exam-
ple, S )

‘ X .xg ST .‘ .o )

(ans for A= 0; Wl'lte "A 0, smgle root = ‘o.»." o

b). fox dlsc:’:ﬁninant = 0, write Hdouble root —’.- S
}"c} for’ 1sor1m1nan’t > 0 write ''real toots are .,.\" p
(d) fd‘r d-'scriminant < 0 wr1'ce 1'comp1ex roots are baalT

, Loy »
BAWE S e B e e e B . L
. e L . o

P@éugn your own formats. T _.'.,..\,
. R L o

Wr‘ite a program to read‘,én a 11st of aptitude test scores (graded
between, 0 and 30), F&ithen determine thie percentage that fall
“in the h1gh (20 30), r_md (10 19), anﬂow (0 9) ranges. '

- .’ @ - L - _._.“.‘.. L
erte a: program to- _ ‘_,-,, - : ) L. T e
v . » N < » s N :

ST

or.
]

fa) read in a 5X5 matrix rowwme u'bmg 1mphec} DO loops
. (b) print it qut rowwise yithout usifig {mplied DO loops.
(c) Qrmt iteout columnwise wﬂ;hout_“usln.g any DO 100ps (uemg IFs)
(d} print out the largest eler}xent in the matiis © o e .
(e) ,pFlnt qut’ the sumroi' the prmcipal dlagonal elements. .

--.‘-( B
Thes; tasks shou&d be done. m separate parts of the same pro-- A .
gram, and oapproprlate jiteral m@asagp& sh0u1d 1dent1f¥ th\e var1- SR
ous. outputs - . g, .

- ! - , .4._.,3 R

Write a. prograrn to calculate m todeax slgmhcant d1g1ts usmg the :
series’ , i N s e .« S
C(a) o= D1 F/4+1/9+1/16+:..)X6°]2 ST
(b T (1—~1/3Ff/5—1/‘7+.:¢1x.~4 e o

y 4

L]

(’. ..

F ol ,s . 2y .
Co‘nverj; the quad‘ratm eqﬁatlongpro,g«ram (Lab Problerr) 8) ‘co a.
* -subroutmp. Put. a11 1nput outp\‘it stgteménts in the mam prggram.-
), Progr;\rh Exercme 5, p 157 of te £y 'ata a- sqbroutine. Use thns
4 %, subro;mnq;, mstead of YA RO to do'@:gercme 2, p. 157,

a’ ! »

-"...'12};'. Extéend: Lab Prleem 9 10 determme thbf’“meagm, m,ediarr, vmogl(e,
PR and standa(l'd devmtlon of, %he u'ptltude 5GOTes.,’ " = :

LN
.n‘ ’.

, .15 ¢ Determme o0 gix demmal pkaces byjmdmg‘the atea uhden a- .

uax,ber urcl*e usmg Simpson' s rule AT
'P”rogram the Gaums el}mmatwn algdmthms as flowc:‘hart d m N
- frigure 8«1, 'p. 167, of ‘tgxt’, “Adg: ag ma Y of the improve enta
fir: described on p\ 16?5 as posé‘fbles. A g . ™y i

.-
‘ .
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-y APPENDIX F

. T

’ Lot no.' . o . o L
..+ Addittonal Homework and Examjations

.

*
P e “
>

R

ol
AT coc B




I

" FORMAT E\XE.RGI_SE o

Ty

Y

10480150110153602011816479164669179° -

" N . £ . R s
. o, .- . .ot
» o

gsmg the above ».sgard,_tfé_pré-éent'?_tjidn; peiform the following 'input' o
statementw S e Y

. LN .

.R‘EA.D(S ll)IN, I,-J, N, K

- 11 FORMAT(6, 13; 13, 212)’

IN-— ’I"’ _.’, -—-'a:‘ ',Q'N,-_-_A ‘, k"

READ(S lZ)J K, I, N, NUM MOM
'-FORMAT(3(13 12))

. é— ﬂ%
READ(B 13)JOB, KOUNT IST LOVE NEVER WIORE

FORMAT(2(212, 13) . -
JOB= , KOUNT=___>__, IST=.,

Lov.E.= - -..iiNEvER= MM\ |

If the variables have the folldwmg values perform the indicated
output sta{ements- T

Ir7792*l"J 6907 KARY= 11008, LQVE: 42751
, NOT= 9100, MORE=21, IRLE=8, JOY=462,
KAS'I‘ 93 LA'I‘E 48663 MONEY*ZZI?B NOISE <593

oL, Y A\

o

'
wm*rms 14)1, J; KAST, NOISE, NOT, MON.EY
14 FORMAT(ZI6 214\217)

1] “

)

) N‘“
. . . . L .
v o . . : . "o
‘l

WRITE(() lS)LOVE MORE, IBLL‘ LATE, KAST, IBLE
I‘ORMAT(Z(IB 16), 216) o

‘




R (6, 16)NOISE Jo‘r MORE KAST' 1, MONEY S
\FORMA@(215/214/1§ f o T

'_Umng the card repreaentatwn in I. . perform the fol],owing input |
' staf’ements" _ . . . A

R

.
. . : ; B M l\,.

-~ READ(3, 17)ABLE BAKER,’ CANDY, DOG, ENOCH, FUN "~
17 . FORMAT(F6.1,F3.2, F8.4, 2F6M) . -
° ABLE= , BAKER=__, __, CANDY=__-

DbG= L ",'"'ENOC-H:' s FON=_ |

_—-,*A-—n_—-

FORMAT(FS 3 2F6 2, 3F8 1)
B PUPPY“ QUIT" ' '

| SAVE- , TIME-—

READ(5,19)KOUNT, UN, KAIL; VOM, IT 10P, BOTTOM,

NEVER, TOP, LOVE
.FORMAT(Z(IB 2(F3.2, 16)) o
KOUNT=_. ', UN=___, KATL=, ., VOM=

1Ts. __, IOP=_"__ BOTTOM* , NEVER=__
TOP= LOVE—. ¥ | .

w [B15i25=7229.504,8 39~ 964232.8 78826511

¥
)\

A Using the above card representatmn, pe rform the folkowmg input
gtatements: - T : ‘ .

. ' ¥4
_READ(S 20)I~1APPY PUP, QUIT, RUN STAY, TICK
FORMAT(F6.3, 5.2, F3.1, F5.2, F4.3; F6. 4)
- HAPPY= puUP=_ ,QUIT— ,
- _RUN:M,Q_ TAY=_ ek, o,

r -
b




. -mww,znzmm. YES xx WAN'I’ wmv UNDER
. wommw(m z. F4.1, F6 1, FS 3, BT, 2, m z)

ZEBRA= .1 [, YES=_ | xx.. o b

._WA_N'I‘:: VERY.: _ UNDER '(;. G-

Vl- .

.

'READ(S, zz)A,,B c D E P ' o
'FQRMAT(FZ 1, F4, 3 F3 F5 1 F4 z F7 3)
;-A."' . » B"l’ ; . f C': it

:'.D:: . ’E"" ,F-t-""

V.. If the variables have the following values. perform the following
‘ output statements~ . : _ _ - :

ABLE 90 725, BAKER -522 10 CANDY 8397 2,
-DOG“65831 0, ENOCH=5,3172, FAREL‘" 41961,

- ZEBRA=323, 88 YELLOW=57, 375 XTRA——7321 1,
WHITE 16. 815, VENUS 2, 1438 UP 1640 8

WRITE(6 23)ABLE, YELLOW CANDY WHITE ENOCH UP
FORMA'I‘(F6 2, F7 3, F7 1 F6 2, 2F8 2)

<l

b4

WRITE(6 24)ZEBRA BAKER, XTRA, DOG, VENUS FAREL -
FORMAT(,Fb 1, F9.3 F6 2, F10. 2, ¥5.2, F5. 3)

U

—k\.ﬁfju_

" 'W_RI'I‘E(é 25)ZEBKA, YELLOW WHITE VENUS ABLE,
© 'ENOCH, FAREL  *
FORMAT(Z(I“S 2,.F6. 1L)w ZF’? 3/F8. 5)




FORTHAN:

o]

' VL. " Write the following Expressions in
" cf. . N . : "
‘ ’ .
7.
. . ) .
) . 1 vy‘
as w . " » i N .
. ‘ , ® A
‘~. + * ‘ ‘e
\ & “ ‘ : | »
. ' . ‘ o i <
. ' ! .
W > ) .’. ) .” "' Yy .
3 u | N |
e - T ) )
* . '.' . \' ' ‘-- . . o .‘ v
. :
: "' ) ' ‘ ) .
-l — N : 1Y . ! N ' ' ! N Yl' . ,.




- %‘ : 'J'.)&B'-'_EXER'(}i'sEsf SECTIONSIA arid'? o
Punch a,nd run ths Fibonacci program. SN

I?unch and run the Elementary Payrpil program.,
No. 3. of original assignment sheet.

&No 5 of original assignmerft sheet. ,
Exercise 1-4, page 11 of text. In addltlon find”the total amOunt
paid and the b.verage arnount pa1d IV

Exercise 2 2 page 25 of - text
Program the Quadratlc equations program.

Add names to No. 5 for pract1ce w1th Alpha format. .
Postal program, Given the three measurements o{ a package to
* be mailed, find the largest dimension and the perimeter of the .
package the other way. Add these.two’ numi:;e!‘s together .. If the
total is less thanior equal to 72 inches, it may be mailed; if it
is greater than 72 m;;ghes, it may not be mailed. . Write a pro-
gram to do the above writing out the,three measurements ,~the « -,
. final measurement, and whether ox noét it may be ma11ed.\ Usne

. approprlate literaltmessages. T )

(}Wen data cards w1th narmes and a test score on each, determme
"if the score is. low, medium or high;, and write out the name of
the person, his scoreé, and his.rating. Also find the hifhest
‘score, the avérage score, the lowest score, atid what perCentage
got each rat1ng : L . e R
11, SornJ program for. ]M/aCtlce with: nesteﬂ DO loops. P0891b1y a
program with three nested DO'loops with a write statement

inside. alI th:t‘ee writing out thé’ three indices. E ‘ o\_‘

o
- )

12, Given the: formula f'"- 6774, /(2*(£ + 3, B*r)) wheré 4 is the
- length.of an organ pipe in inches, r’is its ratlius ih 1nches and:
f ig its yesonant frequency, determme f.for 4 = Y, 161, 28",
- 35", and 45" and r = .5, 1,0", 1,5", 2,01, 2,5', using“DO _
loops. Wr1te out f, E, and'r with appropriate literal messages.

.

V3, No. 10 Qf origlnal assignment sheet..

»

-14,,. Convert No. ."/ to a su%woutine. :

RS

1B, Cornputé standard deviationsg R




_Write a program to so'rt a lwt of numbera ) __: |

. AL ¥ '
Wrxte a subroutine using Newton 8 method ‘:for findm
j'roots . Compare to the predefmed fcn SQRT :

..WrLte a program to eValuate the truth value of logical 8
' .81ons. (From a spec1a1 lecture on logic by Mlke Wasser an)

: Numerlcal Integratmn S1mpson 8 rule.

. "I ' _
0 Newton Raphson method for fmdmg roots of an equation. _

vy




" EXAM NO. I, SECTION 4.

.\r . - N

l,f I‘-’lace an 1 after those var1ables in the followmg list which are

integer, ah R after those which are real and an X after those
-which are 111ega1 '

JACK _4_T4Z6 | W HOPE
BILL g~ ¢ INTEGER & - Now
3T89___m MR, - o Lazs.
KOUNTW-.? - ZEBRA T LEMONM

Translate the followmg expressmns mto FORTRAN

t -4




Do theé indicated operations’ = * 1

“a

S £ 1111 P .. 110101,
e 10011, o101,

e ann e T

q‘ . ) ] N - - .' )

no.
.

R
KL 2N R S

. . l o )
E62A16 11100.10:!._-2

s

10

L a,

If A=3.5 and B = 5.0 ‘then

A+BH (A 1)’-<a<2*B/(A+B- .5) % (A

N .

If A=3,5 B=2.0,

..

A¥B - "C/B FA K 2=
:l 3

then

f

° ﬁl)/(y*a.czv(Y**ZrS *YP?))

_Evaluate thé following FORTRAN expressions,.

N S, )
-~ B) = e .
B ~ | L

and C«c 4.2 then

R If Xo= 3 At’hen S

33, >
2 } B X * Cw oo .

l

If A= 125 .13'= 2.0, and X =

6._" ‘A*Xﬂ('
p J, " ’ , . s . L

-'c ’ﬁ'l.s o the’

e s ; E »

.'13,::'-4‘01

*A * C))/(Z *A) =4

. S
3
-
., .
172 7¢12:ms OAR T

e e
v

20 bhen‘

I'",_RT(B B~ 4

L
RN
L
’
< . s
: .
.
4t

. e




Ve

Usmg the above card representatmn, _determine the values for o
the vai‘lables . '

Ly . e e en e avm et s e e e e g ey ¢ e ek st e

© . 'READ(5, 11)& L R,'S; -
11 FORMA'I‘(I , 2F3,1, F6 2)
R CRAN J=__ K=

-R'=._ " " S.= e T='..._

' *
. f

READ(5,12)I, J, R, K, L,.S, T

. FORMAT(2(213, F4.2), F3.1}

I §= U Re
K= - ;':-Lf;'- s 1=

1=406, J 9125 K 82 L= 110142 R= 43 61
8= 891 425, T= 84 691 U-—4562 91 V= 4629 81%.,
6. ',Using the above values write{out, the‘ va_riables'. 1

.2

WRITE(6 13)IRLTUV o
13 ~FORMAT(IX 14 F61 I7 F5 2 F5 0 F6 l)'

WRI\TE.(6 14)K 'S, R 1, vV, U, L, ',r R
FORMA’I‘(3(IX 16 2F6 1/)) -

et -




vf\. - '
L. o

. Write a program using the following flow ¢hart:-
. . . . \ . ) ) : 4 .(.'. o

i

f
R
‘.
. .
.6 :
‘ .
5t
iy
.
o
. ]
.
' v
. D
i s

[ Tecopyer 7] - .
| s-gopy ¢ |
i . ' ﬁ T
i 4 ' TN : -
s { S-0

Gy

- '.'IS'.,' JR

"THE GCD OF",
A, "AND'', B,

o
[
* pe—

C

Tl attamad

.

[




"_ahlr_é 20,0 .and 8,0 respéctively,
printed out. A RN sy

'

! B

B : '8".;';...Aé‘é_uming 'the-v_a‘_]_.fue':‘s for A and. B
...+ what ig the value.of R ‘which is

L 4 ‘. N ,.' o
T N .- . . . . . . . ‘ ’ .
| ’ | . : ® t A . N 3 .




9 In the followmg ,progrﬁm thqre are several 2l
- Belaw #ach write a small- number' in a. scirc”lg and {é 1
Selw 0 e below identiﬁy the mwtake, ‘ E g

H— LU 'mg of READ.-

/ REED(‘i 50 (B(I),

b

i _READ(5 SZ)X ;”:" )

iVALUE VALUE*X FRIR) o0 o T e L
CEONTINUE e T .

Compilg
,M.ista.ke I‘{Q:, BN

i

1= 1 4-)

ORMAT(4F15 5. |

VALUE B(l)

f_Do 10°, R =24 ‘;__.t T P

WRITE(6, 5 l)VALUE ,

_}FORMAT(IX, .1*}5 J5)

STOP l .’-:. l,'.’ 'b :'. . N r' . ‘ .:_.'- ".l_:__.Ao /.'

' U ‘ :;
.o L PR
- a % i . S e
. to 1] ¢ * T
\ 0 . o A .
5 kd . e e l

n ; . N o " \ 5 M .
1 |READ Misspelled . 10 S \ . £
" " , [ 4 \ l,
c ol -~ ,.‘ P ‘] ’
2 r{11 , . R S
Al , . T v " .

3 cea "2 . . . .:). _f L} :
. [ [N A ) o . N ¢
> ! b \’ RN . . t !

Y . . ' . U]
4 J i 130 i L o

{ . \ it 3 3 .

©

lose

oF

-2,
hers
k ]
.
-
-
1
.

_.M}n e st bt sl g ]




.l;\"1 ,\;'z ;T"f . N S . ;v eyt !".v e ﬂ".( "
R % “"1"‘&"’1'1)" ‘@ "W""‘f Yn{ (?

’1 Matqh th¢ 8tatements on't the 1e£t with th 'b’esg term oh’ the right. .
: AN e ; '

1¢ Read during execution ti/me - SR REAJD
2 Read duril{g compilatidx time '7-.__ S S'I‘OP

3 Req\?ires Additional }nfbrmatiOn -' - ##****

"

4 Reault of - ﬁnite worcf lengtﬁ L Opegating System .
5” Reault of insufﬁcwnt kield width .' 7;‘; round off errOr

.

6 Signals end of cOmpilation g 3 your instructOr
7 Signals end of executmn N oo R INSERT
8.. Contro.lsi}‘flqw'qf JO‘bB oo . QUIT

9. ’(fdntr'ols é'-lass.('sorhét'irhés)\‘ PR H - END

10 Name of real variable ’ B 121.16-;84

Al

I 11 Name of an mteger variable o ‘ .progrgx"n_ deck :
N

12. Illégal FORTRAN variablé name' data deck

(12 points) o
y .

+
o

M. a) Give a FORTRAN output statérphnt for each of the following *
' FORM_ATptatq_rnents. 81 I - .
'FORMAT(6H1*10 =10X, E16 8//'A ,FI,S 8 6X, AT 110)

FORMA‘I‘(' NAME'TZO'AGE'TBS'SQC‘IAL SECURITY NUMBER') :

> .

; FORMAT(IH 3(T6'1m'4xilo zoxms 8/))

]

af ‘FORMA'I‘('O'T35'THE cR‘rrIcAL VA.LUES ARE'//4(10XE15

A, 18XR15, 8/)) a \' e “ L

Tt

b) Give a FORMAT staterﬁent‘fcr the FOR'I’RAN output statemeént ’ .
given bglow. Skip to the 3¢d line of a new page, before grinting. Lo
I@cﬂlude apprqprxate literals in your outpué. , (4 pointa) '

WR;['I‘E(() 5) LOOP (A(I) B(f) I l 3)

“




W’f“’\f"“‘"’

y r‘ (-X t D' )Xz‘ _ o :b' ' R
. . g . . . e
. - ' . R AR '. . )
e n 3 . - Ly
B '

l
] X t 3 ”j; .
: "

"

N v Elj; .

(24 points)

III. , Your 1nstr or.,wrqge
L ? "the’ rﬁorniﬂd Eafte‘g d(zgnl{m‘g thiee’

a prp

€. pro

ram giyen

martinis .

Q‘l N%t i‘. ¥ i
%llora ‘g L . A
. ram at 3:00 a.m. after three martmis ) For eaeh state- ", (/~
“mefit fouare to (a) underlirie any error(s), .(b) explain the e R

few parentheses as’ possible. -

erte the followmg expresswns m FORTRAN notatmn using as .

,00 }n,\,,,.pl{‘q-rx;‘f'.f‘l

\ erte oo N

Rror(s),

-
4 o : . T e =
“ -
7 .
4
M .
b S
. . v
] ‘4
t
.-
" .
" . &

; ~and (c) -wtite the corrected statement beneath 1t. If a Btatement
has no errors., you must say so. o ;‘
ey R
| T 'T‘*_‘FS Is MY SUPER Nou;mNG PROGRAM.
- 10 RE‘AD(4', 5) N_o, -DA‘TA' . -
I+ 1=S(02R_T(6&/'-N0*4_; (DATA+1.)
_ IF(A%D) 10, 10, 99 =~ ' .
'- .| [p®20,NOTHIN=I+3,. 6 N
. 20| IF((DATA+D)*2..EQ.3(~-NOTHIN)) SUMTHN=DATA(NOTHIN) =
5 [FORMAT(1H0,110, 4, E12.3) )
| ":'. . ?9 END ' L ) . . v%t
12 points) N !

2

» B ‘~ 1
| A+C+D_ |

2
’-n

' . . .,-; - .

(1‘ @gnul)(lrm«ll)l(&

\«9&




FAEE V Write a px’oﬁra '"'ir"s ""'é'&& é)‘list ‘of ¥ alué’ ”for 5 “'thaﬂ"'izmﬁput’e" Rt
Lo Sy £(x) pach value-of x, Output the values of % and f(x) ina -'-."-' RO
EEE list with appropriate headings. Design your own formata. (a) ﬂow
S/ chart (zo paints), (b). code in FORTRAN (20 points). = - . L

, ) [P

¥ . & g X P : ’ oy

S e oe el woogx<ma T

) . . . . oo [ . . Lo

Y N . B 'A . . . . . . . . e K ,
. B : ‘e - . . L. P . ! L . . ' Lo .

. . i . ’ S, . . R ) . L
. - - ’ . . . . . . -

S .-_.-.3_.4x‘3 +'?94

v

ERI




1,‘..

»

:'.write FOR'I‘RAN expressions .for thre\ following mathemati¢a1
qxpressions-. (2 PQ«intﬂ ¢a°h)° e

-;'d B

'—21- sm b + (c+‘d)

', P

(4+x)Y ~logs (10,2)
o . ge -*
! 4 :

. ’II FORMAT PROBLEMS (2 pomts‘ each),

‘A, GNen ,the followmg format codes and. numbers, punch the
/\ o numbevs on c\ards, W1thout usmng}deca.mal points.

8 3 5 2,98+

.

,B Given the followmg format codes and cards, nead the nurn-
- .bers as the computer would ‘ L

R . ’
\ .

Co123 45’ 61 8 9 10 11 12

z7o39780 zj

'v l," . .’. . N _‘l':
Vo . . ™

5092770 0

n‘\__
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\ f

c N | ‘v
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EPreRvINN .
. / R B
N R e
e s ho
, a
N S
i »
)
- »
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o .
- o
v
. -
4
St L4

P
a0

. .
1A NP
13 [ SR T

g S
BVt 7ext providea oy eric [ v

o variables? L , P N A

. e .-

~
-

'r.‘

l;} . o»You aré~running the pawoll prOgram Y {;m laat atgtement \f o

w ig"WRITE (6,33). WAGE, RA‘J?E{ ‘I‘IME. rite a:poggible ',

‘farat statement 33 EORMAT e dp Your atatemem&—ahowld'-f- e
- give fornvit codes for' WAGE, RATE, 'and. TIME, ‘as well as ‘.’ e
gupplying appropriateﬁuteral meseages. '_Ip addition, the ~ . oo
" printér- should ,sk@ to a‘niew page for. éach line bf output. R N

o W( }0 po»mts) e "-r«m»\\u i 3; q‘»...;g oo - o 07"‘11 . nw«‘ ¢ -'“'“ v“l"u‘:“‘“3”"rw';ym‘ ;
. _- Tl . \'\ RENRES G SN A “"“""(‘f\l\m»(n'!‘\ m'@ x\v‘;" b '\‘"
] . i N . * | o ! Y
~ . 1\\ ' - r . ¢ . I ; "

The Computer w given the bllowing progr\(and data cax’d &

- After the pro\grm is run, hat hre the final values of the.

U e .

w e (. : T . . Co S .".,.,'

PR@GRAM-~_ READ (6, ‘l&),ABC R

_ . . P ..‘\_'-...‘, L
( IUFORMAT (F6.2, FS 2, F6 2) T T f
1= 2*A - S "'_ o S \i
IR (A LT.7.) GO sro 100 N
R ID> ‘A k4 N, e L T
S ~_koo _Tq_ 30 e A /
" o 0 J=100 e j

+

C Y& L D=FLOAT (@A, T h gl
" o ? I = I+1 Ny : .'-' ,‘ll"I‘ e . .' P o0 ':;'-_‘ l .':'}:i‘.’“"?’.;‘. _. . '-jv-"-. :-.

: . -
b . A
r oo e

» oW .

e : v V! f‘ !
e ‘ S ! "; it
R . ! i e
LW ‘ : ¢
’ 0 ' v
: 4




L \
. o

e A . . i . " . e Y v N oot T . ‘ . .
v . I . L A . . . . i | - oo gt . . - . > .
E . A o e ‘ . N . R : o & T . v o h B
. RN . . N K v . ‘., h ce ‘ 00_ e .
" . v _‘ -

DATA CARD 123 4 5 6 7 8 9 10 11 12 13 14 15 16. 1'/ 18 19 zo

QIR | . . . . ) X . '
L v

O -.-.6 V3 8.- R O ) 2 9 AR

(2 points each) - ] o L T:'_. B T

-y R o . o~

Y=t
o~
»

5 "..-
o
(83
1

P R T R W 1) I er s oAl o ire et ; - .
i -«? {1 -q-? n.».‘m,ﬂ’\ 7 e 5\,.,.).1..,"__',_...\.., ST NI M A D e T e o8 e e,

: . .
. ' . . - - ¢ . [ . " L, A
YT »e KR te _. R . ! . i s R -\5 - . - ’ e T : ..‘ /
. . . .. . . . e TR . . - - .

(€L Pt
~%%
N
ey
1 0
—-
2
2
.
o
.2
3 .
i A
:
<
4
o~
T
=
g,
it

fa—)
S
-
11
T
.\1
r 3N
t

\ N( v, 13 The fonowing prégyam has four errors fmd them
R ' (5 points aplece) e

! y . ,.. ".

I e The numbets’ on the rlght in parentheses are not sqatement
e numbers they dre lihe numbers and are to be useé as ref-
R o erence numbers in abs\Wermg :

Yoo .FORMAT (4F10 5) -
| L o ;D‘o~.10J'=1100 . |
| S . E@) =A@ X BEY G 0w
R S CUF() = (D)% D(J) e () BT
B . WRITE (6,101) E(; F(J) N () KR PO
101 FORMAT (2110) " he e
© GO .TO (20,30, 40!50).1 '_ T L@

20 WRITE (6,102) J, A,(J) S e
| . coTo / T U
S0 30 :WRITE (6,102) J, Bw’g) ST Coan.
R "GO TO 107 h o sy

- ' LN N - .
o et X . ? .

C =€ 40 WRITE 6, 102>J CW) o
S o eoimow-t CED o T ey
W, e 80 CWRITE ®, 102)J D(J)g, BRI AR § 1) JE
r;._c.o 10 100 ) PR A < 6, !

.,

RE

o < hier | FoRMAT (1o, F15. 8; SRS (18), Lo
B srr’op v Q- ‘.\"_- D




- Devide.a progrhm fo dé‘the foll
mtd --the X arra r, find the smal g.'st, arxt.l output it, o ( 0 poin )

e n., .
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._!&

N vamablesl K, A, ‘and B?..

B “READ. (5 301) A., L
'wn.xvuw:au:f«w-w'Imern*.nn a l .'-. S
CA=10 - o
5 K=l+5

L e B2, kAT
L ' *I/K

'he compnter Was’ gwen the follo :
After the program was, executed r/what were the values of the

4.~, g progra#lﬁuand dat ‘card.ﬁ"l

Vo

7648

PRI AT




(10 pomts)

1".-' Ident1fy the followmg FORTRAN var1able names as real integer,f_' o
or: 111ega1 '

wﬂ,;.‘,w,, ﬁea‘tmﬂwmwrmmwgm — o
TP 1 ,A,23X7 S v : o el . :
3 ‘.rytoé.a
- MX2
4. 110, 4
5. PRODUCT

; KAPPA
. GTEEN
L ST
 ;;~Lx4zQB

1

2

3

4

45
6. B Q#1

g

8

9

0

1

ﬁ erte smtable FORMA'I‘ statements for the £0110w1ng READ and
v WRITE statementws o . _ o . R .

" WRITE(6, 1)A, 224, NLLQ

L WRITE($,2) - G e T
KEAD{5,3) DAN,IS, A NICE,GUY )
_I_,!EAD('S-,_.4__)h N—Ex;;a.e,. p@TES_T,oLD,-x R

,“ * )
W‘rlte a FORMAfT statement for the followmg WRI'I'E statement
so that the resu tmg cornputer prmtout "apped rs ds. g;ven below,"’

hd 144

,' '5:\,1\1"'24 I*I[r:iil (95 RMID 41 24 RLOW 27, 01
AVG 18 (6‘73 VAR 644.93«8;DEV 8y 316
WRITE( 35)1\1 m RMID RLOW- AVG VAR DEV

-3
col 10

_ an Time,’ g new. page TEST RESULTS FOR 24 STUDENTS
W 4_'_ skip 2 lmes S \_ S

‘HI RANGE 31 65 PERCEN‘I‘ M

-‘1 o

LO RA,NGE&Z7 01 PERCENT

¥




Underline each error you find in the program below, Ex.plam what
/the error: is and v_vrite the correction beneath it;.

‘ . ~
pd

| PRI uemm. o i s g ~w~

SUPE'{R WHA'I‘ZI’I‘DO PR OGRA,M

| "READ(b 501) 4, X

e ". EQ..7)10, 30,5

'c: + z *-A/B
'GO TO 99 _ L
IF(A-;B )B SQRT(ABS(C)**I 75)

FORMAT(FIO 4 F8 16
STOP 4

END

(20 points)

"_2. " Write a program to read x, compute y as gwen below’, aﬁd wrlte
the values of x and y. (a) f10w chart (b) code 1n FOR'I‘RAN

ifx<000rx>50

1£00<x< 10, 9 ."

if 10, 9<x<21 6 .
if 2-1.6._5_x< 50,




erite a F‘O TRA'N arithmetic @flacement\ statempnt fbr each«of
the followmg mathematxcal eqx{pa ons: ° ( 15 pmnts) - L

‘9 ] - ) . v

« ot

" s “V N P "«‘3\‘-‘.:' Lt ?‘l“"‘

2/7)

"an 8in (r(3t )

gL, - Wmte a FORTRAN program to read in'a 10 by 4 matmx (1 ‘e., an .

«.."array of 40 elemenﬁs, 10 rows.and 4 coluinns), fmd the- smallest
‘element and output its value and which éleinentit is in the matrnc, o
*'then output the complete matrix so that 4 colymns of'10 €lements »
each are prmted (a) flow éhart (b) code m FORTRAN (25 points), -

",

’,




ﬁ.w EXAM‘ FIRST swssidﬁ*{'_f

,1

e Fa

'rhe fono«}m isf - ligh.of, .
‘variables: whiah are. m%fégq. EYpe., plac
TaniR -and placé an X hfte*r anfpwhich are me,gal
cirole tha pamt which makea it waqgng.. o

'-5:". 5 .’26"' T "‘fi"(”"«" %
:._.__ ”""'.-;.‘,\'.I-‘I.M"E. :-“ : ":”;—‘-. Wt ..

",-., at‘ber re‘al type:plic
If miq lleiga;-

A} RS

Convert the followmg algebraic «eqtpreaswns td propar FORTRAN R
expressions.. R G T A T e

N toe . '_, 'f\‘, "..- - '\,_" Lo . o .'_ - C L . . . ..... P « _-.,'-A ST . Q, R .
Gompen o Ce

S2 + A * 132 v, R h

(S - A) , . T o
. e S . ) ’. ' PR ’ =
. ( ' As . ,.‘ - b 3 -_ ._ -v‘_ £y ...;. ' ' Y I.A.' . ' . . .. - Lo ! ; .
S=-B)s=¢). . __ R VAU AT R

) . . . 3 "L i
S : Gl IR I T : R . L e
. .- . X * f v .

B L . Vo '”:'.,‘ “‘ « ¥ g . R Yy .M’ L e , )
i X 3 _ s ﬁ NI Y ¢ &t

S "y . "
Y
! - - or p ; - »
S . ¢ i % ._ Y3
. ‘ , RN -
oy . . . . e
.', J." L [ CE N ) | . .
[ : . n - . . R { N ) ! I
o 'S p » . . f . X .

.,.’\4'2\{‘:% s) \/H a (R s)zf | B ‘.; e




.

L 1643981 1048265127839.14628 -
P Usmg the’ ~above card representation fullel, the tﬂgllgwmg READ e
R i statement - : _ _ e o - ‘ - o

X ” | REA,D(S,.II)I R, 17, T, Q s e, oy T ey

v et WU 11 FORMAT(I6, F2.2, 13, 3F3.1) Lo T

S i Dy t SR
L X T=_ "" Con Q: LT ‘,Az S-‘=__,_-_.__;__ U o ‘.,' '
) Z ) '.‘4".‘ . -kv P . | . R N . . v :
% LY - S . A 5
: - 12856.91847,63815,0461,7489.2.1094,6

: y ’ o : i'“ ‘ " I' . b * .‘J“ .o ‘

. - ] .:u -'.- . .'.,OA:» t ‘ .~ A' , N .. » AL ﬁ

.f: J x e S . X ‘ R L : : [ L . . .

i : ,Ugmg thefa ve card representation do as in the prekus e A

X A ';__problern.,;,., T P L. o L

R & ' el T’ : . ‘A... . o - . -

L "- b -‘Q. f" READ(S .lz)A’ B' C D Ep‘ F :-'." !

' e, FORMAT(F%Z F3 1 F’5 2, F5 3, F4.2, F'5. 1) S ey

e e e T e R AT 1

TN A,~465 391, B=79, 2.468 C=5120. 102, p 983216 DT T

' o I 4692,\J 3 K 42, L 391 IvI 42156 _ A,__ _ '-\3»_‘_,/‘2';;7\, . DT

‘ . w | - ” L . .:1_;.
U ing the above Values, perfmrrn the follo‘w’;’v{ng output statement
A “'__ _ vr-\ . -}“',. "d~ i ".,_ ' 'TM' :,ly, “. — , .'r ,» ‘“ ) w-




wm'rm 13)

FORMAT(Ik

’Q

.-\ cooe LS

In the folleng write

written out.,. - L e S

‘l

‘WRI'I'E(6 14)(AQL, J) 1=1,2), C(J) .m 3 L

chate the @yntactical errors in t}ie following program. Number

.

. each error found and on the lines ‘below tell what the errox.is,
For example, the first error.is a misspelling of the READ state-

»‘)”@

. ‘.'..‘l., e
) T ment. T
'~.,“; h e . b : ) ) . T ) ’ o . ’ ' v i
e el REED(S 100)x A S v
e ' A J . L : .v". . ; L 1] ' ’
A . LI . . . . . L . - ':. S, [y ) - . X
ST 00 FQ?MAT’(ZFIO-. o o B
' : ’ . N U . N l.’ : ‘-‘;‘ ! D ‘ \ . . ‘ “ “ -'..v
;.. ."\-;". 3 . \S x ' ‘..\‘,“ se . .';\‘I:.".'; ) \«1" . o v ~ . ' ... a :
L ) . . . .l'\..‘\‘ _:. s - e DR - - . et ,-,; N
P . t . S T ::\'I"“- T x , ‘ s . e - l)'l'."’.‘ .. . \ N < R} ’:‘:“. V .: - - LI " : .
. - ar ce , ) . AN Lo . . . . L . ) ) R N |
et ‘”,. e R it} -’ T . o . ‘ ., c‘ T “ Lo . - ot T T, “ '
I “ . . SuS*T Y S - AL T _d [ ..,v'. T : . o .
- e by . : G . . : . . D I
- , . N I .. . . oy . . .‘. .
. b . s - M
S, D041\ NG e T |
- . . { .o . “ a,v\ Ay e s, . J- R . : ' N v oo . o
« i T o )’lt l. . v e
f . IF(ABS(T) LE .AYGO rro 5 e ‘ e
N il el ‘ Lo Y o &
e GO TO 6 ~ " o e e S
' - . . . . v
ST e T meE(e 5) 'm) o o o S
. . - . . S - :
. . O L o ""n el ! "' L . e ;
-~ ) A L !\ . " 5 )FORMAT(FIO:1'6)( S R K -\.: .. e . .
S oS “ IR TS Sy ¥ N . ] R PR ‘
! o N R " . ~‘ Tt ‘.‘ ‘ DR h ‘. O s ".? * -.‘ . . ' .‘I ‘i. ) ’ v -
. s,\r::ﬂ;.\ . . . ; . - TP o . -‘.-‘.* ..,». , - . .
* cr- I A .-. . . N x-' .‘ . '\
P B
' [ . ' . ? wn . .
S T *XS * 'I'/62 *Rm‘(z * RI + 1 ) ) T . N "?f e
B ) . . N ' -g‘v o .o . i e 3 . M v wh \ ¥ ) -
\ . W 1 , . . v ' :/b) o . :.n - . .';_a f . . L .
S T I PR Rl S
2 MO e e T e ) , 4w
. v . e , . Vi L
4 CON'I’.‘[NUE S P 2 A ST S PR a°
' o . wer ., ’ € f ey v ;

AL N
v’ '
o q,‘ oot
e T iy
. I‘. »
Al 8 v




?,‘ffl
'y




Following are ﬂ,ow charts fo;' a'program and a related function
Vv subﬁrqgram. Code the £low chartﬁ into FOR'I‘MN .

» .

""posm.
B, T)




.mput"e:t* usmg'.the data "cai"ds
'orhpu_te the v ,ues that wereit

The followir; program w#é yin; ém i
gz en belqw. ’I‘xaée thg.{arogrgrn and

1 lfl i

12345678910 11121.3141

5 16 i ﬁa":

{ ..-, s

a 45 8 065 oL e ‘
. v' Card W 10’4 S e T
”'5;"’? ;.'.::- '\l’ lst - . DN '.i . — - o . T - - - \
N Y Card - 2 6 R o
o T oo K e
U 20 READ(S 1001, (X?{) KT, 2 R
VR S * : Y . S e . Sy,

SRR IF(K/S LE 2)(,:0 0 zo T T L

e .K. = 2 + K/Z - I ok 2 KSR oY RSN U7 0o SRR
EICTRT AN 30 vDO 80 Li= R, T e | I BT
. : ]")‘ e -‘,‘,1 . ) R o . . K : N 7 . - . R Lo L o

L R WRIZI‘Ef(6 101)L,.K 1, xm, X(Z)‘* | S R N B

. GO 10 60, 61, ‘62)L T '_ - ¢
T 0, - 3. *ABS(X(L))/Z N S G R I
e ‘gorosy .o BN IR T (N
A Nt X(L) X0 '“.:..,',’,.-';i-,'_-':f'.", . S E I SR AR
¢ o X o -1 B N NR RER N
PO e IRX(3) 12~ M) 805 2’0 30 FRE P P e

AT | “CONTI_NUE S ST T R
| 100" FORMA'I‘ (13, 2K o.‘4) Coh S
101 FORMAT: (11{0, \3110 2F15 6)" R T T R D)
- STOP U ey e T

PRI ) .. N
“ S ‘e
PANTR) '
ROY Tadil ik ne
sl ) ,,,.,,v})ﬂf"f /

\




[N
. ,

QA

is di fingd a,a Nw-_ N(N* 1)(N e
e 'b

k\"

--;,- ,,N(N_, 1)(—-' - g .' . m.~ax~ m
Y™

W e

Uasing e1ther of;\ .these fowmulas develop a. ﬂo'

Eram to read two positiv (3 imegcarasA N,K (i N) :
compﬁte and’ output the binomlal coefficient. 2) { 8um a format
~6f 213 for: your data cards weite your outpnt. ' ding to £or

W 110’ (it is-a theorem of mathematm ‘that for'a lysuc R
Js rani integer) .. You may use &’ function, ‘subprbgrami

Par al cred‘it Will be given. f_or either the flb"' éhar (
Cgrami L Sl v 1.

, «M N
# et

PR w0y~ "G'
Yy . I'\‘.“. b




.&,'_{I-.. ‘. l Beside ";ach of the fgllowing 'iS‘O,R’I'RAN va.mable"names w{'ite'
R an R if'\‘t is type REAL, I uz‘ type INTEGER, or X if an :
e tllégalx; riable name. wte _.,,‘ , -

L e e e B .

CE -”'".' - SKIPIO

LASTbNE HELP ME

MID PT - IBM350 I R

: . AR '

L Bes1de each of the followmgtFORTRAN constants wi-ite an R R
e S if it is type REA.L, I-if typasl‘ INTEGER -or x lf an lllegal : ~ .
LI ,.FORTRAN constant : L

. - L '
o - . . . . . : 1 P L NN

e —o T 4 3E-j-0 AT

e T : TE3 N ______.. AN ; -933.333 _ * un oo
Lo e e R ':- I S VO gt

. ‘ . " - a2 . - A
e . e o RIS t

A 1 E. KRR S w»zm T T

PRI

; R o . R K

oo 3 79000D+03 T ;‘,_n';. ,ﬁ%76'30044;1 N T

o : 2 Thls problem is on FORMAT statements and is 1n two par S' - AR
oL PART I WRITE format o
ot e = PAR'I' 2"_ READ forma:t i Lo RAET o

A A

e \1% i . Symbol A denotes a bla/nk column anywhere' i&appear s. R L o

v ..'f.,.¢ . - B

R PARI 1; Chven a wr1t;e statement L
R " WRI'I‘E(6 IOO)MOD QUI;:, RHO 'rEE < f

S aplte - . . . 4"-’4 ety L . ’ "

AT R for each of the fol’lowing write a- FORMAT statemeﬁt that cOuld N _ e 4%
G T produ¢e Buch a lme or lmes Wlth the giVen Write statement . A O

‘WZ‘I'AMR“"R 3301 AT— 9215»03.'




VMOD C"EAAARQWAAMATEE‘

. 2%) .. A card is punched in the fdllowir;g:FORMAT bégirmingiﬁ -
L Column-'()ne-' . T C e e T

ML

A GQQD L.UCKA ONAY

;UR PI{OJB;CT«SOUL EXAMINA'I‘ION

Assu}ne ai computer whe‘ne_ one alphanumeric va;riable can *
hold 5 characters. Write_ ER
_uchacard N

R ' a .
s

-punched in- ‘thé foll“owing formatz X

Ver v .

2 K'\ _1-_3'3

'\.J

jt'

o Z{A 226 6‘?
«m«zs' 06

st \‘.l

" 'm

: Wriée a. format statement to. REA.Dwuch a cara




- '
1
-
v o .
VR
L
S N
o ¥ oo
A o

.":.’.'I: ments. . -'.__ “ . S .- ) ._._ “.‘. :l, :.l ﬁ - _.. - .__...‘

‘ ' ® /." v Y' ' o __"“ﬁ 4!.:_.‘

In mh of the following you are t;o"'

Lo i draw 3’ flow oha,rt of the del_cisigns requﬁ'ed’
1 - rite statemgntﬁ % carry out the actiona. '.

fI‘hese actmns area smail part of a larger program, iy you .
‘may assume that previous statements have given values to' . . f".f SR
-all; variables a.nd VOu need not write mput ‘and" output state- NI

. -« . AL %3 . », o
o r o P T, i
. KN : v 2

- al COIf. (OL o+ ﬁ) < 10 -3 transfer to" statement 120 otherwme x ..

‘--_.transfer to statement 820 T RO

. . . . t'
1 -.‘ - '. . 2 ‘.

) usmg logical IF R S

Coat

0
ot

'. l;.'_'blace whichever of the varlabIes Y and Z 1s ‘algebra- | B --

\

hd . . ' ' . .b"
B

| g, lcally larger in LARGE = . . - i T

o R '_1). usmg log1ca1 IF SR R
v ,-Z_)' usmg arrthmetlc IF IR T '. BT

"¢, If N=1,2,°r 7, transfqr to statement 122 if N=3, 4\or 6
o transfer to statement 123; if N=5,8 transfer to state{ment
124 STOP if it is not true xhat l < N < 8

d. If 555 <axl, 555 STOP otherwwe transfer to state- o o
ment’ 622 Do thls in two ways-“ e j_- L #

-

bt

1) w1th a 10g1ca1 IF havmg two relanons cornbmed w1th

‘ | "'-”__an CAND, - T :f N ~

-2) w1th+a logical IF havvmg only one test, usmg the
absolute value function. '

oo Ced . & . 3 B VR . . e o
= M L : M ) . ) . A . . . N ‘e
- ; N .

i
i

.

4, Convert the followmg algebraic expressmns to proﬁer FOR 'I‘RAN

exnresswng..

-
1
{
i
i

2): using arithmetic IF e P ’ ‘ i

,
s,
i
.
. .
Nl
.
.
.
. ¥,
~
-
&. ¥,
. v, -




f T

CEsBE=0

. -'. ) . S T !

-




ET

. a
.
Lot N
- A
A}

~

M

In thp '-«-following program loqat:e the syntactical errors, o
place a puimber beside it and identify the érror.on the lines -
below, *For example, the’ ﬁrst e&'rm is a'.misspelling of
the READ statemgnt..'-f.-‘;. R LU WY

AFTI L s . B EEE
. -_'!. . c- P o ot ‘."“ ; . . .
N ., L . . B N . : T o e K
.'_- LA : ¢ ey ' A : Co T e -
) . . - . . - - . L - . e ‘v Dt E
. .' s o o Yo L ’

REED(S 100)x A S0
100 tFORMAT(ZFl L S E

S . .-' . e . e : Y ’

. . - L L R - : . ) - el
c. : .o coee . s R S R T . . d h
T [ . s . . Ve Lo . : . oLt : ) ' '

M= l« T y e
Do 4'm= 1 N S L
IF (ABS(T) LE A)GO To 5 : -
GOTOb | h“ajj” :’:    ‘;
WRITE (6 5) Tm - o
5. FORMAT(F10.6) . | N A S

iR AT _

6 RI= H | | : .
-T=~XS*T/(2 *R-I*(Z *RI+1) . e

i
£
i1

4 CONTINUE o Yoo AN
5 WRITE (6 9 X,8 "

., FORMAT (IX, X 3x F6.3,.3X, '8(X) "= , 3X; 110.2)

L BTOP . o o (‘/

'y " " - : g < - . ¥




e

-.cards givén.belgw. Tracethe

pi‘fogram w.aa Jrun on 'a, ¢..omputﬁr usin a.f: ,
pi'ogram and *filll m :
with the values that were printea

The followmg

1\2 3 45“*‘7’8‘"‘7 10 11 12713 14 15 Ib 17 18 19 zu 21 z.z '

an

/9 10 4 RS
Card R 3

--C_grd;. RO : - L

. DIMENSIONA@) S T

20 "READ(5, 100)1 (A_(K) Kr.:l 2) R
-M=0 L ,

7

N=K = L+1 ‘ '

CWRITE(S, SR K, L, M, _N, A(l) A(2) e D

70 M - M+A(1) T T SR
3 A() = M/40 L _‘ "

80 [ CONTINUE :  ~ 7 .. o

DK =2%(1-2) .'3%:.?' R
DOBOL =, K, 20 et 0o s

‘- GO TO (20,% 0‘, 60 70 61), :
50 M= .A(Z) S T G =
A(Z) w0, , : '_ SRR _--\.«,_ ‘- ) -

- - GO TO 80 - LT R PR YO
§ 60 IF(A(1) ,IA(Z‘))SO,, 90 70 T P
61 Mgz A(l)+1 | o S
GO TO 80 Tl e TR T e

\ERIC -

T

. s
N : h C ’
R B K
G ey o o
4 o
y (< N AR
M
«

AT f ‘ - T ‘ " ’._. . N “..!1‘.

100°\ FORMAT(13, 2F7.2). .~ . . " o .,
101" FORMAT(IX, sno 2F15, 4) o RO ‘
90 STOP '@ . - .y T
” . END .o . - .o - . s ‘ C ﬁi“ (”4. :.
oL L L . . D o
L VALUES PRINTED BY THE COMPUTER: S L

- . . . ; ) N - O . o - . '. . o, A
T A O S I RN N Y R A(1) A(2) L
\_x. g ' - ft . ’ . ‘ . : 4 - ) ﬁl
‘ \ ) . . . N . * 1 \ é K . L | '\.A
N e, ! ! . .: ! .'. ! .'. ‘(:




'Epllbvmng are flow charts for"a ‘f)rogmm Q,rid a. related fu,nctian
routixie, Code?he»f-lqw charts into FORTRAN,'




EI{IC‘

A FuiToxt provided nmc

It ia not hard to aee tha.t'thia mirm)er mgy alap ba e preaeed

Usmg exther of the above formulas develbp a ﬂoow chart
and FORTRAN program to read two positive real numbers
. a 1. and a, gositi\ve integer N. a:nd

-L‘\-« |\

Assume an’ input format of ZF3 3 ana 15 Writ ’out p,,&q, N.
“and the value for the sum, S, :You may useé'a ‘function youtine ©

if 'you wish, Partial credit will be given ior either the flow
chart or the program. o

Q

‘ v P

Good Luck !

L}
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" Samples of-Student Work .
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& 0009
._j.::...__ | ._ 0010 ao ,
. “a,r 000 - -:;gﬂ
B tfaoxggf' i
w;“0014

éqzs

Sfj.{~,7  G0kT
S ‘\ 0018
fii-~ 0019

: 390
g ) v. " ;_

;ﬁ. 0020 \_f’"

ey '0021 :
ot K:f’ozaqﬂ‘p
T 0dz3

L L0024

0025
SR 00260

¢

Y L |
150 . . 25.5

lARbnSTa.
“SUMOF -,

.
-

TRANSPOSE UF MATRIX-—~

«

R 4§,zooqo_:
L "'55;560005

iaaﬁéi';7 o7, 70000
A as ooooo

Vi 8 50000

TS

]

e 12 0 .. 16,0
SV A3l 7.0

L:ff..\ 55.0 " 45.h
96.70,

-

ibs
100

"*"wax?s (692000 LARGE »SUN: ™

aqo
'70

-----

LAR@E‘ARTJUIﬁr-jf*l?ﬁjggjufﬂ,;;ﬁ
CONT INUE . ! B GRS .
FSUM=AC Ly ,*A(daz’*A(30ﬂ’*A‘“m“’f“(595’ig

FoauAr~(1x.'LAasesr='.xx.Fxo 204 xx.'SUM DF
paxucnpau.odAGUNAL'.xx.Flo.z./l) SRS ,m.s;;.,
HWRITE (6, 300°): i SRR SR L
Fegppr (1X.'TRANSPOBE UF MAralxu',/) n;jg335$

Moy e *“-“*i“-\i& g:ia.~u w:,&; BETR 5
. IF (N GT.B) eo TO99: -~ e ey
WRITE, (691060 AL Lo MIgAd2, MJ,A(B M).A(«,M).A(b.ﬂ»

’&06 FORMAT (1X,5(FL0 5 02K 00, | e

99 STOP L LR e L e T

- .QRICINAL.MAWRIX¢~”~‘

¢ 6

3

12, ooooo f“31;06060~,“L15.06906 jfss.odode

- Ny e S
'-16;00000 | 37“00000« 25.50000 "45.50000 I f
. 18,50000 74¢o00000 | ~52;oq0001‘a273 zoooo S ;

23. ooooo‘ 81,50000 ° 96.70000 = - 34.20000
.' 57959999 }44p50000'-1'63zgqpoo- | 66.50000

73, - . 815 f - 44;5' T TR

3.2 3442 S 66 5 R

- G0~ TO 70 o A .'“Vﬁﬂf“;:,_; . ; 3

ENDY o T Rl e e T

. LAL- B v . . e . . i A
. ¢ TN L L. ) s Co : LA

RN SN .o f o .1 . CoL e . ; N '.t_ ) B . . v, ‘.,

. | G e e T LT

IS ) . BN o . . . Y P e K » K IR

3"

oy . ...‘.. v . , . . o, - . A-x_' ot

67.7 .,.23.0 | (65.s ..ot e o

52,0 L9667 é '63 2 - S

3 .

CPRINCIPAL DIAGONAL = 294.40 -
A o . S

oy

1 . . : . )
Yo . L E [
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;5

N

18

S22

e, )

OR- JEW . RATE=3.

YNE SIU

..?TNAGE*RATE*flﬂE
~wRIIE 16522)-R1

60T .7 RS T USRS SV

o f"ZSWOP i B f;;hg;i'}f~' £.;t.;';
Y FORMAT (3A49F4021F502)

. "ZA.FORMAT (lx.'AVERAGE uAGea'.Fvﬂab B s

UL Jouqs RATEE a.oo TlME=40.5Q/’ﬁZGE3122 RBG. LT
HARLES ou&u RATE=2 .50 © TIME=43.00" WAGEs1114250.. n .o v e LT
IR BROWN .* ' RATE=1.65  JFIME=46.30" WAGE% 814592 .;.- L

NNIS JENG '“RATE£1:25 FIMEZ45.00 WAGE= 59.375 Y

SAWYER - | -RATE= 5,00 “TIME=40,00 , WAGE=20
ARK TWALN .\ 'RATE22485 * TIME=48450 WAGE=15
ALTED" MfLK ~RATEF2v90  TIME=55,00 ‘WAGE#18. |
ILEER uono CRATER4 .15 TIME=35.75" WAGE=1d8.362 . .. . .

RATE*B‘ 12 I_r;msam 20 wAGe==3 9.416 L T
' e, _..-,‘w. . . C ) .. - .‘.. '_ ._“:

60O TO A5 ;,.
XTIME~WIMEﬂ4Q SRR v S "
XRATE*I.ﬁ*RATE Tt e e T e ‘
wa®E¢XRATE$XTlME B LT I T ST
CRWAGE=RATE%40: ' {» R \';’l~ff“
wAQE¢RNAGE+XNAGE R T M

SUM SUMWWAGE o T T T
Go T G 3 ' . ' '. ’. . '- “\., e Ve s "..‘,' '~. ..’ ,~ | h '.-v‘ \ '. - , | , h o '. ,
Wordubin e e

FORMAT - (lX,3A4.2&9'RATE?'.F4~2o2X1'71M6='pF5q2g2X9'NAGE*°

\ . . .
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-t - . v‘- B . ‘ R . e 1 . . .
T P T r,\-,'.___,‘ e R T . ’ .

Yo Ced - : ¥ S . g S
. . 4 SRR , . . Lot yooon

“0 e ' o 5 ».:*"e.‘.(";‘._'.'.‘",‘
1 SURC RO

'
.o N S >
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)
AN r . \ . .
INRIL Co, ) . .
¥ e . . . .
oY AR oo . K
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S : v : Lo 0
p . . " .
o RN e " ) .. .
w o e ' e s L JO v
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Wy S [ (IR R ,
i Ad o o n : N




lp‘_;_-.;%;g{%~3 3,3’4
y A" “.sj'.'ia" AF., (B=C) by Ti8" "
IFQ(PD.L&.VZIJGU tm 9 RO
E WK“E ‘60191 AoBt.c-o'{PﬂD,‘ SERRTIRS L
A 1'0 F‘ORMAT ‘lX""A’?. !F’ﬂa 5"! 6“'!"’6 oa,;is"(g.-o % "’Fa 02 ‘5)(9;- -
| 'pkﬁceu utu&hsrau e*.ﬁa.a¢sx.~PAckA@e CAN"T a& MA:Luoﬂé
GQ (S B . ey v N R ]
6 Po=c+2*(A+B) ._*1;j,ﬁq,¢"ﬂf";
GU TO 5. i:-*:u=,¢vrqua_¢nw
\ 7 5@3\31‘2*(3»-6) Wi e 53
,' , GU TU 5 U o 4 \. 4’::'. ' M . ;." v ) ‘& p ’
8 Puaa*Z*(Q;cﬁ “”“’ﬂ;f”ﬁﬁj'f.@53.. ;eﬁf--;,,w_, 43:<n.
uf& IFAASEY 6T I*HL'.“Cisjf&@:;5”*;f.fu o
Y9 WRITE (6412) AvB tCoPD ' ' : : ﬁ *f -
o S 12 FORMAT ‘lx'.A“.0F80205X(RB“‘9F862u5x 'ca-.ﬁa.zséxp
n*4a¢l;;&w_.~,jm:;v *.pA$%EL DlM&NSlON*'oPB.ZoSXp‘PACKkGE“CKN aa MAIUED') U
0049 Ty GG TE1 gy e

§. . ':. . .. K
o.
o .- et ot |
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I..

. g
. . .‘} LA . L -
. N B 4,. ) e ‘!‘.___’_ L . .\..._.. ‘.5 .. jo %_,_ . e S
1 STGP o T B AL IR TR

{‘.:‘:’ L ' 00“‘/ .O.' R X v ' P N /..)‘4. 4”: . * s Ve . ."."” Yoo T . S R ~-'./--. B \ b‘.
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LA za.oo LB 24 oo c= | ao /00 : | PARCEL DIMENSION w* 113 oo““' pAC&AﬁE GANYT ee MAILED
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QUA6RAr1c EQUATIONS AND SOLUTIONS
Q=0 . )
READ (5, 100) A.a.c ’ 4
Q=G+l : )
IF (Q.EQ.8.) GO TO 10 | A
IF (A.EQ.0.ANU.B.EQ.0,) GU TO 4
CIF (A.EQ.0.AND.B.NE.O. )GO T0 5
o REBRR2 4% AXC
. IfF (R.EQ.D.) GO TO 6
o IF (R.LT.0.) 6U TO.7
© Xs(=B+SWRT(R) )/ 2¢A)-
Y= (<B-SQRT(R ) I/ (:2%*A) -
WRITE" (bd104) A By ‘Co x.v
GO TO 1 - -
WRITE (6,101)" A.B.
GO TO, 1
, X=2C/8 .
WRITE (6,; qu» AyBrCoX
GO TO. 1
X==B/(2%A).
WRITE (64102) A,8, c,
GO TO 1 ¥
W=v8/ (2%A) . .
" 1=SJRT (- R)/(Z*A) B
WRITE (64103) Azb, Cv'WvZ.vW Z
B GC TO 1
10 STGP . :
* 100 FURMAT ("1 X,3F 10. 2) .
101 FORMAT (1Xs'A=%y FL1lQ4e5¢5Xe *'B="yFL0.5¢5Xy'C=
| *Flo.sfsx.rmumuuors EXIST') v
102 FURMAT (1XptA=93F L0459 5% B=" y)FL0.5,5X%C=",
' *F10a5e5X 9t X=2,F15.7)

i
p .

103 FURMAT (LlXy *A=',F10. 5*bx,o.g “,F10. S.SX,‘C¥;.

¥FLO.59/1 Xy, *KeAL PART- ~OF X=Y'3Fd5e T95Xy .
¢ IMAGINARY PART OF X=*,F15.7/.X; 'REAL PART OF
L RELS. 195X *IMAGINARY PART OF Y=~', F15.7)°
104 FURMAT (1Xy. YA='9F10.5¢5Xe b= yFLl0.545Xy' ="
%EL0e595X g X=1 gFL5e T 05Xyt V=1, F15.7)
L END - ‘ 1 )”

y=-¢ 1




2010000
PART:..GF x=_-”
'PART OF Y&

'&= R
REAL
REAL
A=,
‘A-{-
A=
REAL PART - OF X
R5£L PART CF- ?-;ﬂj
5460000 - 8=
" 1.00000
REAL PART: - OF x~;¢=
REAL ; PART OF V="
A= *6 50000
RﬁAL;PARr OF. xA
REAL RART. OF Y= @

0400

2.10006

*0&5000000'”

S =06 5000000N
0e0; - - v Bm
f‘; B= -
"8.00000 B=. .

=0 1250000

=0, 1250000

‘12400000 .

B=8" 1400000
g--o.soooooo
-_-o.soeoooo

3..11p00"

“~o 2392307

‘C=

-A&MAoINARY PART: OF. Y=-
4.70000 - oo
IMAGINARY PART .OF xa;—-_
IMAGINARY PART oF, vaﬁv;r

2¢10000 :b.;“ e
IMAGINARY PART OF x=- g ﬁ&oozso
IMAGiNARY PART - os\va--fff ' “8660250
c=ff “%400000 3'».x=g;- w0 eoooooo
. C= o 50000‘ | “NO- aours EXIST
c= 9.60000
lMAGlNARY PART OF xa 1 0532684
IMAGINARY PART BFwmebmw ey 532684
4450000, X= | - —0.48@’ aaa/ )
1.00000 . SRS

C” o
IMAGINARY PART OF ‘X=

f~eo eoooa5o
0 aabqgso

0 8159 35
0 8159 35




‘RAD!US=O.5,-'“j
.. RADIUS=045
"‘A$p:RADlUS=O.5-w'
~ RADIUS®Q.5 ¢
RADIUS=0,5 -

. 'RADIUS=L.0 ¢
U RADIUSE140, .
" .RADKUS=).0 - T
RADIUS=1.0"".
. RADIUS=1.0 -

4RAD[US=1.

- RADI US§=240

 RADIUS2230
" RADIYS=2,0

| RADIUS=Z40 . ¢
',. RADIUS*ZQQ;-f

¢ RADIUSS2.5 .

S RAORUS*2. 5

RAOIUSsz.s;‘L"ff
RAorus=a.5 ey

. . '

e emRABIUSS 105

i URADEUS®LS .
" RADEUS=LeS. -

“ s RADIVS=L 4B

2T [

. et k
N O '*é
A

FORMAT

15 GCONT INVE: o

| LENGTH=45.
LENGTH= 5
' LENGTH=15 -

WRITE (64.35)
95 FORMAT- (//.zox.-eua oe CHART')

. STaGP-
END

) “fﬂ (%wﬁf
LEN“THw 5 v
LENQTH=15~-

o LENGTHe25': .
. ﬂ.&ﬁ/tENGTH?35" :
LENGT H=45

. LENGTH= 5

LENGru=15{f,;sV
LENGTH=25 ~
LENGTH=35 ..

»
I

4r SR

. R
R U TN

CLUENGT =455

- LENGTH='5 -

‘LENWLTH=15

LENG H=25

CLENGTH=35 .
LENGTH#«S" Co
" LENGTH= 5 .-
L&NGTH#LSf :
_ ,LENGTH=25KP“

LENGT H=35

'*LENGTH=25

L BNGT H=35

o LENGTHEAS | 1

BT

,,,,,

BN & : .1(2*(g+3 B*R)) , LR S5
,;.”WRITE (6923) R:LtF ; »

3 Xy 'RADiUS-"S' 0F3'o 10 IOXo 'LENbTH** 1%2130)(!
*'RESQNANT FREQUENCY*”F803);

. o
b
Ty

- .
y

e
.

-

/."

T

"7'RESUNANT

 RESUNANT-
" RESONANT

' RESONANT

* RESONANT

. RESONANT

“RESONANT

T 'RESONANT -

RES ONANT

. RESONANT
" RESONANF.
o RESONANT..
- BESGNANT.
SRESONANT
. RESONANT-
RESONANT

. RES ONANT

FREQUENBY=

FREQUENC Y
FREGUENC Y=
FREQUENCYS -
FREQUENC Y=
FREQUENCY="
FRE@UENCY=
-FREQUENC Y=

FREQUENCYE
EREQUENCY=

FREQUENC Y=
FREQUENCY="

EREWUENC Y=
'FREQUENG V= |
FREQUENCY =",

FREQUENC Y=
FREUUENC‘Va

RESONANw*FR&QUENCY~
- ‘RESUNANT ,FREQUENC Y= -

RESDNANT:
RESONANT
- RESONANT
RESONANT .
- RESONANT'

. RE&ONANT

FREQUE CY=
FRE QUE

FRtQUﬁNCY*
FREQUENCY= -
FREGUENC Y=
FREQUENCY*

I
A
LS
Vo
/%
4 “
-t [
R M
'.'.«.' n ’/:'
rep P
N 0 ‘ . .|
P .
13 .. _\
e
a
Ca
v, .
oo
B .
o
[

509.323

2034423
127092
924415
724605
40&.073
185.082
119, 682

88«

70, 124
34Q.402.
169774
113 088"

84761 ¢ i

67.808
29, 983/
‘156,806
107434

81.418 ;

e5.q4o
= 255,623
145,618
101,865

78,312
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s 'I‘he following questioxie relate to your general impreesions .

(Save speeiﬁc comments_«regarding eouree content £0

a)

The fOllOWing questlona relate to the course eontent? BRI

. What were the good features of the course outlme? Was o

- ',any part of it found. to. be. especially good? : L e

'le.tﬁr )

/ﬁ IR ;
What were the good features of the ﬁrogram? s » x w
What were the bad features of the program? N e

. ) Generally, how pleased were yoi, with the program?
T .d'). Where were you displeaseq or- dissatisﬁed? el L
v _) If ‘the course were to be: taught again, what c.hanges in the - \

' -c_~‘ ' ob;yectivee, scope, or whatever ) _would you recommend?.:' Ly

: .'\

If you have any other corrimenté on any phaSe of PrOJect Soul Coe

_“" T g) " What were the’ bad features? Wh@t matemal presented a’
o et lotof d1ff1culty? - A ST LT
: ST h) What would you change? If you dxd no‘t follow the outline, Lo ,
' SRR -»-gwe your versmn o hﬁ _,_ ST e e e

t'.."- . v
. s
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