































































































































































































































































































































































































all individual contingency flip-flops are reset, and the master contingen-
cy flip-flop is reset, Control is then returned to the main program
through the return jump recorded in 02700,

If a contingency occurs while the master contingency flip-flop is set
(control is in the contingency routine), the individual flip-flop is set,
but the return jump is not recorded. This insures that control will al-
ways return to the main program when the contingency routine is completed.
If the return jump were altered when a contingency occurred during the con-
tingency routine, the jump would be addressed to a location in the contin-
gency routine, and the main program address would be lost.

It is possible that if a given contingency occurs, the programmer
would not want a return to the main program. In this case, control would
not be transferred to the main program, but would be transferred to a rou-
tine that would wind up the program and bring in a new one.

NOTE

If a contingency or error occurs during the
execution of an instruction N and either

N+ 1or N+ 2 is a halt instruction, control
transfers normally to the contingency or
error routine; however, depending on the type
of error and whether N+ 1 and N + 2 are sub-
ject to any delay, the Computing Unit may
stop after completing the first instruction
in the subroutine,

The halt instruction has no effect on the
error routine if it follows an instruction
which is traced (FF20) or one in which occurs
a decoding error in tracing-mode selector
digit, (FF49); an instruction odd-even error,
(FF51); or a fast register odd-even error in
M-address modification, (FF53).

When any of the following individual flip-flops are set, the master
contingency flip-flop is also set, causing transfer of control to the con-
tingency routine, The flip-flops are as follows:

(1) Processor-intervention flip-flop, FFI11,

(2) Console manual-intervention flip-flops, FF30 through FF34,

(3) Improper operand in arithmetic subtraction flip-flop, FF39,

(4) Zero floating-point adder result flip-flop, FF40,

(5) Non-normalized divisor flip-flop, FF41,

(6) Exponent overflow flip-flop, FF42,

(7) Exponent underflow flip-flop, FF43,



(8) Fixed-point overflow flip-flop, FF44,

(9) Sign-anomaly flip-flop, FF435.

7-3. CONTINGENCY FLIP-FLOPS

Operation of the individual contingency flip-flops is described in
the following paragraphs. The conditions listed as causing the arithmetic
contingencies are representative but not exhaustive, Sign rules for all
instructions are covered in section 3.

PROCESSOR-INTERVENTION CONTINGENCY FLIP-FLOP (FF11)

The processor intervention flip-flop is set by the processor program
when it requires certain Computing Unit functions or when it is necessary
to notify the Computing Unit of specific conditions in the processor, The
processor may require multiplication, division, or complex editing func-
tions from the Computing Unit, or may have a need to notify the Computing
Unit of the state of input-output operations or error conditions which
have occurred in the input-output equipment, Normally, the processor will
place in the contingency subroutine some notification of the condition
causing it to interrupt the Computing Unit program, This notification
may take the form of a transfer-of-control instruction placed in a fixed
location and addressed to a location containing the instructions for hand-
ling the specific condition, The Computing Unit contingency routine would
then transfer control to the instruction recorded by the processor. This
instruction would, in turn, transfer control to the instructions written
to satisfy the processor's requirements., In using this sort of communica-
tion, it is imperative, of course, that both the Computing Unit and pro-
cessor programs be designed to use the same locations for the same func-
tions; that is, if the processor places a transfer-of-control instruction
addressed to 01150 when a multiplication is required, the Computing Unit
program must include a multiplication routine in 01150. Agreement must
also be reached on the location of input and output for such an operation.

The programmer is cautioned against attempting to use one-line or
certain two-line loops to delay the Computing Unit operations while wait-
ing for processor notification (through intervention) of completion of
certain input-output operations, (Refer to paragraph 4-1.)

CONSOLE MANUAL-INTERVENTION CONTINGENCY FLIP-FLOPS
(FF30 THROUGH FF34)

Depressing one of the manual-intervention pushbuttons on the opera-
tor's console causes the corresponding manual-intervention flip-flop to
be set. The caution regarding one-line loops, discussed under processor
intervention, also applies to manual intervention, The use of the manual-
intervention pushbuttons and the use of FF30 with paper-tape-read opera-
tions is discussed in section 5,
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IMPROPER OPERAND IN ARITHMETIC SUBTRACTION CONT INGENCY
FLIP-FLOP (FF39)

This flip-flop is set during floating-point addition or subtraction
if one of the operands is not in proper form, that is, not normalized. The
flip-flop is set, for example, when the following conditions occur simul-
taneously in an addition:

(1) Unequal exponents,
(2) Unlike signs,

(3) Magnitude of number with larger exponent is less than that of
number with smaller exponent, (This implies that the number
with the larger exponent is not normalized, The other number
may or may not be normalized,)

If the flip-flop is not set when the operand is not normalized, then
the result is correct, If the flip-flop is set, the result obtained from
such an operation is meaningless,

ZERO FLOATING-POINT ADDER RESULT CONTINGENCY FLIP-FLOP (FF40)

This flip-flop is set during floating-point addition and subtraction
operations when the result is zero, It also occurs in conversion from a
fixed to a floating-point instruction if the number to be converted is
zero,

NON-NORMALIZED DIVISOR CONTINGENCY FLIP-FLOP (FF41)

This flip-flop is set during floating-point division if the divisor
is zero or if it is not normalized.

EXPONENT OVERFLOW CONTINGENCY FLIP-FLOP (FF42)

This flip-flop is set during any floating-point arithmetic operation
if the excess-50 exponent of the result exceeds 99.

EXPONENT UNDERFLOW CONTINGENCY FLIP-FLOP (FF43)

This flip-flop is set during any floating-point arithmetic operation
or fixed-to-floating-point conversion operation if the excess-50 exponent
of the result is less than 00, This flip-flop is also set if in floating-
to-fixed-point conversion operations the scale factor is less than the ex-
ponent, In this case, significant digits will be lost,

FIXED-POINT OVERFLOW CONTINGENCY FLIP-FLOP (FF44)

This flip-flop is set during fixed-point addition, subtraction, or
division operations if the absolute result is equal to or greater than 1,
In all such cases (except division when the divisor is equal to or less
than the dividend) the result is equal to the true sum minus 1, In the
division case cited, the result is incorrect and meaningless,
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This flip-flop is also set during a shift-left instruction if the
number of shift places is greater than the number of significant zeros in
the number to be shifted. This means that significant non-zeros are
shifted off,

SIGN-ANOMALY CONTINGENCY FLIP-FLOP (FF45)

This flip-flop is set when the rules governing the sign digit have
been violated.

7-4. ERRORS

An error condition in the Larc Computing Unit causes an error flip-
flop associated with the particular condition to be set. An error will
usually be traced to a machine fault, but a programming mistake may cause
errors in certain cases; for example, if a program attempts to store in-
formation in a nonexistent fast register or storage location, or if the
operands in an arithmetic operation are not numeric, errors will result,

The setting of one or more error flip-flops will cause the master
error flip-flop (FF98) to be set. The master error flip-flop will be set
during the result phase of an instruction; this instruction will normally
be the instruction in which the error occurred, but may be some other in-
struction, This will result in an automatic transfer of control to the
instruction in location 02601, (The programmer should store, in the area
of core storage beginning at location (2601, a routine to handle errors,)
vhen the transfer of control to location 02601 takes place, a return jump
to the main program will automatically be stored in location (2600, This
jump instruction will be of the form 9 90 00 OO0 MMMMM, where M is normally
the address of the instruction following the one in which the error occur-
red, When an error occurs, an additional 20 microseconds are taken by the
computer in storing the return jump and transferring control to the error
routine, (See Note, page 7-3,)

The master error flip-flop will not necessarily be set immediately
after the execution of the instruction causing the error, (The address
stored in location 02600 is therefore not necessarily the address of the
instruction following that which caused the error,) Table 7-1 is a guide
for the programmer indicating the range of possible addresses stored in
location 02600. In this table E signifies the address of the instruction
causing the error, Two of the error flip-flops, (FF38 and FF84), are not
listed in the table, In the case of these two flip-flops, the address
stored in location 02600 will have a special meaning which will be dis-
cussed when the flip-flops are described in detail in paragraph 7-5.
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Table 7-1. Contents of 02600
After Transfer to 02601 Occurs

Address E-2 E-1 E E+l E+2

FF Number 50 | 50,56 | 50,56,57,58 | 20; 46 thru 70 46,50

An error routine will usually attempt to find out the cause of an
error and print out any relevant data. The following remarks will be use-
ful in attempting to analyze this data. The instruction which is in its
result phase when the master error flip-flop is set will be prevented from
storing a result in a fast register. (However, if this instruction stores
a result in a storage location it will be completed.) If the next instruc-
tion is a store instruction, and is in its execution phase when the master
error flip-flop is set, it will be completed.

There are 28 error flip-flops in the Computing Unit. One of them
(FF20) is the enter-tracing-mode flip-flop which is automatically set when
an instruction is decoded which has a tracing digit corresponding to a set
selected-tracing-mode flip-flop (covered in paragraph 7-6). Each of the
other error flip-flops is used to indicate an error condition.

Any of the 12 "digit flip-flops" (FF71 through FF82) may be set, in
addition to the error flip-flops, when certain errors occur. The setting
of one of these flip-flops indicates an incorrect bit pattern in the cor-
responding digit position of an operand or a result, but will not of it-
self cause the master error flip-flop to be set. However, it is not pos-
sible for a digit flip-flop to be set without some error flip-flop first
being set.

The master error flip-flop is automatically set when any of the in-
dividual error flip-flops are set and is automatically reset when all of
the individual error flip-flops are reset. Flip-flop 84 is an exception
to the general rule, It is discussed separately later on in this section
in the detailed list of error flip-flops.

Error flip-flops 52 and 59 through 70 (which include all the arith-
metic flip-flops and two flip-flops connected with inputs to the arithmetic
unit) have the following special property: if one or more flip-flops in
the group are set (several flip-flops in the group may set simultaneously),
the other flip-flops in the group are subsequently prevented from setting.

One or more of the 12 "digit flip-flops" (FF71 through FF82) will be
set when any of the following error flip-flops are set: FF51 through FF55,
FF59, FF60, FF67, FF68 and FF70. However, once one of these error flip-
flops has been set and the relevant digit flip-flops have also been set,
no subsequent error will alter the state of the digit flip-flops.

No fixed rules can be given for the organization of an error routine;
however, the following outline may be of assistance to the programmer.



Since the enter-tracing-mode flip-flop (FF20) causes a transfer to the
error routine, the routine must test this flip-flop and transfer control
to the tracing routine if it is set, This subject is discussed in para-
graph 7-6,

The error routine must also test all error flip-flops and digit flip-
flops, and list those which have been set, Details of the error should be
printed on the console printer, Such details might be the flip-flops
which were set, the address of the instruction causing the error, the in-
struction itself, and the addresses and contents of registers or storage
locations relevant to the instruction,

When all the error flip-flops have been reset and details of the
error have been. printed out, the error routine may attempt to repeat the
instruction causing the error, if this is possible. If the instruction is
repeated without error, then control may be transferred to the main program
using the jump instruction stored in location 02600, This approach will
only be useful if the error was caused by an intermittent machine fault.
If it is impossible to repeat the instruction or if the error occurs a
second time, the error routine may either stop the computer or cause the
processor to bring in a new program,

If an error and a contingency occur simultaneously, both the master
error flip-flop (FF98) and the master contingency flip-flop (FF99) will be
set, but control will be transferred to the error routine and the return
jump will be stored in location 02600, Hence, when the error routine has
completed testing the error flip-flops, it must also test flip-flop 99,
the master contingency flip-flop. If flip-flop 99 is set, control must be
transferred to the contingency routine; however, the programmer should
note that if an error occurs in the contingency routine, the error circuits
will function in the normal way and a transfer to the error routine will
occur, In this case also, the error routine will find that flip-flop 99
is set, These two situations require the following different treatments
by the error routine:

(1) If flip-flop 99 is set and the address in 02600 is a main pro-
gram address, store the instruction located in 02600 in loca-
tion 02700 and transfer control to 02701.

(2) If flip-flop 99 is set and the address in 02600 is a contingency-
routine address, execute the jump instruction located in 02600
and leave the contents of 02700 unchanged.

In both of these cases, it is assumed that the error routine has com-
pleted its work satisfactorily and has successfully repeated the erroneous
instruction,

There is a possibility for a contingency to occur in the error rou-
tine while the master error flip-flop is still set., The master contingen-
cy flip-flop will then be set but no transfer to the contingency routine
will occur, This situation will be indistinguishable from case 1 above,
This however is not likely to cause trouble, as normally the error routine
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results in a contingency only when it is attempting to repeat the erroneous
instruction in the main program, in which case the procedure outlined in

(1) will be satisfactory. In any event, a contingency in an error routine
is an unlikely occurrence,

When the error routine has reset all the error flip-flops, the master
error flip-flop will automatically be reset. Once this has occurred an-
other error will result in a transfer of control to 02601 and the storing
of a return jump in 02600, Unless precautions are taken, the return jump
to the main program which was originally stored in location 02600 will be
destroyed by such a sequence, This eventuality may be avoided by causing
the error routine to test the address in 02600 at the beginning of the
routine, If, after test it is found not to be an error-routine address,
the instruction in location 02600 should be preserved in a special loca-
tion; however, if it is an error-routine address, the instruction in loca-
tion 02600 should not be preserved in the special location, This organi-
zation of the error routine will ensure the preservation of the return
jump to the main program, Note that if an error occurs while the master
error flip-flop is still set, the computer will automatically stop. This
condition is known as a second-error stop.

Although not normally of use to the programmer, two special modes of
operation are available for handling errors, Mode selection is controlled
at the engineer's console by three adjacent CHECK OPTION pushbuttons,
These pushbuttons, which are individually marked N (normal), I (ignore),
and S (stop), control the operation of the error circuits as follows:

(1) N: the error circuits operate as previously explained,

(2) I: if errors occur and flip-flop 98 sets, control will not trans-
fer to the error routine, The Computing Unit program will con-
tinue without interruption,

(3) S: if errors occur and flip-flop 98 sets, the computer will stop.
The computer may be restarted by manually resetting the error
flip-flops and depressing the START pushbutton,

7-5. ERROR FLIP-FLOPS

The operation of the individual error flip-flops is described in the
following paragraphs, The treatment is not exhaustive and attempts prima-
rily to explain how a programming mistake may set a particular error flip-
flop. Further details about theerror flip-flops and machine faults are
found in the logic manuals covering the control system and the arithmetic
system,

Setting any of the 20 error flip-flops listed, unless otherwise
stated, will set the master error flip-flop and cause an automatic trans-
fer of control to the instruction in location 02601,



ENTER TRACING MODE FLIP-FLOP (FF20)

Flip-flop 20 is set when the instruction to be executed has in its
tracing mode position a digit which corresponds to a set selected-tracing-
mode flip-flop (FF21 through FF29). Control is transferred to the error
routine before the instruction is executed. When FF20 is set, the address
recorded with the return jump in location 02600 is always that of the in-
struction following the one with the selected tracing mode digit,

IMPROPER-TAPE ERROR FLIP-FLOP (FF38)

This flip-flop is set if the paper tape reader attempts to read a
transmit symbol when the operation is being controlled by the Computing
Unit through flip-flop 90. When flip-flop 38 is set, the Computing Unit
will normally be executing a sequence of instructions. The error will in-
terrupt the sequence and transfer control to the error routine. The ad-
dress stored in location 02600 will be the address of the instruction fol-
lowing the last one completed before the transfer of control took place.

STALL ERROR FLIP-FLOP (FF46)

A stall error can occur when the control unit sends a call for the
contents of a core storage location and no memory-not-busy signal is re-
ceived, If at the end of 3 milliseconds the control unit is still waiting
for the signal, FF46 will be set., The stall error will occur if the modi-
fied M address of an instruction exceeds Lim M, The error will also occur
if an attempt is made to transfer control to an instruction in a fast re-
gister,

CONTROL ERRGR FLIP-FLOP (FF47)

If an instruction tests, sets, or resets a nonexistent flip-flop,
error flip-flop 47 is set. Flip-flop 47 is also set if an instruction
tests, sets, or resets an existing flip-flop and for some reason the exe-
cution of the instruction is not completed (refer to paragraph 5-9).

FAST-REGISTER CONTROL ERROR (ON RESULT TIME) FLIP-FLOP (FF48)

This flip-flop is set only as a result of machine error.

DECODING ERROR (IN TRACING-MODE SELECTOR DIGIT) FLIP-FLOP (FF49)

This flip-flop is set if the tracing digit of the instruction being
executed is (0), (A), (-), (+), or is not a legitimate Larc character,

B ADDER ODD-EVEN ERROR (ON INSTRUCTION OR OPERAND CALL)
FLIP-FLOP (FF350)

This flip-flop is set when the output from the B adder on an operand
or instruction call contains odd-even errors, This flip-flop will be set
if the M address or modifier of an instruction contains non-numeric
characters,
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INSTRUCTION ODD-EVEN ERROR FLIP-FLUP (FF51)

This flip-flop is set when the instruction called contains an odd-
even error,

OPERAND UDD-EVEN ERROR FLIP-FLOP (FF32)

If an operand called from memory contains odd-even errors, flip-flop
52 is set.

FAST REGISTER ODD-EVEN ERRUR (IN M-ADDRESS MODIFICATION)
FLIP-FLOP (FF53)

This flip-flop is set when M-address modification is attempted using
a B modifier which contains odd-even errors,

FAST REGISTER ODD-EVEN ERROR (ON TIME SLOT M)
FLIP-FLOP (FF54)

If odd-even errors exist in the contents of the fast-register operand
read out on the M slot, this error flip-flop is set, For example, the
flip-flop is set if an attempt is made to read from a non-existent fast
register or a fast register which contains odd-even errors.

FAST REGISTER ODD-EVEN ERROR (ON RESULT TIME)
FLIP-FLOP (FF55)

This flip-flop is set if an attempt is made to store in a non-existent
fast register or in a fast register which contains characters with odd-
even errors,

B_ADDER ODD-EVEN ERROR (ON OUTPUT TO Cl, TO HIGH-SPEED BUS,
UR_TU ARITHMETIC UNIT) FLIP-FLOP (FF56)

This flip-flop is set only as a result of machine error,

B_ADDER ODD-EVEN ERROR (ON OUTPUT TO FAST-REGISTER SELECTOR,
TO SELECTOR STORAGE, OR TO M DIGITS OF IR2) FLIP-FLOP (FF57)

This error flip-flop can be set by non-numeric characters appearing
in the A, B, or M fields, or in the B modifier.

B ADDER ODD-EVEN ERROR (ON OUTPUT TO C2) FLIP-FLOP (FF38)

This flip-flop is set only as the result of machine error,

ADDER OUTPUT ODD-EVEN OR NON-NUMERIC ERROR FLIP-FLOP (FF39)

This flip-flop is set if non-numeric characters are added to other
characters in the adder. This flip-flop is also set if odd-even errors
exist in the output of the adder. These conditions can occur in compari-
son, shift, conversion, index, or arithmetic instructions,
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SHIFTER GUTPUT ODD-EVEN ERROR FLIP-FLOP (FFG6O0)

If the signals which indicate how much to shift are lacking, error
flip-flop 60 is set, If a circular-shift instruction indicates a shift
greater than 24, error flip-flop 60 is set., (Refer also to FF63.) Flip-
flop 60 can also be set when non-numeric characters are present in nonsign
positions of operands in certain fixed-point and floating-point arithmetic
instructions, A non-numeric character in an indirect addressing key word
will also set flip-flop 60.

COMPARATOR ERRUR (SINGLE-PRECISION DIVISION)
FLIP-FLOP (FF61)

This flip-flop is set only as a result of machine error.

MULTIPLIER, QUOTIENT, AND EXTRACTOR ERROR
FLIP-FLOP (FF62)

This flip-flop is set only as a result of machine error.

SHIFT CONTROI. ERROR FLIP-FLOP (FF63)

If the shift digits in a circular-shift instruction specify a shift
which is greater than 24 places, error flip-flop 63 is set,

ADDER-OVERFLOW ERROR FLIP-FLOP (FF64)

This flip-flop can be set when non-numeric characters are present in
nonsign positions of operands in certain arithmetic and conversion instruc-

tions.

ARITHMETIC-UNIT PROGRAM CUUNTER AND DECODER ERROR
FLIP-FLOP (FF65)

This flip-flop is set only as a result of machine error.

ENDING-PULSE ERROR FLIP-FLOP (FF66)

This flip-flop is set only as a result of machine error,

AH REGISTER ODD-EVEN ERROR FLIP-FLOP (FF67)

This flip-flop can be set if non-numeric characters are contained in
nonsign positions of the multiplier or divisor in fixed-point or floating-
point multiplication or division,

AD REGISTER ODD-EVEN ERROR FLIP-FLOP (FF68)

This flip-flop is set only as a result of machine error.
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SIGN DIGIT ODD-EVEN ERROR FLIP-FLOP (FF69)

When an odd-even error occurs in the sign position of the operand
read out on the M slot, error flip-flop 69 is set, Flip-flop 69 will be
set, for example, in a store instruction in which the A address exceeds
Lim A or in which the sign position of fast register A contains an odd-
even error,

A REGISTER ODPD-EVEN ERROR (ON TIME SLOT A) FLIP-FLOP (FF70)

This error flip-flop is set when an odd-even error is detected in the
contents of a fast register when they are read out on time slot A, Flip-
flop 70 will be set, for exampie, in a single-precision, fixed-point add
instruction in which the A address exceeds Lim A or in which the contents
of fast register A include odd-even errors,

CYCLING-UNIT ERROR FLIP-FLOP (FF84)

This error flip-flop is set if the cycling unit stops or if there is
a component failure in the cycling unit.

The cycling unit provides the basic timing pulses for the Larc system
Computing Unit, If the cycling unit fails completely then flip-flop 84
will set and the computer will stall (FF46 will set); the lack of timing
pulses will prevent the setting of the master error flip-flop, control
will not transfer to the error routine, and nothing will be stored in loca-
tion 02600, If the cycling unit fails for only a short time and then re-
starts, flip-flop 84 will set and flip-flop 90 will set after the restart,
In addition, other error flip-flops will invariably be set, In any event,
control will be transferred to the error routine, The address stored in
location 02600 cannot be precisely defined in this case, but will be with-
in one or two locations of the instruction that was in its execution phase
when the cycling unit failed,

It is possible for the programmer to set flip-flop 84 by means of a
set-flip-flop instruction. In this case, the master error flip-flop will
not be set and control will not be transferred to the error routine, Note
however, that if flip-flop 84 is set and the master error flip-flop is
also set, then the latter flip-flop will not reset until flip-flop 84 is
reset,

7-6. TRACING MODES

It is well known that a computer program will rarely work correctly
the first time it is run, Sometimes programmers may write short programs
which are free of errors, but in a complex program of any length, it is
usual for numerous typographical errors and mistakes in program logic to
remain even after the program has been checked visually many times.



The remaining errors in a program must be discovered by running the
program on the computer, usually with a set of test data., Typographical
errors and many mistakes in program logic will often result in machine
errors or contingencies., In the Larc Computing Unit the occurrence of
errors or contingencies will transfer control to special routines which
will print out information relating to the errors or contingencies. Using
the printouts, the programmer should be able to correct the more obvious
programming mistakes,

Some programming mistakes cannot be so easily corrected. For example,
if a typographical error in a program results in an erroneous jump, a
machine error might occur many instructions after the mistake in the pro-
gram, Or, as another example, a program might appear to run without
error, but produce incorrect results, In these cases it would be useful
to be able to monitor the progress of programs as they are running. This
facility is provided in the Larc Computing Unit in the form of tracing
modes,

Normally, a Larc Computing Unit instruction word will have a period
in the most significant, or tracing digit, position, When such an in-
struction is decoded, it will be executed normally, If a programmer wishes
to monitor a program he will place one of the digits 1 through 9 in the
tracing-digit position of selected instructions, and at the beginning of
his program he will set the corresponding selected-tracing-mode flip-flop
(FF21 through FF29), When an instruction with one of the digits 1 through
9 is decoded and the corresponding selected-tracing-mode flip-flop is set,
the execution of the instruction will be inhibited and the computer will
operate in the selected tracing mode, In detail, what happens is this:
the control circuits set the enter-tracing-mode flip-flop (FF20). A skip
is then inserted automatically into IR2 and executed, While the skip is
being executed the master error flip-flop (FF98) is set, and control is
transferred to the error routine in the normal way, The error routine
entry (location 02601) is used as a common entry point for the error and
tracing routines, Computing Unit control is transferred to the instruction
in location (2601 and a return jump to the main program is stored in loca-
tion 02600, This jump is of the form 9 90 00 00 MMMMM, where M is the
address of the instruction following the instruction being traced.

After testing the various error flip-flops, the error routine must
test flip-flop 20 and, if it is set, transfer control to the tracing rou-
tine, The tracing routine may be written by the programmer to suit the
special purposes of his program, The organization of such a routine might
be as follows: After preserving the return jump instruction stored in
location 02600, the tracing routine should reset the enter-tracing-mode
flip-flop; then, if no error flip-flops were set, the master error flip-
flop would automatically reset., (The jump instruction must be preserved
so that a possible error in the tracing routine will not destroy it,) The
routine should next bring from storage the instruction being traced,.

After examining the tracing digit of the instruction to see which tracing
mode is required, the routine should change the tracing digit to a period
and cause the instruction to be executed, The tracing routine should then
transfer control to a subroutine corresponding to the particular tracing
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mode, This subroutine might then cause the processor to print out in-
formation required by the programmer for the monitoring of his program,
Such information might be intermediate results, contents of fast registers,
the states of counters, etc. After the tracing routine has completed its
monitoring work, it may transfer control back to the main program by exe-
cuting the jump instruction which was originally stored in location 02600,
and was later preserved by the tracing routine., If flip-flop 29 is set,
however, the tracing digit (9) in the jump instruction must be replaced by
a period before the jump is executed. Otherwise, control will be trans-
ferred immediately back to the error routine and tracing routine,

There are two things the programmer must be aware of when using the
tracing routine, First, the tracing routine must reset flip-flop 20 which
will automatically reset the master error flip-flop (provided that no
error flip-flops are set), If this is not done, the occurrence of an
error or the tracing of another instruction will cause the computer to
stop, This stop is known as a second-error stop., Secondly, if a set flip-
flop instruction sets one of the selected-tracing-mode flip-flops (FF21
through FF29), the two instructions immediately following the set-flip-flop
instruction cannot normally be traced in that particular mode. The reason
for this is that by the time the flip-flop is set, the two instructions
will have already passed the point in their execution cycle where their
tracing digits are compared with the corresponding selected-tracing-mode
flip-flop. This is not a serious restriction because usually the re-
quired selected-tracing-mode flip-flops will be set at the start of a pro-
gram before any instruction is encountered which requires tracing, For
the same reason, if a reset flip-flop instruction resets one of the selec-
ted-tracing-mode flip-flops, the two instructions immediately following
the reset-flip-flop instruction can still be traced in that particular
mode.

A tracing digit in an instruction will have no effect unless the
corresponding tracing mode flip-flop is set, Accordingly, when a program
has been monitored and corrected by use of the tracing routine, it re-
quires only slight alteration to remove the tracing facility, The re-
moval of those instructions which set the selected-tracing-mode flip-flops
at the start of the program will prevent all tracing. The tracing digits
in instructions do not need to be changed to periods.

The discussion in the following paragraphs covers the special pur-
poses for which tracing modes 1 and 9 are used in the Larc computing sys-
tem,

Tracing mode 1 is used in conjunction with the engineer's console and
the visual-display registers for engineering monitoring of special regis-
ters and signals, The special use of tracing mode 1 is activated by set-
ting up the program display mode by controls on the engineer's console,
When the Computing Unit is operating in this mode, the decoding of an in-
struction with a 1 as the tracing digit will produce special displays in
the visual-display registers according to the engineer's needs. The ac-
tual tracing function in the Computing Unit is not affected in any way
by the program mode,
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Tracing mode 9 may be used as a common printing routine for errors
and contingencies, as the return instructions stored in locations 02600
(for errors) and 02700 (for contingencies) have a 9 as the tracing digit.
If the error or contingency routine following resetting of the master
error or master contingency flip-flop executes the return instruction, and
flip-flop 29 is set, control will be transferred to the tracing routine
corresponding to digit 9. This routine should be so written that it
causes a printout of information previously stored in special locations
by the error or contingency routines,

If tracing mode 9 is used for this purpose, the error routine must
make special provision for preserving the return jump stored in location
02600, If this instruction is not preserved, the reentry to the error
routine caused by the decoding of tracing digit 9 will destroy the in-
struction and prevent a return to the main program., If the error routine
and contingency routine do not use tracing mode 9, the mode may be used by
the programmer in the normal way.

The programmer should note that both the SLJ and the TR instructions

store jump instructions with a 9 tracing digit, If tracing mode 9 is used
as a print routine, these jump instructions will require special attention,
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APPENDIX A
NUMERICAL LIST OF INSTRUCTIONS

This appendix contains a list of
Computing Unit instructions in
numerical order. The instructions are
listed by numeric code number, and the
information covers the mnemonic code,
symbolic notation, time of execution,
and a page reference to the text.



Numeric | Mnemonic . . Time Pa
Symbolic Notation ge

Code Code y (us) Reference
00 SK Skip 4 3-68

(Cl1) +1—— Cl
01 axX (M) + (A) — A 4 3-13
02 A M ® (A ——= A 4 3-45
03 AM M| @ (8) — A 4 3-46
04 AU M @ () —= A+1 4 3-47
05 AAX (M) + (A') —= 37 12 3-18
06 AA M) ® (A") ——=. 2 16 3-55
09 FV If interlock set, 3-64

o 0 (5DD) — 02650;

then (02650) —— A and

reset connect and inter-

lock FF's 4

If interlock reset,

M—C 12
11 NX -(M) + (A) —= A 4 3-13
12 N -(M) ® (a) —= A 4 3-48
14 NU -(M) @ (A) —= A +1 4 3-48
15 NNX -(M") + (A') —= A" 12 3-19
16 NN -(M') ® (A'") — A 16 3-56
19 FVK If interlock set, 3-65

(12DD) ——= 02650; then

(02650) —/= A and

reset connect and inter-

lock FF's 4

If interlock reset,

M—=C 12
20 MXR [(M) x(A)] Rdd — A 8 3-14
21 MXE (M) x (4) —= A’ 12 3-15
22 MR [(M) ® (A)] Rdd — A 12 3-49
23 M (M) ® (A) —= 4 8 3-50




Numeric | Mnemonic . . Time Page
Code Code Symbolic Notation (us) | Reference
24 MU M) ® @A) —A+1 o] 3-51
25 ME M ® @A) — A" 12 3-52
26 MMX (M) x A') — A" 36 3-19
27 MM M) ® @A) — A’ 36 3-57
29 SV If interlock reset, 3-65
(A) —= 02650; then
(02650M) — 5Db 4
If interlock set,
M——C 12
30 DX (A) + (M) —= A 32 3-16
31 DXE a) + (M) — A 36 3-17
Remainder — A + 1
32 DR [(A) @ (M)] Rdd — A 28 3-53
34 DUR [A) ® (M) Rdd —= A + 1 28 3-54
35 DDX A') + M') —= A" 184 3-20
36 DD Q)Y @ u') — A" 168 3-58
37 DSE (A') ® (M) —= A" 56 3-59
39 SVK If interlock reset, 3-66
(A) — 02630; then
(02650) — 120D 4
If interlock set,
M——C 12
40 S (A) — M 4 3-7
41 SN -(A) — M 4 3-8
42 SM | Q) —= N 4 3-8
43 F (M) — A 4 3-11
45 SS (A) — N 8 3-9
A+1)—/=M+1
46 SSN -(A) —= M 8 3-10

-(A*+l) —= M + 1
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Numeric | Mnemonic . . Time Page

Code Code Symbolic Notation (ns) | Reference

47 SSH |(A)] —= M 8 3-11
A+ 1) —=m+1

48 FF (M) —= A 8 3-12
M+1)—A +1

50 cX (A) - FL —= A - FX 4 3-61
M: scale factor

51 C (A) - FX — A - FL 4 3-61
M: scale factor

52 PR @) x 10N —e 4 3-36
(right shift M places)

53 PL @A) x 10" —= 4 4 3-37
(left shift M places

35 CCX (A') - FL —/8= A' - FX 12 3-62
M: scale factor

26 CcC (A') - FX —= A' - FL 12 3-63
M: scale factor

57. PPR @A) x 107N —e 41 8 3-37
(right shift M places)

58 PPL ') x 10M —=ar 8 3-39
(left shift M places)

59 PEC (') x 10 —= 4" (circular) | 12 3-40
(left circular shift)

60 EOP (MI) — AI 4 3-32

61 EA (MA) — AA 4 3-32

62 EB (MB) —_— AB 4 3-32

63 EAB (MAB) — AAB 4 3-33

64 EM (M) —=a4 4 3-33

M M
65 EL A-1)—sA 8 3-33
(M)
66 EU A+1) —=4 8 3-34

(M)




Numeric | Mnemonic . . Time Page
Code Code Symbolic Notation (bs) | Reference
70 TE A) =@4 +1) ? 3-24
Yes: M —— C 12
No: (C) +1 —=(C 4
71 TG A)> @ +1)7 3-26
Yes: M—C 12
No: (C) +1 —=(C 4
72 TZ (A)=07? 3-27
Yes: M —= C 12
NO: (C) +1 —= (C 4
73 TGZ a)>07? 3-28
Yes: M—= C 12
No: (C) +1 —¢(C 4
74 TLZ (A) <02 3-29
Yes: M —= C 12
No: (C) +1 —= (C 4
75 TTE A') =4 +2") ? 3-30
Yes: M —= (C 16
No: (C) +1 —= 8
76 TTG (A') > (A +2') 2 3-30
Yes: M —= C 16
No: (C) +1 —= C 8
80 BIT (AA) + (AD) — A, 3-41
(AN) -1 — AN
New (AN) #F0; M —C 8
New (AN) =0; (C)+1——=¢C 12
81 BLT ) - Ap) —= 4, 3_42
(AN) -1 — _AN
New (AN)¢O;M—-—C 8
New (AN) =0; (C)+1—=¢C 12

A-5



Numeric | Mnemonic . . Time Page
Code Code Symbolic Notation (1s) | Reference
82 BIC (AA) + (AU) — AA 3-43

(AN) -1 _’AN
New (AN) =0; N—=C 12
New (A\) #0; (C) +1 —=C 4
83 BDC (AA) - (AD) —_— AA 3-43
(AN) -1 — AN
New (AN) =0; M —C 12
New (AN)#O; (C) +1—=¢( 4
85 BI (AA) + (AD) —_— AA 4 3-41
86 BD (a,) - (AD) — A, 4 3-41
90 T M——C 8 3-21
91 TR 990——0 (C) +1 ——= M 12 3-22
M+1——¢C
92 TB (C) —-’AM 8 3-23
M——C
93 SLJ If M is storage location, 4 3-34
990 0 (C2) — M
If M is fast register,
0 0 (C2) — M
95 TF Test FF A: 3-67
If set, M — C 12
If reset, (C) +1 —=C 4
96 RF Reset FF A 4 3-68
97 SF Set FF A 4 3-68
99 H STOP - 3-69
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ADDRESSABLE FLIP-FLOPS IN THE COMPUTING UNIT

APPENDIX B

Controllable by
Computing Unit

Flip-Flop Title Program Instruction
Test | Reset | Set
00...09 | Sense 95 96 97
10 Disclosure (can be tested and reset by 95 97
processor)
11 Processor-intervention contingency 95 96
(can be tested and set by processor)
15 Manual- and IOP-intervention inhibit 95 96 97
20 Enter tracing mode 95 96
21...29 | Selected tracing mode 95 96 97
30...34 | Console manual-intervention contingency 95 96
38 Improper-tape error 95 96
39 Improper operand in arithmetic sub- 95 96
traction contingency
40 Zero floating-point adder result 95 96
contingency
41 Non-normalized-divisor contingency 95 96
42 Exponent-overflow contingency 95 96
43 Exponent-underflow contingency 95 96




Controllable by
Computing Unit
Flip-Flop Title Program Instruction

Test Reset Set

44 Fixed-point overflow contingency 95 96
45 Sign-anomaly contingency 95 96
46 Stall error 95 96
47 Control error 95 96
48 Fast-register control error (on result
time) 95 96
49 Decoding error (in tracing-mode selector | 95 96
digit)
30 B-adder odd-even error (on instruction or{ 95 96

operand call)

Sl Instruction odd-even error 95 96
32 Operand odd-even error 95 96
33 Fast-register odd-even error (in 95 96

M-address modification)

54 Fast-register odd-even error (on time 95 96
slot M¥)

35 Fast-register odd-even error (on result 95 96
time)

o6 B-adder odd-even error (on output to 95 96

control counter 1, or to the high-speed
bus, or to the arithmetic unit)

57 B-adder odd-even error (on output to the | 95 96
fast-register selector, or to selector
storage, or to the M digits of instruc-
tion register 2)

38 B-adder odd-even error (on output to 95 96
control counter 2)

* Time slot M is the time at which the contents of a fast register
are read out when addressed by the M digits of an instruction, 1In certain
instructions a fast register addressed by the A digits is read out on time
slot M,
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Controllable by
Computing Unit

Flip-Flop Title Program Instruction
Test | Reset | Set
99 Adder output odd-even or non-numeric 95 96
error :
60 Shifter output odd-even error 95 96
61 Comparator error (single-precision 95 96
division)
62 Myliiplier. quotient, and extractor 95 96
error
63 Shift-control error 95 96
64 Adder-overflow error 95 96
65 Arithmetic~unit program counter and 95 96
decoder error
66 Ending-pulse error 95 96
67 AH register odd-even error 95 96
68 AD register odd-even error 95 96
69 Sign digit odd-even error 95 96
70 A register odd-even error (on time 95 96
slot A%)
71...82 Odd-even error, digit position 95 b
84 Cycling-unit error 95 96 97
90 Start tape 95 96 97
98 Master error 95 s
99 95 Aok dele

Master contingency

* Time slot A is the time at which the contents of a fast register
are normally read out when addressed by the A digits of an instruction.
Refer to note on FF54,

** Flip-flops 71 through 82 are automatically reset when all the

following error flip-flops are reset: 51...55; 59, 60, 67, 68, 70.
#*% FF98 is automatically reset when all of the error flip-flops (20,

38, 46...70, and 84) are reset.

wkk% FFO9 is automatically reset when all of the contingency flip-
flops (11, 30,..34, and 39...45) are reset.



APPENDIX C
REMINGTON RAND UNIVAC PROCESSOR PROGRAM

It is possible to write many different processor programs which are
specifically tailored for each program run on the computer; however, this
would be costly and time consuming. Because many input-output procedures
will not vary from one problem to the next, it is possible to write a
general-purpose processor program which will work relatively efficiently
for most applications.

Remington Rand has developed such a general-purpose processor pro-
gram.l 1In using this processor program, the Computing Unit programmer
writes summary orders to express commands to the processor. A summary
order is a pseudo-command to the processor, and indicates to the processor
program the exact series of operations which must be performed. The pro-
cessor program picks up and analyzes the summary orders, and according to
the analysis, executes the required instructions.

This program occupies all of the first storage unit, which is perman-
ently interlocked against computer access. In addition, the program uses
the last 1500 words of the second storage unit. These locations should not
be altered by the computer program.

The first two digits of the summary order specify the type of opera-
tion to be performed; the remaining digits indicate which particular device
is to be used, which part of the device is involved, and what storage lo-
cations, if any, are involved. The exact format depends on the specific
summary order.

Summary orders are transferred to the processor in what are called
packets. A packet may consist of a single summary order or a group of
summary orders placed in sequential storage locations. An end-of-packet
word must be placed in the storage location immediately following the last
summary order in the packet. The end-of-packet word provides a means of
determining when summary orders which transfer data into or out of storage
have been completed. The time of completion of non-storage summary orders,
however, will not usually be of interest to the Computing Unit programmer.

1y, Bruch, The Standard Processor Program, Remington Rand Univac
Division of Sperry Rand Corporation, 1961,
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The processor performs these orders in sequence, but they do not affect
data or equipment required by the Computing Unit program.

The end-of-packet word can be in either of two formats: a computer-
check end-of-packet word or a processor-interrupt end-of-packet word.,

The computer-check end-of-packet word is used when the Computing Unit
program is going to use the input-output data when it is free and able to
do so. The processor-interrupt end-of-packet word is used when the Com-
puting Unit intends to use the data from the summary orders as soon as it
is available. The processor-interrupt end-of-packet word provides the
Computing Unit program with immediate notification of the completion of sum-
mary orders through automatic transfer of control to that part of the Com-
puting Unit routine which is to handle the summary order information. The
end-of-packet word must be included even though there are no data-transfer
summary orders in the packet. If there are no data-transfer summary orders
the completion indication is made as soon as the summary orders have been

either executed or filed for execution., The computer-check end-of-packet
word has the following format:

0 00 00 O0 MMMMM

where MMMMM is the address of a core-storage location in which the proces-
sor program stores a word made up of all zeros (,00000000000) when all stor-
age summary orders in the packet are complete. By checking MMMMM for zeros,
the computer program can determine when the summary orders have been car-
ried out. It is also possible to use MMMMM in the following manner: if the
programmer has a loop to perform while waiting for the summary orders to be
completed, he can use MMMMM as an unconditional-transfer-of-control instruc-
tion at the end of the loop; then, when the processor stores zeros in MMMMM,
it will function as a skip instruction, and control will pass to the in-
structions following MMMMM.

The processor-interrupt end-of-packet word has the following format:
. 90 00 00 MMMMM

where MMMMM is the address of a location to which control is to be trans-
ferred when the storage summary orders have been completed. This transfer
of control is effected in the following manner: when the summary orders
have been completed, the processor places the end-of-packet word

(. 90 00 00 MMMMM) in location 02799 and sets the processor intervention
flip-flop; the Computing Unit then enters the contingency routine, and
through the processor intervention subroutine, executes the

. 90 00 00 MMMMM instruction, transferring control to location MMMMM.

Note that digits 4 through 7 of both types of end-of-packet word must
be zeros. These digits are used by the processor program, and must not be
altered by the Computing Unit program until the processor has completed pro-
cessing the packet.

If a packet is to be used more than once, the programmer may list a
series of end-of-packet words after the packet, and each time the packet is
issued, a different end-of-packet word address is listed in the disclosure
word. An end-of-packet word which precedes the effective one is treated as
a skip summary order.
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After the summary orders are placed in desired locations, the Comput-
ing Unit program places a disclosure word in storage location 02500 and
sets the disclosure flip-flop. When the processor finds the disclosure
flip-flop set, it picks up the disclosure word and resets the flip-flop.
After the flip-flop is reset, the computer can set it again for another
group of summary orders. The processor will not check the disclosure flip-
flop again until the current summary orders are being executed or are dis-
tributed to the appropriate files to await execution.

The disclosure word provides the programmer with one method of deter-
mining whether the program is in an endless loop. There are two forms of
the disclosure word, a primary disclosure word and a secondary disclosure
word. A primary disclosure word has the format 15 NNNNN MMMMM, and the
secondary disclosure word has the format 14 NNNNN MMMMM; NNNNN is the
address of the first summary order in the packet and MMMMM is the address
of the end-of-packet word. The processor records the time it picks up the
disclosure word. If it is a primary disclosure word, and there is no other
primary disclosure word given within 5 minutes of this time, there is a
printout on the console printer indicating this situation. The printout
will be repeated every 5 minutes until there is another primary disclosure
word.

If the disclosure word is a secondary disclosure word, and there is no
other secondary disclosure word given within 5 minutes, there will be a
printout on the console printer indicating this fact. In the case of the
secondary disclosure word, the printout is not repeated. The secondary dis-
closure word is generally used in a side routine being performed when the
main program does not occupy the full time of the Computing Unit. 1n this
situation, the programmer needs tc be able to distinguish between a tieup
in a loop in the secondary program and a tieup in the main program.

The disclosure word printout is only effective in detecting loops
which do not include delivery of summary orders. This mechanism will not
be able to indicate a loop in which the same disclosure word is continually
being issued.

If it is important to the programmer to know if the last packet of
summary orders has been picked up, he can issue a pseudo-disclosure word
(000000000000 or .00000000000) and set the disclosure flip-flop. The
processor does not examine the disclosure flip-flop and pick up a new dis-
closure word (and therefore does not reset the flip-flop) until the pre-
ceding packet has either been executed or distributed to the proper files.
Therefore, the program is aware that if the disclosure flip-flop is reset
(the disclosure word picked up) after the pseudo-disclosure word is issued,
the preceding packet has been filed or executed. The pseudo-disclosure
word, then, permits the programmer to check the progress of the last packet
without issuing any additional summary orders. The pseudo-disclosure order
does not initiate any other action in the processor.

After the processor has picked up the disclosure word, it begins to
execute the summary orders in the sequence in which they are listed. Ex-
ecution of a summary order may be delayed if the device it calls on or the
required synchronizer is already in use, or if the storage area it affects
is in use or reserved to be used by a prior summary order.
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To ensure that the summary orders are executed according to the cor-
rect priority, the processor program keeps files (device files) of the
summary orders waiting to be executed. A device file is maintained for
each input-output device. As the device completes one summary order, the
next summary order in the file is picked up and executed.

A storage-conflict file is maintained for summary orders which refer
to storage areas. The file consists of ten 3-word slots and one conflict
slot. The 3-word slots are used to contain the beginning and ending ad-
dresses of the storage area affected by the summary order and an instruc-
tion which is to be executed when the summary order is completed. This
instruction subtracts 1 from the summary order count connected with the end-
of-packet word. The conflict slot is used when the current summary order
refers to a storage area which overlaps with a storage area used by a pre-
vious uncompleted summary order. In this case, zeros are placed in the
current summary order's place in the device file. When the storage area is
released by the completion of the conflicting summary order, the current
summary order is removed from the conflict slot and placed in the device
file.

Figure C-1 is a flow chart illustrating the steps by which a summary
order is executed or filed to await execution. It is not intended to show
details of procedures performed by the processor program.

As it stands, the processor program does not include any provision for
notifying the Computing Unit of errors it detects, except for the errors
discovered by the synchronizers which cause printouts on the console print-
er. The processor program does detect errors such as bad summary orders
and bad disclosure words, but as it is written, the program merely stops
the processor when such conditions occur. It is up to the individual pro-
grammer or installation to determine the method by which error information
is conveyed to the Computing Unit program. Processor and Computing Unit
programs must be written according to the same communication system. One
suggested method is as follows: store a list of instructions to transfer to
fixed locations. The fixed locations contain instructions for handling
specific errors. When an error occurs the processor program picks up the
appropriate transfer instruction, places it in a specified location in the
contingency routine, and sets the processor intervention flip-flop. When
this flip-flop is set, the contingency routine transfers control to the
specified location; control is then transferred to the appropriate instruc-
tions to handle the error.

The summary orders are listed in paragraphs C-1 through C-4, following,
according to the input-output device to which they apply. Miscellaneous
summary orders which do not apply to specific devices are listed in para-
graph C-5. An x in the format of a summary order indicates a digit posi-
tion which is not interpreted by the processor program; however, this posi-
tion must contain one of the digits O through 9.

The summary orders for each device are followed by gross timings for
phases of the input-output operations. These timings are maximum timings
assuming the equipment is available. It would be misleading to give total
timing for each summary order, because the time is dependent upon the posi-
tion of the equipment at the time the order is received, and the amount of
movement reJquired to complete the order.,
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C-1. MAGNETIC DRUM SUMMARY ORDERS

The.magnetic drum summary orders available to the Computing Unit pro-
grammer.lnclude instructions for reading, writing, positioning the head
assemblies, interlocking the drum, and setting up the drum format.

It is possible for the programmer to limit the effective number of
bands on each drum. If this is desired, he can give a drum-format summary
order specifying the number of bands to be used and the actual band which
is to be considered as the new 00 band. The drum-format summary order has
the following format:

93 000 DD SB x HB

where DD is the drum number, SB is the new starting band (new 00 band), and
HB is one-half the number of bands to be used. In addition to setting up
the drum format, this summary order causes the head assembly to be posi-
tioned over band SB. (Note that SB + HB must be less than, or equal to,
50.) 1If the complete drum is to be used, SB will equal 00 and HB will
equal 50. The format specified in this summary order will be in effect for
the given drum until another drum-format order is given.

Before a drum read or write instruction is given, the programmer must
be sure that the head assembly is positioned over the correct band. If the
head is not correctly positioned, the programmer must first give one of the
summary orders which move the head assembly. The next-lower-band summary
order has the following format:

94 xxx DD xxxxx
where DD is the drum involved. This summary order causes the head assembly
to be positioned over the next lower band. If the head assembly is already
over band 00, this summary order causes it to be positioned over the high-
est numbered band. Both the 00 band and the highest numbered band are in
accordance with the specifications in the most recently executed summary
order 93 for drum DD.

The next-higher-band summary order has the following format:

95 xxx DD xxxxx

where DD is the drum number. This summary order causes the head assembly
to be positioned over the next higher band on drum DD. 1If the head is al-
ready positioned over the highest numbered band, the order causes it to be
positioned over band 00. Both band 00 and the highest numbered band are
those specified by the most recently executed summary order 93 for drum DD.

The position-head summary order positions the head assembly of the
specified drum over the indicated band (relative to SB as specified in the
last summary order 93 from the drum). The format for this summary order is
as follows:

96 x BB DD xxxxx

where BB is the band (0 < BB ¢ 2HB-1) and DD is the drum.
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The read summary order causes the words of a specified number of sec-
tors to be read from the drum and transferred to sequential storage loca-
tions. The summary order has the following format:

8 SS NN DD MMMMM

where SS is the starting sector, NN is the number of sectors to be read, DD
is the drum, and MMMMM is the first of the storage locations into which the
words are to be transferred. To read a full band in minimum time, SSNN
should equal 0025.

The write summary order has the following format:
9 SS NN DD MMMMM
where SS is the first of NN sectors to be written on drum DD. The words
are written from sequential storage locations beginning with location MMMMM.
To write a full band in minimum time, SSNN should equal 0025.

In order to prevent destruction of information which has been recorded
on the drum, the ‘programmer gives an interlock summary order, which pre-
vents the execution of any future write summary orders addressed to the in-
dicated drum. This summary order has the following format:

98 xxx DD xxxxx

where DD is the drum number.

To remove the drum write interlock and permit write operations on the
interlocked drum, a remove-interlock summary order is given. The format
for this summary order is as follows:

99 xxx DD xxxxx
where DD is the drum number.

The following table shows the gross timing for selected drum opera-
tions:

Operation .TiTe in
Milliseconds

Drum head step or jog 50
Drum head reversal 10
Drum revolution 68
Drum connect to synchronizer 10
Full band read or write 80
Sector processing time 2.7




C-2. MAGNETIC TAPE SUMMARY ORDERS

The first summary order which is given when a new tape (or Uniservo)
unit is used is one of the block-format orders. The fixed-block-length
summary order has the following format:

63 K L x ST xx Www

and indicates that the length of all blocks on the tape will be equal to
WWWO core-storage words. The tape number is indicated by digits ST, where
S represents the synchronizer to which tape unit T is to be connected. If,
in a write operation, the space between blocks (SBB) is to be one inch,

L =0; if the SBB is to be 2.4 inches, L = 1. 1In a read instruction, L
should equal O to read a Larc computer-generated tape, or 1 to read a
Univac computer-generated tape. The K digit indicates the type of transla-
tion to be performed. If K =1, data read from the tape is translated into
Larc computer one-digit numeric code and data written on the tape will be
translated from this code. If K = 2, the Larc computer two-digit alpha-
numeric code is used in connection with the tape. The variable-block-
length summary order has the following format:

64 KL x ST MMMMM

and means that the blocks on tape ST are (or will be) of different lengths
(but always multiples of ten words). Following read operations in the
variable mode, the address of the last location loaded, + 1 (+1 for a 73
instruction, -1 for a 74 instruction), will be deposited in location MMMMM
(MMMMM 2 05000). The format of the word in location MMMMM will be 0GCOCOO
(M' + BBBO) where M' is the beginning location and BBB the limit specifi-
cation in the read summary order. Digits K and L are interpreted as they
are in summary order 63. Block-length summary orders are in effect for all
other tape summary orders on a given tape until new block-length summary
orders are given for the same tape.

After the tape format has been established, the tape must be properly
positioned. If the tape is already in position, no summary order need be
given for this; otherwise, one of the two position-summary orders should be
issued. The position-forward order, has the following format:

71 CD x ST EEEEE

where EEEEE is the number of blocks through which tape ST is moved forward.
If the programmer wishes to check the readability of the tape, he sets

C = 0; otherwise, C = 1. A special positioning checker may be used for
checking tape readability if the programmer needs to use the synchronizer
to write on another tape concurrently with the checking operation. In this
case, he sets D = 1; otherwise, D = 0, and synchronizer S is used for the
checking operation during which it is not free for either a read or write
operation. When two checking operations occur simultaneously, the longer
operation should be assigned to the positioning checker, so that the other
synchronizer performing the checking operation will sooner be free to per-
form read and write operations. (Note that the positioning checker should
not be used to check-read a Univac I tape.)



The position-backward summary order has the following format:

72 CD x ST EEEEE

and moves tape ST backward through EEEEE blocks. Digits C and D are in-
terpreted as they are in summary order 71.

The read summary orders are used to transfer data from tape into core
storage. The read-forward summary order has the following format:

73 BBB ST MMMMM

In the fixed mode this order indicates that tape ST is to be read in a for-
ward direction, and the data is to be stored in locations MMMMM to

MMMMM + BBBO - 1, inclusive. In the variable mode it indicates that the
next block of data on ST is to be read into storage locations beginning
with MMMMM. If the block extends beyond location MMMMM + BBBC - 1, an
error is indicated.

The read-backward summary order has the following format:

74 BBB ST MMMMM

This order is analogous to the read-forward summary order, but the tape is
read in backward direction and the words are stored in locations MMMMM to
MMMMM - BBBO + 1.

The two write summary orders are used to transfer data from the core
storage to tape. The write-density-200 summary order has the following
format:

75 BBB ST  MMMMM

and causes data to be written on tape at a density of 200 characters per
inch. (On Larc computer, serial 2 it writes at a 250 character-per-inch
density.) In the fixed mode, BBBO words are written from storage locations
MMMMM to MMMMM + BBBO - 1. A space between blocks is inserted after each
group of WWWG words, as specified in the block-length summary order. In
the variable mode, BBBO words are written as one block.

The second-write summary order has the following format:
77 BBB ST MMMMM
This order is the same as summary order 75, except that the data is written

on tape at a density of 100 characters per inch. (On Larc computer, serial
2, the density is 125 characters per inch.)

C-9



In order to rewind a tape, the programmer issues one of the rewind
summary orders. These summary orders have formats as follows:

66 xxx ST xxxxx
and
68 xxx ST xxxxx
the 66 is a plain rewind order and the 68 is a rewind with interlock order.

The following table shows the gross timing for tape operations:

Operation rs T%me in
Milliseconds

First block delay 1800
Tape reversal 800
Servo setup 10
Space between blocks:

(a) 1 inch 10

(b) 2.4 inches 24
Process 10 words on tape:

(a) 104 characters per inch 11.52

(b) 125 characters per inch 9.6

(c) 208 characters per inch 5.76

(d) 250 characters per inch 4.8

C-3. LINE PRINTER SUMMARY ORDERS

The page format on the line printer can be established in a summary
order which has the following format:

43 PP S SL xxx FL

where S is the printer number (5 or 6 for printer 1 or 2, respectively), FP
is the number of lines on each page (normal size paper is 66 lines), SL the
number of the line to which each page is advanced before any printing oc-
curs, and FL the last line of printing on the page. FL must be greater
than SL. This summary order provides for automatic paper advance for the
situations when less than full pages of printing is desired. If the pro-
grammer on occasion wants to print above line SL, he must then use summary
order 42 below, to position the paper. The processor program does not per-
mit any printing below line FL.
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The advance-paper summary order has the following format:

42 [L S xx xxxx C

If C = 0, the paper on printer S is advanced LL lines. If C = 1, the paper
is advanced to the top of the next page, then advanced LL lines.

The format for the print summary order is as follows:
40 NN SQ P MMMMM
The summary order causes a number of words of data to be printed on printer
number S. The words to be printed are those in storage locations beginning
with MMMMM. The paper is advanced Q lines (G > 0) before each line is prin-

ted. (Q =1 for single spacing, Q = 2 for double spacing, etc.) Digit P
indicates one of the following print modes:

Numeric edited

1]

Numeric unedited

Alphanumeric edited

(- SR \C R
1

Alphanumeric unedited

The number of words that are printed is a multiple of the number of words
per line (np) which is fixed for each mode according to the following table:

Np

11
10
22
10

| o= | =]

The number of lines, K, (and, consequently, the total number of words)
which will be printed can be calculated from the following relationships:
K x np < NN x 10 and(K + 1) x np > NNx 10. The first relationship does
not hold in the case where np = 11 and NN = 1. In this case, K will equal
1 and K x np will be greater than NN x 10.
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The following table shows gross timings for on-line printer operations:

Operation . T%me in
Milliseconds
Print one line:
(a) numeric 80
(b) alphanumeric 100
Advance paper one line 10

C-4. ELECTRONIC PAGE RECORDER SUMMARY ORDERS

In the following summary orders for the electronic page recorder, S,
Z, L, X, and Y must be expressed as a number of points in a 1000 x 1000~
point mesh. One normal line spacing is equal to 15 points.

The connect summary order must be given before the electronic page re-
corder can be used. This order has the following format:

59 xxxx C xxxxx

It causes recorder C to be connected to the synchronizer, and advances the
film,

If the programmer wants to alter the set spacing, he can execute a
line-spacing summary order which has the following format:

52 SSS xxxx 227

where SSS is the number of spaces the beam is to be moved immediately and
ZZZ is the number of spaces to be left between succeeding lines or groups
of lines. ZZZ is counted from the first line of one group to the first
line of the next group. If S = 0, no immediate spacing is executed; if

Z = 0, there is no change in the spacing. The spacing indicated by Z is in
effect until another summary order 52 is given.

The position summary order has the following format:
53 x LLL XXX YYY

It causes the beam to be positioned at point XXX, YYY before each frame is
displayed. In addition, it indicates that the display is to be terminated
after line LLL (LLL < YYY) has been recorded, and at that point the film is
to be advanced and the beam repositioned at XXX, YYY. This summary order
is in effect for all print orders until a new 53 order is given. The check
to determine whether line LLL has been reached is made after each group of
W x 10 words (see summary order 50 following) has been displayed. There-
fore, if W > 1, it is possible to record beyond line LLL.
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If the display is to be in the plotting modes, the plotting character
must be selected. This is done in the select-plotting-character summary
order, which has the following format:

56  xxxxxxxx KK
where KK is the character to be used, Character KK, which must be alpha-
numeric, is used for all plotting until a new plotting character is speci-
fied.

The summary order for printing or plotting has the following format:

50 BBB W P MMMMM

where BBB x 10 words are to be printed or plotted, beginning with the word
in location MMMMM, If the display is printed rather than plotted, it ap-
pears in groups of W x 10 words., (In the alphanumeric modes, a word is 12
digits long as a data word, but only 6 characters long as a printed word,)
For the plotting modes, W must equal 0. The mode for the display is indi-
cated by P, where P can have one of the following values and meanings:

= Numeric edited mode
= Numeric unedited mode

Alphanumeric edited mode

= Alphanumeric unedited mode

g o W N
]

= Graphing with the X and Y coordinates for two points contained
in each data word, The format of the data word is
XXXYYYX'X'X'Y'Y'Y',

6 = Graphing with the X and Y coordinates for a single point con-

tained in two successive data words. The format for a pair of
data words is xxxXXXxxxxxx and xxxYYYXxxxxx.

7 = Plotting vertical grid lines with two abscissas for two full-
length vertical grid lines contained in each data word. The
data words are in the format, VVVxxxV'V'V'xxx,

8 = Plotting horizontal grid lines with two ordinates for two full-
length horizontal grid lines contained in each data word, The
data words are in the format, xxxHHHxxxH'H'H'.,

The contents of each line in a group of words being printed are depen-
dent upon the mode. 1In the edited modes, the characters are printed one
after another for a maximum of 125 characters to a line., A word can be
broken between the end of one line and the beginning of the next, Spacing
is inserted only as indicated in the data words, If an end-of-line symbol
is reached, the program will adjust its counters as if it had completed
printing a block of ten words, This must be kept in mind when specifying
W in the alphanumeric edited mode., Note that to allow the printing of a
full line (twenty 6-character words) in the alphanumeric edited mode, W
must equal 2, Within a group of W x 10 words, the line spacing is the nor-
mal 15 points to a line, However, between groups of words the spacing is
determined by ZZZ as specified in the last summary order 52, Lines within
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a group are printed starting at the left margin (X = 0): however, the
first line of a group is indented to the value of X specified in the last
summary order 53,

The print-or-plot-and-advance summary order has the following format:

51 BBB W P MMMMM

This summary order is the same as summary order 50 except that after the
display the film is advanced and the beam repositioned to XXX, YYY as spec-
ified in the last summary order 53.

To open the shutter of the Polaroid Land camera, the programmer gives
the open-shutter summary order, 57 XXXXX XXXXX.

For the data to be recorded on the film, this summary order must be
given before the print or plot summary order for the desired data is given.
The close-shutter summary order, in the format 58 xxxxx xxxxx is given
after the print or plot summary order. To operate the Polaroid camera,
the programmer need only surround the appropriate print or plot order
with the open- and close-shutter orders. The timing problems are handled
by the processor program, A printout on the console printer notifies the
operator to pull the developing tab on the camera,

The following table shows the gross timing for the electronic page
recorder operations:

Operation Time in
Milliseconds

Camera movements:

(a) Advance film (35 mm) 100
(b) Open shutter (Polaroid) 110
(¢) Close shutter (Polaroid) 110

Print 10 words:
(a) Modes 1 and 2 (120 characters) 9
(b) Modes 3 and 4 (60 characters) 4,5

Plot 10 words:

(a) Mode 5 (20 points) 4
(b) Mode 6 (5 points)
(c) Modes 7 and 8 (20 grid lines) 12
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C-5. MISCELLANEOUS SUMMARY ORDERS

If the programmer wants to prevent the computer program from writing
in a given core-storage unit, he executes a storage-unit-write-interlock
summary order. This summary order has the following format:

08 xxx xx MMMMM

where MMMMM is any storage location in the 2500-word storage unit to be in-
terlockeds To remove this interlock, the programmer executes a remove-
interlock summary order with the following format:

09 xxxxx MMMMM

If the storage location in summary order 09 is in the same storage unit as
the processor program, the operator will be notified to this effect by a
printout on the console printer.

A storage-interlock summary order prevents the execution of any sum-
mary order which would alter the contents of a specified storage area.
This summary order has the following format:

28 NNNNN  MMMMM

where NNNNN is the first location and MMMMM the last location of the pro-
tected area. If the processor program receives a summary order which would
alter the specified area, it records in location 02799 a transfer of con-
trol to NNNNN and sets the processor intervention flip-flop. (This assumes
that the processor intervention subroutine in the contingency routine will
include a control transfer to location 02799, and that location 02799 will
contain instructions to handle the conflict situation.) At any one time,
only one storage area may be interlocked by a summary order 28. In addi-
tion, this interlock can be removed only by issuing another summary order
28, If the programmer wants to remove this interlock without interlocking
another storage area, he can address a summary order 28 to an area occupied
by the processor program. Because this area is interlocked anyhow, the pro-
grammer will not be affecting usable storage.

To instruct a console printer to print, the programmer issues a sum-
mary order in the following format:

20 NN D W P MMMMM

This summary order causes a carriage return on printer D, followed by a
printout of NN words of data beginning with the word stored in location
MMMMM. For the engineer's console printer, D = 1; for the operator's con-
sole printer, D = 2. The printing is done in mode P, with P equal to one
of the following:

Numeric edited mode

Numeric unedited mode

3 = Alphanumeric edited mode

After every W words (W = 1 through 9) a carriage return is executed, except
that in mode 3 carriage returns are indicated in the data words. Note that
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100 milliseconds is required to print one character on the console printer,
Carriage return time may take as long as 1/2 to 1 second,

If either numeric mode is specified, the processor program translates
each digit of the data words into the two-digit code required by the prin-
ter, In mode 1, the printer prints digits O through 9 and the symbols (+),
(-), and (.). The code for space (A) and ignore (\) are translated into
the codes for the corresponding printer actions. Mode 2 differs from mode
1 only in that the codes for space and ignore cause the printing of the
appropriate character rather than a printer action, In mode 3 the data
must be prepared in the two-digit code listed in table C-1., The only
printer function codes which may appear in the data in mode 3 are 35
(carriage return), 55 (tabulate), 15 (ignore), and 16 (space).

If, using the processor program, the programmer wants information
displayed in the visual display registers, he uses the visual-display
summary order,* which has the following format:

10 ¢ x TIT MMMEM

If the display is to be in the 12-digit display register, C = 1, and MMMMM
is the location of the word to be displayed, If the 5-digit display re-
gister is to be used, C = 2, 1In this case, the display will consist of
the contents of the five least-significant-digit positions of MMMMM,
Digits TTIT indicate the number of seconds the information is to be dis-
played.

The Computing Unit programmer can time an operation through the use
of the time-limit summary order which has the following format:

03 TTITTT MMMMM

This summary order causes a ,900000 MMMMM instruction to be placed in lo-~
cation 02799 and the processor intervention flip-flop to be set TTTTT
seconds after the summary order is executed. The programmer should in-
clude in the contingency routine a transfer to 02799 when the processor
intervention flip-flop is found set, Control will then transfer from
02799 to MMMMM, Location MMMMM should contain the first instruction re-
quired after the timed interval has elapsed.

A stop summary order is given when the Computing Unit program termin-
ates a certain phase of operation. The stop summary order has the follow-
ing format:

06 S xxxx MMMMM
Normally, when the computer is ready to switch to a new problem, it would

issue this summary order with S = O, The processor would then stop
accepting summary orders but would complete those already accepted.

* This summary order unusable with the processor program supplied with
Larc System, Serial 2.
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Table C-1. Alphanumeric Code for the Console

Printer
: o Printer " . Printer
ng;zlglt Symbol or Iwg-gxgit Symbol or
e Action ode Action
24 ’ 53
2. -
54 b d
2A A
55 TAB
2+ + 56 ]
2\ \ 57 L
15 1G 60 ,
16 SPp 61 5
17 - 62 K
20 0
63 L
21 1
64 M
22 2 65 N
23 3
66 0
24 4
67 P
25 5 68 Q
26 6
69 R
27 1 79 5
28 8
73 .
29 9
74 —
32 = - s
23 ~ 76
34 ( K
7 :
35 CR
80 +
36 ' 81 y
37 .
40 v 82 S
83 T
41 A
84 U
42 B
85 v
43 C
86 W
44 D
87 X
45 E
88 Y
46 F
47 G 89 z
92 A
48 H 93 N
49 1
94 ]
52 <
SP = Space
IG = Ignore

CR = Carriage return
TAB = Tabulate



Computer control would be transferred (through the contingency routine and
location 02799) to location MMMMM, and the processor would bagin again to

accept summary orders, Location MMMMM would be the beginning of the new
problemn, .

In case of uncorrectable difficulty in the Computing Unit and/or pro-
cessor program, S should be set to 1 in the stop summary order, The pro-
cessor will then stop executing summary orders and will transfer the con-
tents of storage to drum 1, bands 10 through 15 and 84 through 89, (This
information is thus available for analysis, if desired.,) The processor
hardware is set to initial conditions, and a new copy of the processor pro-
gram is transferred into core storage, Computer control will be trans-
ferred through the contingency routine and location 02799 to location
MMMMM, Location MMMMM would be a rerun point,

If a word with zeros in the first two digit positions occurs in a

summary order packet, it will be considered a skip order and will be
ignored.
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