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33- Introduct ion to MACRO-a 

A . Macro-8 is a language that is an extension of PAL I I I . I t i s t i t led Macro-8 
because i t includes macro-instructions ( l i tera l ly large instructions) that include i n 
a single instruct ion the equivalent of  or more PAL I I I instruct ions. Many of these 
macro-instructions are expressed by a single ASC I I character. A l l the PAL I I I 
instructions are included i n the Macro-8 language. 

B. The basic ideas of flow charting and programming that we studied heretofore 
are s t i l l appl icable. The first 4 chapters of the Macro~8 manual duplicate the material 
that we have already studied i n PAL I I I . We w i l i confine ourselves to learning the 
definit ions of new Macro-8 instructions and using them i n programs and rout ines. 
These programs and routines w i l l be similar to those that have already done in PAL I I I . 
The new material w i l l consist of using the new instructions to shorten our programs 
and rout ines. Wi t h one important exception l / O is exactly the same i n Macro-8 and 
PAL I I I . 

C. As an i l lustrat ive example, let us start by a simple exercise and use a few 
new Macro-8 instructions to program i t . The fol lowing characters must be defined: 

CHARACTER USE 
+ Addit ion of symbols or integers 

Subtraction of symbols or integers 
; End of coding l i ne. Al low s use of more than one 

instruct ion on the same l i ne. Does NOT combine 
the instruct ions. May not be used to terminate 
a comment. 

= Defines parameters. 

D . Two more features must be explained: 

1. Integers may be used d i rect ly. Although they must be stored i n a register, 
this w i l l be done by the Macro-8 assembler and need not be done by the user's program. 
When so used, they must be enclosed by parentheses. For instance TAD(5). 

 Constants may be used d i r e c t l y. Although they must be stored i n an 
address, t h is w i l l be done by the W  assembler. When so used, they are enclosed 
i n parentheses. Example: TAD

3. Constants need not be assigned locat ions. Unlike PAL I I I , VARIABLES 
must be assigned. 

E. Exercise 
Writ e a program to count how many of the  numbers stored i n locations 

 to  i nc l . , a re greater than  This count should then be deposited i n TALT. 
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M . Macro-8 Operating Instructions and Diagnostics (Low Speed) 

A . Macro-8 is a 3 pass assembler l ik e PAL I I I . I t comes i n high and low 
speed versions, both of which are exclusively high or l ow. You cannot use the 
ASR 33 wi th the high speed version as we can wi t h PAL I I I . We w i l l study low 
speed f i rs t. 

1. Pass 1 outputs diagnostics only 
2. Pass 2 outputs the binary object tape, fol lowed by the symbol table. 

I f you want the symbol table for use wi t h DDT, leave the punch on after the binary 
tape trailer appears. Otherwise, turn the punch off after trailer code appears. 

3. Pass 3 is optional and outputs the register number, the octal contents 
of that register, and the symbolic code for the contents for every step i n the program. 

B. Operating instructions 

1. Load Macro-9 tape, using BIN Loader. 
2. Load address 02 00 
3. Place source in reader and turn on reader 
4. Set bit 0 = 1 for pass 1 

 5. START j 
6. After Pass 1 f inishes, turn off reader. 
7. 
8. Reload source tape and turn on reader. 
9. Turn on punch 
10. Set bit 1 = 1 for pass 2 
11. CONTItlUE 
12. After f in ishing pass 2, turn off punch and reader 
13. Reload source and turn on reader*  Load Address
14. Set bit; THREE (not 2) = i for pass 3 
15. START 

C. Diagnost ics. Format is CODE, ADDRESS. The address w i l l be given as 
absolute octal or relative to the last symbolic tag before the error. 

CODE INTERPRETATION 
PE Too many instructions and/or l i terals (constants) on page. 
ZE Same as above, but refers to page 0. 
I D I l legal redefinit ion of a symbol, not using =. For instance 

A,5 a:nd A,7 occurting in the same program. However, i t 
i s possible to wri te A=7 after A , 5 located at same address 
other than 7. The reva-se (= before ,) is an error. 

10 I l legal character was detected and ignored. 
IE I l legal use of equai sign, such as A+B = O 
11 An out of page reference was made i n an indirect address 
LG An out of page reference was made i n a direct address 
SE y nbol table exceeded„ Your symbol table overlaps the 

internal symbol table of Macro-8. 
I M I l legal format i n macro def ini t ion 
US Undefined symbol, such as TAD 0 and O not defined. 
MP Miss ing parameter i n Macro c a l l. too many l i t e r a l s. 
BE Two Macro-8 internal symbol tables have overlapped. Usual ly A 
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35. 

D . Exercise 
 Assemble the exercise i n 33 above. 

 Expand the exercise to include I /O. Restr ict I/O to posi t ive octal 

Macro-8 Character l i st and tabulations — ^^"^ 

A . In addit ion to the letters and digits already familiar to you from PALJII, 
Macro-8 includes the foi iowing characters: 

CHAR USE 
Space Combines isymbois or numbers in certain context, otherwise 

no effect. For instance, C I A CLE. This ORs the two instructions 
+ Combines symbols or numbers - addit ion 

Combines'symbols or numbers - subtract 
! Combines symbols or numbers - OR 
= Defines parameters 
; Terminates coding l ine 
& Combines I symbols or numbers - AND 
" Generates ASCII constant 
0 Defines l i teral on current page 
[ ] Defines l i te ral on page

 Defines a|macro instruct ion - user defined 

B. The foi iowing characters are ignored, but do not produce diagnostic IC 

CHAR USE 
Form-feed Generated by Symbolic Editor 
Blank tape High Speed leader - trai ler 
Code 20 Low Speed leader-trai ler 
Rubouts Erasure 
Line feed Format for source tape 

C. A i l other characters are i l legal and w i l l produce the diagnostic IC (except 

i n a comment or TEXT f ie ld ). 

D. Tabulations. The only use of tabs is to provide a neat format for the 
program l i s t i ng. A tab is not equal to a f ixed number of spaces, but is set for a fixed 
location on each l i ne. The foi iowing rules are generally used. 

1. A t i t l e comment, or'comment standing albne, begins at the left margin 
2  Pseudo-instructions are usually indented 1 tab stop. The f irst tab stop 

i s 10 characters from the left margin 
3. Address tabs begin lat the left margin, fol lowed by a tab before the 

instruct ion f ie ld. 
4. Instruction fields are indented 1 tab stop 
5. A comment is separated from the preceding f ie ld by a tab, unless space 



i s lack ing. The second tab is approximately 3 inches 
tab does NOT replace the symbol / . 

E. 

(10 char f rom 1st Tab S t o p .) 

from the left margin̂  Th e 

Exercise 
1. Using the symbolic tape editor, produce a high speed source tape 

from your low speed solution to 33 above, (see 33.1) J Include the proper tabs and 
addit ional coding to have the program re in i t ia l ize itse 
ta l l y , and any necessary instruct ions. 

f , i . e. reset counter, 
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36. Pseudo-instructions 

A . Pseudo-instructl ions are directions to the assembler to perform certain 
tasks or to interpret subsequent coding in a certain way. 

B. Location counter 

PAGE n w i l i reset the location counter tt> the f irst address of page n. I t 
faci l i tates the segmenting of long programs. 

 PAGE with no argument w i l l reset the locat ion counter to the f irst address 
of the next page, i . e. i f i t occurs at 457, the locat ion counter would be reset to 600. 

G. Radix control 

DEGIMAL This allows you to switch from octal to decimal base numbers. 
A i l numbers after the appearance of DEGIMAL w i l l be taken as decimal unt il the 
occurrence of the pseudo-instruction OGTAL. 

OGTAL This returns you to the octal base. 

D. Double precision integers C«-»'̂  5 YA^^TS o w u v) 

DUBL This al lows you to increase the range of the numbers used from 
(-2048 to +2047) to (-8,388,608 to +8,388,607). = The numbers are stored i n 2 
consecutive locat ions. Unfortunately they may not be combined wi t h operators 
as l i te ra ls. For instance, i t would be incorrect to use TAD (4587). I t would 
also be incorrect to write TAD A i f we stored the number at A because i t would 
occupy the location A and the location fol lowing A . Double precision numbers 
are always taken as decimal base, but the radix for the rest of the program is not 
changed. After appearance of DUBL, a ll numbers are taken as double precision 
integers unt il the appearance of an alphabetic character. Example: 

*400 
DUBL 679467 

44 
END, GLA GLL 
The assembler would produce the foi iowing: 
LOGATION GONTENTS 
400 0245 
401 7053 
402 ^ 0000 
403 0054 
404 7300 

(since 679467^  = 2,457,053g) 
10 

= 54p) (since 44|
(Appearance of the E i n the END, has cancelled 

the DUBL) 



d

b

1 d y

o
2 g

by g n d y
g d g

g y y
d o

d o n g
o d p u n

u
d k

*400
n

0400 5
0401 3
0402 0

g
n

g n
b d h d n
o d y y

121
050

y y

d n d
n g

o n n
o 9 o

040
040
040

2

50
000

66

32 d g

g d
no u d y

d d n
n

3 g o
p o d o

h n u y
n

1 o d
n g o d

d o y
o

o o
o

2 o d g
d d

o o h
p d

52 



37 g
g d

d p o u o o
u o y

d
d y u o

y d o
o y d u n

g n
1 k n n

d u o
n

2 n d n
d o d d

o g p d g
d 0 d p o

d o
0
5

y g
o y

0
5

n 5
d n y n n

d o d
d y g d g

n o d
1 o d

2 d y o
g y g o

d

9  c  c 
1 1 1

2 4
2

3 n
k d

n d g
n 1

n d d
o 0 0 0 1
o 1 0 0
G 0 0

n d
n 5 o

0 5
1

53 



3
8 

0
d

7
700
000

54 



E. Exercise 
Convert the fol lowir. g decimal nos. to f l oa t i ng point normalized binary: 

F. Commands i n the Float ing Point Package
I .L ik e a l l machine language programs, the FP Packs work wi t h an AC, where 

a l l ar i thmetic takes place. However, the regular AC only handles  b i t s, therefore 

a f l oa t i ng AC (FA) i s set up at locations  There i s no f l oa t i ng 
l i n k , nor do the various skips, ro tat ions, etc. operate on the FA. 
The fol lovdng commands are the on l y ones we w i l l use: 

F ; ST  Lcais contents of A, A , A  in to F M. 
FPUT A Transfers contents of FA in to A, A  A  Does not clear FA 
FADD A Adds conten ts of A, A  A  to contents of FA 
FSUB A Subtracts from 
FMPT A I fu l t i p l i e s by 
FDIV A Divides contents of FA by contents of A, A , A
FSXT Exi ts from FP Interpretat ive Mode (see below) 

G. FP Interpreter 
 Before using any of the above commands, i t i s necessary to enter the 

FP Interpret ive Mode. This i s done by JMSing to a subroutine s tar t ing at
Before using any further PAL I I I or KACRO  inst ruct ions, you must ex it from the 
Interpret ive Mode by the commands FEXT. Once you have entered the Interpret ive 
Mode, you need not reenter for consecutive FP coimnands. 

H. F? I/O 
. Data may be entered by using a subroutine s tar t ing at  Data may 

be typed i n the format +xxx.xxxE+xx . Any of the signs, the decimal po int, and 
the ent i re exponent may be omitted. The data goes in to the FA. 

 Data w i l l be outputted i n the above format. You must f i r s t enter a 
subroutine s tar t ing at  The contents of the FA w i l l be typed. 

I . There i s much more that can be dome with the FP Packs. I f you wish to use 
them, you must borrow the manual and the tapes. 

J. Exercise 
Program, the entry of  decimal nos,, addit ion of the nos., and output 

of the decimal answer. 
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2. Combine the results into a single t ru th table, omitt ing t . Since C and 
3 are independent, your table w i l l have 8 rows, not 16. The same x and y and z columns 
should be used for both C and 3 

X y z C 3 
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 Rules for design of c ircui ts from a truth table 

a. Find the outputs that are = 1. 
b. In rows where the output is 1, form an AND c i rcu it of the switches, 

the switch in the table is = 1, use the switch as i s. I f the switch = 0, use 
the negation ( ) of the swi tch, 

c. The number of AND circui ts w i l l be equal to the number of I 's i n the 
output colmn of the truth table. 

d. Form an OR c i rcu it of a ll the AND c i rcui ts 

6  Exercise 

Design it  c i rcuibfor the foi iowing truth tables: 

X 

0 0 1 
0 1 0 
1 0 1 
1 1 1 

1 . NOR (NOT — OR) table 4 . NAND (NOT-AND) table 

3. 

X X 

0 0 i 0 0 1 
0 1 0 1 1 
1 0 0 1 
1 1 0 1 0 

X  (output) 
sr.

X z 
0 0 0 0 0 0 0 0 
0 0 1 1 0 1 1 
0 1 0 1 0 i 0 0 
0 1 1 0 0 1 1 1 

D 1 0 0 0 
1 0 1 1 0 1 

1 1 0 0 1 0 0 

1 1 1 i 



5S. Computer design of a one place adder 

 Look at the answer to 57  As some of you not iced, the C and S columns 
are formed from a binary table consist ing of 0, 1, 10, and 11. This is analagous 
to a computer w i t h 3 one-bit addresses and a one-bit accumulator and one-bit 
l i n k . We can SAD any or a il of the 3 addresses. 

2. Let us consider the c i rcu it for the accumulator (sum digit) 

y 

y 

Obviously we cannot have a midget running around in the computer throwing 
single-pie switches. This is done electronical ly by means of gates. 

3. We w i l l use the foi iowing gates: 
GATE 

r 

Boolean Expression 

A =

B = X U y 

C ='*'x 

4. Note that we are l imi t in g ourselves to 2 inputs into AND and OR gates and 
1 input into an INVERTER.' Gates do exist wi t h more than 2 inputs, but we shall 
not use them. Also note that we are now indicat ing the direct ion of the current. 

5, Using the above logical symbol's, the expression Z = (xfV ) U ( ' ^ T ) 

3 r 



6 h o
 NOR

V 

( ft I iron) 

our  ->^, 

f  r 

A negative voltage ( re la t ive to ground) i s introduced at V. Current flows 
from ground to V and also to OUT. OUT i s pos i t i ve. Current flows through a pnp 
t rans is tor only when the inputa are negative. We define negative inputs as . We 
define posi t ive inputs as 0, Now l et ei ther x or y be posi t ive (O), Current cannot 
flow from ground to V, therefore i t flows from CUT to V, This makes OUT 
negative ( l ) , I f you wr i t e the t ru th table, you w i l l see that i t i s the opposite 
of the AND table, OUT i s 0 i f and only i f both x and y are . Add an invertor 
gate to OUT. This makes OUT =  i f and only i f both x and y are  Without the 
invertor t h is i s a NAND gate. The output can serve as the input to another gate, 
' jsing t ransis tors i n par£. l lel w i l l give an AND gate without the need for the inver-
te r, but the c i r cu it i s not as easy to fo l low . 

The def in i t ions of negative =  and posi t ive = 0 may seem odd, but 
they are widely used i n computer c i r c u i t s, including our PDP8/S, 

Exercise 
a. Draw the l og i cal c i r cu i ts (using gates) for the Sum d i g i t (S) i n 

57 above, 
b. Draw the log iwal c i r cu it for the Link d i g i t (C) i n 57 above. 
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C and S must be outputted after t,, or a false value may go forward at t 

c. As is obvious, we have saved hardware, but lost t ime. Suppose we 
wished to add two  bit addresses. This can be done by using  of the circui ts 
i n a. above in series (with minor modif icat ions). This would require  ANDs, 
 ORs, and  INVERTERS, and would take  micro-seconds. I f we decided 

to save hardware, we could use the c i rcuit i n b. above  t imes. This would use 
 ANDs, I C R, and  INVERTER, but would take at leas t  micro-seconds. 

This confl ict between hardware and speed is one of the basic facts of l i f e for 
computer design. 

 . Exercise 
Construct a logical c i rcu it for the fol lowing truth table: 

X y z 

i 



6 I . Mathematical Probabiiity 

 Probabiiity deals with events whose outcomes are not certain, such as tessing 
a coin. The result of an experiment i or t r ia l , is called a simple event, or sample point. 
Heads is a sample point for the toss of a single co in. The col lect ion of a ll sample 
points is called a sample space. The sample space for the single coin toss is H , T. 

2  Let us toss 2 coins, one after the other. There are 4 sample points, namely 
* TH^TT. We consider TH and HT as 2 dist inct points, for we are to l imi t ourselves 

^i-ely to occur" points. I f we consider TH and HT as one point, i t is more 

3. I f we define the sample space as a set, then any subset of the sample space defines 
an event. An event that contains only one sample point is a simple event. An event 
that contains more than one point is an event. Some events include (in the 2 coin tossing 
experiment): 

a. At least one head 
b. A head is f irst 
c. Two heads (a simple event) 

4  The operations on sets, namelyO, U , and are applicable. Venn diagrams are also 
nelpful. I f A is defined as at least one head and B is defined as a head is f i rs t, what 

5  Two definitions not made in Boolean algebra must be made: 
a. E = Sure Set and contains a ll events. 
h.  0 = null or Empty Set and contains no events. 

6. The cardinal number of a set or subset is the number of sample points in the set 
or subset. I t is expressed as n ( A ) . How many points are there in n(A U B) ? 

7. From the definitions above, we can derive the following equations: 
n(A U B) = n(A) + n(B) - n (A/1B) . I f the two sets have no points in common, the 

equation simplifies to n(A U B) = n(A) + n(B) 

8  The Law of Large Numbers states that i f an experiment is performed many times, 
then the number of times an event occurs, divided by the total number of experiments, 
w i l l be close to a constant value. For instance, i f we toss a single coin 1000 times, the 
number of heads divided by 1000 w i l l be close to 1/2. This fraction is called the 
orobability P(H) of an event H. Another way of stating this is to say that i f we repeat 
an experiment many times, a fraction P(H) of the experiments w i l l produce the event H . 
1000 tosses of a coin shc i id produce close to 1/2 of 1000 = 500 heads. Some of these 
terms are admittedly vague, but a more precise definit ion cannot be given here. 

9. The fol lowi r aws and definitions w i l l be useful: 



1, where a, b, c, . . . . include a il the sample p points. 

10. Exercises 
a. What is the probabil ity of the following events: 

1. a 3 on one toss of a die 
2  An even number on one toss of a die 
3. An ace in one draw from a 52 card deck I 
4. A spade in one draw from a 52 card deck 
5. You receiving an A, figured on the first day of the term 
6. You receiving an A, figured as of now 

b. A jar contains  red and  white bai ls. A bail is drawn and then another, 
after replacing the first one. What is the probability that at least one red bail is drawn? 

c. That a black ball is drawn? 

d. After 3 draws without replacement, that a red ball is drawn? 

0<P (x ) ^ i 
P(a) + P(b) + P(c) 
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51. More on Probabiiity 

1. In exercise b. of 6 |. above, we are concerned wi th the probabii ity 6f a red 
on the first OR second draw. We worked i t out wi th a tree diagram. I t can also be 
worked out with formulas, withO^ A N D and U = OR. 

P ( A O B) = P(A) * P(B) 

P (A U B) = P(A) + P(B) - P ( A O B) 

These do not apply when a ll events are not equoiy l i ke l y . They also do not apply when 
the outcome of B depnds on A , or vice versa. For instance in exercise bof  above, 
i f we do not replace the first draw, the second probabil ity w i l l depend on what was 
drawn f i rs t. Also note that sometimes PCAHB) does not make sense (What is P(HnT) 
for one toss of a coint?) or = 0 . 

2. P ( A A B) can be extended to more than two events. PQKOBf\C...)  ' ^ P ( A ) * P ( B ) * 

P ( C ) . .. The other formula cannot. i 

3 . The mathematical analysis of probabii ity (drastically shortened) that we have 
studied thus far can be used for simple problems. As our problems become more compl i-
cated and as the sample space increases in size, the formulas become dif f icul t to use. 
Another approach is to carry out a large number of experiments and tabulate the results. 
For instance, what is your probability of winning at dice? One method would be to toss 
the dice for 1 0 00 games and record the number of wins and losses. This technique of 
.imuiating many experiments whose outcomes depend on chance (are not certain) is 

called the Monte Carlo Method and was developed as recently as 1 9 44 during work on 
the Atomic Bomb. 

4 . The most basic idea in Monte Carlo methods is that of random numbers. This 
means not only that any number is equally l ike l y to occur, but also that there should 
be no pattern in the order in which the numbers appear. The size of the numbers does 
not matter. I f we l imi t ourselves to the digits 1 to 6 (as i n a single die), they w i l l 
obviously repeat a sequence at some point. However, unless they repeat the entire 
sequence prior to that point, a ll are s t i l l random numbers. For instance, i f the numbers 
5 6 1 2 43 start off the sequence, they w i l l reappear at some point in that order. I f a il 
the sequence between the first 5 6 1 2 43 and the second 5 6 1 2 43 repeats after the second 
appearance, then only the part from the first digit to the reappearance of the first digit 
i s random. I f the entire sequence does not repeat, then a ll are random numbers. 

5 6 12 43123 4 5 6 7 8 95 612 4 3 12 3 45 67 89 . . . only first 15 are random 
5 6 1 2 4 3 1 4 23 6 5 3 4 8 7 5 6 12 4 3 5 4 43 7 4 5 8 83  . . A i l are random. 

5 . Exercise 
a. Suppose you had a sequence of 3 digit random numbers. How couid you use 

this to play dice, where only the numbers 1 to 6 are wanted. 



6^. Random Numbers 

1. Here is a sequence of 1(|0 3 digit random numbers printed by our random number 
generator (FRAN). To use them to simulate a game of dice, we might divide each of 
them by 6, add 1 to the remainder, and use that as the ro il of one die. Ignore the + 
or - . 

2. Verify that you would win on your fir s 
would have the point 8, and 6 roi ls thereafter 

t 3 rol l s of the dice, that thereafter you 
you would lose. 

C633 

1 6
o

1

8

3. Exercise: 
a. Use the sequence above to simulate Black Jack. Do not write a FOCAL 

program. Generally the rules are that ace = 1 or 11 (your choice), honors 10, a ll other 
are face value. You- draw 2 cards. I f they = 21, you w in. I f < 2 1, you draw cards to 
get as close to 21 as possible. I f you go over 21, you lose. Then the dealer plays. I f 
he ties you, he wins. I f he is closer to 21, he wins. I f he goes over 21, or you are 
closer to 21 than him, he loses. j 

b. Write a FOCAL program to simulate the playing of dice, without keeping track 
of bets. In other words, i t would only print WIN or LOSE. 

c. How would you derive the numbers 2 to 12 from the above sequence? Would 
this simulate a dice game? 



^. Random Number Generator 

1. In  above we gave some fundamental ideas on random numbers. We use the 
function FRAN. This function derives the numbers by an algebraic algorithm. I f we 
know the algorithm, we could repeat any sequence. Furthermore, at some point FRAN 
w i l l repeat i tse l f. Therefore, i t is a pseudo-random number generator, since i t is 
computed as opposed to recording rol ls of dice or results of a roulette wheel. I t w i l i 
be instructive to construct our own pseudo-random number generator. Hereafter the 
prefix pseudo w i l l be omitted, although i t s t i l i applies 

2. A cycle is the sequence of random numbers before the sequence repeats. Cycle 
length is the number of numbers in the cycle. Let us take any integer from 1 to 10 and 
add i t to i tse l f. I f the r e s u r t < i l, use i t . I f ^ ^ i , subtract 11 from the result. Do this 
for 15 numbers: 

This is a sequence of random numbers. What is its cycle length? 

3. The above method can be used to give longer cycles. I f we use 13 instead of 11, 
we w i l i get a cycle length of 12. However, a il numbers cannot be used in this way. 
The number must be prime. I t must also have a primitive root of 2, which w i l l not 
be explained. Here is a partial l i st of prime numbers which have a primitive root of 2: 

3, 5, 11, 13 , 19 , 29, 37, 53, 59 , 61, 67 , 83, 941, 947 

4. Another method of increasing the cycle length is to add 2 sequences. This w i l l 
give us numbers between 2 and the sum of the largest possible numbers in the sequences. 
It s cycle length w i l l be the lowest common multiple of the 2 cycle lengths. For example, 
derive a sequence from the prime 13: 

Now derive a new sequence from their sum. Carry this out for 15 numbers only. What 
i s the cycle length? 

Sequence 1 Sequence 2 Sum 

5. Exercise 
a. Write a FCCAL program to generate a series of p-1 random numbers based 

on the prime number p. 
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Mr, More on Random Number Generators 

1 . i n 61. above we wrote a FOCAL program to generate a random number sequence. 
How random is i t ? I t cannot be truly random, being a pseudo-random generator. 
There are tests that w i l i te ll us whether a sequence may be used instead of a true 
"andom number sequence. ' 

2  There are  tests that should be met. We w i l i not l i st a il of them. They were 
derived from college level calculus and s ta t is t ics. The easiest to apply is to test 
the total of odd and even numbers. The numbers should be half odd and half even. 
Another is the gap test. We count the intervals i n digi ts between the reappearance 
of a single d ig i t . An average of these intervals should be close to 10. This should 
be done for a ll digits 0 to 9. Both these tests should be run over the complete cyc le. 

3. The test is a test of the numbers rather than the indiv idual d ig i t s. I t is 
based on the distance formula for the distance between 2 points. I f we express each 
number as a decimal between 0 and 1 and take each 2 successive numbers to represent 
a Cartesian pair ( x , y ), then use the formula = (xj -  + (y, - y-^)^, s tat is t ica l ly 
the values for should be<( 2 .0. A complete table of probabi l i t ies for a ll values 
from 0.1 to 2.0 has been compiled. Here is part of that table: 

4. Exercise 
a. Write a FOCAL program to calculate a sequence based on adding together 

2 sequences derived from the primes p and q, as mentioned i n 60. above. 
b. Use the test to test the 60 numbers that you get from using the above 

program to compute a sequence based on the primes 11 and 13. 

0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

Probabil i ty (cumulative) 
0.234832 
0.409805 
0.549300 
0.662018 
0.752987 
0.825601 
0.882349 
0.925163 
0.955593 
0.974926 



66, Computer Modei l ing 

1. The earl iest example of a mathematical model is the Pythagorean Tehorem (6th 
Century B . C . ). Later examples include Newton's Laws of Motion and Einstein's 
Theory of Relat iv i ty. Any formula or set of formulas that are used to portray a 
physical process, object, or observable phenomenom is a model. I n the f ie ld of 
stat ist ics and probabil i ty we have the basic formulas of Bernouiii (18th Century) and 
Pearson (19th Century). Cne of the first computer appl icat ions, besides the programming 
of simple formulas, was an air battle simulator designed in the early 1950's at 
JohnsHopkins. In this a long series of formulas were used to describe a battle between 
2 opposing sides. These formulas were then prograrrimed into a computer. Since 
that time, the f ield has expanded tremendously. 

2. There are  types of models currently i n use: 
a. Deterministic - an analytic representation i n which there are unique 

outcomes for a given set of inputs. A simple example is a formula such as Hero's 
Formula. 

b. Stochastic - functional relationships depend on chance parameters. Example--
any use of Monte Carlo methods. 

c. Expected value - one in which expected values or means are assigned to 
the chance parameters, possible modified by dispersion measures such as the standard 
iev iat ion, probable error, etc. 

3  I i 62. above, we noted that Monte Carlo methods may be used to determine 
probabil i t ies when we choose not to (or cannot) determine them by mathematica analysis. 
What is the probabil i ty of winning at dice i f you hold (toss) the dice? This can be 
determined analyt ical ly by an examination of the sample space. However, let us 
determine i t by Monte Carlo methods. 

4. Cur program in  above is a computer model. I t simulates by logical mathematical 
methods the game of d ice. We can use i t , w i t h sl ight modif icat ions, to determine the 
advantage or disadvantage of holding the d ice. I f the probabil i ty of /inning is greater 
than los ing, obviously the advantage l ies wi t h the holder. I f the probabil i ty of losing 
i s greater, the advantage lies wi t h the players who bet against the holder. 

5 . Exercise j 
a. Modify the program in 63 to keep a ta l ly of the number of times you w i n 

or lose over a run of 0 games. There should be no pri-ntout except for the final ta l l y 
of wins and losses. 

b. Run the program 
c. Run the same program after removing the loss on a ro i l of  on the i n i t i a l 

r o l l . How do the results compare? 
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(27. More on Model l ing 

1. We shall attempt a model of a basketball game. I t is not expected that our m©del 
w i l l be completely rel iable since we must cut many corners i n order to keep our program 
wi th i n workable l im i t s . One reason for selection of basketball is that the game is 
re lat ively simple in scoring and i n number of var iables. Consider the possib i l i t ies on 
a shot. Either you make i t or you don' t. Compare this wi t h the possible outcomes 
of a time at bat i n basebal l. 

2. The probabil i t ies w i l i be based on past performance. This is always a good 
guide to future performance, but is not in fa l l i b le. The long history of upsets in a ll 
sports proves th is. In addi t ion, we w i l l base our data on a single game, that of 
3 May 69 between Boston and L .A . This is a r id iculously small sample, but the 
season figures for any team and its opponents are not available to us. The method 
to be used for an entire season would be the same, except that the totals would be 
larger. j 

3. In a il our decisions we w i l l compute probabil i t ies where events E|, E2 ,
are assigned probabil i t ies P| + P2 + P3 + . . . = 1 . We then generate a random 
number U between 0 and 1. E| occurs i f U:< P|. E2 occurs i f P|*C U< P| + P 2. 
E^ occurs i f + P2 < U< P| + P2 + P 3, etc. 

BCSTCN 
G ST F FT R A PEPS 

Bryant 7 18 4 4 9 5 4 
Haviicek 26 3 4 9 2 4 
Howell 10 2 3 3 1 6 
Jones 1 2 0 4 
Nelson 10 19 5 5 9 1 4 
Russell 3 8 3 3 19 2 5 
Sanders 1 1 i 2 0 4 
Siegfried 4 14 4 4 5 3 2 

L . A . 
Baylor 8 10 10 0 4 
Chamberlain 6 10 18 4 3 
Counts 4 6 5 0 5 
Egan 1 1 0 2 4-
Erickson 3 7 10 0 2 
Hawkins 0 3 6 1 2 
West 8 11 4 3 4 

5. Exercise 
Writ e a flow chart to simulate the sequence of events from the center tap j(p = ^J2) 

unt il the team either makes i t s basket or misses. Remember that a il possib i l i t ies must 
oe included. Ignore the movement of the ball toward the basket. Consider only who 
shoots and whether he makes i t . Also foul or not. At each event, there should be a 
decision box and a probabii i ty assigned. 



U F H N D I X 1 

 .Compilat ion of a FORTRAN program 

a. We w i l l / .  ' '  ^ investigate entry of 
FORTRAN programs into the computer. The FORTRAN language is obviously not 
machine language. A program has been previously prepared that translates FORTRAN 
statements into machine language. For example, GO TO is 5xxx in machine 
language. Similarly the symbol must be translated into more than one instruct ion, 
for the computer mult ipl ies by repeated addi t ion. This translation program is cal led 
the FORTRAN Compiler. | 

b. Basically the computer is designed to accept a ll input from the SR. Entering 
programs by this method would be very tedious. We must enter a program that 
allows the computer to accept input from the high or low speed reader. This program 
is fa i led the RIM (Read In Mode) Loader. I t comes in 2 versions - one for the high 
speed reader and one for the low. The RIM Loader must be entered by hand, using 
the SR. Once entered, i t w i l i not be destroyed, except by unusual errors by a 
programmer. DC NCT USE the addresses l is ted below i f at a ll possible, except 
for the RIM Loader. The RIM Loader should always be checked, for the 
previous user might have been using a different reader. The main use of the RIM 
Loader is to load the BIN Loader. The high speed RIM Loader fol lows: 

ADDRESS CCNTENT 
775 601
775 601
776 535
776 601
776 710
776
776 751
776 537
776 700
776 601
777 536
777 601
777 742
777 377
7774 337
777 535



c. The BIN (Binary) Loader is a program i n RIM format that al lows us to use 
BIN format. Since BIN format is much shorter than RIM format, most DEC tapes 
are in BIN format. The BIN Loader should be entered v ia the high speed reader, 
which means we must use the high speed RIM Loader. Cnce loaded, the BIN 
Loader w i l l not be destroyed, except by unusual programmer errors. To load the 
BIN Loader: 

1. Place tape i n reader, wi t h leader code over photo-cell . 
2 . Load address 7756 
3. START 

d. We use the BIN Loader to load the FCRTRAN Compiler. To use the BIN Loader: 
1. Place tape (compiler) i n reader (high speed). 
2 . Load address 7777 
3. Depress bit 0 (Leave up for low speed) 
4. START

 After tape stops, check AC. I f AC = 0, go on wi t h next step. I f 
AC H 0, reload compiler. I f AC ^ 0 again, notify teacher. 

e. The FCRTRAN Compiler is now used to compile your source FCRTRAN program. 
1. Place source tape i n low speed reader 
2 . Load address 0200. 
3. Set low speed reader to CN LINE. 

. Turn on reader. Turn on punch 
5. START 
6. The tape that is punched out is your object (machine language) program. 

f . I f you have any errors, they w i l l be typed out after the compilation is 
f inished. This means that your source program w i l i have to be corrected, and recompiled. 

g. To compile addit ional programs, place new source tape into reader, turn 
on reader and CCNTINUE. 

h. Exercise: Compile your program. 

2, 
Revised Section 3.1 - - PDF FCRTRAN 

3  The ACCEPT and FCRMAT statements 

I f a problem is to be done only once, the data can be entered as constants. 
This is ordinari ly not the case: programs are usually set up to read different sets 
of data for the same variables- the same program can then be used wi t h as 
many sets of data as desired. 



Data is entered into the computer by the execution of an ACCEPT statement 
that Lists the names of the variables for which new values are to be read i n . The 
new values must be punched i n the same sequence as the variable names are 
l isted in the ACCEPT statement. The first value on the data tape goes wi t h the 
first variable name, the second value wi t h the second variable name, etc. The 
execution of an ACCEPT statement always ini t iates the reading of a new l ine 
on the data tape. I f , for instance, there are  data values punched on one l i ne, 
they cannot be entered wi t h 2 ACCEPT statements. The only way to enter the 
6 values from one l ine is to provide an ACCEPT statem.ent that l is ts the names 
of a il 6 variables. 

So far we have discussed how to provide 3 items of information about the 
input operation: 

1. What data is to be used and whether this Is an input or output operation. 
2. Which variables i n the program are to receive new values. 
3. The order i n which the values appear on the data tape. This is 

specified by the order i n which their names appear i n the ACCEPT statement. 

There is one more item of information required: i n what format are the data 
values? Is the data fixed or floating or both? 

This information is provided by a FORMAT statement. A complete discussion 
i s deferred to Chapter 7, but we can get the basic ideas now. Suppose that i t is 
desired to read new values of 3 variables named A, I , and X. The values are 
punched on a data tape as fol lows: 

? 21.4EiO 16 1.98 

Note that one or more spaces are used to separate different data words. 

The data words could be read into the computer by the fol lowing 2 l ines 
excerpted from the program: 

ACCEPT 69 ,A , I ,X 
69;FORMAT (E,I,E) 

The 69 in front of the FORMAT statement is its statement number; this number 

was chosen arbitrari ly by the programmer. More about this i n Chapter 4 . For 
the present, l im i t your program numbers to 2 d ig i t s. Here we use a statement 
number to identify the FORMAT statement that is associated wi t h the ACCEPT 
statement. A l l ACCEPT statements must refer to a FORMAT statement. 



3.2 Summary of FORTRAN compilation and execution 

To make use of a computer using FORTRAN, i t is v i tal to understand the 
relat ion between the source and object programs and how input and output 
operations tie i n . We may summarize the procedure as fol lows: 

1. The program is wri t ten on paper by hand by the programmer. 
2. The program is punched onto tape. The result is the source 

program tape. I t does not include data. The data words are punched onto 
a separate data tape, usually cal led input tape. 

3. The FORTRAN compiler (a tape supplied by DEC), which is a 
large program of machine instruct ions, is read into the computer. 

4. The FORTRAN compiler reads the source program tape into the 
computer, compiles (translates) the source program into machine language, and 
punches the machine instructions onto another tape cal led the object program 
tape. The object program has not been executed yet and the data tape has 
not yet been read. 

5. The FORTRAN OPERATING SYSTEM is read into the computer. The 
COMPILER only translates the source program. The OPERATING SYSTEM, 
also a tape from DEC, executes the object program. 

6. The data tape is entered and (we hope) the correct answer(s) appears. 

3.3 The TYPE STATEMENT 

1. In order to have our answer(s) typed on the teletype we must use 
a TYPE statement. This is used exactly the same as the ACCEPT statement. 
For instance: 

l^^  ,  Debugging a program 

a. After compilat ion, diagnostics may be printed on the ASR 33. For this 
reason the ASR 33 must always be ON LINE during compi lat ion. Generally the 
compiler w i l l detect technical errors, such as i l legal characters, references to 
non-existent statement numbers, etc. I t w i l l not detect logical errors, such as 
inf in i t e loops. 

b. The diagnostic messages are i n this format 0005 10 11. The first 4 
digi ts are the statement number of the last numbered statement before the erroneous 
statement (not the erroneous statement i tsel f); the second 2 digi ts represent the 
octal number of statements after that numbered statement; and the last 2 digi ts are 
a code indicating the nature of the error. 

TYPE 40, AREA, PERM 
40; FORMAT (E) 

These 2 l ines would cause the values of AREA 
and PERM (calculated by the computer) to be 
printed on the teletype in E format. 

2 . Text is outputted by use of For example: TYPE 16 
10; FORMAT ("HELLO") 



c. The fol lowing is the diagnostic code: 
00 Mixed fixed and floating 
01 Two operators adjacent (A=B+/C) 
02 Compiler error - contact teacher 
03 I l legal comma 
04 Too many operators i n a single statement 
05 Fixed function argument (A = SQTF (J) ) 
06 Variable subscript i n f loating mode (A (Z) ) 
07 More than 64 variable names i n a program 
fO Program too large 
11 Unequal number of left and right parentheses 
12 An i l legal character was detected and ignored 
13 Compiler is unable to recognize or process this statement 
14 Program too large (same as 10) 
15 A subscripted variable is used before the appearance of a DIMENSICN 

statement, or a subscripted variable does not appear i n a DIMENSION 
statement. 

16 Statement too long (more than 128 characters on a line) 
17 Floating point operand should have been fixed (DO 10 I = i,B) 
20 A statement number has been referenced that does not appear in program 
21 More than 40 numbered statements i n source program 
22 Too many incompleted operations (6=A + (B+(G+(D+(E+. . .) 
23 Too many statements referenced before defined 
2 4 Use of READ or WRITE statements 

d. In the example in c. above, we find that an error has occurred 8 decimal 
(10 octal) statements after statement 5. The error was that there were an unequal 
number of left and right parentheses. 

j fe. After correcting your errors, you must compile the corrected tape as in 6. above. 

f . Exercises 
1. What do the following error messages indicate? 

0003 06 05 0007 02 01 
0060 12 12 0015 15 16 
0077 17 03 program excerpts? 

2. What error messages would be generated by the fol lowing: 
a) i0;A=I (J+1) d) 3;A=B+C 

B = A * (B+SQTF(C) , — 3 lines — 
b) 5;C=A+B i DC 10, 1=1,N 

— 5idnes—- e) 6;PRINT16,X 
D=A (X+Y) 16; FCRMAT (E) 

c) 19;X=YfZ 
— 15 l ines — 
A = X / N 
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- . Executing the program 

a. The result of a successfully compiled program is an object tape 
representing your program in machine language. To run this program and get answers 
we must use another BIN format tape cal led the FORTRAN Operating System.
computer vath a larger memory w i l l have only a compiler, and the operating system 
w i l i be included in the compiler. 

b. Loading a compiled program 
1. Using the BIN Loader, (see 6 .d, above) load the FORTRAN Operating 

System. 
2. Place object tape i n low speed reader 
3 . Turn on reader. 
4  Turn ASR 3 to ON LINE 
5. Load address 02 00 
6. START 
7  I f AC =  {j.rogram is loaded correctly into core. I f AC ^.  reload. 

I f AC s t i l l ^ 0, contact teacher. ' . ' " " 

c. Executing the loaded program 
1. Be sure that SR bits 0, 1, 2 are down 
2. I f input data is on tape, put tape into low speed reader. I f input data 

is to be typed i n , skip this step and step 3. 
3 . Turn reader ON 
4 . CONTINUE 
5. I f input is to be typed, start typ ing. 
6  Output w i l l appear on the ASR 3 keyboard (You hope). 

d. Re-executing a loaded program 
1. Do NOT reload program 
2 . Load address 0201, 
3  START 

e. Miscellaneous info 
1. To execute another compiled program, start over at  2 above 
2. The Operating System destroys the Compiler, because i t occupies 

many of the sam.e addresses. To compile another program, you must 
start by reloading the Compiler (see 6 .d. above). Obviously this 
w i l l destroy the Operating System. 

3  I f the program does not execute correctly on the first try (see c. above), 
try re-executing i t (see d. above) 

4  There are many options available at various steps. These w i l l be 
studied later. | 

5. I f your program stops during execution, see 9. behow. 

f . Exercise: Execute the program you compiled as an exercise i n section 7. above. 
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. Debugging a program 

a. Mot a ll errors are detected by the Compiler. Some errors can only be 
detected by the Operating System. When such an eiTor occurs during the running 
of a program, the computer types out an error message in a numerical code. The 
computer then t i l t s . I f CONTINUE is pressed, the computer takes various courses 
of act ion. 

CODE ERROR ACTION TAKEN ON CONTINUE 

Ti l t #11 r*  by 0. Quotient set to largest + or - number representable i n 
computer, then goes on to next instruction 

Ti l t # 12 Floating pt Execute next instruct ion 
exponent>+ 2

Ti l t # 13 I l legal operation Executes next instruct ion 
code 

Ti l t # 14 Transfer to GOOD No recovery possible 
or 0001 

Ti l t # 15 Non-format state-Executes next instruct ion 
 ment used for for-

mat 
T i l t # 16 I l legal format Examines next constlluent 

statement const i-
trent 

Ti l t # 17 Attempt to f i x No recovery possible 
large floating 
number 

Ti l t # 20 Attempt to take Takes root of absolute value 
square root of -
number 

Ti l t # 21 Attempt to raise Raises absolute value to power specified 
- number to power 

Ti l t # 22 Attempt to find log Takes log of absolute value. W i l l not continue i f 0. 
of 0 or - number 

31 - 34 we should not get these errors 

7 6 and 77 may be computer error. No Tecovery possible. Notify teacher 

b. Exercises: 

1. What error message would result from the foi iowing statements? 
a) TYPE 16, N 

16: DO 20 I = 1, M 
b) N = X where X = 59.27E+15 
c) Z = SQTF (X) where X = -25.2̂  
d) Z = X-Y where Y ^ X 

A = SQTF (Z) 
e) Z = A-B where A = B 

Y = X/Z 
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