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Courge Jutline

aities or quectlons about lasc test.
sédure d4ad W policy

decermines epace Limity includes zeroth slement o
row gerc end column zero which are NOT used by
MAT functicng.)

) o 203 +1dmie of 11 = Z1 = 231 elementa
re:das from DATA iofto tha array, row by row

A0 (7,12} would chenge the glze and shespe of D but not
the memimun nuaber of elements --one subscript aight
even e£xceed the criginel Ilimies.

i l;_.n' I"l.i_l
ietustior none, comna, samicolon
100 MAT YHTHT 8;
AT IBPUT
U0 MAT THFUT AS ‘note the pesaibllicy of a ghring matrix

“m CON .sets elements of 4 =ach equal to one
! = FER{S).te redimersion B end »ero the ATTHY

n

> = 1N - sets elemzaia on prioncipel diageaal to 1, others to 0

e

these sxe the #lsments for which the row § = col 4.

miculetion wlith matricen.
regonirmen: of conformebilicy
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Simpie 51

EFELETEN

H "i F_l _l.
MAT 1

'_|,,r£|lr'l [

W B0 iperforme matrix addicicn
m B - G sperforng mairix subtraction
m (E)ES iacaler multiplication--zach element of B is

g2t eguel to K times Che corresponding elemcnt
of C

MAT 4 = ¥ ‘coples B into &

MAT E = TEN(R) «E i A with rows aod columns interchanged
MAT 7 w 3B  wmatrin multipiicetfon

MAT G = INV(A) +finds the iovarse of a square metrix

¥ou DT vafter an dnversion, the varlable DET contains

WY A B* c the value of the mar Inverted.

mple:

o

Year] abl

Suppose G da 2 matvixdof grades with a row fon\ each rﬂtudﬁnt
and & column for each test. Lat W he a m%ﬁﬂ‘f‘ﬁﬂ macrixz o

welghte for thess grades. Then H = G*fW 1: adbefmiau otdéifdlk
matriy ccatelnlng the velghtad sum of zredes. “oltmn

© MAT in both Cexts

ten #of Ch, 10 in Pregeley
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. Computer Science 120
Day #2.

1. Program Efficiency Hinta
A. to save storage space in core
l. Combine statements on a LIlne to save statemen! header space
{Statement headers are 6§ worlis]l long)
Certeain statemants require headers anyway
DATA, DEF, IM, FNEND, POR, NEXT, =nud REM
use ! within statementd lines for vour commen:s and save

B- reduce the requiremmnts for oconatant storsha by requiring that eac

ba stored only once.
Condider the progressive improvements iv program code:

10 AZ = 278% '

20 BE = 27BZ

Vi, 10 AX = 288 : BT = 278%
V8. 10/ AZ = 278B% : BT = A%

) va. 10 AX,BZ = 27BE
€. reduce the need for subscripted sddressing (this wlao saves |

10 For 1 = 1% to NZ
T = X(1X)

S= 5+ T

52 = §2 4+ TaT
20 NBXIT 1iZ

a% LE -e

?ﬂ eliminate unnecessary varlables
10 A™ B4C : Dwm A4E : Fw D4 G
becoues
10 F=HC + E+ G
18 the jdtermediate values & snd ) are not n

5’: use integer variables Wwkenesver possible (use ¥ rign)
as subscripts, many FOR ... NEXT loops, etc

g Use variables with the same first character as much as you ca
don't introduce af new first character unnecsacaridy

?i Re-uge wariablies when you can. Make them do doublz duty  =-but

pay the penalty of making it more probable zhat you wi)
#rrors In vour program loglc.

B. to pave computer time; writing faster code
1. wuse subroutines instead of uwder-defindd funections

2. Iimplied loops are fester tham FOR ... HEXT loops (ssves spnc
3. multiple IF statementa might be replaced by connound TF ety

. or by ON .... GO TO .... etatemmats
B0 ON INSTR(1%,YXEBY", AS$) GO TO 10D. 200,
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Computer Sclence 120

Ideae for homwgork.

A.

Write a user-defined functiom which is the Zoverse of DATES(]
i.e. which will give the date for any integer from 1 to 25365
Test your regults by

FND(DATES(NZ)) = HNZ |
A more ambiticus project is to make ome which will work from
1 to 32365. Fote how DATES works for years sfcer 1999

Compare multipiication with exponentistion — which is fagteri?l:
IFH l"_'r:.f_' H*R*xﬁlz.. F W OE B *E

or N= §? for N = 371 FOR N = 6,7.8 etc. Is there a ¢ro:
point f¥ at which it ie better to chenge vour codell

Write a program which is the invexrse of the TIVES() function.

Write 2 program to find the number of minutee and asconds since
the begluning of the year.




Cowputer Scleoce 120

. ‘niornatdon E¥ovage Formats.

Blrnary number system
L. used in computers because of its simplicity

20 different symbole cen be represented with n zeroes and ones
C. one binary digiec = 1 bit of information

: 8 (B bita)
ﬁ. 25 m 2536 different things to be represented with one byte.
. ASCII character code, appendix D.2
allowe for 2156 different characters (plenty?)
i. each character of a strdng is atored as one byte
Exemple: the charecter : ie 58,4, or 001110107 in the ASCII code

1. Word.
As, in the PDP 11/40D, 2 hytea or 16 bits make one uumputer wozk.
xR 315 SRk - P
B,

integers are Etﬂ;ﬂd 1n one wurd on our system

1. the bits are numhert& from 0 them 15

2. bic # 15 is the "sign bit' : 0 for + end 1 for -
3

bita 0-14 contain the value of the integer in¥{ binmary notation
4., liml: o size:

213 = 32768 things (the mmbers from 0 rhru 32767)

3.  Cowplement form for negafdwe numbers. (twos complement)

=2 is btored se the two's complement 66 3 (3 = (0000000C00G0011)

=3 = 111313112012311100 4+ 1 = 11121123111121101

-7 w 1171111111111001
¢, smallest Ianteger is -~32768.

-0 iz pot neaeded, ap 100000000000000 is used as -32768
l4largest integer = gmallest integer

01131111111111111
1
100C000000000000

aloo 32767 4+ 2 = 32767 BEC. ..

iV, Twe word storsge of floating point numbers.
l. first word
a. bit 15 ias aglén the "eign bit' as Fefore
©. bite 7-14 contain the bimary exponent in excess 128 notstion

c. bits 0-6 contain the high order (most significant part of the) meatissa
wilx hiddeng bit trick

2. second word
a. bitsd-15 contain the low order digits of the matitissa

3. offectibely 24 bits of mentisss; 224 16, 777,216 or 7t decimal digites
4. the power of 2 cen be from -128 to 255

2" 128 5 938735912

127 w 1.703411815 x 1038

ﬂﬂ_Eg

F]
s
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Computer Sclence 120

azuple ptiiepe for floating point numbers

1285,,, = 108016613107 = 1010100111 23

P I T
gince 1385 {s positive, the sign bit 18 O
128 to the ezpowent: 13934 = 100010112 {exponent bits)

cudtting the first bit after the binary point, imsert the
menttses of the nuber (“hidden bit')
word i:  CLO0DA0110I0L00L (ov me 2 bytes) 01000101 rlﬂlﬂlﬂﬂl

ward 2@ 1100000000000000 (oxr as & bytes 11000000 00000000

Loppuiter numbers

i. 1imited precision

= [

not o convinuwous seét --and the gaps are of different sizes in
different pavts of the tumber system,

g geer atove, there 13 neo number between 0 snd about 1.4 B-39

funetions which cowvert the steusge formar from one to anbther

1, T% = ASCIT(AS) returaz the decimal value of the first charecter in A3,
uaing the ASCIY code
£, ¥§ = CERS(EX) returns the string charscter represented by tche value

of X, using tha ASCII code

141_

CVIZS , CVTFS, CVTSZ, CVUISKE

HB: esck of theee functions swapa the order of the bytes
the F functions ewep the word order also sof that a number
io fleating polnt format in bytes 1,2,3,4 is converted to a
gtring with the bytesm in 4,3,2.] order.

bo TVISH{AS,HL) --see table in HEC manual for sigdificance of
variovs valuess of NI. VAlues mey be added for combined effects.

5. Y%= NUMS(A) produces the string that would be printed by PRINT A&
Y = VAL{AS) if AY conteins the characters thet form & valld numbsr.
7. ¥&= SWAPT (ML) dnterchangse the two bites of N¥, giving new integer Y2
B. CHANGE AS to XX where Xiis a list and will contain the ASCIT wvalues
of the characters of A$. XX{0) 1s the langth of AS.
. CHEEGE Zlto AS

iG. STRING(LL,CR) creetes s etring @f LZ characters long where each
is the charactar represeated ¥v CI in ASCII code.

Vii. Wylte a prdgvem te detarmfce and print each Bit of the represenzation

of the flosting point number 678.436,




Computer Science 120
Course Cutline

Day #4. Logic

1. Ioteger varisbles zs logical variables
A. truth values : T= -1I; F = 0I; any non-Zero valus will be Trus
B. Program switches --azt aowewhere in program snd cest later

AI- (P:'_.; =.I!E:I.-E, "!'I‘}

BX = (X5 12)

Ci = DX and 4%

IF AL end (BE OR CX) then 12BD

IT. bit manipulation —using less than full word for daca atorage

AT = D110 {data word) of course thersz are 16 bite in our
BZ = 1010 (mask word} computer word --Ishoxtped these £
e
function reaulc comnent
AX AND BY 0010 logical product.

copy selected bite of deta work & get cihe
can be used to copy pari: of & work, teo ece
earzain bits are set or set certeln bits to O

AZ OR BY 111C to set sédected blts to 1 snd copy all cthers.
logical pum.
AL ZOR BX 1100 logical differsnce —-ghows, bit by bit, wheso
A and B differ.
Az EQV BX 0011 shows, bit by bit, where A gad B mathh
AZ IMP B2 101@ the order of fddd A end % matters here

gets all bits of & C fxcept hera A haos g 3
and B has a 0,

Examples:
If (AT AND NOT 7%) = D same as IF AZ< 7T 17
IF (HOY AZ and 7%) = O if last three bits of A era ls
CZ = AZ AWD 240% copy bits 4-7 of A dmte C; verhepa this
pari of the worll rzpresantes data we .
CI = AX or 12% sete bita 2 & 3 to 1ls. copies sll sthers
CI = AT ormot 12% coples bite 283 and sate all others to onca.

neaded operation 8:
1. copy word segment Ci = AR and 240%
2. get ceartain bits to 1
without changing others AL
3. set certain bite to 0

m AT or 12%

without changing others AT = A% AND NOT L ﬂTN?ﬁ
&6. test bit M I¥ {AX end 2E{WZ%) “ﬁ?"'i‘--ﬁ'ﬂ. lor tmst fox
5. set bit H AE w AT and 274 NI

6. turn off bit N AL = AX gnd HOT 254 NE
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Eandom nuembers,
Peeude-randon muber generation (ome ﬂt}ﬂg

LV‘L

A. By = G2y (med N) ; ;j Iy2,4,3 ( TE /
3131 /
B. concept of repetition length
b dtine’ T ¢ *1'-3 %2 2 /sw
2. depends on choice of N, C and Ry Ra =
a. rvepetition length increanes with N, mo choose H - 201 (3276E)
b. choose 8 of the form 8n23 where n is any poeitive integer
¢. <hoose Ry to be am odd integer
#z d. choose C nedr the square root of N for better statistical properties
although not inceessed repetition length. ﬁl
zx

C. divided Ry by N to get a number in the range 0 to 1 f{b éh“l

=+ ¥ Statistical tests on random numbers (and random digits) Wﬁ%

A. mesn test -~ should be pear 0.5 in the above case

@. Freguency distribution test -— equal intervals should cont &jﬁ¢ﬂa -
equal counts of randomly generated values.

€. Erequency of rune test. A run of length k 13 a series of k consecutive
numbers which is momotonic (#ifB incressing or decreasing)

thore should be ?%*ﬁ EV{ HI-J-S lg’-l-l} - (H’ai- 5,‘..2_ L ?}J
runs of length k in a series of N random numbers

. rums sbove and below the mean test
=100k for sequences which are either all above or all below the medn:-
thare should be (#_Kq,;}
;?15=: -

such runs of length k in K numbers.

4. gap test feoo random digits

aach digit should recur, ind owm sequence, every 10 timea (On the aver:
i.2 the average'"gap" between repatitions of a digit shoulll be 10.
This should be true for each of the digits

D

Voo E (-

IS Tl VARIANCE = average #alue of the squared deviationf from
.

the mean. T
r¢ ¥Yor vandom digite, the VARIANCE of the gaps {(as above) should be 90

3&{'-‘

= ‘? The naximum test
'i:j In a set of three random digits, the center one will exceed i ‘:u f y’;
the other two in 285 out of 1000 cases. gt

[ Ed ] "!.! 1. \
8 E. Uses of iandom numbers. Tf] 3 ]2“73 y. it | i &
1. Simclarien -
representing portions of a non-deterministic process or of one
in which the deterministic rules are unknown or difficult to epply
€. Mounrs Carlo techniques spplied to definite integrale
ured, volume, center of mass, etc.

sueible program mxrignnuntn & ' e
L In te your wwm puguﬁg—randm am!}-:r generstor and salect poor valnes {then gua 1
1 ueg) of &J” C end K/ and find the repetition lemgth im each of seversl cases.

- s
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Couras Outiine

xite o Program to apply the E%\\m} test o the rardom nus

generator usdd by the WASIC-PLUS function.
3. FWrite a program Lo find what volume 1is left when a sphare of radius -

a hole of radiwm 1 drilled thru 1t along a diameter. Use the Mcota Car
technique.

4. Write a program to find the magd of a sphare of radius R, =2 endi deneis
14+ e R/Rg

5. Consider a set of 1000 radiesctise nucledi. Fach has a .02 probeblliicy o
decay in one unit of time. How may tecay in each of tha firat 20 wuults ¢
time and how many remain at each seep? Give each ulacayed nucleus g oo
to decay in aach new aims intesval,

Day #6. Sorttng |

I. define problem, note importance
I1. references, etc.
A. THEPSRT ,
B. "¥NUTH ~-The Art of Computer Programming
C. Creative Computing, vol #2 issue 86
i¥I. bubble sort e

500 FORIm=3iTON : N3 ILIEf;_:ﬂlgI'a;l segment o fa-E

510 FOR J = I41.70 N s i £ 1ist D of W items ince
520 IF D(1)< = D{J) THEN 5€0 i - vowoow inereasing onder,
530 F - D[I} i _H.-- I . e, = : 22 kg :

. 540 D(X)= D(3) e s heber ol o Rt g V]

550 B{-I] - .t‘ i . . : s : .

560 NEXT J 492 15 i i

570 NEXT I

IV. delayed replacement sort
200 TFORE=)1TON

510 1=K

520 FOR J #+ I+1 TO W \
530 IF D(I)< = D(J) THEN I = J

540 NEXT J

550 IF K = I THEN 600

560 T = D(I)

570 D{I) = D(K)

580 D(K) = T

590 NEXT K

V. Shell-Metzner sort{ (Shell sort modified by Marlens Metzner)
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