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1. INTRODUCTION 

The program interprets a symbolic equation ~ich is written 
usinS twenty-seven (27) commands" two-hundred-eighty-s1x 
(286) data locations, and an effective aooumulatoro The oom­
mands indicate an operation or a function evaluation which 
is performed on the oontents of the letter looation which fol­
lows the oommand. The letter looation refers to a two letter 
sequenoe" the first of whioh may be oonveniently referred to 
as the channel and the seoond letter as the sector. Using' 
this notation the channel may be any letter from B through 
L, and the seotor any letter of the 'alphabet (A through Z). 
The acoumulator is referred to with AA. Each location is 
direotly addressable with every command. 

Eaoh symbolic equ~tion must begin with a command followed 
by a letter location and this sequence continues through the 
equation. Both the symbolic equation and the numeric data 
are entered through the typewriter under the computer con­
trol. The program operates in floating point arithmetic "With 
the results output in floating point decimal notation. The 

, number of digits for output is eight (8) unless the user 
specifies a different number which may vary from (tvJO (2) to 
eleven (11) digits. " 

2. PROGRAM USAGE 

2.1 Entry of Data 

All the numeric data is entered from the typewri ter and auto­
matic ally converted to floating binary. Before the number 
is entered, the location is specified according to the for­
ma.t described in 2.2. 

The input numbers may be composed of many parts. 

a. The sign of the number. 
b. The integral part of the number. 
c. A decimal point follol~ed by the fractional part of the 

number (if no decimal point is typed, it is assumed to 
be at the end of the number). 

d. The sign and (integral) value of the po-wer of ten by 
which the number is to be multiplied. 

e. A carriage return is used as a termination character. 

Not all of these parts are required for every input. The 
following combinations are acceptable: BE,CE,ABE, ACE, AEGE, 
BDE,CDE, ABDE, ACDE, E (yields plus zero), AE (yields signed 
zero), ABODE. 
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2.1.2 

2.2 

The value of the number .MUst not exceed 239_1. The expon~nt 
must not exceed 511 in absolute value. " 

Ir a character other than O"l,,2,3,L.,5,6,7,8,,9,+,-,., or car­
riage return is typed, "ERROR" will be' printed and the pro­
gram reset so that a correct entry may be made. 

Progr8m'Options 

~ Sense Switch (ON) 

1 B 

c 

D 

none 

2 B 

c 

D 

Operations 

Enter data into the specified 
data location. The letter loca­
tion (e. g • "BC") is en tered . 
through the typewriter. The 
number is then entered as de­
scribed in 2.1. The Carriage 
Return is depressed after each 
number. Use only letter combi­
nations BA thru LZ. 

Same as 'With BON. 

Type out the contents of the lo­
cation specified by the letter 
location. The letter location 
is entered as in the previous 
options (~ or Q ON). 

Same as withD ON. 

Enter the number of digits for 
output if other than eight (8) 
are desired. Any number from 
two (2) to eleven (11) may be 
used. The program halts at 
10027. Depress N on the con­
sole for number fill and" enter 
the number of digits as + X. 
(decimal point), enter key. 
Press start. 

Punch an entire channel on tape. 
The particular channel which is 
to be punched (e.g. "Bu) is 
entered through the typewriter. 
Start 2 and repeat the prccedure 
for other channels. 

This setting is not used. 

Page 2 



PROGRAM TITLE: EXPANDED RECOMP AIDEBRAIC FORMULA TRANSIATOR (RAFT IV) Page 3 -- -- - - - - - - - -- - . - - - - ~ - - - - - - - - - - - - - - - - - - - - -
2.2 Program. Options (Cont'd.) 

Start Sense. Switch (ON) 

2 none 

3 B 

c 

D 

none 

2.3 Program ~~ry Locations 

Operations 

Enter symbolic equation from 
the typewriter. A carriage 
return automatically occurs 
after 16 connnands. The sym­
bolic equation must be termi­
nated with a carriage return •. 
The maximwn number of commands 
is 1024. . 

Verify the symbolic equation. 
The equation is typed out 
exactly as it is in the machine 
with 16 commands per line. 

CoITect a mi stake in the sym­
bo lie equation. \\Then the pro­
gram halts at L0033, depress 
N and enter t.he number of cor­
rect instructions preceding 
the incorrect entry as N, + X, 
(decimal point), enter key. 
Push start and re-enter the 
incorrect command. Always 
begin the entry with the eom­
mand whether the error was in 
the command or the letter. 

Punch the symbolic equation 
on tape. 

Begin the c8.1culation. 

Main Program 
Data Area 
Symbolic Equation 
Accumulator 

0000-lL.57, 7000-7617 
1500-2775 
3000-6777 
7766 

3. CO~1'ANDS 

In the following definitions of commands, "AA" refers to the 
contents of the accumulator and "LV' refers to the contents 
of any other location BA through LZ. 
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3.1 Arithmetic CO!Mlands 

3.2 

The arithmetic commands perform operations on the contents 
ot the accumulator and the results always remain in the accu ... 
mulator. 

ADD (+) Add LL to 'AA 

SUB (-) Subtract LL trom AA 

MOL (.) Multiply LL times AA 

DIV (/) Divide AA by IJ., 

EXP (r) Raise AA to the power LL 

Function Commands 

The function commands compute the indicated operation or 
function. The commands operate on the contents of "Mil or 
"LLIt with the results remaining in either liMit or tiLL". For 
example, ?BR takes the square root of BR and ~ remains in 
BR. "M" is unaffected by function commands operating on 
"LL". 

SIN (1) Compute the sine of AA or LL. (The angle 
must be in radians) 

COS (2) Compute the cosine of AA or LL. 
must be in radians) 

(The angle 

I.OO (L.) Compute the logari thrn (base 10) of AA or LL 

1M (5) Compute the logarithm (base e) of AA or LL 

loX (6) Raise 10 to the power AA or LL 

eX (7) Raise e to the power AA or 11 

SQE (1) Compute the square root of AA or LL 

FAC (,) Compute the factorial of the positive 
floating point integer in AA or IL 

ASN (» Compute the arc sine of AA or LL, where 
I x'~ 1 (result in radians) 

ACS «) Compute the are cosine of AA orLL, where 
Ix': 1 (result in radians) 

(1) - (7) See Restrictions (Error Stops) on Page 6 and 7 

(5)(6) 
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3.3 Entry and Output Commands 

Entry commands are for the purpose of entering data into the 
accWIIllator. The output commands type floating point decimal 
numbers with a 2-11 digit mantissa followed by the exponent. 

CLA (Space) 

CSU (8) 

CPO (9) 

SPO (;) 

Enter LL into AA 

Enter the negative value of LL into AA 

Type AA or LL following a carriage return 

Type AA or LLfollowing a space 

( : ) Store AA in LL 

3.4 Control Commands 

The control commands enable the user to perform logical 
transfers within the symbolic equation. 

RET ($) 

TPL (H) 

TMI (S) 

TZO (0) 

Return to the beginning of the symbolic 
equation the number of times contained 
(floating point) in Lt. Each time a 
return is made a floating point 1 is 
subtracted from LL. When 11 becomes 
zero, the program overlooks the command 
and continues in the symbolic equation. 

If AA contains a positive number trans­
fer to the rth command, where LI, oontains 
the floating point number r. For exam­
ple, HBL would t~ansfer to the 15th com­
mand if AA is positive and BL contains 
a 15. If AA is not positive, continue in 
sequence in the symbolic equation. 

Transfer on m.inus in a manner similar to 
the TPL command. 

Transfer on zero tn a manner similar to 
the TPL command. 
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3.4 Control Commands (Cont'd.) 

INC (&) 

INS 

RPL 

40 PROGRAM mROR STOPS 

Increment the chaJlnel address one letter 
in the alphabet ( not to proceed past 
channel tiL") of the rth command. The rth 

. command is determined by the positive 
number in LL. For example ,&ER, where 
ER contains a 19, would instruct the pro­
gram to find the 19th· command and incre­
ment its channel a.ddress. If the letter 
location is BA, it becomE(~ CAe 

Increment the sector address or the rth 
command one letter in the alphabet. This 
command is similar to the INC command 
except the sector address is incremented 
instead of the channel address. Incre­
menting sector Z causes the channel to 
be incremented and the sector becomes an 
A. For example, if BZ is incremented, 
it becomes G.4.. 

Replace the letter loca.tion of the rth 
command with the letter location of this 
command. The rth command is determined 
from the contents of the accumulatoro 
For example, if the accunru.lator contains 
a 10, and the command is tFA, the pro­
gram would replace the letter location 
of the 10th cornmandwith FA. If the 10th 
conunand was originally +BX, it would now 
be +FA. 

The program contains certain built in error stops which can 
be useful in debugging if the specific error which caused 
the stop is known. The following list indicates the location 
counter setting on the console at the stop end the probable 
error. 

Location Counter 
--. ... ..--

(1) 0125.1 In the lcr subroutine, t.he floating point 
exponent of x must not be greater than 
3510 •• 

, Page 6 
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4. PROGRAM ERROR STOPS (CeNT I D. ) 

. Location Counter (Cont'd.) 

(2) 0133.1 

(3) 1643.1 

(5) 0164.1 . 

(6) 0167.1 

5. EXAMPLE 

In the ex subroutine, the floating 
point exponent of x must not be 
greater than 35

10
• 

In the logl~ subroutine if x is 
negative, the program halts with 
x in A and R registers. 

In the logex subroutine if x is 
negative, the program halts with 
x in A and R registers. . 

In the EXP command, if y in yx j.s 
negative, the program halts in the 
log10 subroutine. 

In the ElP command, if y in yX is 
too large, the program halts in the 
lcr subroutine. 

In the arc sine subroutine, X must 
meet the conditions I X I ~ 1. 

Evaluate X, with T ranging from 0 to 4.5 by increments of 
0.5, L~ the following equation: 

X=e - •. 2T 0.5 (cos 0.5T - 7.6 sin 0.5T). Number data was 
entered into the following loea.tiona. 

BB.S 

00.2 

DD +., 
EE +7.6 

JJ .9+1 

BT 0 

Page 7 
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,. EXAMPJE (CONTID.) 

The synibolic equation and results are shown below. Results" 
are sho-wn in floating point format wi t~ a places accuracy. 

RAFT 3n130LIC EQUATION 

BT .DD#FFlAA .EE:GG2FF FF-GG.DD:G08cc.BT7AA.GG:BX 
9BTjBX BT+EB:BT$JJ 

EXPLANATION OF THE ABOVE S"Yl'-BOLIC EQUATIP~ 

,.(sp) BT 
.DD 
:FF 
lAA 
.EE 
:OG 
2FF 

(ap) FF 
-GO 
.DD 
:OG 
acc 
.ET 
7M 
.GG 
:BX 
9BT 
;BX 

(sp) BT 
+BB 
:BT 
$JJ 

FRINTOUT 

BT to accunDllator 
r-hll tiply by DD 
Store result in FF 
Take sine of AA 
MIl tiply by EE 
Store result in GO 
Take cosine of FF 
FF to accumulator 
Subtract GO 
MUltiply result by DD 
Store· result in GG 
-CO to accumulator 
Multiply byBT 
Raise e to power of number in AA 
M.lltiply by GO 
Store result in BX 
Carriage return and print BT 
Space arid print BX 
BT to accumulator 
Add BB 
Store result in BT 
Return JJ times 

BT 00000000 ° BX 50000000 ° 
BT 50000000 0 BX-41231526 0 

BT 10000000 1 BX-11323257 1 

BT 15000000 1 BX-16478633 1 

BT 20000000 1 BX-19623208 1 
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'.0 EXANPLE (CONT I D. ) 

PRINTOUT (COOT' D. ) 

BT 2$000000 1 BX-20916091 1 

BT 30000000 1 BX-20608494 1 

BT 35000000 1 BX-19010624 1 

BT 40000000 1 BX-164607.34 1 

BT 45000000 1 BX-132979.38 1 

GENERAL DICTIONARY 

Commands 

ADD (+) 

SUB (-) 

MUL (.) 

DIV (I) 

EXP ( I ) 

SIN (1) 

COS (2) 

LOG (4) 

LN (5) 

lOX (6) 

ex (7) 

SQR (?) 

FAC (,) 

ASN (» 

ACS «) 



PROGRAM TITLE: EXPANDED RECOMP AI,GEBRAIC FORMULA' TRANSLATOR' (RAFT IV) Page 10 
--- ----- - -' - - - - - - - -- -- - ~ - - - - - - - - -- - - ~ - - - - -
6. GENERAL DICTIONARY (COl'tT'D.) 

6.1 Commands (Cont' d.) 

6.2 

CLA (Space) 

CSU (8) 

CPO (9) 

SPO (;) 

RET 

TPL 

TMI 

TZO 

INC 

INS 

RPL 

9,Etions 

(:) 

($) 

(II) 

(s) 

(0) 

(&) 

(3) 

( 1) 

start Sense Switch (ON) 

1 B 

c 

D 

None 

2 B 

C 

D 

None 

, Operation 

Enter data 

Ehter data 

Type data 

Type data 

Enter number of digits 
for output 

Punch channels on tape 

Not used 

Enter s.ymbo1ic equation 
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6. GENERAL DICTlOOARY (CONTtD.) 

60 2 Options . (Conttd.) 

~ Sense Switch ! ON) Operation 

3 B Verify.symbolic equation 

C Correct mistake in sym-
bolic equation 

D Punch symbolic equation 
on tape 

None Begin calculation 
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I. GENERAL C(J1PUTER CONCEPTS 

A. There are two general types of computers. 

(1) An AnalQ.& computer simulates the problem; all numbers read 
in (and answers read out) are measured in some way. Therefore, 
an Analog computer can only be as accurate as the measuring 

. device. An example of a simple Analog computer is the slide 
rule •. 

(2) A Digital computer actually calculates the answer, with 
the numbers read in (and the answers read out) all being true 
decimal numbers. Digi tal computers carry nunbers am cal­
culate results rr.uch as a hand calculator does; each number 
has a given nu."nber of digits. (The RECCJ1P II Computer is a 
digital computer.) 

B. Many people think of computers as being mysterious machines. 
Actually, they are capable of performing only very simple 
operations, ~~ch as adding, subtracting, dividing, or mul -
tiplyillg numbers. They can also make stmple tests, such as 
detennining if a number is equal to zero or not. Computers 
are very powerful tools because of t.heir speed and the 8Jt'ount 
of information that they can store(and operate on)and because 
of their testing ability. 

C. Any digital computer, large or small, is made up of four types 
of devices. (These devices may be packaged separately or 
together.) 

(1) Input-Output units provide the means for getting infOrMation 
into or out of the computer. Examples of Input-Output units 
are paper tape reader, paper tape punch, typewrit.er (for input 
or output), magnetic tape, punched cards, etc. 

(2) Storage units are devices that can store information for the 
computer. (They are quite often called ''Memory-II devices.) A 
c_ompllter can store three basic types of information - instructions, 
numbers, and alphabetic characters. Common types of "Nernory" 
devices are Core, Drum, and Disk Storage. (The RECO~!P II uses 
a Disk Memory device.) 

(3) Arithmetic units are registers where the actual computation 
takes place. The dials of a hand calculator which hold one 
number could be thought of as being a register. 

(4) Control units are devices that control the overall actions 
of a computer. They coordinate the operations of all the units. 

D. The Memory of any computer contains a number of locations where 
inforrrlation can be stored. (Every location holds a standard 
amount of information.) Each location in memory has a unique 
Itaddress" pennanently associated with it. A number put into 
the computer is alway! referred to by its "address" - actually 
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E. 

F. 

G. 

H. 

the address of the location wher~ the number is stored. 
(An analogy here is a Post Office with 26 hoxes that are 
labeled A - Z. If the number "12.S" is wri.tten on a slip 
of paper, the nUMber could be st~reo by placing it into 
Box C. Likewise the number It h. 4" could be witten on a 
slip of" paper and placed 1.n Box D. Then the i.nstruction 
II add the number st.ored in C to t .... 1e number stored in D" 
might be given, followed by "store the result in F". The 
answer, "16.9", would be left in Box E.) 

Most computers have a register where. the cor'lrutation takee 
place and where the results are left. The !Y'c'l1~: register is 
usually called the Ac~~.:.-!1!..!-2!.. It nonnally (:(,:ri5 one nunber -
such as could be stored in one location in memory. 

Computers actually perform indi v:i.dual "~ructions". An 
instruction must state (1) what operation to perfonn and 
(2) what data to operate on. One COWJTlon forJr. of an instruc­
tion is an Operatipj1 (C'r Operation Code) E.!y.~. an Address. 
(As an example, the instruction "Add G" might mean to take 
the number !!J.read.l i.n the AccuI'mlator, add the ntllr..ber stored 
in memory location G to it, and leave the restll t in the 
Accumulator.) 

A nProgram" is a complete set of instruct.i ~ns to 501 ve a gi ver. 
problem. All modern digital computers aY'"e nlnt~rnal1y Stored 
Program" cO'nputers. This simply means that the program that 
the computer will follow is itself stored in the computer in 
some of the available locations in memory. 

In order to have a computer pe rfanl'! a FrograJn, the COTTlputer is 
told the location (in meJTlory) of the first instnlction. In a 
"sequ.ential" computer, the computer then proceeds to perform 
the instructions in the same sequence as they are stored in 
Memory. 

1. All computers have some fom of IItransf€~r" instruction. A 
transfer instruction tells the compui-ir'"t:c, take its next 
instruction from a speci.fieci locat.i Of) in memory., rather 
than from the next location as it normally would do. 
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II. RECCMP ALGEBRAIC FORMULAR TRANSLATOR (R.AFT IV) 

A. RAFT IV 11 an "Interpretive. Rou'tine" (or a General Purpose 
Program) that has been written for the RECOMP II computer. 
The RAFT In.terpreti ve Routine allows the user to write 
.b1!. program in a simpler form. This simpler RAFT Program 
is then put in the computer along with the RAFT Inter­
pret1 ve Routine, which then translates the simpler RAFT 
Program into a standard program that the computer can 
understand and perfonn. 

B. GENERAL 

1. An Qperation (or "Command") is represented by a symbol. 
(e.g. Add is "+", Subtract is If_rt, Divide is "/", etc.) 
There are 27 Operations available. 

2. Each number is stored in a data location and is referred 
to by an ~dress. An addreSS-Cons1sts of some 2 letter 
combination from ~ to LZ6 (e.g. BA~ BB, BC, ••• BZ, CA, 
CB, .~. CZ, DA, ••• DZ, EA, ••• LZ.) There are a total 
of 286 data locations available. (The first letter is 
called the "channel" and the second letter the "sector" 
portion of the address.) 

3. The Accwnulator (which holds one number) normally contains 
the results of an operatlon and is referred to by the 
address !!. 

4. An Instruction consists of one oEeration and one address. 
(e.g. " + BAliJ 

-3-

5. A Symbolic. Equatio.,!'! (or "Program") consists of the instructions 
necessary to solve a given problem. There may be up to 1024 
instructions in one Program. 

6e Instructions are always performed in the same sequence as 
they occur in the SymboliC Equation unless a transfer 
command is given. A transfer command causes some other 
instruction to be performed next - rather than the next 
instruction in sequence. 
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c. LIST 01" CCr-lr,'ANDS 

In th~ following rlefinitions, AA refers to the Accu~ulator 
and (AA) refers to the contents of the Ac~u~ulator. 11 re­
fers to an address (BA thru 1.Z) and (LL) refers to the 
~9.~tent~ of that address. 

Operat.ion 
Al)hreviation -- ... -------

Operation 
Symbol 

Defini tion 

1. Move Data Commands - Move data between th~ Accumulator ana any datalO'C'ai't Of' • . 

CIA (Space) (Clear and i~Gd.) Place (LL) into Aft. 
after c1earir~g AA to zero. 

CSU 8 (Clear and Subt.ract.) Place - (lJ .. ) 
into AA. 

STO Store (AA) into 11. 

2. Arithmetic Commands - Performs an operation and places the 
result in the- Accumulator. 

ADD + Add (Ll) to (AA) 

SUB Subtract (LL) from (AA) 

MUL • Multiply (LL) tilT'€S (AA) 

DIV / Divide (AA) by (LL) 

EXP Raise (AA) to the Power (LL) 

3. Function Commands - May operate on the contents of AA ldth 
the result. remaining in AA or may operate on the cor.tents 
of LL with the result remaining in 11. (AA is not affected 
by function corr.mands operating on 11) 

SIN 1 Compute sine of (AA) or (LL) 

COS 2 Compute cosine of (AA) or (11) 

ASN ) Compute the arc sine of (AA) 
or (LL) 

ACS ( cosine of 

(1) 

(2) 

(2) 

(2) (3) 

Com)ut~! the arc 
(AA or (LL) (2) (3) 

(1) In~, y cannot be negative 
(2) All angles are in radians 
(3) The sin or cos of any angle S 1 
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100 

IN 

x e 

SQR 

FAC 

4 

6 

7 

? 

, 

Compute the l.ogarithm (base 10) 
of (AA) or (LL) (4) 

Compute th~ logarithm (base e) 
of (AA) or (LL) (4) 

Raise 10 to the power (AA) 
or (LL) ($) 

Raise e to the power (AA) 
or (LL) ($) 

COmt'ute the square root of 
(AA) or (LL) 

COJnpute the factorial of the 
positive number (AA) or (LL) 

4. Output Commands - Will output number on typewriter in decimal 
II fioating pOint" form. A floating point printout is in thP. 
following form: tiLL xxxxxxxx n" - '!',mere LL is the address of 
the nunber, XXXXXXXX is the decimal number (no leading zeros) 
with the decimal point assumed to be before the first digit, 
and YY is the power of ten the number is to be !nUl tiplierl by. 
The decitvlal number that is printed out may be from 2-11 
digits long. 

Example I 

CE 46$20000 1 

FA 64231509 - 2 

HE :'$329 

Operation 
Abbreviation 
~. -

CPO 

SPO 

:3 

Operation 
~bol 

9 

J 

The number stored in address 

CE - 4.652 (m .4652 x 101) 

The number stored in address 

FA .. 0.0064231509 (a .64231$09 X 10-2) 

The number stored in address HE • 

-$32.9 (- -.5329 x 103) 

Definition 

Carriage Return, then print out 
(AA) or (LL) 

Space, then print out (M) or (IL) 

(The instruction "9 CElt would cause the contents of CE to be 
printed out - see above.) 

(4) The number ~ust he positive 
(5) The floating point .!!l?..o_~1!i of X must be.s 35 



.. 6- II. h,e;COMP ALGr-,BRAIC F'O~'IUIAR TRANSLATOR (RAFT IV) (cont'd) 
- ~ ~ - - - - ~ - ~ ~ - - ~ ~ 

EXM1PLE 1 
R.\FT IV CODC-';G SHEET 

fo l' 

RECOMP Automatic Formula Translator IV 

LIST OF COMMANDS 

ARITHMETIC II l<'UNCTlONS II FUNCTIONS/OUTPUT I CONTROL 

5/F eLA enter L to AA ? SQRoot Lor AA 6 
x 

10 Raise _10 to AA or L $ RETurn to begirining 

8 CLS - L to AA 1 SINe Lor AA 7 eX Raise e to AA or L H TPLut> 

+ ADD L to AA 2 COSine Lor AA EXP AA to power L S TMlnus 
- -

- SUBtract L from AA ) ASN sin 
-1 

Lor AA FACtorial of '-\A_or L 0 TZEro 

MULtiply AA by L ( ACS cos 
-1 

Lor AA & INChannel by 1 
.. -----.--

I DIVide AA by L 4 LOGIO Lor AA 9 CHT CR and type ;1 INSector by 1 
..... _-

: STOre' AA in L 5 LNatural (c) Lor AA : SPT Space and type : ({Place rtddress 

I,'ROBLEM STATEMENT: DATA ] 

Solve: Z = (X -+ y)2 B ~ X 
~--+--~~-----------------

F Y Y 
Ir~--~~------------------il 

B Z Z Print out value of Z 

C A 2.0 

NOTE: "S/P" = space (actually "space bar") 

··------H 

I~====================================::H--+--u----.. . --------

CODE: 

.-. ---- f---------- ----- . -_. --------------------

--- -- --------_._-------_ .. _----_. __ .-----

Explanati on of EX8r.1ple 1 

Instruction 1. Put X into AA (Accumulator) 
2. Add X to y. result is in AA 
3. Eaise (X+Y~ to power 2.0; result ~s in AA 
4. Store (X+Y)2 into data loration BZ 2 
5. Carriafe return, then print out contents of HZ ( = (x+y) ) 
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II. HECel-H' ALGl!.BRAlC FOHMULAR TRAl"SLATOR (RAFT J.V) (cont'd) 

Operation 
~reviation 

Operation 
§mbo~a_ 

Definition 

5. Transfer Corrlmands - Penni t tran sfp.rs within t.he Symbolic 
~qti'ation: --" - · · . 
RET Return to the beginning of the 

Symbolic Equation the n~~ber of 
times contained in LL. Each time 
a return is rnadel a "1" is sub­
tracted from (LL). When (LL) 
becomes "Oil J the return ooJl'lmand is 
skipped. 

(Example: If (FB) • 9, the instruction 1'$;8" ~..,ould causp. all 
:i l'lstructioPF3 from the beginning down to Uhj "RET" corrrnand to 
be pf'rfonned a tot~ of 10 ti~es.) 

TPL H If AA contains a positive nu~her, 
transfer to Instruction number n, 
where LL contains the number n. If 
AA does not ccntai n a posi ti ve 
number, skip thjs instruction. 

(Example: If (AA) is positive and (DA) II: 16, an instructinl1 
ttH DA" would cause in~truction n".L"Tlher 16 to be perfor.rr>d f.A .• ..-t) 

THI 

TZO 

INC 

S 

o 
(letter) 

& 

If AA conta:. ns a (£~1:J.Y~\ !'H":'!f~):i:~r, 
transfer as above in TFL). 

If AA contains a zero (+ or -), 
transfer as above (in TPL). 
(NOTE: +100 -100 would. +0; 
-100+100 would • -0) 

lncranent the £hannel (1st letter) 
portion of the address of ine:truction 
nu.lTIber n by 1 l£t.ter in the al­
~habet. (Do not proceed past channel 
"L"). 1.1 ~ontains the number n. 

Ctxanple: Instruction U& DF", 'Where data location DF conta~ ns 
the mlmber 19, would r.ause the channel arldress of the 19th 
instruction to be incremented - as say from BA to CA.) 

INS 3 Increment the Sector portion (2nd 
letter) of the Address of instruction 
number n by one letter in the al­
phabet. II contai ns the nmnber n. 
(See I~lC above) (If GA is incre­
mented, it b@.comes CB; if EZ is in­
cremented, it be~omes FA) 



II. J,U:.GvI·i.P a.UJ~\AIC FOa.tULAR TRA~1SLATOR (RAFT IV) (cont'd) 
-7-

- - -" - - - - - - - - - - - - - - - - &\FT IV CODl;\lG SHEET 

EXAMPlE 2 Co r - RECOMP, Automatic FOl"mula Translutol' IV 

I.IS'r 010' COMMANDS 

I ARITHMETlC II FUNCTIONS II FUNCTIONS/OUTPUT I CONTItOL 

CtA enter L to AA ? SQRoot Lor AA 6 lOX Raise 10 to AA or L $ RETurn to beginning 

8 CLS - L to AA 1 SINe Lor AA 7 eX Raise e to AA or L H TPLus 

+ ADD L to AA 2 COSine Lor AA I EXP AA to power L S TMlnus 

- SUBtract L from AA ) ASN sin 
-1 

Lor AA FACtorial of AA or L 0 TZEro 

MULtiply AA by L ( ACS cos 
-1 

Lor AA & INChannel by 1 

/ DIVide AA by L 4 LOGI0 Lor AA 9 CRT CR and type :1 INSector by 1 

: STOre AA in L 5 LNatural (e) Lor AA : SPT Space and type ! RPlace address 

PROBLEM STATEMF:N'f: IcH.ISEclI DATA I 
Solve: X • JB2 

+ CD - sin--e- B B B 

(Print -e- 0 
and X 

B C C 
out value of' B D D 

NOTE: -e- radJans = -&0 . ~) B Q 4° 
( f80·- B R .p. radians .~./ 

B x~ ~2 + CD _ sin-E-

C a 180 I 
.---- . ... 

CODE: C B -rr 
SJ~ c I B 1/ 1\ c I A I .11 BI Q 1 II A I A I: II D I A Is /~ BI J II Bioi :11 D I B D A sin e- I 1 2 3 -l 5 6 7 8 

lJ B B2 ! 

s/~ B Ic I. 1\ b I J.J I +11 DI B -II D I A I? II A I A I : II B I ~ ~ 13 I Q' ~IIB I X 
i 

I 
H 10 11 12 la H 15 

I 

16 

Explanation of Example 2 

Instruction 1. Put 1T into AA (after clearing AA) 

2. Di vide'" by 180 ; result is in AA 

3. Multiply (rr /180) by -e-0
; result is in AA 

4. Find the sin of ~-; result in AA 

5. Store sin~into data location DA 

6. Put B into AA (after clearing AA) 

7. Multiply B times B; result in AA 
8. Store n2 into data location DB 
9. Put C into AA (after clearing AA) 

10. Multiply C tines D; result in AA 

11. Add CD to B2; result in AA 

12. Subtract sin +:t fr.om (B2 
+ 9D); result in AA· 

13. Find the square root of (B2 
+ CD - sin~)J result in AA 

14. Store (B2 + CD - sin~) into data location EX. 

15. Carriage Return, then print out~O 
16. Space, then print out X 



II. HECot-1P ALG!:.BRAIC FOm·mLAR TEANSLATOH (RAE'T IV) (cont'd) 
-------

RPL , 
• Replaoe the Address of Instruction 

number n with t~e Address of this 
instruotion. AA contains the ~er n. 

(Example: If AA contains a number 10, and the instruction 
" 1 FA " is given, the Address of the 10th instruction will 
be placed with "FA".) 
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II. RECCMP ALGEBRAIC FOFtruLAR TRANSLATOR (RAFT IV) (cont' d) 
- - - - - - ----- - - - -.- ~ - - - - ~ - - - - - ~ - - - - _ .. - - _ ......... - .. -
RAli'T EXAHPLE 3 (Illustrates "Return to Ber,inninp.:" Command) 

Solve z • JB2 
+ 2C 

Print each value of C and Z and value of B once 

Where: .a. 5 

C goes from 0 to 100 by increments of ll. C := 5 

_ ,,' . __ ., .. ~~ .. ___ . __ J .. _. _____ ; __ .'_. __ "1 

-~.. Solve for Z == J B + 2C , 
~------------- ... ~ .. 

; 

~R, Print C ;:pac~~~-J 
. f . f 

Irncreme1t C by b. C J 
! 

i - __ '1-.. ___ ..... _. __ . __ .... _ ..... ,.-..... ~. 
:..-.-_-+! Return to beginning 20 times I 
~ . L. 

[CR. Print B 

I 
J 

LOu~-1 



JI. RFC(1JlP Al,(r~,BRAIC J.t'Ul([tIllJiaA.R'1'ttJU'JSLal('h \I~' T 1 V) (cor.t I d) 
~ - - ~ - - - - - - - - - - - - - -. - - - - - - - - - - - -

H..\ FT IV CODl:\G SHEET 

EXAMPLE 3 f () r 

H~:COMP Automatic Forll1,ula Translator IV 

L 1ST OF COMMANDS 

I AIUTHMETIC 

II 
FUNCTIONS II FUNCTIONS/OUTPUT I CONTROL 

('LA enter L to AA ? SQRoot Lor AA 6 lOx Raise 10 to AA or L $ HETurn to beginning 

" CLS - L to AA 1 SINe Lor AA 7 eX Raise e to AA or L H TPLus 

+ ADD L to AA 2 COSine Lor AA EXP AA to power L S TMInus 

SUBtract L from AA ) ASN sin 
-1 

Lor AA FACtorial of AA or L 0 TZEro -

MULtiply AA by L ( ACS cos 
-1 

Lor AA & INChannel by 1 

/ DIVide AA by L 4 LOGIO Lor AA 9 CRT CR and type 3 INSector by 1 

: STOre AA in L 5 LNatural (e) Lor AA 8PT Space and type ~ RPlace address 

PROBl.EM STATEMI';NT: I cH·ISEc)1 DATA 

B D B (=5) 

B (; C (::0) 

B D t:£ (= c)) 

B Z Z 

C A 2.0 

C B B2 
.. 

C C 2r~'. 
\... . 

CODK 

S/ BI BI ·11 B I BI : II c B ~/fil B I c I. II CiA I + c 1 B I '? " A I A I: II 13 I 
_ ..... 

l. _. 
1 2 :l -\ :) Ii 7 t; 

._-

9 13
1 cl;/l 13 lz 1$fIB c + II BID I : II 13 1 C I 4:' v C~1911 BI BI /I I 

!J 10 11 12 13 H 15 16 

Instruction 1. Put B (-S) into AA 

2. f'1ultip1y B by B ; result in AA 

3. Store B2 into data location CB 

4. Put value of C (=0 i.nitially) into AA (after cleari.ng AA) 

5. t1ulttply C by 2; result in ltA 

6. Add B to 2C; result in AA 

7. Find sguare root of (B + 2C); result in AA 

8. Store \ B + 2G into data location BZ 

9. Carriage return, print out value of C 

10. Space, prir.t out value of Z 

11. Put current value of C into AA 

12. Add increment. , .. C to C; result i.n AA 

13. Store new value of C into data location Be 

Ih. Return to the beginning of the equation 20 tiMes (for g 

total of 21 results) 

15. CarriaEPreturn, print out value of B 

... 11-

I 

I 

! 

.. 

" ,I 
--
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II. RE.C01~P ALGLBRAIC FORMULAR TRANSLATOR (RAFT IV) (conttd) 
- ~ - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - -

D. f-tACHINE OP}!.RATION 

1. load the RAFT IV Program tape (#1058) into the tape reader 
and press the tape tlFILL" button to read it inw the computer. 

2. Input the Symbolic Equation into the computer as follows: 

a. Turn all Sense Switches (on console)· OFF (Up). 

b. Press the "Start 2" Button. 

c. Usinf the typewriter, type in the Symbolic Equation. 
Type exactly the symbols or letters jn the E-quation. 
(Do not type Letter Shift, Figure Shi !'t, Tab, etc.; 
type only the characters in t~ Equatl '::1) "f\lote that 
"Space" means the Space Bar. 

d. An automatic CarriaEe Return occurs after every 
16 I~structions. 

e. Terminate entry of the Symbolic Equation by pressing 
the Carriage Return. 

3. Input Data and Constants necessary to solve problem. 

a. Turn Sense Switch B ON (others Ol;F). 

b. Press the "Start 1" bu tton. 

c. Using t.ypewriter, type in each number as follows 
(Letter or Figure Shifts not necessary): 

(1) rr'ype address of number (e.g. "BC") 

(2) Type in num~er itself by some combination 
of the fol1o~~ng (see (3) below for examples): 

(a) Sign"f nt.unber (+ or -) 

(b) Integral part of number 

(c) Decimal point followed by fraction 

(d) The sign and int.e gral value of the pOv-'er 
of 10 by whi ~h the number i.s to h~ Mul­
tiplied 

(e) A carriage return enters the number 

(3) Exa~ples of (2) (a~ove) are: 

(a) 26.4 may be typed in as 

+26.4 (cia) 

26.4 (C/R) 
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II. ~fC0MiP ALO.i?HAIC FCRMULAR TRAl'iSLAT()R (PAFT 1 V) (cont' d) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(b) 105,000 may be typ~d as 

+105000 (e/ft) 

105000.0 (elk) 

10$ +3 (cIR) (same a5 10C; x 103) 

(c) +105 may he typed as 

+105.0 (c/R) 

105 (cia) 

(d) 0.65 may be typed a8 

+0.65 (c/R) 

0.65 (cia) 

.65 (c/R) 

+65 -2 (c/R) (same as 65 x 10-2) 

(4) If a character other than a 0, 1, 2, 3, L, ,~l! ~. t 

7, 8, 9, +, -, ., or carrj ag~ return is ty}JE' " 

the typewri ter will type out "EhitOR" and reset 
the computer so th3t the correct nm'!lber T"\ay be 
entered. 

d. After the last rmMcr has been entEred, press t.he 
"FILL" button on the console. 

h. After the. Symbolic Equati.on and the Data have been entpre~, 
the !Jroblern is ready to run. To run, 

(1) Turn all Sense S"ri tches OFF 

(-2) Press "Start 3" button 

Your pro gram should now run. 

5. The LAFT IV Frcgram allows other very usefuI !,,:p.chj ne 
orJerati ens other than ttose T'~en ti cned above. Trje 
~oMpletE' list is as follows: 
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I I. R}t~C(}t1P AWEBfI.AIC FL,R,1-1ULAR TRANSLATOR (HAFT IV) (cont' d) 
- - - ~ ~ - ~ ~ ~ - - - - - - - - ~ ~ - - - - - - - - - - - - - - - - - - - - - -

MACHINE OPERATION 
--....-.......~.-,.....-. 

SEl-!SF. 
~tJ1 TCH 

Oll 

(1) l!.nter Data into spec:i.fied B 
locati.ons (use locat.i. ons 
BA - L2 only). See D 3 
above. 

(2) Type out a number already in D 
the computer. Enter Address 
(e. g. "EG") of nmnb~r through 
typewri t.er. 

(3) Change the number of digits B 
in each number to be output 
(if other than 8 is desired). 
Se~ D 6. 

(h) Punch one entire channel of C 
Data on tape. Enter channel 
(e.E. "B") throuf!h type'tci ter. 
Repeat for other channel. 

(5) Ent.er Symbolic Equatj on. None 
See D 2~ 

(6) Verify the Symbolic Equation B 
by havinf'; t.he typewriter type 
it out. 

(7) Correct a mistake in the C 
Symbolic Equation. See D7. 

(8) Punch the Symholic Equation D 
out on tape. 

(9) Run the r::ro1;lem None 

NOTE.: The above 9 Machine Operations are a.l1 
independent and fY'ay be perfomed in any 
sequence cesired. 

PIU.SS 
START 

1 

1 

2 

2 

2 

3 

3 

3 

3 

6. Normally 8 decimal dig! t.s are typed out. ft)~ each numbe-r 
(in floating point form). This can be varied from 
2 - 11 di gi ts by doing the followine (on the console): 

(1) Put Sense Switch B ON (ot.hers OFF). 

(2) Press the "Start 2" bnttf)n 

(3) Pres~ "N" key 

(tl) }Jress "+" key 

( 5) Press "X" where X .. the number of ci1.f.d ts (2-11) 
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II. RECGtP AI1lEBRAIC FORt-roLAR TRANSLATOR (HAFT IV) (cont 'a) 

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

(6) Press the "." (deciMal point) 

(7) Press "Enter" key 

(8) Press the "Start" buttton 

7. To correct a mistake l.n the Symbolic Equation, do the 
following (on the console): 

(1) Put Sense Switch C ON (others OFF). 

(2) 'Press "Start 3" (the computer will halt with n0033.0" 
in the "location counterll lights on t·r.€, console). 

(.3) Press UN" key 

(ll) Press n+" key 

(5) Press "X" where X • the number of correct 
instructions preceding the i.ncorrect entry. 

(6) Press "." (decimal point) 

(7) Press "Enter" key 

(8) Press "Start" key 

(9) Re-enter the correct instruction (put in complete 
instruction, even if only the address is being 
changed) through the typewriter. 



-l~- II. Hl:.CGHP ALGEBRAIC FORMULAR TRANSLA'!'OR (RAFT IV) (cont'd) 
- ~ - - - ~ - - - - - ~ - - - - - - - - - - ~ - - ~ ~ - - ~ - ~ - - - - - - - ~ - - - -

EXAMPU; IV 

Solve. Z-X+Y 

Wherei X goes from 100 ~ 200 by A X - SO 

and Y goes from 400 ~ 700 b,. AI - 100 

(let Y go through its range of values for each value or 'x) 

~ Diagram 

CR., Print X, Y, Z 

Return to Beginning 3 Times 

Return '00 Beginning 2 Times 

Reset X Count - 2 



II. RECCMP AWEBR.AIC FORMULAR TRANSLATOR \HAF'l' IV) lcont'd) 
RAFT IV CODING SHEET 

-17-

for 

EXAMPLE IV (cont'd) RECOMP Automatic Formula Translator IV 

• OF COMMANDS 

I ARITHMETIC II FUNCTIONS II FUNCTIONS/OUTPUT I CONTROL 

CLA enter L to AA ? SQRoot LorAA 6 lOx Raise 10 to AA or L $ RETurn to beginning 

8 CLS -LtoAA 1 SINe Lor AA 7 eX Raise e to AA or L H TPLus 

+ ADD L to AA 2 COSine Lor AA , EXP AA to power L S TMlnus 

SUBtract L from AA ) 
-1 Lor AA FACtorial of AA or L 0 TZEro - ASN sin , 

MULtiply AAby L ( ACS cos 
-1 

Lor AA & INChannel by 1 

/ DIVide A.A by L 4 LOGI0 Lor AA 9 CRT CR and type 3 INSector by 1 

: STOre AA in L 5 LNatural (e) LorAA ; SPT Space and type ! RPlace address 

PROBLEM STATEMENT: IcH·ISECJI DATA I 
Z-X+Y 

B X X 
Where. X goes from 100 ...,. 200 by ~ X • 50 B Y Y 

& Y goes from 400 ~ 100 bY' bY· 100 B Z Z 

C A AX 
I 

(Let Y go through its range of values for each value 
of X) C B .Y 

C C Y Count 

C D 3.0 
CODE: ' C E X ColUlt 

S/~1 B I X 1+ "B I y I: II B Z 9 II B I X I J II B I y I ; Ii Biz fIp II B I y 1+ 1\ 01 B c F 2.0 
1 2 3 4 5 6 7 8 c;o C G 

I B I y I. II c I c rrp II c D a II c I c ~II c I I I : II B I I F~ II B I X I + II c I A C H 100 
9 10 11 12 13 14 15 16 

C I hOO 
• B I X I. II c I E f;(, II c l" I all c I E 19P II c I HI: II B I X I II I I II I • 

17 18 19 20 21 22 23 24 

I I II I I II ·1 I II. , I It I I II t I ~ I I II I 
25 26 27 28 29 30 31 32 i 
I I II IIII I II I I II I I - 1/ I I II I I II I _ . 

33 J4 J5 :j6 .17 .18 39 40 

I I II J I II I I II 
-

I I II I I II I I II I I II I 
41 42 4:l 44 45 46 47 48 

-
I I II I I ~ 1 I II I I II I I II I I II I I II I 

49 50 51 52 53 54 55 56 

--

II J I II I I II I I " I I .~ t I II I I II I I /I I 
I 57 58 59 60 61 62 63 64 

J I II I I 
" 

I I II I I II I I /I I I II I I II I --
65 66 67 68 69 70 71 72 

I I " I I II I I II I I II I I II I I ~ 1 I II I 
n 74 ' 75 76 77 78 79 RO 
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II. RECO}'~P ALGEBR.AIC FCR~ULAR TRANSLATOR (EAFT IV) (cont' d) 

- - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - -
EXAJI:~PLF: V 

Solve: x • C • D for n • l~lO n n n 

There is a table of 10 values of C(C1 , C 2' •••• C
10

) and also 10 values 

of D (Dl , D2, ••• DIO). Solve for the 10 corresponding values of X. 

e.g. ~ • C 1 • Dl 

12 • C 2 • D2 

• • • 
• • • 
• • • 
• • 
110• CIO• DIO 

Flow Diagram 

Cit, Print ~n'··~n' -xJ 

Set Addres:::---l. 
Back to Ori ~_--.J I . -

t 
OUT 



II. HECG1P ALGEBRAIC FORMULAR TRANSLATOH tRAF'T IV) (cont'd) 
RAFT IV CODING SHEET -19-

EXAMPLE V (cont'd) to r 

RECOMP Automatic Formula Translator IV 

1F COMMANDS 

r ARITHMETIC II FUNCTIONS II FUNCTIONS/OUT PUT I CONTROL 

CLA enter L to AA ? SQRoot Lor AA 6 lOX Raise 10 to AA or L $ RETurn to beginning - ~-

8 CLS -LtoAA 1 SINe Lor AA 7 eX Raise e to AA or L H TPLul> 

+ ADD L to AA 2 COSine Lor AA , EXP AA to power L S TMlnus 

SUBtract L from AA ) 
-1 

Lor AA FACtorial of AA or L 0 - ASN sin TZEro 

MULtiply AA by L ( ACS cos 
-1 

Lor AA & INChannel by 1 

/ DIVide AA by L 4 LOGI0 Lor AA 9 CRT CR and type :J INSector by 1 
-~.-

: STOre AA in L 5 LNatural (e) Lor AA ; SPT Space and type ! RPlace address 

PROBLEM STATEMENT: I cH·ISECJ[ . DATA I 
Z == C • D 

B Z Z 
n n n C A- ~CJ·Cn 

for n II!I 1·-4-10 D A- """'DJ-Dn 

E A 1 

E B 2 

E C 4 
CODE: . E D 5 
~ 01 A I· /I D I A I: liB I X 19 II c I A I ; /I D I A I ; /I B I X 1311 E I A 13 II E I B E E Count (9) 

(1J [2.J 3 [4J [5) 6 7 8 
E F 9 

3 E Ie 13 II E I D 1$ liE IE IS/pll ElF I: II E IE t1'P II E I A 11/1 C I A IS/pll E I B 
9 10 11 12 13 14 15 16 

1 D I A Irp II E I C 11 II c I A r~" E I D I 111 D I A I " I I II I I II I 
17 18 19 20 21 22 23 24 

I I /I I I /I I I 11- I I II I I II I I ~ 1 I II I 
25 26 27 28 29 30 31 12 

'. 

'1 I II I I /I 1 I II I I II I I II I I II I I II I 
33 34 J5 36 .17 .J8 39 40 

I I II I I \I I I II I I /I I I II I I II I I U I 
41 42 43 44 45 46 47 48 

l IU J I II I I II I IU I Jl1 I I II I I II 1 
49 50 51 52 53 54 55 56 

II I I II 
, I 11 I I 11 f III I I II J I 1\ I I 

" 
I 

57 58 59 60 61 62 63 64 

II I I II I I II I I /I I I II I I " I I II I I II I 
65 66 67 68 69 70 71 72 

Ii I I ~ 1 I ~ 1 I .~ I I II I I " I I /I I I II I 
73 74 ,75 76 77 78 79 80 


