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The right parenthesis cancels the left parenthesis and the record mark 
generates all coding. 

BTM 19990, B 
BTM FMP, A 
BTM FRMF AC, X 

Example: X = A + B*SQRT(C + ATANF(LOG(D*E) + SIN(P») 

The following coding is generated and we leave the verification to the 
interested student. 

BTM TOFAC, D 
BTM FMP, E 
BTM 19910, FAC 
BTM FRMFAC, TEMPI 
BTM 19990, P 
BTM FAD, TEMPI 
BTM 19950, FAC 
BTM FAD, C 
BTM 19890, FAC 
BTM FMP, B 
BTM FAD, A 
BTM FRMF AC, X 

SPECIAL NOTE ON THE SCAN 

The logic employed here is sufficient even for statements of the form: 

X=-(-A-B) 
BTM TOFAC, A 
BTM RSGN 
BTM FSB, B 
BTM RSGN 
BTM FRMF AC, X 

However, the 1620 Fortran compiler is able to reduce this statement 
to its algebraic equivalent before compilation. This yields 

X=A+B 
BTM TOFAC, A 
BTM FAD, B 
BTM FRMF AC, X 

This latter coding is much more desirable because of its brevity, and 
this is exactly what is produced by 1620 Fortran. 

In this way, a Fortran user may, from time to time, note discrepancies 
between the true object program he receives and the object program he 
expects to receive. This is due to the unary minus (- ( - A» and the 
exception given to this case in the algebraic decoding at compile time. 
It is this excellent feature which allows for identical compilations of such 
statements as 
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X=A*B 
X=(-A)*(-B) 
X=-A*(-B) 
X=-(A*(-B)) 

BTM TOFAC, A 
BTM FMP, B 
BTM FRMFAC, X 

Category 2 Statements 

I. DIMENSION 

A. Single Dimensioning: 

B. 

DIMENSION A(10), B(17) 
The symbol for which dimensioning has been requested is placed 
in the symbol table at the first available location. This is most likely 
the first statement encountered in a source program and hence will 
fall immediately following the last function name entry.2 Immediately 
below the symbol there are two code fields contained in one word.s 
The first field is five digits long and is the address of the last element 
in the array at object time. The second field is contiguous to the 
first and is a 4-digit number representing the amount of I index 
requested in the Dimension statement. 

The above example 

DIMENSION A(10), B(17) 
will yield the following symbol table entries assuming that they are 
encountered as the first statements of a source program. 

ENTRIES LOCATIONS 

4100000000 19879 

0001019789 19869 

4200000000 19859 

0001719619 19849 

Double Dimensioning: 

DIMENSION A(10, 15), BBAA(2, 7) 
The symbol table entries for the double Dimension are identical with 
the single Dimension entries. 

2 It is not mandatory to have the Dimension statements as the first statement in a 
source program in the 1620 Fortran system. 

3 In this discussion, a word is considered to be a 10-digit symbol table entry. 



The Internal Organization of Basic 1620 Fortran 343 

The above example 

DIMENSION A(lO, 15), BBAA(2, 7) 
will yield the following symbol table entries assuming that they 
are encountered as the first statements of a source program. 

ENTRIES LOCATIONS 

4100000000 19879 

0001018389 19869 

4242414100 198.59 

ClOO0218249 19849 

The digits in locations 19860 and 19840 of both examples have no 
significance. They are left-over elements. This is always true of 
the high-order digit of the second word required by single or double 
dimensioning. 

II. GO TO n: 

The Fortran location counter (called "L") is an increasing counter 
which states where the Fortran statements will fall at object time. Its 
initial address is 08300. If a Fortran statement generates two 12-digit 
instructions, the L counter is increased by 24 and will read 08324 as the 
next Fortran statement begins compilation. 

The assembly of Go To statements is highly dependent upon this 
counter but is totally independent of the order of encounter. Thus, the 

GOTOn 

may precede or follow the statement numbered n. For clarity, however, 
let us first consider the case where the Go To has preceded the numbered 
statement. 

A symbol table look-up operation is performed on nand n is stored as a 
fixed point, 4-digit number. Let us call this symbol table location Y. Thus, 
n is stored at locations Y through Y--3, inclusive. 

At some later point in the processing a statement with statement num­
ber n is encountered. Again a symbol table operation is performed on 
the 4-digit, fixed point number n but, this time it is found to have been 
stored previously at location Y. When this occurs, a 5-digit field repre­
senting the present value of the L counter is stored in the same word but 
at locations Y-5 through Y-9. 

Also, when the Go To statement was encountered initially, the following 
statement was generated: 

B Y-9 
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At load time of the object program the field at Y-5 through Y-9 is 
shifted right two positions and a Branch operation code (49) is inserted 
at location Y-9 and Y-8. The original digits at Y-4 and Y-3 have been lost. 

Thus, we have developed two successive Branch instructions. The first 
(B Y-9) carries us to a symbol table area where another branch takes 
us to the first instruction of that statement which bore statement num­
ber n. The Branch instruction generated by the Go To is only 7 digits 
long. Since the 1620 allows instructions to begin only at even locations, 
the L counter is increased by eight for every Branch instruction generated 
by Fortran. 

Example: 

1 GO TO 2 
2 GO TO 1 

The first available symbol table location is immediately after SQRTF. 
Thus, the statement number of the first statement is located in the symbol 
table thus: 

SQRTF 
0830000001 

19889 

19879 

Thus, the instruction 4919860 is generated by GO TO 2. The L counter 
is increased by eight and the next statement is read in. 
The GO TO 2 statement places the number "2" in the symbol table and 
generates a branch to that location minus nine. 

SQRTF 
0830000001 

0000000002 

19889 

19879 

19869 

Thus, statement 4919860 is generated by GO TO 2. The L counter is 
increased by eight and the next statement is read in. 

Statement 2 GO TO 1 is compiled as 4919870 and the symbol table 
appears as follows: 

SQRTF 
0830000001 

0830800002 

19889 

19879 , 
19869 

The two generated instructions are 4919860 and 4919870. 
At load time, the symbol table is altered to read (in part) 

SQRTF 19889 

4908300001 

4908308002 

19979 

19969 
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The combination of these four branches results in the following: 

III. PAUSE 

08300 
19860 
08308 
19870 

49 19860 
49 08308 
49 19870 
49 08300 

The Compiler generates a Halt instruction: 

48 XXXXX XXXXX 

Depressing the Start key allows the program to continue. 

IV. STOP 

The following four instructions are generated: 

RCTY 
WATY"STOP" 
H 
B *-36 

345 

Depressing the Start key causes the above sequence to be repeated. 
Note that "Stop" generates 44 digits as opposed to "Pause" which 
generates 12 digits. 

V. IF (SENSE SWITCH i) nl, n2 

The compiler generates two instructions. 

BCi STLOCnl 
B STLOCn2 

where STLOCnj is the symbol table location (less nine) corresponding 
to the symbol table look-up on the statement numbers nl and n2. A 
second branch is placed there in a fashion identical with that of GO TO n 
instructions. 

VI. IF(A) nl, n2, ns 

The compiler generates the following instructions: 

BTM TOFAC,A 
BD * + 20, 51 
B STLOCn2 
DORG*-3 
BNF STLOCng, 58 
B STLOCnl 
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VII. IF ( I) nl, n2, n3 

The compiler generates the following instructions: 

BTM TOFAC, I 
CM FAC, 0, 8 
BE STLOCn2 
BH STLOCn3 
B STLOCnl 

VIII. IF(EXPRESSION) nl, n2, n3 

The expression is evaluated and left in F AC. The rules for evaluation 
of an arithmetic statement have been discussed under Category 1 state­
ments. With the argument in F AC, the instructions generated are iden­
tical with those of IF (A) or IF (I) depending upon the nature of the 
expression. 

IX. COMPUTED GO TO 

GO TO (nb n2, ... , nj), N 
Each element in the array is treated in a fashion similar to an un­

conditional GO TO n. That is, an entry is made in the symbol table for 
each distinct statement number ni and also for the fixed point variable N 
(N = 1, j). 

Thus, if N is 1, a branch is generated to the first symbol table entry, nl' 
If N is i, a branch is generated to the i-th symbol table entry, ni' If N is 
Nmax, a branch is generated to the j-th symbol table entry, nj. The symbol 
table locations which are the intermediary stopping points for these 
branches will have their secondary addresses filled in as the numbered 
statements are encountered. 

A tabular array of these symbol table locations are contained in the 
object program but not as 5-digit addresses. The units digit of the 5-digit 
address is removed since all branches to the symbol table have a zero in the 
P 6 position. 

If the i-th way branch is to be taken (N = i), the i-th 4-digit set is 
placed in a Branch instruction of the form 49XXXXO. 

Example: GO TO (1, 12, 3, 4), N 

STATEMENT NUMBER 

1 
12 
3 
4 

SYMBOL 

N 

SYMBOL TABLE ENTRY 

19859 
19849 
19839 
19829 

SYMBOL TABLE ENTRY 

19819 
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The compiled instructions are always of the following form: 

MM 
SF 
AM 
TF 
TF 
B 
DORG 
DC 
DC 

DC 

N, - 4,10 
95 
99, * + 4* Nmax + 47 
* + 23, 99 
* + 17 
XXXXO 
*-3 
4, XXXX (symbol table loc nj) 
4, XXXX (symbol table loc nj -1) 

4, XXXX (symbol table loc n1) 

Let N = 2 for purposes of the example. 

LOCATION 

08300 
08312 
08324 
08336 
08348 
08360 
08368 
08371 
08375 
08379 
08383 

COMPILED INSTRUCTIONS 

MM N, -4, 10 
SF 95 
AM 99, 8387 
TF 8359, 99 
TF 8365 
B XXXXO 
DORG *- 3 
DC 4, 1982 
DC 4, 1983 
DC 4, 1984 
DC 4, 1985 

347 

Instructions 1, 2, and 3 above yield an address of 08379 in locations 95-99. 
Note also that location 08379 contains the first.digit of the field 1984 which 
are the first four digits of the symbol table location for the statement 
number 12. This composite, with the aid of the two TF instructions at 
8336 and 8348 produces 4919840 at location 8360. At location 19840, 
at object time, a second branch will then take the program to. the in­
struction generated by that statement which bore statement number 
12 at compile time. 

X. DO STATEMENTS (DO n 1= J, K, L) 

The following statements are generated by a Do: 

LaC TF(M) 
A(M) 
C(M) 
BNH 

I, J (, 8) 

I, L(, .8) } 
I, K(, 8) 
LOC+ 12 

Beginning of DO 

Outer Range 

The material in parenthesis refers to the use of Immediate instructions 
which are employed if the indices of the Do statement are fixed point 
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constants as opposed to fixed point variables. If the L index is not 
specified, the first statement of the outer range is 

AM 1,1,8 

Note that the outer range of the Do statement is generated immediately 
and later located at that point in the object program immediately follow­
ing the instructions compiled for the statement with statement number n. 

XI. CONTINUE 

If a Continue statement is not associated with a Do statement, it 
generates nothing. If it is associated with a Do statement, it is equiv­
alent to attaching its statement number to the instructions generated for 
the outer range of the Do statement. This is to circumvent the rule 
concerning Fortran DO-loops not ending in a branch: 

DO 1 1=1,100 

IF(A)I, 2, 2 
1 CONTINUE 
2 .......... . 

GO TO 1 

XII. INPUT/OUTPUT and FORMAT 

Examination of the I/O statement leads one to suspect that the coding 
generated by any I/O must be able to find a path to the coding generated 
by the associated Format statement independent of the physical rela­
tionship between them. Thus, the statements 

READI, A, B, I 

1 FORMAT (FIO.5, E7.4, 13) 

must operate at object time in a fashion identical with 

1, FORMAT (FlO.5, E7.4, 13) 

READ1, A,B, I 

and the order of encounter of these "mated" statements must be of no 
significance. 
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Format generates certain coding in the object program at that point 
where the Format statement is encountered. Thus, the associated I/O 
statement must find this information in the object program at the object 
level. 

Consider as a first case, the I/O statement encountered before the 
associated Format statement. 

All I/O statements use two symbol table words. If the I/O statement 
is encountered first, the setup in the symbol table is as follows: 

QOOOOQ~ZZZ 
OOOOOQZZZZ 

Y 
Y + 10 

where Q is a code identifying an I/O-Format entry in the symbol table 
and ZZZZ is the statement number referencing the Format statement. 

As the associated FORMAT statement is encountered, the symbol Y 
has more information added to it. After the associated FORMAT state­
ment is compiled, the symbol Y + 10 will have more information added 
to it. Thus, the symbols are altered to appear as follows: 

~XXXXQ~ZZZ 
YYYYYQZZZZ 

Y 
Y+ 10 

where XXXX is essentially the L counter value at the time the Format 
statement is encountered and YYYYY is the first even location in core 
after the material generated by the Format statement. 

A third and final change is made to these symbols at the object level 
so that their final appearance is in the following form: 

49XXXXXZZZ 
49YYYYYZZZ 

Y 
Y+ 10 

The I/O statement itself generates N + 1 instructions where N is the 
number of elements in the I/O list. The middle N - 1 instructions are 
of the form 

BTM I/O, Al 
BTM I/O, Az 
BTM I/O, As 

BTM I/O, An _ 1 

The N + 1st instruction is of the form 

BTM FINISH, An 

and the first instruction depends upon which I/O device is requested. 
However, it is of the general form 

BT SUB, Y - 3 
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where SUB is a specific subroutine such as RAPT W ACD, etc. and 
Y - 3 is the object time address of that symbol table area where the 
address of the Format information may be found. 

Thus, READ 1, A, B, I will generate the following: 

BT RACD, LOCI - 3 (location of 
BTM I/O, A the statement 
BTM I/O, B number 0001 less 
BTM FINISH, I three) 

The statement TYPE 5, A, B, C, D, E generates the following: 

BT WATY, LOC5 - 3 
BTM I/O, A 
BTM I/O, B 
BTM I/O, C 
BTM I/O, D 
BTM FINISH, E 

The only exception to the above rule is in the statement 

READ 1 

or another of that nature. In that case, a notation is made that no 
elements are in the list signifying Hollerith input or output. 

When the Format statement is encountered the compiler generates 
one instruction and P pieces of information where P is dependent upon 
the Format specification. 

The first information generated is an instruction of the form B Y + l. 
At object time, Y + 1 contains a second branch which carries us around 
the Format coding. 

The remainder of the information consists of a 5-digit code specifying 
the type of Format [E, F, I, / , ), ( , H, X], and, if the Format is Hollerith, 
the actual double-digit representation of the Hollerith information. 

If the FORMAT information is of the E, F, or I type, the 5-digit code 
is of the form 

Xwwdd 

where ww is the width of the field, dd is the number of decimal places 
after the decimal, and X is a code digit specifying E, F, or I type con­
version (5, 6, and 9 respectively). 

If the format information is of the Hollerith or X type, the five digit 
code is of the form 

HHHHH 

and contiguous to the code, the size of the Hollerith Field and the double­
digit representation of the Hollerith information. 
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The 5-digit code for a left and right parenthesis will be noted as 
LLLLL and RRRRR respectively. Slash will be noted as SSSSS. 

Thus the following material will be generated by the statement 

5 FORMAT (4HAb = bE14.8, 6HbbBb = b/FlO.2) 

B STLOC5 + 1 
LLLLL 
HHHHH044l003300 
51408 
HHHHH06000042003300 
SSSSS 
"fH002 
RRRRR 

B STLOC5 + 1 will carry us around this Format information when 
it is encountered during the sequential operation of the object program 

As a further example, consider the Format statement 

3 FORMAT (13, lOX/ / /F7.2, 13HTHEbANSWERbIS) 

The information generated is as follows: 

B STLOC3 + 1 
LLLLL 
90300 
HHHHHIOOOOOOOOOOOOOOOOOOOOO 
SSSSS 
SSSSS 
SSSSS 
60702 
HHHHHI363484500415562664557004955 

In the event that a Format statement is encountered before the cor­
responding I/O statement, the only difference that will occur in the 
construction of the output information is the setup of the symbol table 
words Y and Y + 10. These words will have been completely formed 
before the I/O statement is encountered. If the I/O statement is en­
countered first, symbol table words Y and Y + 10 are only partially 
complete when the Format is encountered and are completed therein. 

Problems 

For the- following examples, give the proper Fortran statement needed 
to produce the correct algebraic result and show the coding generated 
by the compiler. 



352 The Internal Organization of Basic 1620 Fortran 

1. X = A +B - C - (D) (E) 

2. X = -v' A2 - C---r£)- EJ 
3. X=A+ B 

---
C+D 

=--=-
E+F 

---
G+H 

4. Z = LOG VTE-=Fj2 
5. X = A + B (E) (F) 

C-D G-,;-H 

6. ALFA = BETA + GAMMA + RHO - CHI 

7. <p = a2 + {32 - 10 

8. A = 150(LOG(SIN(COS(A))) ).3 

9. Z=TAN-l(G)-A-13-C-D-E-F-,;-G 

Given the following Fortran object programs, construct the Fortran source 
programs which generated the coding. 

1. BTM TOFAC,A 
BTM FRMF AC, X 

2. BTM TOFAC,A 
BTM RSGN 
BTM FRMFAC, X 

3. BTM TOFAC,A 
BTM FAXI, I 
BTM FAD,B 
BTM FRMFAC, X 

4. BTM FAC, A 
BTM FAD,B 
BTM FRMF AC, TEMPI 
BTM TOFAC,C 
BTM FAD, D 
BTM FMP, TEMPI 
BTM FRMF AC, TEMP2 
BTM TOFAC,E 
BTM_FAD, F 
BTM FMP, TEMP2 
BTM FRMF AC, TEMP3 
BTM TOFAC,G 
BTM FAD, H 
BTM FMP, TEMP3 
BTM FRMFAC, X 
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5. 8300 TFM 1,1,8 

8312 BT RACD, STLOC2 - 3 

8324 BTM I/O, A 

8336 BTM FINISH, B 

8348 BTM TOFAC,A 

8360 BTM FAD,B 

8372 BTM FRMFAC,X 

8384 BT W ACD, STLOC3 - 3 

8396 BTM FINISH, X 

8408 AM 1,1,8 

8420 CM 1,100,8 

8432 BNH 8312 

8444 H 

8456 B STLOC2 + 1 

LLLLL 

60502 

60401 

RRRRR 

8484 B STLOC3 + 1 

LLLLL 

HHHHH 1067003300000000000000 

60502 

RRRRR 
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Absolute Address-An instruction address in which five or fewer numeric digits 
are used to specify an actual 1620 core storage location. Also called actual 
address. 

Access Time-The time required to transfer a unit of information to or from 
storage from or to the central processing unit. 

Accumulator-A unit in a computer or hand calculator where the results of 
an arithmetic operation may be formed. 

Acronym-A name which is formed from the initial or other letters of a phrase 
(for example, "SOAP" for "Symbolic Optimal Assembly Program"). 

Actual Address-See absolute address. 
Addition Table-That area of core storage (00300-00399) which contains the 

table of numbers utilized during the table look-up concept of addition. 
Address-A designation, usually numerical, of a location where information 

is stored. Also that part of an instruction which specifies the operand. 
Address Arithmetic--Addition, subtraction, or multiplication performed on 

allowable operands of instructions or declaratives. 
Alphameric--An acronym formed from the words "alphabetic" and "numeric." 

It signifies that data may contain both alphabetic and numeric information. 
BCD (Binary Coded Decimal)-A coding system utilizing bits to represent 

the decimal digits (0-9). Each bit has a positional value. The decimal 
digit is obtained by adding the positional values of those bits in an "On" 
condition. 

Buffer-An intermediate storage device not under programmers control which 
reduces to a minimum the amount of interlock time necessitated by an 
1/0 operation. 

Bug-Data processing jargon for an error in a computer program. 
Chain Multiplications-The successive products of more than two data fields 

(for example a X b X c). 
Characteristic--See scientific notation 
Characteristic Overflow-A condition generated in floating point arithmetic 

if an attempt is made to generate a characteristic greater than 99. 
Characteristic Underflow-A condition generated in floating point arithmetic 

if an attempt is made to generate a characteristic less than -99. 
354 
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Closed Subroutine-A subroutine which may be entered from any instruction 
in the main program, and which provides for automatic re-entry to the 
main program. Also called a linked subroutine. 

Compiler-A computer program which has the ability to manipulate and 
translate symbols into a machine language program. The compiler may 
generate many machine language instructions from one source statement. 

Conditional Branch-A type of instruction which causes a deviation from 
sequential program execution if and only if a specific condition, which 
is being interrogated by the conditional Branch instruction, exists. 

Console-That part of a data processing system that allows for operator com­
munication with the computer. 

Data Processing-A series of planned actions and operations upon informa­
tion to achieve a desired result. 

Data Processing Systems-The procedures and devices used to accomplish 
data processing. 

Debugging-The process of determining the correctness of a computer pro­
gram, locating any errors in it, and correcting them. 

Declaratives-Statements to a symbolic processor which control the specific 
details of assembly. 

Diagnostic Tests-Tests performed by a competent, specially trained engineer 
to determine if a computer is functioning properly. 

Direct Address-An instruction address which is the address of data to be 
processed. 

Direct Insert Subroutine-See "Open Subroutine." 
Disk Files-A storage medium consisting of a number of rotating disks each 

of which is coated with a special material on which information may 
be stored. 

Division Simulator-See "Division Subroutine." 
Division Subroutine-A series of instructions which simulate division by proc­

esses such as iterative subtraction, approximation of a reciprocal through 
series expansion, and so forth. Also called a "division simulator." 

Doubler-An internal device, used in the multiplication process, which doubles 
a given digit. 

Equal-Zero Indicator-An internal computer indicator which is turned on if 
the result of an arithmetic operation is zero. 

Error Messages-Messages put out by a processor, subroutine, or object pro­
gram to denote a variety of error conditions. 

Execution Time-The total time required to execute a given command. 
Field-Data in two or more adjacent core positions to be treated as a unit. 

A flag is used to define the high-order position of a field. 
Fixed Product Area-See "Product Generation Area." 
Fixed Word Length-Condition in which all storage fields have a set length 

or capacity, in contrast to variable word length. 
Flag Operand-The third operand of a symbolic instruction specifying which 

digits of the object level instruction are to be flagged. 
Floating Point-A form of number representation in' which quantities are rep­

resented by one number multiplied by a power of the number base. 
Floating Point Arithmetic-An arithmetic system which has the ability to 

operate on numbers represented in floating point form. 
Floating Point Subroutines-Subroutines which will handle floating point 

numbers as arguments. 
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Hang Up-Data processing jargon for the failure of a program to operate 
properly and to terminate for unknown reasons. 

High-Positive Indicator-An internal computer indicator which is turned on 
if the result of an arithmetic operation is positive and not zero. 

Immediate Commands-'Certain specialized 1620 commands where the Q field 
data begins at position Qn of the immediate instruction. 

Indirect Address-An instruction address which is the address of a second 
address. This second address is the address of data to be processed. 
This is single~level indirect addressing. However, the second address 
may also be indirect giving a second level of indirect addressing. By 
following this concept a third, fourth, fifth, and so forth, level of Indirect 
Addressing may be attained. 

Input-Any information which enters a computer for the purpose of being 
processed or to aid in processing. 

Input Area-A part of storage allocated to receive information from an input 
unit. 

Label-A symbolic name given to an instruction or pieces of data. It is 
generally chosen for its high mnemonic content. 

Linkage-Instructions related to the entry and re-entry function of a closed 
subroutine. 

Linked Subroutine-See "Closed Subroutine." 
Load Routine-A self-contained subprogram which after loading through oper­

ator action loads an object program in entirety. 
Location Counter-A program-controlled counter used by a processor to ascer­

tain the object time address of an instruction or constant being processed. 
Also called origin counter. 

Loop-A programming technique whereby a group of instructions is repeated 
with modifications of the instructions in the group and/or with modifica­
tion of the data or the address of data being operated upon. 

Machine Cycle-A fixed time interval in which the computer can perform a 
specific number of operations. 

Macro-Instruction-A source language instruction which during assembly gen­
erates more than one machine language instruction. 

Magnetic Core-A tiny ring of ferromagnetic material which may be easily 
magnetized to a negative or positive flux, and once magnetized retains 
the charge indefinitely unless deliberately changed. 

Magnetic Core Memory-See "Magnetic Core Storage." 
Magnetic Core Storage-A storage medium consisting of planes of magnetic 

cores. Information is represented by the magnetic state of the core. Also 
called magnetic core memory. 

Magnetic Tapes-A storage medium consisting of specially treated tape on 
which information may be stored and retrieved at high speeds. 

Mantissa-See "Scientific Notation." 
Memory-See "Storage." 
Microsecond-One one millionth of a second. 
Mnemonic-A name chosen for its memory retention ability. 
Module-A segment of core storage containing 20,000 addressable locations. 

Three such segments are available for the 1620. 
Multiplication Table-That area of core storage (00100-00299) which con­

tains the table of numbers utilized during the table look-up concept of 
multiplication. 
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Nines Complement-Given a digit x, the nines complement is defined as a 
digit y such that y = 9-x. 

Noise-See "Noisy Digit." 
Noisy Digit-The digit chosen to be inserted into the units position of a man­

tissa during left-shifting operations associated with normalization of float­
ing point numbers. Also called "noise." 

Noisy Mode-Pe,rforming floating point arithmetic with a noisy digit other 
than zero. . 

Normalized-A mantissa is "normalized" if its first digit is nonzero. 
Object Program-A machine language computer program received as the 

result of assembling or compiling a source program. 
One over One Address System-A system in which the machine language 

instructions utilize two addresses, one of which may reference data. 
Op Code-See "Operation Code." 
Open Subroutine-A subroutine which is inserted in the main line program 

directly where needed. Also called a direct insert subroutine. 
Operation Code-The segment of a 1620 instruction occupying instruction 

positions 0 0 and 0 1, It designates the operation to be performed. Also 
called Op code. 

Origin Counter-See "Location Counter." 
Output-The results produced by a computer, usually in the form of tape, 

punched cards, or printed documents. 
Output Area-A part of storage allocated to hold information to be written on 

an output unit. 
Overflow Indicator-An internal computer indicator which is turned on if an 

overflow condition exists as the result of an arithmetio operation. 
P Address-The segment of a 1620 instruction occupying instruction positions 

P2 through P6 inclusive. Also called the P operand. 
P Field Data-Data whose low-order position is specified by the P address 

of an instruction. 
P Operand-See P address. 
P Record Data-Data whose high-order position is specified by the P address 

of an instruction. 
Parallel Operation-Arithmetic or data transmission operations performed 

simultaneously on all digits of a data field. 
Pass-One execution of the group of instructions constituting a loop. 
Polish Notation-A technique attributed to the Polish logician J. Lukasiewicz 

which consists of treating an algebraic statement as a manipulatable 
string of symbols followed by a manipulatable string of operations. 

Principle of Toothed Gear-A mechanical method of counting which relies 
on the ability of a maximum positioned gear to rotate an adjacent gear 
for the purpose of the propagation of carries. ' 

Processor-A term generally given to a computer program which is an as­
sembler or compiler. 

Product Generation Area-A specific area (0080-00099) of core storage where 
the product in a multiply operation is developed. Also called fixed product 
area. 

Program-Noun: A set of machine instructions which causes a computer to 
process data and to produce specific results. 
Verb: To plan the method of approach and the necessary instructions to 
process specific data completely. 
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Q Address-The segment of a 1620 instruction occupying instruction position 
Q7 through Qn inclusive. Also called the Q operand. 

Q Field Data-Data whose low-order position is specified by the Q address 
of an instruction. 

Q Operand-See "Q address." 
Q Record Data-Data whose high-order position is specified by the Q address 

of an instruction. 
Recomplementation-An internal process which performs nines or tens com­

plementation on the result of an arithmetic operation when required. 
Record-Data in one or more adjacent core positions to be treated as a unit. 

A record mark is used to define the low order position of a record. 
Relocatable Subroutine-A subroutine whose effect is independent of its 

physical location in memory, and whose object time location is deter­
mined by the processor. 

Relocation-The alteration of core storage assignments (instruction locations, 
data areas, and so forth). 

Scientific Notation-A notation in which quantities are expressed as a frac­
tional part (mantissa) and a power of ten (characteristic). 

Serial Operation-Arithmetic or data transmission operations performed one 
character at a time. 

Solid-State Circuitry-The utilization of transistors in place of vacuum tubes 
in computer circuitry. 

Source Program-A program written in a higher level programming language 
as opposed to machine language coding. 

Storage~Any device into which information may be entered, held, and re­
trieved at a later time. Also called memory. 

Storage Position-A device capable of storing one. character of information. 
Stored Program-A program which is located within the storage area of a 

computer. 
Stored Program Computer-A computer whose functions are controlled by 

coded instructions stored in the memory device of the computer. 
Subroutin~A short or repeated sequence of instructions necessary to solve 

a part of a problem. 
Symbolic Address-A symbolic instruction address in which labels are used 

to reference data. This is opposed to an absolute address. 
Symbolic Programming System-1620-The symbolic assembly system peculiar 

to the 1620. 
Symbolic Assembly System-A programming system consisting of two parts: 

a language called the symbolic language and a computer program called 
a processor which translates a source program written in the symbolic 
language to a machine language object program. 

Tens Complement-Given a digit x, the tens complement is defined as a number 
y such that y = 10 - x. 

Two-Address Instruction System-A system in which the machine langnage 
instructions utilize two addresses, both of which may reference data. 

Unconditional Branch-A type of instruction which causes a deviation from 
sequential program execution regardless of existing conditions. 

Variable Word Length-Condition in which the number of positions in a stor­
age field is completely under the control of the programmer. 

Wrap Around Memory-A feature of the 1620 in which core position 00000 
follows the highest allowable address when incrementing, and precedes 
the highest allowable address when decrementing. 
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Absolute address, see Actual address 
Accept statement, 192 
Access time, 3 
Actual address, 105 
Add Immediate instruction, 44-46 
Add instruction, 33-37 
Addition, 26-27 
Address arithmetic, 109 
Addresses 

absolute (actual), 105 
asterisk, 106-107 
indirect, 248-252 
symbolic, 105-106 

Addressing, indirect, 248-252 
Algorithms, arithmetic, 26-32 
Alphamerical mode, 18 
Arithmetic 

algorithms of, 26-32 
floating point, 148-154 
floating point hardware, 253 

Arithmetic instructions, 22,24, 33-52, 91 
Arithmetic-logical unit, 3 
Arithmetic macro-instructions, 158-161 
Arithmetic statements, 183-184 
Assembling a program (definition of), 98 
Assembly System, 98 
Asterisk address, 106-107 
Asterisk symbol, uses for the, 147 
Automatic division feature, 13 
Automatic light, 294 

Branch and Transmit Immediate instruc-
tion,64 

Branch and Transmit instruction, 63 
Branch Back instruction, 65 
Branch instructions, 13, 22, 24, 60-73, 92 

conditional, 65-73 
unconditional, 61 

with variations, 62-65 
Branch on Digit instruction 65-66 
Branch on Indicator instruction, 68-70 
Branch no Flag instruction, 67 
Branch no Indicator instruction, 70-71 

Card Read-Punch (1622), 10, 13, 74, 
269-277 

Index 

Cards, punched, 5-6 
Central processing unit, 3-4 

arithmetic-logical unit, 3, 10 
control section, 3, 4 
1620, 10, 12 

Characteristic, 150, 151, 152 
Characteristic overflow, 152-153 
Characteristic underflow, 152-153 
Check Stop light, 294 
Clear Flag instruction, 83-84 
Closed subroutines, 62, 155 
Coding sheet (SPS), 100-103 
.Comment statements, 146, 183, 216 
Compare Immediate instruction, 49 
Compare Instruction, 41~44 
Compilation, 172 
Computed Go To statement, 186-188, 

346-347 
Computers 

advantages of use of, 1 
characteristics of, 7-9 
parallel, 8 
1620, see Data processing system 
serial, 8 
"stored program," 2 

Conditional branch instructions, see 
Branch instructions 

Console (1620), 10, 13,281-325 
indicator lights, see Indicator lights 
keys and signal lights, 290-295 
operating procedures, see Operating 

procedures 
panel, 283-288 
switches, see Switches 

Console Typewriter, see Typewriter 
Constants 

fixed point, 175-176 
floating point, 176-177 
Fortran system, 175-177 

Continue statement, 213-215, 348 
Control gate indicator lights, 284-285 
Control instruction, 86-87 
Control sehlion of central processing unit, 

3,4 
Control statements, 185-190 
Conversions in format, 194-203 
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Core array (1620), 19,20 
Core plane, 18, 19 

DAC (define alphameric constant) declar­
ative, 134 

DAS (define alphameric symbol) declar­
ative, 131 

Data processing 
basic considerations in, 2 
defined, 1 

Data Processing System (1620) 
alphamerical mode, 18 
console, 10, 13, 281-295 

keys and signal lights, 290-295 
operating procedures, see Operating 

procedures 
panel, 283-288 
switches and indicator lights, 

284-290 
expansion of basic system, 10 
field processing, 17 
input-output devices, 13, 262-280 
internal data representation, 14-18 
introduction to the, 10-21 
magnetic core storage, 18-21 
numerical mode, 18 
programming concepts, basic, 22-25 
programming systems, 13 
record processing, 17-18 

Data processing systems 
data representation, 5-7 
defined, 1 
development of, in 1940's, 2 
functional units, 2-4 
input devices, see Input-output devices 
processing unit, see Processing devices 
introduction to, 1-9 
storage devices, see Storage devices 
stored programs, 4 

Data representation, 5-7 
on cards, 5-6 
on paper tape, 6-7 

DC (define constant) declarative, 122 
Declarative operands, asterisk rule for, 

110 
Declaratives, 100 

card and tape system, 110-145 
card system only, 145-146 
DAC (define alphameric constant), 

134 
DAS (define alphameric symbol), 131 
DC (define constant), 122 
defined, 98, 110 
DEND (define end), III 
D NB (define numeric blank), 145 
DORG (define origin), 110 
DS (define symbol), 112 
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Declaratives (cont.) 
DSA (define symbolic address), 137 
DSB (define symbolic block), 138 
DSC (define special constant), 131 
DSS (define special symbol), 131 
remarks for, 104 
SEND (special end), 146 
tape system only, 146 
TCD (transfer control and load), 139 
TRA (transfer to return address), 141 

DEND (define end) declarative, III 
Dictionary of machine operations, concept 

of, 94-98 
Digit Register, 287 
Dimension statement, 209-210, 342-343 
Direct divide, 13, 239-247 
Direct insert subroutine, 155 
Display MAR key, 292 
Divide feature, 239-247 
Divide instruction, 241-242 
Division subroutines, 33, 239 
DNB (define numeric blank) declarative, 

145 
Do statement, 210-213, 347-348 
DORG (define origin) declarative, 110 
Doubler, 28 
DS (define symbol) declarative, 112 
DSA (define symbolic address) declar-

ative, 137 
DSB (define symbolic block) declarative, 

138 
DSC (define special constant) declara­

ative, 131 
DSS (define special symbol) declarative, 

131 
Dump numerically, 80-81 

E-type Conversion, 195 
Emergency off switch, 294-295 
End Statement, 206-208 
Equal Zero indicator, 25 
Error detection, 147, 302-305, 307-308, 

311-312, 314-315 
Error restart procedures, 277-278 
Error, procedures for handling, 303-304, 

315-316 
Expressions, Fortran language, 179-182 

F-type Conversion, 195 
Field processing, 17 
Fixed word length, 9 
Flag operands, 104, 107-108 
Floating accumulator (F AC), 328 
Floating Add instruction, 254, 255 
Floating Branch and Transmit instruction, 

257-258 



Floating Divide instruction, 256-257 
Floating Multiply instruction, 255-256 
Floating point arithmetic, 148-154 
Floating point hardware, 253-261 
Floating point subroutines, 150, 152-153 
Floating Shift Left instruction, 259-260 
Floating Shift Right instruction, 258 
Floating Subtract instruction, 255 
Floating Transmit Field instruction, 257 
Format statements, 194-206, 348-351 
Fortran, 13-14, 170-220 

basic 1620, 174-220 
internal organization of, 326-353 

compiling programs on a 1620 card sys­
tem, 318-325 

compiling programs on a 1620 paper 
tape system, 305-312 

constants, 175-177 
determination of category, 328 
expressions, 179-182 
floating accumulator, 328 
functions, 215 
introduction to, 170-173 
operations, basic, 179 
problems, 230-232 
processor control operation, 206-208 
statements, 183-206 
subscripted variables, 209-215 
subscripts, 208 
symbol table, 326-327 
table of Addresses of Encountered Sym­

bois, 328 
table of Encountered Operations, 327 
variables, 178-179 

Fortran Compiler (or Translator), 171, 
174 

Fortran language, 171, 174 
Fortran with format, see Fortran, basic 

Glossary, 354-358 
Go To Statements, 185-188, 343-345 

H-type conversion for alphameric fields, 
203 

Halt instruction, 84-85, 345 
Head cards, 142-145 
High Positive indicator, 25 

I-type Conversion, 195 
If Sense Switch, 190, 345 
If statement, 188-189, 345-346 
Indicator lights 

control gate, 284-285 
digit register, 287 
input-output, 285 

Indicator lights (cant.) 
instruction and execute cycle, 284 
memory address register, 287 
memory buffer register, 286-287 
memory data register, 287 
multiplier, 285 
operating register, 285 
parity check, 288-289 
sense and branch, 286 

Indicators 
Equal Zero, 25 
High Positive, 25 
Overflow, 25 

Indirect addressing, 248-252 
Information sentences, 95-97, 100 
Input-output devices, 2, 3, 262-280 

Card Read Punch (1622), 10, 13, 74, 
269-277 

error restart procedures, 277-278 
Paper Tape Punch (1624), lO, 13, 74, 

268-269 
Paper Tape Reader (1621), lO, 13, 74, 

262-267 
1620 Data Processing System, 13, 74, 

262-280 
typewriter, console, 278-280, 281 

Input-output indicator lights, 285 
Input-output instructions, 22, 24, 74-81, 

93 
Input-output statements, 190--194, 348-

351 
Insert key, 293 
Insert light, 293 
Instruction and execute cycle indicator 

lights, 284 
Instructions 

Add, 33-37 
Add Immediate, 44-46 
arithmetic, 22, 24, 33-52, 91 
Branch, 13,22,24,60--73,92 
Branch and Transmit, 63 
Branch and Transmit Immediate, 64 
Branch Back, 65 
Branch no Flag, 67 
Branch no Indicator, 70--71 
Branch no Record Mark, 68 
Branch on Digit, 65-66 
Branch on Indicator, 68-70 
Clear Flag, 83-84 
Compare, 41-44 
Control, 86-87 
Divide, 241-242 
Divide Immediate, 242 
Dump Numerically, 80-81 
Floating Add, 254-255 
Floating Branch and Transmit, 

257-258 
Floating Divide, 256-257 
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Instructions (cant.) 
Floating point hardware, 254-260 
Floating Shift Left, 259-260 
Floating Shift Right, 258 
Floating Subtract, 255 
Floating Transmit Field, 257 
Halt, 84-85, 345 
Input-Output, 22, 24, 74-81, 93 
internal data transmission, 22, 24, 53-

59,92 
Load Dividend, 240-241 
Load Dividend Immediate, 241 
machine language, 4 
miscellaneous, 22, 24, 82-87, 92 
Move Flag, 233-235 
Multiply, 40-41 
Multiply Immediate, 48-49 
No Operation, 85-86 
Read Alphamerically, 75-77 
Read Numerically, 74-75 
remarks for, ~03-104 
Set Flag, 82-83 
Subtract, 37-39 
Subtract Immediate, 46-48 
Transfer Numerical Fill, 237-238 
Transfer Numerical Strip, 235-236 
Transmit Digit, 53-54 
Transmit Digit Immediate, 56-57 
Transmit Field, 54-55 
Transmit Field Immediate, 57 
Transmit Record, 56 
Write Alphamerically, 79-81 
Write Numerically, 77-79 

Internal data transmission instructions, 
22,24,53-59,92 

I/O check lights, 289 
I/O check switch, 289 

Label, 102-103 
Light 

thermal, 291 
procedure to turn off, 299 

Lights, see Indicator lights; Signal lights 
Line number, 102 
Linkage system, 157-158 
Linked subroutines, 155 
Load Dividend Immediate instruction, 

241 
Load Dividend instruction, 240 

Machine cycles, 7-8 
Machine language instruction, 4 
Machine language problems, basic, 

221-222 
Macro-instructions, 155-169 

arithmetic, 158-161 
defined, 156 
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Macro-instructions (cont.) 
full symbolic coding with problems, 

226-230 
functional, 161, 164 
general information concerning, 165 
list of, 157 

Macroless symbolic coding problems, 
223-226 

Magnetic core storage, 18-21 
Mantissa, 150, 151 
Manual light, 294 
Memory address register, 287 
Memory address register display selector, 

287-288 
Memory Buffer Register (MBR), 19, 21, 

286-287 
Memory Data Register (MDR), 287 
Miscellaneous instructions, 22, 24, 82-87, 

92 
Mnemonics, 23 
Move Flag instruction, 233-235 
Multiplication, 27-29, 40-41 
Multiply instruction, 40-41 
Multiplier 5-light register, 285 
Multiply Immediate instruction, 48-49 

No Operation instruction, 84-86 
Noise, 167-169 
Normalization, 167 
Numerical mode, 18 

Open subroutine, 155 
Operands, 104-108 

Flag, 104, 107-108 
P,104-107 
Q,104-107 

Operating procedures, console, 296-325 
assembling SPS programs on a 1620 

card system, 318-325 
assembling SPS programs on a 1620 

tape system, 299-305 
clear core storage to zeros, 297 
compiling Fortran programs on a 1620 

card system, 318-325 
compiling Fortran programs on a 1620 

paper tape system, 305-312 
instruct the computer from the type­

writer, 296 
print core storage data on typewriter, 

298 
program alteration and/or data entry, 

298 
program entry from the typewriter, 297 
single instruction execution of program, 

299 
to turn off thermal light, 299 

Operati0n register indicator lights, 285 



Output devices, see Input-output devices 
Output statements, 192-194 
Overflow check switch, 289-290 
Overflow indicator, 25 
Overflow lights, 290 

P address, 22 
P operand, 104-lO7 
Page number, 102 
Paper tape, punched, 6-7 
Paper Tape Punch (1624), lO, 13, 74, 

268-269 
loading the, 268-269 

Paper Tape Reader (1621), 10, 13, 74, 
262-267 

components, 263-264 
loading the, 264-266 
operating keys, switches, and lights, 

264 
tape handling tips, 267 

Parallel computers, 8 
Parity check indicator lights, 288-289 
Parity check switch, 288 
Pause statement, 206, 345 
Pick subroutines, 166 
"Polish Notation," 329 
Power On light, 290 
Power Ready light, 290-291 
Power switch, 290 
Print statement, 193 
Problems, 221-232 

basic machine language, 221-222 
Fortran, 230-232 
full symbolic coding with macro-in­

structions, 226-230 
macroless symbolic coding, 223-226 

Processing devices, 2, 3-4 
Program switches, 290 
Programming concepts, basic, 22-25 
Programs, 4 

stored, 4, 10 
Punch, see Paper Tape Punch and Card 

Read Punch 
Punch check error, restart procedure, 278 
Punch No Feed light, 292 
Punch statements, 192 
Punch Tape statement, 193 
Punched cards, see Cards, punched 
Punched paper tape, see Paper tape, 

punched 

Q address, 22, 25 
Q operand, lO4-lO7 

Read Alphamerically instruction, 75-77 
Read check error, restart procedure, 277-

278 

Read Numerically instruction, 74-75 
Read statement, 191-192 
Reader, see Paper Tape Reader and Card 

Read Punch 
Reader check error, restart procedure, 

277 
Reader No Feed light, 292 
Record processing, 17-18 
Register 

digit, 287 
memory address, 287 
memory buffer, 19, 21, 286-287 
multiplier, 285 
operation, 285 

Release key, 293 
Reset key, 291 
Restart procedures, 277-278 

punch check error, 278 
read check error, 277-278 
reader check error, 277 

Save key, 292-293 
Self-checking devices, 2 
SEND (special end) declarative, 146 
Sense and Branch indicator lights, 286 
Serial computers, 8 
Set Flag instruction, 82-83 
Signal lights 

Automatic, 294 
Check Stop, 294 
Insert, 293 
Manual, 294 
Power On, 290 
Power Ready, 290-291 
Punch No Feed, 292 
Reader No Feed, 292 
Save, 293 
Thermal, 291 

Source Program, 171 
Source statement, 171 
Start key, 293 
Statement numbers, 184-185 
Statements 

Accept, 192 
Accept Tape, 192 
arithmetic, 183-184 
comment, 183,216 
Computed Go To, 186-188, 346-347 
Continue, 213-215, 348 
control, 185-190 
Dimension, 209-210, 342 
Do, 210-213, 347-348 
End, 206-208 
Format, 194-206, 348-351 
Fortran, 183-206 
Go To, 185-188, 343-345 
If, 188-189, 345-346 
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Statements (cant.) 
If Sense Switch, 190 
input-output, 190-194, 348-351 
Pause, 206, 345 
Print, 193 
Punch, 192 
Punch Tape, 193 
Read, 191-192 
specification, 194-206 
Stop, 206, 345 
Type, 193-194 
Unconditional Go To, 185-186 

Stop SIE key, 294 
Stop statement, 206, 345 
Storage devices, 2, 3, 170 
"Stored program" computers, 2 
Stored prograins, 4, 10 
Subroutines 

closed (linked), 155 
floating point, 150, 152-153 
open (direct insert), 155 
Pick, 166 

Subscripted variables, 209-215 
Subscripts, 208 
Subtract Immediate instruction, 46-48 
Subtract instruction, 37-39 
Subtraction, 27 
Switches 

emergency off, 294-295 
I/O check, 289 
overflow check, 289-290 
parity check, 288 
power, 290 
program, 290 

Symbol Table, 326-327 
Symbolic address, 104, 105-106 
Symbolic Programming System (SPS), 

13, 23, 88-147 
assembling on a 1620 card system, 

. 312-318 
assembling on a 1620 tape system, 

299-305 
coding sheet, 100-104 
declaratives, see Declaratives 
error detection, 147,302-303,307-308, 

314-315 
introduction to, 88-99 
operands, 104-108 
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Table of Addresses of Encountered sym­
bols, 328, 329 

Table of Encountered Operations, 327, 
329 

Tape handling tips, 267 
TeD (transfer control and load) declara­

tive, 139 
Thermal light, 291 

procedure to turn off, 299 
TRA (transfer to return address) declara­

tive, 141 
Transfer Numerical Fill instruction, 237-

238 
Transfer Numerical Strip instruction, 

235-236 
Transmit Digit Immediate instruction, 

56-57 
Transmit Digit instruction, 53-54 
Transmit Field Immediate instruction, 57 
Transmit Field instruction, 54-55 
Transmit Record instruction, 56 
Truncation errors, 168 
2-address instruction system, 24-25 
Typewriter, console, 278-280, 281 

instructing the computer from the, 296 
print core storage data on, 298 
program entry from the, 297 

Unconditional branch instructions, see 
Branch instructions 

Unconditional Go To statement, 185-186 

Variable word length, 9 
Variables 

fixed point, 178 
floating point, 178-179 
subscripted, 209-215 

Word length 
fixed, 9 
variable, 9 

Write Alphamerically instruction, 79-81 
Write check error, 278 
Write Numerically instruction, 77-79 

X-type conversion for blank fields, 202 
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