








































































































































































































































Any routine that is machine dependent or specialized, writ­
ten with the intention that it will be frequently used, and processed 
by a generalized compiler, is doomed to some inefficiencies at 
best. Other means for incorporating the required algorithm in the 
object program must be found or devised. 

Address Assignment 

In medium-to-large-scale computers, certain addressable 
registers are reserved for particular purposes. The contents of 
these registers at all times reflect the status of the function they 
serve. For example, a binary clock may be an integral part of 
the computer design. There will be a word in core assigned to 
the clock, and a request for the contents of that word will yield the 
clock's numeric reading in binary. 

Likewise, a location in core which is the entry point to a 
specialized routine must be addressable. A name must be given 
to the routine (so that it may be called from some external point 
in the program) and concurrently pinned to a particular machine 
address . 

. To utilize the clock or provide the entry pOint, the compiler 
or some adjunct of it must provide the facilities for addreSSing 
these specific registers. 

NELIAC accommodates all of these three areas with the 
"declaration, " a powerful machine-dependent programming device. 

The declaration is a member of the subroutine family. It is 
subj ect to definition and call as is the subroutine and function. 
But unlike the latter pair, the declaration is an "open" routine-­
the appropriate machine code is inserted in the object program 
each time the declaration call is used. Where calls to NELIAC 
subroutines or functions are made, return jumps are generated 
to the routine named. For "closed" routines, the machine code 
routines are included just once in the object program regardless 
of the number of calls made upon them. 
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The declaration definition is a routine written essentially in 
machine code. It may reside on a compiling system tape awaiting 
a call into the object program, or it may be entered as part of the 
source program. 

If the routine is a resident of the compiling system, it is 
known as a "system declaration." Dec larations so designated are 
of sufficient importance to the NE LIAC user to be already fully 
programmed. They are simply called from the system tape wher­
ever needed; no reprogramming is necessary . Input/output, some 
specialized routines, and some address aSSignments are inc luded 
among system declarations. 

If the declaration definition is entered as part of the source 
program, the programmer uses the declaration flowchart (control 
number of 6, for which see "Flowcharts" in section 2). A defini­
tion of this type must be written by the programmer, although such 
a project should not be undertaken unless space and time are at a 
high premium. The declaration flowchart is normally reserved 
for the specialized routine or address assignment. 

The general form of a declaration definition is 

VERB = ROUTINE, 

where VERB is any previously unused NELIAC name, and ROUTINE 
is an arithmetic and control operation program similar in purpose 
to a flowchart's program logic. It does not, however, look like 
the latter. Further discussion is reserved for the next subsections. 

The declaration call is similar to the function call. It may 
be used anywhere in program logic, subject to the restriction that 
a declaration cannot be called before it is defined. The call 
involves the specification of parameters or operands to fill the 
slots provided in the definition. The same form of call is used 
whether a declaration is a system reSident or not. 

The declaration call on the sample definition, given above, 
may be represented in general form by the following 

($ VERB LS OPERAND! GR, ... LS OPERANDn GR , $), 
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VERB for the definition and call must be identical in order to com­
pile the proper pair together. The operands are constants and 
variables to be incorporated in the machinations of the declara­
tion's ROUTINE. They are written in the precise order required 
by the ROUTINE. 

The application of declarations to each of the three areas 
(input/output, specialized routines, address assignments) will be 
described in detail in the ensuing subsections. For the remaining 
discussion concerning declarations, all machine references will 
be made to the digital computer utilized to implement the Command 
Ship Data System, the Remington Rand Univac AN/USQ-20, about 
which some knowledge is assumed on the part of the reader. Addi­
tional explanation will be offered where it is felt necessary to do 
so. 

CATEGORIES 

The routine of a declaration, like any other arithmetic or 
control operation, is composed of operators and operands. Dec­
laration operators (shortened to "declarators lf

), written in the 
declaration definition, indicate the machine code intentions of the 
programmer. These declarators are English words or phrases 
punctuated in a manner to provide, when necessary, a niche for 
operand substitution by the declaration call. The combination of 
the definition and call is required for generation of the machine 
language inserted in the object program, because operands and 
operators both must be speCified to write full instructions. 

Declarations may be separated into three categories. The 
category of declaration used is dependent upon the requirements 
of the algorithm and is a decision made by the programmer. In 
turn, the category determines in what form the appropriate 
declarator is to receive the operand requisite to its part in the ( 
computation. 
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Category I 

This declaration category depends upon the call as written 
in program logic to provide the operands and input/output "sense" 
(direction) to generate machine code. Category I declarations are 
characterized by the punctuation symbols LS and GR which enclose 
the declarators of the declaration definition and the operands of 
the program logic call. 

Declarators of this category are always written in the defini­
tion in the following manner: 

LS DECLARATOR GR , 

Operands provided by the call are enclosed in LS and GR , unless 
the operand is to be an input parameter (a variable assigned to an 
area in core to be filled by reading data into the computer from 
some external device). In this case, the punctuation symbols are 
reversed, as 

GR OPERAND LS , 

Further discussion of the declaration for input/output purposes is 
presented later in this section. 

The declarators listed below belong in Category I: 

LS EXTERNAL FUNCTION GR , 
LS RELEASE INTERRUPT LOCKOUT GR , 
LS JUMP ACTIVE GR , 
LS BUFFER GR , 
LS MONITOR BUFFER GR , 
LS GENERATE BUFFER CONTROL WORD GR , 
LS DELAY GR , 
LS SET INTERNAL INTERRUPT ENTRANCE GR , 
LS SET EXTERNAL INTERRUPT ENTRANCE GR , 

Some of these are applicable to other categories; all are defined in 
the subsection of this section called "Declarators. " 
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Category II 

The formation of machine code from declarations of this 
category is the antithesis of Category I. That is, the operators 
and required operands are both specified in the declaration defini­
tion' no dependence is placed upon the call except the sense of the 
LS or GR punctuation, an LS followed by a comma in the call indi­
cates that the corresponding operand in the definition should be 
regarded in the output sense, and a GR followed by a comma indi­
cates the operand is an input variable. 

Category II definitions are characterized by declarators 
enclosed in parentheses. Where an operand is required by the 
declarator, a decimal or octal number, enclosed by a separate set 
of parentheses, is located between the declarator and its right 
parenthesis as in the following: 

(DECLARATOR (OPERAND», 

The declarators listed below belong in Category II: 

(EXTERNAL FUNCTION (OPERAND», 
(RELEASE INTERRUPT LOCKOUT), 
(JUMP ACTIVE), 
(TERMINATE BUFFER), 
(DELAY (OPERAND», 
(MACHINE CODE (OPERAND», 

The use and meaning of the presence or absence of the OPERAND 
will be explained later in the subsection, "Declarators." 

Category III 

Definitions of Category III declarations contain declarators 
and operands. Calls from program logic provide addit~onal or 
modifying operands and the input/output sense. 
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For the declarator EXTERNAL FUNCTION, a four word 
(three instructions and a temporary storage word) program is 
tacked onto the otherwise appropriate machine code for the purpose 
of adding the definition operand to the contents of the corresponding 
modifying operand of the call at execution time. 

In the case of MACHINE CODE, the operand addition is car­
ried out at compilation time and the sum inserted directly into the 
instruction operands of the machine equivalent to the declaration 
routine. 

All operands used in the definition, regardless of declarator, 
must be fixed point numbers. Call operands may be fixed point 
constants or variables, including index register variables. The 
definition takes the following format: 

NAME = (CHANNEL#) LSDECLARATOR(OPERAND)GR, 

while the call (input sense) looks like 

($ NAME LS MODIFYING OPERAND GR , $), 

Only two declarators belong to the Category III: 

LS EXTERNAL FUNCTION (OPERAND) GR , 
LS MACHINE CODE (OPERAND) GR , 

FollOwing are a synopsis (table B7-!) and a list of examples 
(table B7-2) of categories. 

TABLE B7-1. CONSTITUENTS OF CATEGORIES 

Category I 
a. Definition depends upon call for operands and I/O sense 
b. Definition form: NAME = (CHANNEL #) LS DECLARATOR! 

GR , ... LS DECLARATORn GR , 
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TABLE B7-!. (CONT) 

c. Call form: all purposes except input: 
($ NAME LS OPERAND GR , $),; input: 
($ NAME GR OPERAND LS , $), 

d. Applicable declarators: 
LS EXTERNAL FUNCTION GR , 
LS RELEASE INTERRUPT LOCKOUT GR , 
LS JUMP ACTIVE GR , 
LS BUFFER GR , 
LS MONITOR BUFFER GR , 
LS GENERATE BUFFER CONTROL WORD GR , 
LS DELAY GR , 
LS SET INTERNAL INTERRUPT ENTRANCE GR , 
LS SET EXTERNAL INTERRUPT ENTRANCE GR , 

Category II 
a. Definition depends upon call for I/O sense only; operands are 

self-contained 
b. Definition form: NAME = (CHANNEL #) 

(DECLARATOR! (OPERAND», (DEC LARATOR2) , 
(DECLARATORn (OPERAND», 

c. Call form: ($ NAME LS , GR , GR , LS, ... etc. $) (LS: 
operand to be treated in output sense; GR: operand to be 
treated in input sense) 

d. Applicable declarators: 
(EXTERNAL FUNCTION (OPERAND», 
(RELEASE INTERRUPT LOCKOUT), 
(JUMP ACTIVE), 
(TERMINATE BUFFER), 
(DELAY (OPERAND», 
(MACHINE CODE (OPERAND», 

Category III 
a. Definition depends upon call for I/O sense and modifying 

operands; operands are self-contained 
b. Definition form: NAME = (CHANNEL #) 

LS DECLARATOR! (OPERAND) GR , 
LS DECLARATORn (OPERAND) GR , 
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TABLE B7-1. (CONT) 

c. Call form: all purposes except input: 
($ NAME LS OPERAND GR , $),; input: 
($ NAME GR OPERAND LS , $), 

d. Applicable declarators: 
LS EXTERNAL FUNCTION (OPERAND) GR , 
LS MACHINE CODE (OPERAND) GR , 

TABLE B7-2. EXAMPLES OF CATEGORIES 

a. PUNCH CARD 1 = (1.0) legal; Category I definition 
LS MONITOR BUFFER GR , 

b. ZU INT RELEASE = legal; Category II definition 
(MACHINE 
(6.0.0.0.0 OCT .0» , 

c. RE LEASE = LS MACHINE legal; Category III definition 
(6.011.0 OCT .0) GR , 

d. ($ JB TRAP LS D GR , legal; Categories I and III call 

GR PFF LS , $), 
e. ($ CALL NELOS LS ,$), legal; Category II call 

DECLARATORS 

As the operators of the declaration routine, declarators are 
the symbolic phrases which generate the machine language func­
tion or operation code, whereas the operands of the definition and 
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call are responsible for completion of the instruction format. The 
function code f of a machine instruction is the fundamental com­
mand to the computer's logic. 

The discussion which follows is an exposition of the pur­
pose(s) each declarator serves. 

Release Interrupt Lockout 

RELEASE INTERRUPT LOCKOUT is a declarator which may 
be used in Category I or Category II declarations. 

The machine function code f= 6~ is generated for each 
specification of this declarator. This machine instruction has two 
extraordinary uses besides its intention as a jump command; if 
the branch designator)' is equal to a zero, the command to clear 
the interrupt lockout mode (established by the interrupt lockout 
instruction 73~3~~~~~~) will be created, no jump will actually 
transpire, and the next sequential instruction will be executed; if 
j = 1, the interrupt lockout will be cieared, and a jump to the 
operand speCified by the call will follow the release. 

Employing RELEASE INTERRUPT LOCKOUT in a Category I 
declaration causes j to be set to a 1. In a Category II delcaration, 
the arithmetic jump command generated has a j =~, and no oper­
and is required. 

Jump Active 

Declarations of Category I or Category II may employ this 
operator to jump to a specified address if a particular channel is 
active. 
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If a Category I declaration is defined, the machine function 
code is determined by the I/O sense of the call from program logic. 
In the case of an operand surrounded by punctuation indicating the 
input sense, the function code f = 62 is generated; for the output 
case, the instruction becomes a 63 function code. For either func­
tion code, the operand of the call is inserted as the operand of the 
object program. 

If a Category II declarat ion is defined, the declaration 
JUMP ACTIVE and the I/O sense of the corresponding LS or GR 
punctuation of the call will combine to designate the proper func­
tion code. If punctuation is LS , the instruction will be f= 63; if 
GR , f will equal 62. Note that JUMP ACTIVE does not require an 
operand in a Category II definition. The operand substituted will 
be the address of the instruction itself. 

The JUMP ACTIVE declaration forces a check to see if the 
/\ 

communications channel j is actively transmitting information 
either in or out. If the channel is found to be active, the operand 
in the generated instruction becomes the address transferred to. 
If it is inactive, the next sequential instruction is executed. 

External Function 

This declarator is the only one of eleven to belong to all 
three categories. 

EXTERNAL FUNCTION generates one of two machine func­
tion codes--f= 13 or f= 17--depending upon the I/O sense of the 
punctuation in the active statement. In the input sense, f= 17 is 

/\ 
generated, and the information from the communication channel} 
wi 11 be stored in the operand formed. In the output sense, f = 13 
is generated, and the contents of the operand specified will be 
transmitted out on channelj to the peripheral equipment connected 
thereto. A channel number must be specified by the declaration 
definition. 
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The sole purpose of this dec larator is to provide a means 
for control communications between peripheral equipment and the 
mainframe. For f = 13, a word will be transmitted out on the indi­
cated channel, forcing the external device to accomplish some 
function such as turning itself on, enabling an output mode, etc. 
In the opposite direction, an interrupt may be generated by a piece 
of peripheral equipment containing an indication that it has some 
control information to give to the computer, such as the fact that 
it has just completed the rewind of a magnetic tape unit. The only 
way the computer can assess the meaning of the interrupt is to 
draw it in core for examination; this store operation is the purpose 
of the f= 17 instruction. 

As a Category I declarator, EXTERNAL FUNCTION relies 
upon the call for operand and input/output sense. Defined in a 
Category II declaration, the declarator is written with an operand; 
it requires the input/output sense of the program logic call. Cate­
gory III means that EXTERNAL FUNCTION receives a modifying 
operand and the intended direction from the call to be compiled 
along with its self-contained operand. 

Generate Buffer Control Word 

The terms ''buffer'' and "buffer control word" introduce some 
new topics which require the following preliminary discussion 
before proceeding to the subject itself of this subsection. 

The AN/USQ-2.0, or mainframe, and its peripheral equip­
ment communicate in a buffered mode. This means that normal 
mainframe operations may take place simultaneously with input/ 
output functions. For a program involving much communications, 
the buffered mode represents a great saving in time. 

A buffer of the AN/USQ-2.0 is that area of core specified by 
the buffer control word (BCW), a single word in memory that con­
tains the upper and lower limits of the area. Designating certain 
locations as a buffer identifies them with the input/output process. 
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This designation marks the area with a purpose in addition to its 
normal function as programmable storage. That is, the buffer may 
be filled or transmitted by an input/output program, the contents 
of the buffer may be manipulated by program dynamically during 
communications, or the buffer area may be used for purposes 
unallied with input/output. 

The opposite, however, is not true. Data transmitted exter­
nally may not be taken from just anywhere in core; data to be 
communicated must be provided for with a BCW. 

Communications proceed at a word-by-word pace in either 
the input or output direction. How the information is assembled is 
determined by the direction of transmission and the equipment 
receiving the data. For example, the printer (strictly an output 
device) must print 120 columns simultaneously; since one word 
provides only 5 characters, the printer must wait for 24 trans­
missions before it can assemble and print a line. A card reader, 
on the other hand, as an input device, reads only enough informa­
tion from a card to fill the buffer specified; if the buffer is longer 
than that necessary to contain 80 columns of information (16 words), 
subsequent cards are read to satisfy the buffer. The magnetic 
tape unit requires only a variable length buffer. In the output 
direction, the length of a buffer in general specifies the length of 
a record on tape. In the input direction, the information from a 
record in words up to the length defined in the BCW is stored in 
the buffer. If too much information is contained in the record for 
the buffer, an interrupt is sent to the computer indicating the fact; 
if too little or just enough data to fill the buffer is received from 
the record, an interrupt is generated by the magnetic tape unit 
denoting the sensing of the end of a record. Any space in the buf­
fer unfilled by the input operation maintains its previous contents. 

Communications do not commence until the device addressed 
is ready to accept the information. When that equipment signals 
its acceptance, communications between the buffer and the device 
begin. Meanwhile, the mainframe continues to perform its func­
tions oblivious of the communications. The computer is able to 
handle control and arithmetic operations simultaneously with 
input/output because the logic for each is separate. 
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Once initiated, the mechanically programmed section of 
computer logic governing the buffer mode proceeds to input or out­
put data, without additional prodding, at a speed determined by the 
external device (because the mainframe is so fast). Buffer guide­
lines are provided by the limits and length of the BCW. 

The lower half of the BCW contains the five-digit starting 
address; transmission of information continues without interrup­
tion until the data contained in the address in the upper half of the 
BCW have been moved. At such time, the buffer is said to be 
terminated, and the input/output processing ceases until begun 
again by appropriate instruction. 

The length of the buffer used in communications is a decision 
of the programmer. It is necessary, however, to consider the 
fixed length requirements of the peripheral devices when communi­
cating with them--for example, the printer buffer should be some 
multiple of 24 words in length, and that of a card punch a multiple 
of 16 words. Otherwise, a partially filled buffer will cause unex­
pected results follOwing the next communications. 

Now, to discuss the declarator, GENERATE BUFFER CON­
TROL WORD, itself--it serves a small but important purpose: 
the storing of the buffer control word in the Q-register (a nonad­
dressable 30-bit arithmetic register) for access by the input/output 
processor. The latter takes the BCW from the Q-register and 
stores it in the specially wired address for control of buffered 
communications. 

GENERATE BUFFER CONTROL WORD is a Category I 
declarator dependent upon the declaration call for substitution of 
an operand. The punctuation enclosing the operand is ignored as 
the dec larator acts independently of input/output sense. 

The storing of the BCW in the Q-register is but the end prod­
uct of this declarator. Depending upon the operand of the decla­
ration call, a translation of some form must transpire before the 
BCW is established. 

To input or output an entire list, the call operand takes the 
form 

LS LIST GR , 
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GENERATE BUFFER CONTROL WORD obtains the lower and 
upper limits of LIST and creates a BCW by placing the upper limit 
in the upper half of the BCW and the lower limit in the lower half. 

To input or output some continuous portion of a list, "run­
ning subscripts" are used. These are integers, register variables, 
or fixed point whole or half word variables separated by a store 
operand such as 3 =) 7 , A =) PAB , I =) J. Running subscripts 
modify the address of the first list entry to provide the addresses 
of the desired segment. For example, LIST ($ 3 =) 7 $) tags 
LIST ($ 3 $) through LIST ($ 7 $) for communications. The declar­
ator converts the subscripts to machine addresses and generates 
the BCW from them. 

To communicate to or from some list whose BCW is already 
contained in an address, the form 

LS ($ ADDRESS $) GR , 

is used. The contents of that location, without checking for valid­
ity, will be treated as the BCW. 

Buffer 

This is a Category I-only declarator. 

Since all input/output communications involve the use of 
buffering for data transmission, it is not surprising to find declar­
ators which provide the meap.s for initiating buffers. To initiate 
a buffer implies that transmission of data into or from the loca­
tions specified in the BCW should commence. 

For information transfer in the mainframe to peripheral 
equipment direction, the f= 74 command is generated by the declar­
ator BUFFER. Input buffer initiation is accomplished by the 
f= 73 command. The instruction generated is dictated by the 
sense of the operand in the call from program logic. 
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The channel designator J is required to indicate which chan­
nel is to be employed for buffer operations. The channel number 
of the declaration provides this designator. 

BUFFER has all the capabilities of generating a BCW from 
a program logic call that the declarator GENERATE BUFFER 
CONTROL WORD has. The call operand may take any of these 
forms: LIST, LIST ($ MODIFIER 1 =) MODIFIER 2 $), ($ LIST $). 
(See GENERATE BUFFER CONTROL WORD, immediately 
preceding. ) 

Set Internal Interrupt Entrance 

This declarator provides the capability to store a return 
jump at the special address or "entrance" queried by the MONI­
TOR BUFFER declarator. Termination of a buffer generates an 
interrupt which halts all processing and causes the entrance to be 
queried, and any instruction there executed. The precise address 
is determined by the sense of the call operand and the channel 
which is to be active during the communications. 

Before explaining the SET INTERNAL INTERRUPT 
ENTRANCE, the term "interrupt" should be defined. An interrupt 
is a coded message generated by the occurrence of some input/ 
output phenomenon; its purpose is the intervention of program 
execution which has proceeded in parallel (also known as "asyn­
chronous operations") during communications, and the provision 
of equipment status information for the input/output processor (a 
programmer-specified algorithm). The interrupt is one word in 
length, and the contents of certain bits are interpreted by the 
processor. Status information might include the fact that a mag­
netic tape unit had written a record properly or that the tape re­
wind previously requested had been terminated. 

Two types of interrupts are accepted by the input/output 
processor--external and internal. The external interrupt is 
created by an input/output event in a device external to the 
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mainframe. The preceding examples concerning status informa­
tion are of this type. An internal interrupt is generated by the 
input/output section of computer logic when a monitor buffer, pre­
viously initiated, is terminated after transmission of the specified 
block of data. This form of interrupt is accepted by the input/ 
output processor as well. 

After interpretation of an interrupt and execution of any 
associated interrupt program, control is returned to the main pro­
gram at the address abandoned due to the interruption. 

SET INTERNAL INTERRUPT ENTRANCE is a Category I 
declarator. In addition to the generation of the return jump, suf­
ficient other machine code is inserted into the object program to 
store the return jump instruction in the appropriate entrance, as 
determined by the sense of the corresponding declaration call 
operand and the channel number of the definition. 

Monitor Buffer 

The difference between BUFFER and MONITOR BUFFER 
lies in the direction of program flow after execution of the 
declarator. 

BUFFER causes a channel to become active and the BCW is 
stored at an address specially wired for access by the mechanized 
input/output program (discussed earlier). Communications then 
are begun and continue until terminated. If more input/output jobs 
are to be accomplished, the input/output section processes them 
all in turn. When the job queue is empty, this portion of the com­
puter becomes idle. Meanwhile, parallel data processing has been 
accomplished. The next instruction to be executed after the last 
buffer termination is the one presently being executed by the arith­
metic and control logic in parallel with the communications. 

MONITOR BUFFER goes through the same steps as BUFFER 
However, it goes one step further by allowing the programmer to 
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place an instruction at another specially wired address. The next 
instruction to be executed after buffer termination will be the one 
found at the special address; an internal interrupt causes all proc­
essing except that instruction to cease. In most cases the ad­
dress will contain a return jump to some programmer-specified 
routine which will perform one or several functions to "tidy up" 
or to the input/output section such as for turning off the external 
device. After execution of the subroutine, control will be trans­
ferred to the address of the next sequential instruction of the main­
stream program before it was interrupted. 

To initiate a monitored buffer in the input direction, an f= 75 

is generated by the declarator while the operand is supplied by the 
declaration call. The function code f= 76 applies to a monitor 
buffer in the output sense. MONITOR BUFFER is valid only in 
Category I. 

The channel number provided by the declaration definition 
supplies the necessary information to complete the instruction. 
The channel deSignator J indicates the channel to be made active 
during buffered communications; its value is supplied by the pro­
grammer designation of channel number. 

MONITOR BUFFER has all the capabilities of generating a 
BCW from a program logic call as has the declarator GENERATE 
BUFFER CONTROL WORD. The call operand may take any of 
these forms: LIST, LIST ($ MODIFIER 1 =) MODIFIER 2 $), 
($ LIST $). (See preceding GENERATE BUFFER CONTROL 
WORD.) 

Set External Interrupt Entrance 

Specially wired entrances are provided for external inter­
rupts as well. The particular location referenced as an interrupt 
entrance will be defined by the input/output sense of the communi­
cations which led to the interrupt and the channel which was active 
during data transmission. 
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When an external device experiences a prescribed event of 
significance to the computational process, it sends an interrupt to 
the mainframe. The portion of the input/output processor that is 
to handle the interrupt is pinpointed by a return jump contained in 
the appropriate external interrupt entrance. SET EXTERNAL 
INTERRUPT ENTRANCE generates a return jump at the entrance 
specified by the declaration definition and call--input/output sense 
and operand address (for the return jump) from the call, and the 
channel number from the definition. 

SET EXTERNAL INTERRUPT ENTRANCE is a Category I 
declarator, as well. Like its corollary, SET INTERNAL INTER­
RUPT ENTRANCE, this declarator generates the machine code 
necessary to store the return jump at the proper address upon pro­
gram execution. 

Terminate Buffer 

In monitor buffered operations, when the contents of the 
entire buffer as defined by the BCW have been outputted or the 
buffer has been filled by a peripheral device, an internal interrupt 
is generated by input/output logic notifying the interrupt program 
that the buffer has been terminated. 

However, it may become necessary to prematurely termi­
nate a buffer. TERMINATE BUFFER incorporated in a declara­
tion provides for such an eventuality. As a Category II declarator, 
it does not depend on the definition for anything except the channel 
number and only upon the call for the sense of communications, 
and, in addition, it does not require an operand. 

At execution, the declarator will force a simulated buffer 
termination, but no internal interrupt will occur. The buffer will 
be terminated on the input channel by the j= 66 machine function 
code. In the output direction, the j= 67 function code generated 
by the declarator will cause completion of buffered communications 
on the channel designated. 
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Delay 

DE LAY causes the inclusion of two machine language in­
structions and the creation of a one-instruction loop. Upon execu­
tion' it effectively provides sufficient delay between other dec lara­
tors to permit electromechanical devices to match the electronic 
communications rate. The first instruction (f= 12) is relied upon 
to store a count in one of the index registers (in this case B7). 
The second instruction is an indexed jump command (f= 72) to its 
own compiled address. 

DELAY is either a Category I or II declarator. If it is 
defined in a Category I declaration, the operand of the declaration 
call becomes the count. If it is in a Category II declaration, the 
count is a self-contained operand. 

At execution, the count is stored in B7; the indexed jump 
acts as a "do nothing" command by jumping repeatedly to itself, 
each time decrementing the count in B7 by one. When B7 is re­
duced to zero, the next sequential instruction is executed. 

The delay is equivalent to the execution time of the indexed 
jump instruction (8 microseconds) multiplied by the operand value 
(count). Input/output sense of the operand is ignored. 

Machine Code 

The declarator, MACHINE CODE, is the most versatile of 
all eleven declarators, even though restricted to Categories II and 
III. Its purpose is to provide the programmer with the ability to 
include any machine instruction of the AN/USQ-2~ repertoire in 
his source program. 

In Category II, the declarator is written in a manner to in­
clude the entire operand, a!ld, since the operand is the desired 
machine language instruction, it is incorporated verbatim into the 
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object program. This, of course, dictates that the operand as 
written in the definition be composed entirely of numbers. The 
indicated sense is always output. 

The operand is always divided into two halves. The first 
half contains the function code (two digits) and three designators 
(each one digit); the second half is the instruction operand which 
may contain an address or some data (one to five digits). 

One degree of flexibility exists in the Category II declaration 
involving MACHINE CODE. If the letter "L" is written to the im­
mediate right of the declaration operand's second half (this is the 
only exception to the rule of wholly numeric operands in Category 
II declaration definitions), it serves as a signal to the compiler 
that an addition is to be performed before generation of machine 
code. The compiled address of the machine language instruction 
is added to the operand contained in the half which precedes the 
"L", and the sum is substituted as the second half of the now fin­
ished machine code instruction. For example, the declarator 
(MACIDNE CODE (61~~~ OCT 77776 OCT L», might be compiled 
at address 423158, in which case the instruction as inserted in the 
object program would look like 61SJ'~~42314 since 77776 acts as a 
minus one. In the positive direction, (MACIDNE CODE (61~~~ 
OCT 13 OCT L», at a hypothetical address 267278 would generate 
a machine instruction 61~~~26742. 

It is emphasized that this facility to specify a relative ad­
dress in machine code should not be disregarded. In the first 
example, the programmer wished to jump to the instruction just 
passed; in the second example, the jump was to the thirteenth 
(octal) address beyond the generated instruction. 

As a Category ITI declarator, MACHINE CODE incorporates 
an operand in the definition and relies upon the call to provide an 
added operand. At compilation time, the corresponding operands 
are summed and the result becomes the operand of the machine 
language instruction. The indicated sense is always output. 

A single degree of flexibility also is possible in Category III 
MACHINE CODE declarations, but before explaining this it is 
necessary to first talk about another machine quantity. 

ORIGINAL 



One of the three designators mentioned previously as com­
ponents of the first half of a machine instruction is the operand 
interpretation designator "k." As the name would indicate, dif­
ferent values assigned to "k" cause the computer to interpret the 
instruction operand in different ways. For example, k = 1 forces 
consideration of only the lower half of the contents at the operand 
address; k = 3 causes the whole of the operand's contents to be 
considered. Values for "k" range from ~ to 7. 

The NELIAC compiler assigns a "k" of zero to all verbs 
because they are addresses and used solely as entry points. Full 
word nouns on the other hand are given a k = 3 because the entire 
contents are a candidate for further processing. 

When half-word algebra was indicated as preferable to other 
partial word algebra, the reason was the k-designator. Half-word 
nouns can be manipulated with no more difficulty than whole word 
nouns because k = 1 handles the lower half and k = 2 the upper half 
of nouns. 

If a Category III MACHINE CODE declaration is written with 
a "K" to the immediate right of the second half of the definition 
operand (same position as the "L" of Category II), whatever the k­
deSignator of the embryo declaration machine instruction in the 
definition, the k-designator of the declaration call operand sup­
presses and replaces it. For example, if the call operand is a 
verb, the machine code instruction inserted in the object program 
has a k-designator of zero; for a noun dimensioned as a full word, 
k becomes a three in the object program. 

This flexibility is more than a protection device. If prop­
erly used, an address or the contents thereof need never be im­
proper ly referenced. 

Regardless of the category declaration used, this declarator 
is the most demanding of all with regards to understanding the 
reference machine. However, it also provides the facility of writ­
ing an algorithm in machine code for purposes of efficiency in 
space and time since all function codes may be used, and each is 
transferred almost verbatim to the object program (without extra 
instructions to store and retrieve operands, etc., that one might 
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expect from the translation of near-English phrases to machine 
code). 

Also irrespective of category line is the fact that input/output 
sense is completely ignored in the MACIDNE CODE declaration. 
The output sense is normally assumed for appearance alone. 

Following are a synopsis (table B7-3) and a list of examples 
(table B7-4) of declarators. 

TABLE B7-3. CONSTITUENTS OF DECLARATORS 

RELEASE INTERRUPT LOCKOUT 
a. Category I or II 
b. Purpose: clear interrupt lockout mode 
c. Category I: f= 6j1, j = 1, clear lockout, jump to operand 
d. Category II: f = 6t1, j = t1, clear lockout, no jump, next 

sequential instruction 
e. No channel number specification necessary 

JUMP ACTIVE 
a. Category I or II 
b. Purpose: jump to specified address if channel is active 
c. Input: f= 62, Category I: input channel active, jump to 

operand; Category II: input channel active, jump to own 
address 

d. Output: f= 63, Category I: output channel active, jump to 
operand; Category II: output channel active, jump to own 
address 

e. If channel inactive, next sequential instruction 
f. Channel number required in definition 

EXTERNAL FUNCTION 
a. Category I, II, or III 
b. Purpose: control communications 
c. Input: f = 17, interrupt store instruction 
d. Output: f= 13, external equipment function command 
e. Channel number required in definition 
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TABLE B7-3. (CONT) 

GENERATE BUFFER CONTROL WORD 
a. Category I 
b. Purpose: establish BCW in Q-register; required for buffer 

or monitor buffer operations 
c. f= 1~, store BCW in Q 
d. Operand forms: LIST, LIST ($ MODIFIER 1 =) MODIFIER 2 

$), ($ LIST $); operand converted to BCW 
e. No channel number specification necessary 

BUFFER 
a. Category I 
b. Purpose: initiate data transmission; controlled by BCW 
c. Input: f = 73, initiate buffered input 
d. Output: /= 74, initiate buffered output 
e. Upon buffer termination, no definitive action 
f. Channel number required in definition 

SET INTERNAL INTERRUPT ENTRANCE 
a. Category I 
b. Purpose: store return jump at internal interrupt entrance 
c. Three instructions: (1) enter Q-register (/= 1,0) with con­

tents of next address, and skip around next address; (2) con­
tents: return jump instruction; (instruction operand furnished 
by call); (3) store contents of Q-register (/= 14) at internal 
interrupt entrance 

d. Entrance determined by input/output sense (call) and channel 
number (definition) 

MONITOR BUFFER 
a. Category I 
b. Purpose: initiate data transmission; controlled by BCW 
c. Input: f= 75, initiate buffered input 
d. Output: f = 76, initiate buffered output 
e. Upon buffer termination, jump to internal interrupt entrance 
f. Channel number required in definition 

SET EXTERNAL INTERRUPT ENTRANCE 
a. Category I 
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TABLE B7-3. (CONT) 

b. Purpose: store return jump at external interrupt entrance 
c. Three instructions: see SET INTERNAL INTERRUPT 

ENTRANCE 
d. Entrance determined by input/output sense (call) and channel 

number (definition) 

TERMINATE BUFFER 
a. Category II 
b. Purpose: manual buffer termination 
c. Input: 1 = 66, terminate input buffer 
d. Output: f = 67, terminate output buffer 
e . No internal interrupt generated 
f. Channel number required in definition 

DELAY 
a. Category I or II 
b. Purpose: provide delay between input/output operations to 

allow external devices to match communication flow 
c. Two instructions: (1) enter B7 index register (f= 12) with 

count; (2) indexed jump command (1= 72) to own compiled 
address (numQer of executions = count) 

d. When B7 = tS, next sequential instruction 
e. No channel number specification necessary 

MACHINE CODE 
a. Category II or III 
b. Purpose: include any machine language instruction in object 

program 
c. Operand is instruction; separated in two halves: (1) function 

code and designators; (2) instruction operand; each half nu­
meric, except in extended form 

d. Category II extended form: "L" after definition operand; 
generates instruction operand = sum of instruction I s compiled 
address and definition operand 

e. Category III extended form: "K" after definition operand; 
causes suppression of k-designator of definition operand and 
replacement with k-designator of call operand (verb: k = t1, 
half word noun: k = 1 or 2, full word noun: k = 3 
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ORIGINAL 

f. Channel number not normally required in definition (depends 
on operand) 

g. Input/output sense of c all ignored 

TABLE B7-4. EXAMPLES OF DECLARATORS 

a-I. RILl = LS RELEASE legal; Category I 
INTERRUPT LOCKOUT GR , definition 

a-2. ($ RILl LS JUMP ADDRESS and call 
GR , $), 

b-I. RIL2 = (RELEASE INTERRUPT legal; Category II 
LOCKOUT), definition 

b-2. ($ RIL2 LS , $), and call 
c-l. JAl = (5) LS JUMP legal; Category I 

ACTIVE GR, definition 
c-2. ($ JAl GR JUMP ADDRESS and call (input) 

LS , $), 
d-I. JA2 = (5) (JUMP ACTIVE), legal; Category II 

definition 
d-2. ($ JA2 LS , $), and call (output) 
e-I. EFl = (5) LS EXTERNAL legal; Category I 

FUNCTION GR , definition 
e-2. ($ EFl GR l~ OCT LS , $), and call (input) 
f-I. EF2 == (5) (EXTERNAL legal; Category II 

FUNCTION (4Jlj OCT », definition 
f-2. ($ EF2 LS , $), and call (output) 
g-I. EF3 = (5) LS EXTERNAL legal; Category III 

FUNCTION (4~ OCT) GR , definition 
g-2. ($ EF3 GR lJlj OCT LS , $), and call (input) 
h-l. GBCW = LS GENERATE legal; Category I 

BUFFER CONTROL WORD definition 
GR, 

h-2. ($ GBCW LS LIST GR , $), operand form 1 call, or 
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h-3. ($ GBCW LS LIST ($ 4 =) 7 $) operand form 2 call, 
GR , $), or 

h-4. ($ GBCW LS ($ LIST $) GR , $), operand form 3 call 
i-I. BUF = (5) LS BUFFER GR , legal; Category I 

definition 

i-2. ($ BUF GR LIST LS , $), and call (input) 

j-l. SIlE = (5) LS SET INTERNAL legal; Category I 

INTERRUPT ENTRANCE GR , definition 

j-2. ($ SIlE GR RETURN JUMP and call (input) 

ADDRESS LS , $), 
k-l. MBUF = (5) LS MONITOR legal; Category I 

BUFFER GR, definition 

k-2. ($ MBUF LS LIST GR , $), and call (output) 

1-1. SEIE = (5) LS SET EXTERNAL legal; Category I 

INTERRUPT ENTRANCE GR , definition 

1-2. ($ SEIE LS RETURN JUMP and call (output) 

ADDRESS GR , $), 
m-I. TBUF = (5) (TERMINATE legal; Category II 

BUFFER), definition 

m-2. ($ TBUF GR , $), and call (input) 

n-l. DELI = LS DELAY GR , legal; Category I 
definition 

n-2. ($ DELI LS COUNT GR , $) and call 

0-1. DEL2 = (DELAY (4~~~ OCT», legal; Category II 
definition 

0-2. ($ DEL2 LS , $), and call 

p-l. MCI = (MACHINE CODE legal; Category II 

(61~~~ OCT 14~~~ OCT», definition 

p-2. ($ MCI LS , $), and call 

q-l. MC2 = (MACHINE CODE legal; Category II 

(61~~~ OCT 54 OCT L», extended; definition 

q-2. ($ MC2 LS , $), and call 

r-l. MC3 = LS MACIDNE CODE legal; Category III 

(l~~~~ OCT ~) GR , definition 

r-2. ($ MC3 LS 49 GR , $), and call 

8-1. MC4 = LS MACHINE CODE legal; Category III 

(l~~~~ OCT ~K) GR , extended; definition 

8-2. ($ MC4 LS FULL WORD and call 
NOUN GR , $), 
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DEFINITION AND CALL 

This subsection summarizes the information on declarations 
that has been presented in this section. Specialized algorithm and 
address assignment types of declarations will be emphasized be­
cause they are far more apt to be written than the input/output 
type. 

Definition 

The function of system declarations should be reiterated at 
this point. The system declaration is reserved for the more dif­
ficult input/output routines and for those specialized algorithms 
and address assignments which are of sufficiently wide applica­
tion to merit writing them once and making them available to all 
system programmers. For these people, system declarations 
are well enough documented to reduce the use of declarations to 
copying the proper call into the source program at the correct 
places and to supplying the proper operands for the declaration 
call. Note well that the use of system declarations does not imply 
the writing of the declaration definitions since these are supplied 
by the system automatically when called. 

For purposes of efficiency or to remedy deficiencies in other 
portions of the language, the declaration definition as part of the 
source program may be utilized. If such is the case, it will be 
necessary for the programmer to know some of the finer details 
of declaration definition. 

The definition must be written as part of a declaration flow­
chart (section 2). These flowcharts may be located anywhere in 
the program prOVided they precede the particular declaration call 
in the program logic of some flowchart. It is therefore not sur­
prising to see the declaration flowchart(s) written before all other 
flowcharts in the program. 
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As previously stated, the general form of a declaration 
definition is 

VERB = ROUTINE , 

where VERB is any previously unused NELIAC name, and ROU­
TINE is an arithmetic and control operation segment, similar in 
purpose, if not likeness, to a flowchart's program logic. The 
routine of a declaration definition is composed of operators and 
operands. The operators, called declarators, are always in­
cluded in the definition. The operands, however, are written 
either in the definition or the call or both, depending upon the 
category that the programmer selects for his declarators. 

Normally, ROUTINE is composed of several declarators, 
the appropriate operands and any necessary punctuation. The 
definition may contain declarators of mixed categories; e. g. , 
MACHINE CODE of Category II, EXTERNAL FUNCTION of Cate­
gory I, DE LA Y of Category II, and MACHINE CODE of Category 
III may all be in the same definition. Incorporating these declara­
tors, a definition might be 

TROUBLE = (MACHINE CODE (11,fj3,fj OCT ,fj L», 
LS EXTERNAL FUNCTION GR , 
(DELAY (4tJtJ OCT », 
LS MACHINE CODE (61,fjtJtJ OCT tJ) GR , 

(No attempt at creating a meaningful declaration has been made.) 

Since all declarators except MACHINE CODE are primarily 
input/output oriented, it is not surprising to find that specialized 
algorithms rely upon this particular declarator. To illustrate 
the form for definitions of specialized algorithms, the following 
system declaration has been chosen for analysis: 

SEARCH NOT BETWEEN = LS MACHINE CODE 
(11f13~ OCT ,fjK) GR , 
LS MACHINE CODE 
(1f1~3~ OCT ~K) GR , 
(MACHINE CODE (21f1~~ 
OCT 1», 
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LS MACHINE CODE 
(70230 OCT ~K) GR , 
LS MACHINE CODE 
(04537 OCT 77776 OCT 
~K) GR , 
LS MACHINE CODE 
(61000 OCT 0K) GR , 
LS MACHINE CODE 
(1673~ OCT ~K) GR , 

Since the MACHINE CODE declarator contains the major 
portion of the machine language instruction as its operand, one may 
expect just seven machine language instructions to be generated 
from the above definition. Six of the seven declarators are 
enclosed in punctuation indicating Category m, and therefore the 
programmer would be expected to supply six operands in the 
declaration call. The seventh operand is self-contained. 

The six operand meanings are as follows: first declarator, 
"lower argument"; second, "upper argument"; third, "list length 
to search"; fourth, "name of list"; fifth, "no find entry"; and sixth, 
"find index." The machine language routine inserted in the object 
program for this definition will read: 

a. Enter the A-register with the lower argument. 

b. Enter the Q-register with the upper argument. 

c. Subtract one from the contents of the A-register and 
store the result in the A-register. 

d. Execute the next instruction a number of times equal to 
the list length to search; decrement the instruction oper­
and of the next instruction by one upon each execution; 
enter the list length into B7. 

e. Compare: skip the next instruction if the contents of 
the entry being examined are greater than the contents of 
the Q-register, or less than or equal to the contents of 
the A-register. The address of the first entry of the 
list to be examined is equal to the address identified by 

ORIGINAL B7-31 



B7-32 

the name of the list, plus the length of the list minus 
one (i. e. , the search begins at the end of the list and 
terminates at the beginning). 

f. Jump unconditionally to the "no find" routine entry. 

g. Store the contents of the index counter (B7) in the loca­
tion identified as "find index. " 

To summarize the purpose of the declaration: the declara­
tion causes a list of a known length to be searched for values 
between an upper and a lower limit. If a find is made at any point, 
the search is abandoned with the index count saved for purposes of 
later reference. If no find is made, the declaration is exited and 
a jump to a routine implying "no find" is made. 

With the tools given, little additional explanation other than 
the understanding of machine instructions is necessary. Several 
points of punctuation come to mind: the OCT or octal symbol must 
be written whenever the numeric portion of an operand is to be 
interpreted by the compiler in the octal number system; each 
declarator (and operand, if required) is separated from the suc­
ceeding declarators by a comma; and any additional punctuation is 
determined by the category selected. 

A hybrid category has not been classified with the other 
three. This "fourth" category is not a true declaration type, but 
is instead a specification of the order in which a series of declara­
tions are to be executed. All declarations specified must have 
been previously defined. The specification itself is a definition 
and is given a name. The call for this declaration from program 
logic must provide the necessary operands for all the designated 
declarations and in the order they are to be executed. A sample 
definition might be: 

NAME 1 = (4) LS EXTERNAL FUNCTION GR, (DELAY 
(OPERAND 2», 

NAME 2 = (6) LS BUFFER GR, LS MACHINE CODE 
(OPERAND 4a» GR , 

NAME = NAME 1, NAME 2, 

ORIGINAL 



Sample call: 

( $ NAME LS OPERAND 1 GR, LS, LS OPERAND 3 GR , 
LS OPERAND 4b GR , $), 

Although this example is strictly input/output oriented, the 
same formation could be used with the specialized algorithms. 

In connection with the example, the channel number of each 
declaration applies to all declarators in that declaration which 
require a channel number. If a different channel is to be specified, 
then a separate declaration must be written (note that NAME 1 used 
channel 4 and NAME 2 used channel 6; if the declarators in NAME 
2 had referenced channel 4 instead of 6, the two declarations could 
have been merged into one, but not necessarily). 

The address assignment form of declaration is unique. It 
enables the programmer to assign a name to a particular machine 
address. Any nonrelocatable routine (program compiled ata given 
address) introduced into core simultaneously with a NELIAC pro­
gram is executable only if the machine address is given a NELIAC 
name. 

The format of such a declaration definition is 

VARIABLE ' 'K ADDRESS, 

VARIABLE is any NELIAC name; K is the operand interpretation 
designator (see MACHINE CODE in preceding subsection on 
declarators); ADDRESS is an octal or decimal machine address. 
Each address assignment is followed by a comma. Consider the 
declaration which allows reference to the specially wired clock 
register at address ~~~36 octal: 

CLOCK' '3 36 OCT , 

As before, the k-designator reflects the address usage: ~ for 
verbs, 3 for full word nouns, etc. 

Address assignment declarations need no calls; they are the 
exception to the rule, and may be considered self-calling. 
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Calls 

The declaration programming device comes in two parts, 
mentioned previously: the definition and the call. For input/output 
and specialized algorithms they are inseparable- -one cannot be 
used without the other. Both are needed to generate the machine 
code. 

The call is found in the program logic of any process flow­
chart. Depending upon the categories of the declarators involved 
in the definition, the call may provide the input/output sense and/or 
operands to complete the machine language instructions. The 
operands of a call must line up with the spaces left for them in the 
definition; they must be in the order specified and in number equal 
to the requirements. 

ConSider, if you will, a call on the system declaration, 
SEARCH NOT BETWEEN, illustrated previously: 

($ SEARCH NOT BETWEEN LS 4ft1ft1 OCT GR , 
LS 45~ OCT GR , 
LS 47 OCT GR, 
LS DATA BANK GR , 
LS NOFIND GR , 
LS CONTINUE GR, $), 

The requirements were filled; 4~~8 became the lower argu­
ment, 45~8 the upper argument, 478 the list length to search, DATA­
BANK the name of the list, NOFIND the "no find" entry, and 
CONTINUE the "find index." Note that they were equal in number 
to the definition needs and in the order prescribed; there was no 
call operand (or space left blank) for the operand already specified 
in the definition. 

The call from the program logic causes the compiler to gen­
erate a machine language routine from the function codes (disguised 
as declarators) of the definition and the addresses and values of the 
call. Machine instructions are inserted in the object program each 
time the call is written. 
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To prevent the inclusion of the same machine instructions 
every time the identical declaration is referenced, the programmer 
may enclose the declaration call between BEGIN and END punctua­
tion, making it a closed subroutine. The subroutine may have the 
same name as the declaration. Any subroutine call of this form 
simply generates a return jump to the declaration routine which is 
included once in the object program. 

The general form for a declaration call is 

($ VERB LS OPERAND 1 GR, GR, GR OPERAND 2 LS, 
• •• , $), 

An input operand is specified GR . .. LS, and an output operand is 
vice versa. In a call the sense frequently determines the function 
code of the machine instruction generated, but where no sense is 
required by the declarator the output sense is assumed. In a call 
input and output operands may be mixed. Each operand is 
enclosed by GR and LS and commas separate operands. Each 
declaration call begins with the combination ($ VERB LS or 
($ VERB GR . 

Operands may be of four forms: address variables (verbs), 
input operands (register variables, whole or half word nouns), out­
put operands (whole or half words) and buffer operands (see dis­
cussion of GENERATE BUFFER CONTROL WORD under "Declara­
tors" in this section). Note that index register variables should 
not be used as operands into which values are to be stored; for 
example, "find index" in the SEARCH NOT BETWEEN declaration 
may not be stored in an index register. 
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8. COMMENTS, ABSOLUTE CODE, 
AND WRITE PACKAGE 

COMMENTS 

The purpose of COMMENT statements is to provide the pro­
grammer with a means for writing into his NELIAC algorithm any 
alphanumeric information he considers necessary for the under­
standing of the dimensioning and program logic. When written in 
the prescribed format, the COMMENT is ignored by the compiler; 
it appears only in the input medium (cards, tape, etc.) and on the 
hard copy listing of the source program. A COMME NT will not be 
printed at execution time. 

The correct form for the statement is 

(COMMENT' , this is a comment) 

Between the double apostrophe and the right parenthesis, any of the 
NELIAC symbols (except another right parenthesis,of course) may 
be used to increase program clarity. The statement may be 
written anywhere in the algorithm, as in the following example: 
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5 
(COMMENT' , DIMENSIONING 123 * / + - END) 
A, B, C $ 
(COMMENT' , PROGRAM LOGIC) 
A + B =) C, 
(COMMENT' , END OF PROGRAM) 
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ABSOLUTE CODE 

This element of the NE LIAC language is an archaic leftover 
from the predeclaration days. Although it is still acceptable by 
most, if not all compilers, the absolute code--commonly referred 
to as "crutch code" because early compilers were incomplete and 
had to "lean" on the machine language to provide full capabilities-­
is now replaced by the declaration. 

The absolute code is very similar to the operand of the 
MACHINE CODE declarator. There are five octal digits corre­
sponding to the function code f, the deSignators j, k, and b, fol­
lowed by the octal sign OCT and the instruction operand Y which 
may be numerical or a noun, subscripted or not. (Subscripting is 
limited to constants and index register variables.) The numerical 
Y has one or more digits which are assumed to be decimal unless 
indicated as octal. Absolute code may be inserted in the flowchart 
at any point in the program logic and requires no external punctua­
tion except a comma to set it off from any succeeding instructions. 
All instructions in the repertoire of the reference computer may 
be implemented in the NELIAC source program. Following is an 
example of absolute code: 

5 
A, B, C, D (4), 
$ 
1 =) A =) B, 

A + B =) C, 
10030 OCT C, 
14030 OCT D ($ 3 $), 
D ($ 3 $) =) A =) B, 
10030 OCT B, 
26000 OCT 00436 OCT, 
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WRITE PACKAGE 

Declarations and absolute code provide the only means for 
input communications to the computer in the NELIAC language. 
However, an additional output programming device--the "write 
package"--is available for generation of hard copy information. 

Basically, the package has two output capabilities: the title 
literal and the formatted literal. The title literal is a message 
written by the programmer for use as a heading or title for the 
anticipated output or as a means for generating error messages. 
This literal, defined in the dimensioning portion of the flowchart, 
reflects the precise information requested for output. It has the 
general form 

($ TITLE LITERAL' , LS HEADING GR $), 

TITLE LITERAL may be any previously unused NELIAC 
name. HEADING may contain any alphanumeric characters or 
symbols (except the apostrophe, double asterisk, /, LS , or GR ) 
that the programmer wishes to employ as a title. It is written be­
tween the LS and GR punctuation combination. As mentioned pre­
viously, the literal is defined in the flowchart dimensioning. 

To print the title literal, the programmer uses the statement 

WRITE (TITLE LITERAL), 

at that point in the program logic where he intends to output the 
HEADING. TITLE LITERAL therefore acts the same as a noun 
switch entry; calling the noun from the program logic causes the 
message defined to be outputted on the high speed printer. 

The formatted literal is the more general of the two, since 
it incorporates the facilities of the title literal. It is formatted in 
the sense that this literal allows the programmer to output the 
contents of variables listed in the program logic call according to 
the format specified in the literal definition in flowchart dimen­
sioning. 
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The formatted literal definition is an image of the form in 
which the programmer wishes to output any alphanumeric messages 
and numerical results. This literal affords, as well, the opportun­
ity to control the printer with three special symbols. 

As before, the literal is given a name to identify it for call. 
Any messages, formatted data output specifications, and control 
symbols are included between the double apostrophe and the $) 
combination, as in the following example: 

($ FORMATTED LITERAL' , DATA FORMAT, 
CONTROL SYMBOLS, LS MESSAGES GR $), 

DATA FORMAT provides the following data images: 

a. 888. .. (Contents of the variable named in the call out­
putted in octal notation.) 

b. ~~~ ... (Contents of the variable named in the call out­
putted in fixed point decimal notation. ) 

c. XXX. .. (Contents of the variable named in the call out­
putted in alphanumeric. ) 

In all of the above images, the number of characters written 
in the format dictates the number of spaces on the printed line that 
the compiler will reserve for the contents of the call variable. The 
programmer must insure that the proper format length is used to 
prevent data truncation upon output. If the outputted data does not 
fill the field reserved, blank spaces will be inserted by the printer. 
For numeric output a space for a sign must be provided. 

d. ~~. ~~~ ... (Contents of the variable named in the call 
outputted in floating point decimal notation; the number 
of zeros preceding the decimal point indicates the length 
of integral portion of the floating point data plus sign 
that the programmer anticipates outputting; the length of 
the zeros to the right of the decimal point specifies the 
degree of fractional accuracy desired.) 

ORIGINAL 



e. 00.000 * 00. .. (Contents of the variable named in the 
call outputted in the engineering notation of floating point 
decimal numbers; the characters to the left of the aster­
isk act in a fashion similar to the preceding specification; 
the zeros to the asterisk's right are the exponent length 
that the programmer will allow; this format is generally 
used when the magnitude of results is unknown.) 

CONTROL SYMBOLS cause the printer to execute a top of 
form, or spacing control, or a line skip: 

a. ** (Generates a top of form command to the printer.) 

b. 'N' (Generates spacing control--N spaces on a line are 
inserted in the line output; N is a decimal fixed point 
number. ) 

c. / (Generates a line skip, equivalent in theory to a 
carriage return.) 

MESSAGES allow the programmer to insert the equivalent of 
a title literal within a formatted literal. There is no extraordinary 
restriction placed on the MESSAGES because of their inclusion in 
the formatted literal. 

The write package provides in addition the capability to re­
peat any of the data formats, control symbols, or messages in any 
literal output. The repeat format is 

($ NAME ' , (M , , FORMATTED LITERAL) $), 

NAME is the noun by which the literal may be referenced. M 
is a fixed point decimal number which specifies how many times the 
FORMATTED LITERAL will be repeatedly printed. For example: 

ORIGINAL 

(COMMENT' , DIMENSIONING) 
($ OUTPUT' , '20' (3 ' , 'S' 00) / ** 

LS POUNDS PER INCH GR $), 
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OUTPUT is the literal name; '2e' indicates twenty spaces; 
(3 " 's' ee) causes eight spaces followed by two fixed point decimal 
digits to be repeated three times; / is a line skip and ** a top of 
form; "POUNDS PER INCH" is printed on the top of a new form. 

Calling the literal with the following statement commands the 
output of the contents of the three variables requested. 

(COMMENT" PROGRAM LOGIC) 
WRITE (OUTPUT, X, Y, Z), 

The result of such a call is shown in figure BS-l. 

PAGE 1: 

LINE 1: 15 9 -4 

1-2aSPACEs-1 I-aspo-I l-aspo-II- 7I1SPACES-1 
LINE 2: (BLANK) 

PAGE 2: 

LINE 1: POUNDS PER INCH 

I 1- 1(15 SPACES -I 

Figure BS-l. Formatted literal output. 
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9. CASE STUDIES 

PROBLEM ONE 

Statement 

Three simultaneous equations with three unknowns--x, y, 
and z --are presented for solution. The values of the unknowns are 
to be found to the nearest integer. 

ORIGINAL 

The equations are: 

x + 2Y = 28 

9X + 5 Y + 6Z = 215 
7 X + 8 Y + 3Z = 181 
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Problem Discussion 

Any three simultaneous equations with three unknowns may 
be represented in the following form: 

A X +B Y +C Z =D 
1 1 1 1 

As any algebraist knows, to find an unknown in terms of known 
quantities (such as' coefficients), the other unknowns in the equa­
tions must be eliminated through algebraic manipulation. Once one 
unknown is found, the other unknowns may be determined through 
substitution of the new "known" into some intermediate equations. 

The equations for solution, then, are: 

There is nothing very complicated about this problem. The 
reader can already anticipate a fairly simple approach and solution. 

To aid in the numerical solution, the constants of the given 
equations are assigned to the hypothetical coefficients: 

A 0 = 1, B 0 = 2, C 0 = 0, D 0 = 28 

A - 9 B = 5 C = 6 D = 215 1-' 1 '1' 1 

A = 7 B = 8 C = 3 D = 181 
2 ' 2 ' 2 ' 2 
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Flowchart 
The solution presented here (figure B9-1) is one of a large 

number which could be written to achieve the correct answer. The 
attack made here is the straightforward approach. Wherever pos­
sible, repeated computations are eliminated by preprocessing the 
coefficients. The algebra is reduced through the use of common 
terms. The output is printed by means of the write package. 

ORIGINAL 

5 

A(3) EQ 1, 9, 7, 

B(3) EQ 2, 5, 8, 

C(3) EQ (J, 6, 3, 

0(3) EQ 28, 215, 181, 

TERM(6), 

($HEAOING I 1** 125 1 LS OUTPUT FROM NELIAC PROBLEM ONE GR III 

129 1 LS X GR 19 1 LS V GR 19 1 LS Z GR II $), 

($OUTPUT II 12(J1 (3 1118 1 (J(J)/**$), 

X,V,Z 

$ 

COMPUTE THE ANSWERS I 
I 

O($(J$) * A($l$) - 0($1$) * A($(J$) =) TERM($(J$), 

C($(J$) * AC$l$) - CC$1$) * AC$(J$) =) TERMC$l$), 

BC$l$) * AC$2$) - BC$2$) * A C$1$)=) TERMC$2$), 

OC$l$) * AC$2$) - OC$2$) * AC$l$) =) TERMC$3$), 

CC$l$) * AC$2$) - CC$2$) * A($l$) =) TERMC$4$), 

B($(J$) * A($1$) - B($l$) * AC$(J$) =) TERM($5$), 

CTERM($(J$) * TERM($2$) - TERMC$3$) * TERMC$5$» I 

CTERMC$l$) * TERMC$2$) - TERMC$4$) * TERMC$5$) ) =) Z, 

CTERMC$(J$) - Z * TERM{$l$» I TERM{$5$) =) V, 

(DC$(J$) - BC$(J$) * V - CC$(J$) * Z) I A{$(J$) =) X, 

WRITECHEAOING), WRITECOUTPUT, X, V, Z), 

Figure B9-1. NELIAC problem one, flowchart. 
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Flowchart Discussion 
This step-by-step assessment of the flowchart is intended to 

provide a confirmation of the rules developed in the text and to 
suggest ideas for programmers who may be undecided on direc­
tions to take. 

a. 5 (Control number; informs compiler that this is to be a 
process flowchart.) 

b. A(3) EQ 1, 9, 7, (First dimensioning statement; presets 
the list called A with three fixed point constants.) 

c. B(3) EQ 2, 5, 8, (List B preset with three fixed point 
constants. ) 

d. C(3) EQ 0, 6, 3, (List C preset with three fixed point 
constants. ) 

e. D(3) EQ 28, 215, 181, (List D preset with three fixed 
point constants. ) 

f. TERM(6), (List called TERM dimensioned as six ele­
ments in length; all elements preset to zero.) 

g. ($HEADING' , ** '25' LS OUTPUT FROM NELIAC 
PROBLEM ONE GR / / / '29' LS X GR '9' LS Y GR '9' 
LS Z GR /1$), (Literal; identified by an address 
variable, in this case HEADING; double asterisk indi­
cates a top of form command; all numbers enclosed in 
apostrophes are spacing specifications; any information 
contained between the LS and GR punctuation is to be 
outputted on the printer; a slash indicates a line skip.) 

h. ($OUTPUT" '20' (3' , '8' 0~) I ** $), (Another literal, 
this one named OUTPUT; twenty spaces; parenthesized 
specification indicates that information will be out­
putted via the literal in a format given by the specifica­
tion; here the 3 indicates that everything following the 
double absolute Sign is to be repeated three times-­
eight spaces and a two decimal integer result; this is 
followed by a line skip and a top of form operator. ) 
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i. X, Y, Z (Three fixed point nouns, all preset to zero.) 

j. $ (End of dimensioning, beginning of program logic. ) 

k. COMPUTE THE ANSWERS' , (Verb; name of the 
flowchart. ) 

1. D($m$) * A($l$) - D($l$) * A($m$) =) TERM($m$), (First 
line of program logic; computes (Dm) • (AI) - (D1) . (Am) 
and stores the result in a temporary storage word, 
TERMm· ) 

m. C($m$) * A($l$) - C($l$) * A($m$) =) TERM ($1$), (Com­
putes (Cm) • (AI) - (Cl) • (Am) and stores the result in a 
temporary storage word, TERM1.) 

n-l. B($l$) * A($2$) - B($2$) * A($l$) =) TERM($2$), 

n-2. D($l$) * A($2$) - D($2$) * A($l$) =) TERM($3$), 

n-3. C($l$) * A($2$) - C($2$) * A($l$) =) TERM($4$), 

n-4. B($m$) * A($l$) - B($l$) * A($m$) =) TERM($5$), (Com­
putation of TERM2 through TERM

5
.) 

o. (TERM($m$) * TERM($2$) - TERM($3$) * TERM($5$) ) I 
(TERM($l$) * TERM($2$) - TERM($4$) * TERM($5$) ) =) Z, 
(Computation of the first unknown Z based on the values at 
the temporary storage locations. ) 

p. (TERM($m$) - Z * TERM($l$) ) I TERM($5$) =) Y, (Com­
putation of the unknown Y based on the temporary storage 
values and the parameter Z.) 

q. (D($m$) - B($m$) * Y - C($m$) * Z) / A($m$) =) X, (Com­
putes (Dm - (Em) (Y) - (em) (Z» divided by Am which 
sol ves for the last unknown X in terms of the other 
parameters Y and Z and the equation coefficients. ) 

r. WRITE (HEADING), WRITE (OUTPUT, X, Y, Z) (Outputs 
the title literal, the formatted literal, and the three un­
knowns.) The printed output appears as: 
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OUTPUT FROM NELIAC PROBLEM ONE 

X 
14 

s. (Flowchart termination.) 

PROBLEM TWO 

Statement 

y 

7 

Z 

9 

This problem concerns a picture window with two parallel 
glass panes of differing compositions and widths separated by an 
air space (figure B9-2). 

Q 

INDOORS OUTDOORS 

I 
I I 

GLASS GLASS 
I I 

I 
Mg M M2 1 

Tj = TEMPERATURES AT THE VARIOUS BOUNDARIES 

Mj = MEAN LAYER TEMPERATURES 

Xj = LAYER WIDTHS 

Cj = LAYER CONDUCTIVITIES 

Q = RATE OF HEAT FLOW (CONSTANT) 

Figure B9-2. NELIAC problem two, diagram. 

Q 
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The indoor and outdoor temperatures, and the layer widths 
are known; the conductivity of each layer is assumed to be a linear 
function of the layer's mean temperature. The time is some night 
during winter when heat flows in the indoor-to-outdoor direction 
through the glass. 

The rate of heat flow and the internal temperatures at the 
air/glass boundary are to be found and outputted on the high speed 
printer. 

Problem Discussion 

This problem is considerably more difficult than the first, 
but not beyond the reach of a new programmer. There are two 
reading approaches possible: first, consideration of all aspects: 
theory, formulae, and fabrication of an algorithm for solution (this 
is the long way); or, second, use of the algorithm provided toward 
the end of this discussion. It is, of course, up to the reader which 
course he takes; the discussion will encompass both approaches. 

Since the conductivities (or inverse resistance to heat flow) 
C i are assumed to be linearly dependent upon the mean layer tem­
peratures M i, in general one may state that 

C.=A. M.+ B. 
~ ~ ~ 1, 

(1) 

In turn, the mean temperatures M i are found by averaging 
the temperatures T i at the boundaries of each layer: 

(2) 

The rate of heat flow Q is the quotient found by dividing the 
indoor-outdoor temperature differential (Tf1 - T3) by the sum of the 
quotients formed in the division of each layer thiclmess Xi by its 
conductivity Ci: 
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(3) 

The known quantities in the equation above are too few: 
T0, T 3 , X0, Xl' and X 2- Somehow the conductivities C i must be 
ascertained in order to solve for Q_ 

The rate of heat flow is known to be constant; if equations are 
written for the Q across each layer, the following equalities are 
obtained: 

TI - T2 T2 - T3 
(4a) 

or, by multiplying the denominator up, 

(4b) 

Substituting the right-hand term of equation (1) for Q, and dropping 
the middle term of equations (4a) and (4b) which have only one 
known quantity, the following is obtained: 

= 

Solving for the intermediate temperatures T 2 and T
3

, equations 
(5a) and (5b) evolve: 

T = T + 
2 3 

(5 a) 
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(5b) 

In equations (5a) and (5b), note that all unknowns save Ci' 
the conductivities of each layer, have been eliminated. Reviewing 
equations (1) and (2), it becomes evident that C i is dependent upon 
Ti; conversely, in equations (5a) and (5b), the dependency is re-
versed. Hence, the conclusion is that there are too many unknowns 
for so few equations. Consequently, the approach to solution must 
incorporate an iterative scheme. 

The algorithm begins with an initial ~ess at the interval 
boundary temperatures Tl and T2• Thereafter, the solution pro­
ceeds as follows: 

a. Solve for the mean layer temperatures M i using 
equation (2). 

b. Solve for the layer conductivities Ci using equation (1). 

c. Sol ve for the rate of heat flow Q using equation (3). 

d. Solve for a corrected set of internal temperatures Tl 
and T2 using equations (5a) and (5b). 

e. Repeat steps a. through d. until the rate of heat flow Q , 
as determined in step c., is approximately equal for two 
successive calculations. When that occurs, the problem 
stands solved. 

Indoor temperature T 0 and outdoor temperature T3 will be 
70 and 0 degrees, respectively. The widths X0, Xl' and X2 will 
be 0.25, 0.2, and 0.15 inch, in that order. The arbitrary con­
stants A i and Bi are given as follows: 

ORIGINAL 

A0 = .0025, Al = .00028, A2 = .002 

B0 = • 0419, Bl = • 0036, B2 = .0407 
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Flowchart 
As in the case of the Problem One example, this solution 

(figure B9-3) is only representative of many which could have been 
written. The approach is largely straightforward, but a loop is 
fashioned from entry pOints and a conditional transfer in order to 
force repeated execution of the steps outlined in the preceding sub­
section. Because of the floating point specification of the known 
data, this flowchart differs in mode from the last. Output again is 
printed by the write package. 

5 

T(4) EQ 7rJ.f}, 9rJ.rJ, 8.rJ, rJ.rJ, 

A(3) EQ rJ.rJ.025, (1.rJrJrJ28, rJ.rJ(l2, 

B(3) EQ rJ. rJ419, rJ. rJrJ36, rJ. rJ4(l7 , 

C(3). 

MN(3). 

X(3) EQ rJ. 25, rJ.2(l, (l.15, 

SAVE. RATE. TEMP 1. TEMP 2. RATE OF HEAT FLOW. , 

($HEAD' : III 11rJ I LS INTERMEDIATE RATE OF HEAT FLOW GR III $), 

($HEADING' 1** 1251 LS RATE OF HEAT FLOW IN DEGREES/INCH GR III $), 

($OUTPUT ' 1 LS RATE OF HEAT FLOW EQ GR III rJrJ.rJ(lrJ(lrJ I 

LS TEMP 1 EQ GR 'II (lrJ.rJrJ(l(lrJ I 

LS TEMP 2 EQ GR 'II rJrJ.rJrJrJrJrJ 1$) $ 

RATE ROUTINE' , 

(T ($rJ$) + T($l$) )/2.rJ =) MN($rJ$), 

(T ($1$) + T($2$) )/2.rJ =) MN($l$), 

(T ($2$) + T($3$) )/2.rJ =) MN{$2$), 

A{$(1$) * MN($rJ$) + B($rJ$) =) C($rJ$), 

A($l$) * MN($l$) + B($l$) =) C($l$), 

A($2$) * MN($2$) + B($2$) =) C($2$), 

(T ($rJ$) - T($3$) )/( (X ($rJ$) I C($rJ$» + (X ($1$) I C($l$» + ex ($2$) I 

C($2$) ) ) =) RATE, 

Figure B9-3. NELIAC problem two, flowchart. 
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RATE - SAVE LS (1.(1(1(1(11 I r SAVE - RATE LS (1.(1(1(1(11 I I STOP. $ $ $ 

( (X ($2$) / C($2$) ) * (T ($(1$) - TC$3$) ) / ( (X ($(1$) / C($(1$» + 

(X ($1$) / C($I$» + (X ($2$) / C($2$»» + TU.3$) =) T($2$), 

T($(1$) - ( (X ($(1$) / C($(1$) ) * (T ($(1$) - T($3$) ) / ( (X ($(1$) / C($(1$) ) 

+ (X ($1$) / C($I$» + (X ($2$) / C($2$»» =) T($I$), 

T($I$) =) TEMP 1, T($2$) =) TEMP 2, RATE =) RATE OF HEAT FLOW, 

WRITE(HEAO), WRITE(OUTPUT, RATE OF HEAT FLOW, TEMP 1, TEMP 2, ), 

RATE =) SAVE, 

. RATE ROUTINE. 

STOP' I 

T($I$) =) TEMP 1, T($2$) =) TEMP 2, RATE =) RATE OF HEAT FLOW, 

WRITE(HEAOING), WRITE(OUTPUT, RATE OF HEAT FLOW, TEMP 1, TEMP 2), 

Figure B9-3. (Continued) 

Flowchart Discussion 

Many programming techniques in this flowchart are similar 
to those used in the solution of the previous Problem One. Al­
though the techniques themselves are listed, discussions of these 
techniques are not repeated here; refer to the "Flowchart Discus­
sion" for Problem One if this information is required. 

ORIGINAL 

a. 5 

b. T(4) EQ 70.0, 90.0, 8.0, 0.0, 

c. A(3) EQ 0.0025, 0.00028, 0.002, 

d. B(3) EQ 0.0419, 0.0036, 0.0407, 

e. C(3). (Floating point mode established; three zeros 
stored. ) 

f. MN(3). 

g. X(3) EQ 0.25, 0.20, 0.15, 

h. SAVE. RATE. TEMP 1. TEMP 2, RATE OF HEAT 
FLOW. , 
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i. ($HEAD' , / / / '10' LS INTERMEDIATE RATE OF HEAT 
FLOW GR /// $), 

j. ($HEADING" ** '25' LS RATE OF HEAT FLOW IN 
DEGREES/INCH GR / / / $), 

k. ($OUTPUT" LS RATE OF HEAT FLOW EQ GR '1' 
00. 00000 / LS TEMP 1 EQ GR '1' 00.00000 / 
LS TEMP 2 EQ GR '1' 00. 00000 / $) $ (The 00. 00000 
format specification info rms the compiler that a maxi­
mum positive integral number of 99 or a maximum nega­
tive integral number of -9 is anticipated; five decimal 
places of accuracy are requested.) 

1. RATE ROUTINE" (Entry point for the iterative pro­
cedure. ) 

m-1. (T ($0$) + T($l$) )/2.0=) MN($0$), 

m-2. (T ($1$) + T($2$) )/2.0=) MN($l$), 

m-3. (T ($2$) + T($3$) )/2.0 =) MN($2$), 

m -4. A($0$) * MN($0$) + B($0$) =) C ($0$), 

m-5. A($l$) * MN($l$) + B($l$) =) C($l$), 

m-6. A($2$) * MN($2$) + B($2$) =) C($2$), (Generation of 
mean temperatures and conductivities. ) 

n. (T ($0$) - T($3$) )/ ( (X ($0$) / C ($0$) ) + (X ($1$) / 
C($l$) ) + (X ($2$) / C($2$) ) ) =) RATE, (Computation 
of Q.) 

o. RATE - SAVE LS 0.00001' , SAVE - RATE LS 0.00001 
" STOP. $ $ $ (Comparison statement which checks 
to see if the new and previous values of the rate of heat 
flow are nearly equal, within a tolerance of 1 x 10-5; 
true alternative causes jump to end of routine; false or 
partially false alternatives all cause regeneration of the 
intermediate boundary temperatures and an intermediate 
printout. ) 

ORIGINAL 



ORIGINAL 

p. «X ($2$) / C($2$) ) * (T ($0$) - T($3$) )/ ( (X ($0$) / 
C ($£1$) ) + (X ($1$) / C ($1$) ) + (X ($2$) / C ($2$) ) ) ) + 
T($3$) =) T($2$), 

q. T($0$) - ( (X ($£1$) / C($0$) ) * (T ($0$) - T($3$) ) / 
( (X ($£1$) / C($£1$) ) + (X ($1$) / C($I$) ) + (X ($2$) / 
C($2$) ) ) ) =) T($I$), 

r. T($I$) =) TEMP 1, T($2$) =) TEMP 2, RATE =) RATE 
OF HEAT FLOW, 

s. WRITE(HEAD), WRITE (OUTPUT, RATE OF HEAT FLOW, 
TEMP 1, TEMP 2, ), 

t. RATE =) SAVE, 

u. RATE ROUTINE. (Direct jump to the entry point for the 
iterative procedure. ) 

v. STOP" (End of routine; entry point. ) 

w. T($I$) =) TEMP 1, T($2$) =) TEMP 2, RATE =) RATE 
OF HEAT FLOW, 

x. WRITE (HEADING) , WRITE (OUTPUT, RATE OF HEAT 
FLOW, TEMP 1, TEMP 2), 

y. 

A sample intermediate solution follows: 

INTERMEDIATE RATE OF HEAT FLOW 

RATE OF HEAT FLOW = 4. 46972 

TEMP 1 = 65.38£160 

TEMP 2 = 13. 76712 
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The rate of heat flow, correct to five decimal places, is 
given in the final printout: 

RATE OF HEAT FLOW IN DEGREES/INCH 

RATE OF HEAT FLOW = 3. 88173 

TEMP 1 = 65.40417 

TEMP 2 = 11.21554 

A number of improvements could have been made. For ex­
ample, the generation of the mean temperatures and conductivities 
could have been relegated to functions, and the iterative scheme 
reduced from four instructions to two: the computation of Q, and 
the generation of improved values for the internal temperatures. 
However, this was not done because it would have changed the 
originality of the NE LIAC program produced by a new programmer 
on the third try, which speaks well for the language. 
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