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If the memory protect bit is found on during the execution of the Transfer Words operator, the segmented array interrupt
is set and the operation is terminated.

TRANSFER WORDS, UPDATE (TWSU) DB

This operator performs the Transfer Words operator, except that at the completion of the transfer of data, the source and
destination pointers are updated to point to the location in memory where the transfer ended. The A and B registers
are both marked full.

TRANSFER WORDS, OVERWRITE DESTRUCTIVE (TWOD) D4

This operator performs a Transfer Words, Destructive operation, except that it overrides the memory protection checks.
TRANSFER WORDS, OVERWRITE UPDATE (TWOU) DC

This operator performs a Transfer Words, Update operation, except that it overrides the memory protection checks.
TRANSFER WHILE GREATER, DESTRUCTIVE (TGTD) E2

This operator transfers characters from a location in memory pointed to by the source pointer, to a location in memory
pointed to by the destination pointer, until the number of characters specified has been transferred or the comparison
fails. The TFFF flip-flop is used to indicate the results of the comparison. TFFF is set at the beginning of the operator.

The first item in the stack is used as the delimiter. The second item in the stack, bits 19:20, is the maximum number of
characters to be transferred. The third item in the stack is the source data or a source pointer, and the fourth item in
the stack is the destination pointer.

The source and destination strings are checked for memory protection. The source character is compared to the
delimiter. After each comparison, a decision is made whether the condition has been met. If the condition is met,
TFFF remains set to one; if it is not met, it is set to zero. If the resuit of the comparison is equal, then the CMPF
flip-flop is set; otherwise, CMPF is reset.

If the number of characters transferred was equal to the repeat field, the TFFF flip-flop is set to one. The A and B
registers are marked empty and the operation is complete.

If the first operand in the stack is not a single-precision operand, an invalid operand interrupt is set and the operation
is terminated.

If either the source or destination word has a memory protect bit on (bit 48=1), the segmented array interrupt is set and
the operation is terminated.

If the second item in the stack is a descriptor, it is used as the source pointer, and the length field or repeat field is set
to 1,048,575. All comparisons are binary {(EBCDIC collating scquence).

TRANSFER WHILE GREATER UPDATE (TGTU) EA

This operator performs a Transfer While Greater operation and updates the source pointer and destination pointer tc
point at the next characters in the source and destination strings. The repeat count is updated to give the number of
characiers riot transferred. If the operation is terminated because the relationship is not met, the source pointer points

at the character that failed the comparison. If the result of the comparison is equal, then the CMPF flip-flop is set;
otherwise, CMPF is reset.
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TRANSFER WHILE GREATER OR EQUAL, DESTRUCTIVE (TGED) E1l
This operator performs a Transfer While operation using the relation greater than or equal to for comparison.
TRANSFER WHILE GREATER OR EQUAL, UPDATE (TGEU) E9

This operator performs a Transfer While Greater or Equal operation. The source pointer, destination pointers, and count
are updated at the conclusion of the operation.

TRANSFER WHILE EQUAL, DESTRUCTIVE (TEQD) E4

This operator performs a Transfer While operation with the relation used in the comparison being equal. If the result of
the comparison is greater, then the CMPF flip-flop is set; otherwise, CMPF is reset.

TRANSFER WHILE EQUAL, UPDATE (TEQU) EC

This operator performs a Transfer While Equal operation. The source pointer, the destination pointer, and count arc
updated at the conclusion of the operation. CMPF is set if the result of the comparison is greater; otherwise, CMPF is reset.

TRANSFER WHILE LESS OR EQUAL, DESTRUCTIVE (TLED) E3
This operator performs a Transfer While operation, using the less than or equal comparison.
TRANSFER WHILE LESS OR EQUAL, UPDATE (T LEU) EB

This operator performs a Transfer While Less or Equal operation. The source pointer, destination pointer, and count are
updated at the conclusion of the operation.

TRANSFER WHILE LESS, DESTRUCTIVE (TLSD) EO

This operator performs a Transfer While operation using the less than comparison. If the result of the comparison is
equal, then the CMPF flip-flop is set; otherwise, CMPF is reset.

TRANSFER WHILE LESS, UPDATE (TLSU) E8

This operator performs a Transfer While Less operation. The source pointer, destination pointer, and count are updated
at the conclusion of the operation.

TRANSFER WHILE NOT EQUAL, DESTRUCTIVE (TNED) ES
This operator performs a Transfer While operation, using the not equal comparison. CMPF is not used.
TRANSFER WHILE NOT EQUAL, UPDATE (TNEU) ED

This operator performs a Transfer While Not Equal operation. The source pointer, destination pointer, and count are
updated at the conclusion of the operation.

TRANSFER UNCONDITIONAL, DESTRUCTIVE (TUND) E6

This operator performs a Transfer Characters until the length is equal to zero. No comparisons are made.
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TRANSFER UNCONDITIONAL, UPDATE (TUNU) EE

This operator performs a Transfer Unconditional operation. The source pointer and the destination pointer are updated
at the conclusion of the operation.

STRING ISCLATE (SISO) DS

This operator places in the top-of-the-stack, right justified, the number of source characters specified by the repeat field.
The first item in the stack is the number of characters in the repeat field. The second item in the stack is either an
operand or a descriptor used as the source pointer.

If the number of bits to be transferred is greater than 48, the item is double-precision.

If the number of bits is greater than 96, an invalid operand interrupt is set and the operation is terminated.

If the source data has the memory protect bit (bit 48) set to one, the segmented array interrupt is set and the operation
is terminated.

COMPARE OPERATORS

The compare operators perform the specified comparison of two strings of data. The True False Flip-Flop (TFFF) and
the Compare Flip-Flop (CMPF) are used to indicate the result of the comparison at the conclusion of the operation.
Table 7-2 shows the significance of the state of TFFF and CMPF at the conclusion of a compare type operator.

COMPARE CHARACTERS GREATER, DESTRUCTIVE (CGTD) F2

This operator compares the value of two character strings, one character at a time. The operator compares characters
until it encounters a pair which are unequal. If the B string character is greater than the A string character, the TFFF
is set; otherwise, it is reset. If the length is depleted and the character strings are equal, the CMPF flip-flop is set. If
the characters in the B string are greater than the characters in the A string, the TFFF is set to one. If not, the TFFF
is set to zero.

The first item in the stack is an operand which contains the length of the fields being compared. The second item in
the stack is an operand or a descriptor pointing at the character string to be compared against. The third item in the
stack is a descriptor pointing at the character string to be compared.

If the repeat count is depleted, the TFFF is reset.

If either of the data strings has the memory protect bit on (bit 48=1), the segmented array interrupt is set and the oper-
ation is terminated.

All comparisons are by the binary character position in the collating sequence.
COMPARE CHARACTERS GREATER, UPDATE (CGTU) FA

This operator performs a Compare Characters Greater operation. The source pointer and destination pointer are updated
at the conclusion of the operation.

COMPARE CHARACTERS GREATER OR EQUAL, DESTRUCTIVE (CGED) F1

This operator performs the Compare Characters operation with the comparison being greater than or equal. If the repeat
count < 0, the TFFF is set to one.
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Table 7-2. Compare Type Operator Results

Compare TFFF CMPF Comparison Result
= 0 0 Less than equal
0 1 Greater than equal
i 0 Equal
1 1 Not applicable
# 0 0 Equal
0 1 Not applicable
1 0 Less than equal
1 1 Greater than equal
> 0 0 Less than equal
0 1 Equal
1 0 Greater than equal
1 1 Not applicable
< 0 0 Greater than equal
0 i Equal
i 0 Less than equal
1 1 Not applicable
> 0 0 Less than equal
0 1 Not applicable
1 0 Greater than equal
1 1 Equal
< 0 0 Greater than equal
e 1 Not applicable
1 0 Less than equal
1 1 Equal

COMPARE CHARACTERS GREATER OR EQUAL, UPDATE (CGEU) F9

This operator performs a Compare Character Greater or Equal operation. The source pomter and destination pointer are
updated at the conclusion of the operation.

COMPARE CHARACTERS EQUAL, DESTRUCTIVE {CEQD) F4

This operator performs the Compare Characters operation using the equal comparison. If the repeat count <0, then
TFFF is set to one.

COMPARE CHARACTERS EQUAL, UPDATE (CEQU) FC

This operator performs a Compare Characters Equal operation. The source pointer and destination pointer are updated
at the conclusion of the operation.
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COMPARE CHARACTERS LESS OR EQUAL, DESTRUCTIVE (CLED) F3

This operator performs the Compare Characters operation with the less than or equal comparison. If the repeat
count < 0, then TFFF is set to one.

COMPARE CHARACTERS LESS OR EQUAL, UPDATE (CLEU) FB

This operator performs a Compare Characters Less or Equal operation. The source pointer and destination pointers are
updated at the conclusion of the operation.

COMPARE CHARACTERS LESS, DESTRUCTIVE (CLSD) FO

This operator performs the Compare Characters operation using the less than comparison. If the repeat count <0, the
TFFF is set to zero.

COMPARE CHARACTERS LESS, UPDATE (CLSU) F8

This operator performs a Compare Characters Less operation. The source pointer and the destination pointer are updated
at the conclusion of the operation.

COMPARE CHARACTERS NOT EQUAL, DESTRUCTIVE (CNED) F5

This operator performs the Compare Characters operation using the not equal relation. If the repeat count << 0, then
TFFF is set to 0.

COMPARE CHARACTERS NOT EQUAL, UPDATE (CNEU) FD

This operator performs a Compare Characters Not Equal operation. The source pointer and the destination pointer are
updated at the conclusion of the operation.

EDIT OPERATORS

The Edit Mode Operators are discussed in the following paragraphs.
TABLE ENTER EDIT, DESTRUCTIVE (TEED) DO

This operator is used to prepare for edit micro-instructions. These edit micro-instructions are contained in memory as a
table and not as part of the normal program string. When this operator is entered, program execution is transferred o a
table of micro-instructions. The last micro-instruction in this table must be the End Edit operator (see section 9). The

table contains Edit Mode operators.

The first item in the stack is a descriptor pointing to the table of exit micro-instructions. The second item in the stack
is a single-precision operand or a descriptor pointing at the source string. The third item in the stack is descriptor
pointing at the destination.

If the first item in the stack is not a descriptor, the invalid operand interrupt is set and the operation is terminated.
If the second item in the stack is a single-precision operand, it is the source string. If the third item in the stack is not
a descriptor, the invalid operand interrupt is set and the operation is terminated.

TABLE ENTER EDIT, UPDATE (TEEU) D8

This operator performs a Table Enter Edit operation and updates the source pointer and destination pointer at the com-
pletion of the operation.
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EXECUTE SINGLE MICRQ, DESTRUCTIVE (EXSD) D2

This operator performs the same function as the Table Enter Edit operator, except (a) there is only one micro-operator
and it follows this syllable, and (b) the first item in the stack is a single-precision operand that defines the length field.

An end edit operation is performed as an implicit part of the EXSD operator, thus, an explicit END EDIT operator (in
program line code) is not required.

EXECUTE SINGLE MICRO, UPDATE (EXSU) DA

This operator performs the same functions as an Execute Single Micro-operator, except that it updates the source pointer
and destination pointer at the completion of the edit operator operation.

EXECUTE SINGLE MICRO, SINGLE POINTER UPDATE (EXPU) DD

This operator performs the same functions as an Execute Single Micro-Update operator, except that one pointer is used
as both source and destination pointer. The destination pointer is updated at the completion of the operation.

PACK OPERATORS

The two pack operators are discussed in the following paragraphs.

PACK, DESTRUCTIVE (PACD) D1

This operator packs data addressed by the source pointer into the top-of-stack in 4-bit (digit) format. The TFFF is
set to one if the source data is negative. A negative number for an 8-bit (byte) format has a zone bit configuration of

1101 in the least significant byte. Data is right-justified as it is placed in the top-of-stack.

The operand in the top-of-stack (TOS) is used as the length field. The second item is the source pointer. The operation then
continues until the number of digits specified by the length or repeat field have been packed.

If the length is less than 13, the operand in the top-of-stack is a single-precision operand. If the operand is 13 or
greater, the result is a double-precision operand. If the length is not less than 25, an invalid operand interrupt is set and
the operation terminated. If initial length is zero, the TOS is filled with zeroes.

If the second item in the stack is an operand, it is the source string and is comprised of 8-bit bytes.

If the source data has the memory protect bit (bit 48) set to one, the segmented array interrupt is set and the operation
is terminated.

PACK, UPDATE (PACU) D9
This operator performs a Pack operation, updating the source pointer at the completion of the operation.

INPUT CONVERT OPERATORS

The five input convert operators are discussed in the following paragraphs.
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INPUT CONVERT, DESTRUCTIVE (ICVD) CA

This operator converts either 8-bit EBCDIC, or 4-bit digit code to an operand for internal arithmetic operations. The
first item in the stack is an operand integerized to form the repeat field. The second item in the stack is a descriptor
used as a source pointer.

The input convert operator converts a string of input EBCDIC character data into a numeric operand. The resultant
operand may be either single-precision or double-precision. The manner in which the conversion of character data
into numeric data is performed is discussed in the following paragraphs.

The four high-order zone bits of the input EBCDIC character are discarded. The remaining four low-order digit bits
from the input character form a hexadecimal character, which is placed in the top-of-stack register receiving field.

Each time a source input character is converted, the repeat field is decremented by one. When the repeat field is equal
to zero, all input characters have been converted.

If the repeat field value is 13 (decimal) or less, the resultant operand in the TOS register is a single-precision operand. If
the repeat field value is between 13 and 24 (decimal), the resultant operand in the TOS register is a double-precision
operand. If the repeat field is greater than 24, an invalid operator interrupt is set and the operation is terminated.

The sign of the converted resultant operand is determined from the zone bits of the least significant character in the
input character string. For EBCDIC input characters, the sign is positive except when the least significant character
zone bits are equal to 1101 binary; then, it is negative. The detected sign bit for the resultant operand is saved in
the TFFF flip-flop. :

The sign of the converted operand is then set from the TFFF. If the converted operand is a single-precision operand, the
TFFF is then set to one. If the converted operand is a double-precision operand, the TFFF is set to zero.

At the completion of the operation, the B register is marked full. The TAG field is set to indicate either a single- or a
double-precision operand.

If, after being integerized, the item in the top-of-stack is greater than 23, the invalid operand interrupt is set and the
operation is terminated.

INPUT CONVERT, UPDATE (ICVU) CB
This operator performs an Input Convert operation. The source pointer is updated at the completion of the operation.
READ TRUE FALSE FLIP-FLOP (RTFF) DE

This operator places the status of the TFFF into the low-order bit position of the A register. The rest of the A register
is set to all zeroes. The A register is marked full at completion of this operation.

SET EXTERNAL SIGN (SXSN) D6

This operator places the mantissa sign of the top word of the stack in the external sign flip-flop. This operand is not
deleted from the stack at the end of the operation.

AT
READ AND CLEAR OVERFLOW FLIP-FLOP (ROFF) D7

This operation places the status of the overflow flip-flop in the least-significant bit of the A register, sets the rest of the
A register to all zeroes, marks the register full, and sets the overflow flip-flop to zero.
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SUBROUTINE OPERATORS

The subroutine operators are discussed in the following paragraphs.
VALUE CALL (VALC) 00 = 3F

This operator loads the operand addressed by the address couple formed by the concatenation of the six low-order bits of

the first syllable and the 8-bits of the following syllable into the A register. The A register is marked full. Figures 7-1
and 7-2 are simplified flow charts of the Value Call operator.

This operator makes multiple memory accesses if the word accessed is either an indexed descriptor, Program Control
Word (PCW), or an Indirect Reference Word (IRW).

If the word accessed is an indexed data descriptor, the word addressed by the data descriptor is brought to the top-of-
stack. If the double-precision bit (bit 50) in the data descriptor is equal to one, the other half of the double-precision
operand is brought to the X register.

If the word accessed is 2 non-indexed word data descriptor, the word is indexed using the second word in the stack for
the index value. The word addressed by the non-indexed data descriptor is brought to the top-of-stack. If the double-
precision bit (40) in the data descriptor is equal to one, the other half of the double-processor operand is brought to the

X register.

If the word accessed by the data descriptor is another indexed data descriptor, the word addressed by the data descriptor
is brought to the top-of-stack, and one of the two preceding paragraphs-is repeated.

If a data descriptor does not address an operand, SIRW, word descriptor, or indexed string descriptor, an invalid operand
interrupt is set and the operation is terminated.

If the word accessed by the value call is an IRW, the word addressed by the IRW is accessed and evaluated. If the word
is an operand, it is placed in the top-of-stack.

If the word accessed by the IRW is another IRW, the operation continues as previously described.

If the word accessed by the IRW is an indexed or non-indexed data descriptor, the operator proceeds as previously described
for data descriptors.

If the word accessed by the IRW is a PCW, an accidental entry into the subroutine addressed by the PCW is initiated. A Mark
Stack Control Word (MSCW) and a Return Control Word (RCW) are placed in the stack, and an entry is made into the
program. Upon completion of the program, a return operator re-enters the flow value call at the label IRW (Figure 7-1).

NAME CALL (NAMC) 46 = 7F

This operator builds an IRW in the A register. The address couple is formed by concatenating the six low-order bits of
the first syllable and the 8-bits of the following syllable. The A register is marked full and the operation is complete.

EXIT OPERATOR (EXIT) A3
This operator returns to a calling procedure from a called procedure resetting all control registers from the RCW and the

MSCW. The Exit operator does not return a value to the calling routine. Figure 7-3 shows a simplified flow chart of the
Exit operator. '
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RETURN OPERATOR (RETN) A7

This operator performs the same functions as an Exit operator, except an operand or name in the B register is returned
to the calling procedure. If a name is returned and the V bit (bit 19) in the MSCW is on, the name is evaluated to
yield an operand as described in the VALC operator. Figure 74 shows a simplified flow chart of the Return operator.
ENTER OPERATOR (ENTR) AB

This operator is used to cause an entry into a procedure from a calling procedure. Entry is to the program segment and
syllable addressed by the PCW. Figure 7-5 shows a simplified flow chart of the Enter operator.

The Enter operator accesses the IRW at F + 1, which points to the PCW (or to the PCW directly, without the use of an
IRW). The operator then builds a RCW into the stack at F + 1.

EVALUATE (EVAL) AC

This operator loads the A register with an indexed data descriptor or an IRW that addresses A “target,” which may be

an SIW, an un-indexed data descriptor, a string descriptor, or an operand. The target can be referenced through a chain of
accidental entries or IRW. In any case, memory accesses continue to be made until the target is located. The A register is
left containing the data descriptor or the IRW which addresses the target. Figure 7-6 is a simplified flow chart of the

Evaluate operator.

An indexed data descriptor is left in the A register when the target is referenced by an indexed data descriptor. A
stuffed IRW is left in the A register when the target is referenced by IRW(s).

If the A register does not contain a data descriptor or an IRW at the start of this operator, an invalid operand interrupt
is set and the operation is terminated.

MARK STACK OPERATOR (MKST) AE

This operator places a Mark Stack Control Word in the B register which contains a pointer to the previous MSCW in the
stack. The F register is updated to point at the address of the MSCW.

This operator is used to mark the stack when entry into a procedure is anticipated.

STUFF ENVIRONMENT (STFF) AF

This operator changes a normal IRW to a stuffed IRW so that a quantity may be referenced from a different addressing
environment. The displacement field locates the MSCW below the quantity, and the index field locates the quantity

relative to the MSCW. Figure 7-7 shows a simplified flow chart of the Stuff Environment operator.

If the word in the A register at the start of the operation is not an IRW, an invalid operand interrupt is set and the
operation is terminated.

If, when creating this stuffed IRW, other than an MSCW is accessed, a sequence error interrupt is set and the operation
is terminated.

INSERT MARK STACK OPERATOR (IMKS) CF

This operator builds an MSCW and places it below the two top-of-stack quantities.
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ENTER VECTOR MODE OPERATORS

Two different operators are used to cause the B 6900 system to enter into the vector mode of operation. The Vector
Mode Enter Single (VMOS) operator is used to enter the vector mode of operation when a single word of program code
contains all the vector mode operators to be executed. The Vector Mode Enter Multiple (VMOM) operator is used to
enter into the vector mode of operation when the number of vector mode operators to be executed uses more than a
single word of program code.

The two methods for entering the vector mode of operation are described in the following paragraphs.

VECTOR MODE ENTER MULTIPLE (VMOM) E7

This operator is used to cause entry into the vector mode of operation in the same way that the VMOS operator performs.
The only difference between the operation of the VMOS and the VMOM operators is the number of words of vector mode
machine language code that can be used.

If an interrupt occurs while entry into vector mode is in process, the entry process is terminated, and processing resumes
with the next normal mode machine language operator in sequence. Since multiple words of vector mode machine lan-
guage operators are used when the VMOM operator causes entry to vector mode, the first word of normal mode operators
may be greatly removed from the VMOM operator code word.

The use of the VMOM operator causes the data processor to retain the address of the next normal mode operator word.
This address is required in the event that the entry into vector mode is terminated. The retention of the next normal
mode operator word address (in IC memory) is the only difference between the VMOS and VMOM operators.

VECTOR MODE ENTER SINGLE (VMOS) EF

This operator is used to cause entry into the vector mode of operation. Vector mode operations are performed in con-
trol state (HHF flip-flop is set). The VMOS operator uses a subset of the table enter edit logic to distribute vector mode
parameters in the IC memory address registers of the data processor. The vector mode operator parameters must be on
the top of the data processor stack at the beginning of the VMOS operator.

The VMOS operator expects to find three data descriptors and three incrementation parameters present on the top of

the data processor stack. The VMOS operator optionally expects that a LENGTH parameter may be present on the top

of the data processor stack. If the VMOS operator does not find the three data descriptors on the top of the data processor
stack, an invalid operand interrupt is detected, and the VMOS operator releases control to the interrupt controller.

The VMOS operator expects to find that bit 47 (the presence bit) is true in each of the three data descriptors. If any of

the three data descriptors do not have the presence bit true, a presence bit interrupt is detected, and the VMOS operator
releases control to the interrupt controller.
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The order of occurrence of the three data descriptors and the three increment parameters {and optionally, the LENGTH
parameter) is as follows:

Parameter Word Type Word Usage
Pointer C Data descriptor The top word in the data processor stack.
LENGTH SP operand When a LENGTH parameter is present, it is the second word in

the data processor stack, and its presence is indicated by bit 44 of
pointer C being set. If a LENGTH parameter is not present in the
stack, a default length value of FFFFF — 1 (HEX) is used.

Pointer A Data descriptor If a LENGTH parameter is not present in the data processor
stack, pointer A is the second word in the data processor stack.
If a LENGTH parameter is present in the stack, then pointer A
is the third word in the stack.

Pointer B Data descriptor If a LENGTH parameter is not present in the stack, pointer B is
the third word in the stack. If a LENGTH parameter is present
in the stack, then pointer B is the fourth word in the stack.

Increment C SP operand The incrementation value that will be used as the incrementation
unit to access data elements of the array pointed at by pointer C.

i
Increment A SP operand The incrementation value used for accessing data elements in the
array pointed at by pointer A.

Increment B SP operand The incrementation value used for accessing data elements in the
array pointed at by pointer B.

If bit 44 (the segmented bit) is true in pointer A or B, an invalid operator interrupt is detected, and the VMOS operator
releases control to the interrupt controller.

If pointer A has the read only bit (bit 43) true, a memory protect interrupt is detected, and the VMOS operator releases
control to the interrupt controller.

If any of the three types of interrupts described in the preceding paragraphs are detected, the entry into vector mode is
terminated, and the program is resumed (in normal state) at the next code word following the vector operator code
word. The use of the VMOS operator implies that only one word of vector mode operators is to be used, and the first
vector mode operator to be executed is present in syllable zero of the next program code word in sequence. Therefore,
the next word of program code (the vector mode code word) is fetched by the program controller and placed in the

P register. If an interrupt occurs during the VMOS operator, the interrupt controller fetches another new word of
program code (the word following the vector mode code word). Thus, the VMOS operator releases control to the inter-
rupt controller, and the interrupt controller fetches the next word of normal state program code to be executed.

5010986 7-33






B 6900 System Reference Manual

SECTION 8
VARIANT MODE OPERATION AND OPERATORS

ESCAPE TO 16-BIT INSTRUCTION (VARI) 95

The variant mode of operation extends the number of operation codes. These operators are not used as often and require
two syllables; the first is the “Escape to 16-Bit Instruction” (VARI) operator. When the VARI operator is encountered,
the following syllable is the actual operation and the syllable pointer is positioned beyond the two syllables. The VARI
operator is valid only for the syllables covered in this section.

Variant codes EO through EF are detected and cause a programmed operator interrupt. All other unassigned variant codes
cause no action and result in a loop timer interrupt.

Variant mode operations are both word- and string-oriented operators.

Appendix A of this manual lists the operators in alphabetic order, and appendix B lists the operators in numeric order
by mode.

VARIANT MODE OPERATORS

The variant mode operators are discussed in the following paragraphs.
READ CENTRAL PROCESSOR COUNTER (RCPC) 9540

The RCPC operator returns the current value of the MLIP Processor Timer to the Top-of-Stack register. The 24-bit
value returned to the Top-of-Stack represents the time in 2.4 microsecond intervals since the Processor Timer value

was last transferred to the Top-of-Stack. The time increment obtained from this circuit is used to provide a method of
time-sharing and user-billing by software utility programs. Each time the incrementation of the counter circuit is
returned to the Top-of-Stack registers the counter circuit is RESET. Thus, the value returned is either the lapsed time
since the timer value was returned, or the lapsed time since a System HALT/LOAD or GENERAL CLEAR function was
performed.

RUNNING TIMER INITIALIZE (RUNI) 9541

The RUNI operator causes the MLIP Running Timer circuit to initialize and begin timing. The Running Timer circuit
causes the system STATUS RUNI indicator to illuminate while the timer is timing, and to extinguish when the :timer
circuit times-out (2.041 +/- 0.16 seconds after the timer circuit is initialized). The B 6900 system uses the RUNI
indicator logic to show when the CPU is performing a useful function and is not stopped. Under certain privileged-
operation conditions the B 6900 system does not exhibit any other visibie sign that the CPU is active.

In addition to the RUNI operator code, the CPU micro-module can also initialize the MLIP Running Timer. Thus,
certain micro-module operator flows initialize the Running Timer, and under normal system operations the RUNI
indicator is never extinguished.

SET TWO SINGLES TO DOUBLE (JOIN) 9542

The operands in the A and B registers are combined to form a double-precision operand that is left in the B and Y
registers.

The operand in the A register is placed in the Y register. The A register is marked empty, and the B register TAG field is
set to double-precision.
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SET DOUBLE TO TWO SINGLES (SPLIT) 9543

The SP(DP) operand in the B register is changed to two single-precision operands whlch are placed in the A and the B
registers; both registers are marked full.

If the operand in the B register is a single-precision operand, the A register is set to all zeroes and the A and B registers
are marked full. Both the A and the B register TAG fields are set to single-precision.

If the operand in the B register is a double-precision operand, the Y register operand is placed in the A register and the
TAG fields of both the A and B registers are set to single-precision.

IDLE UNTIL INTERRUPT (IDLE) 9544

This operator suspends processor program execution until the program is restarted by an external interrupt. Inhibit
Interrupt Flip-Flop (IIFF) is unconditionally reset to allow external interrupts.

SET INTERVAL TIMER (SINT) 9545 (CONTROL STATE OPERATOR)

This operator places the 11 low-order bits of the B register into the interval timer register, and arms the timer. The interval
timer decrements each 512 microseconds. The processor is interrupted when the timer reaches zero and is still armed. The
interval timer is disarmed when the processor is interrupted by an external interrupt.

The operand used to set the interval timer is integerized before the 11 low-order bits are used. If the operand cannot
be integerized, an integer overflow interrupt is set and the operation is terminated.

ENABLE EXTERNAL INTERRUPTS (EEXI) 9546

This operator causes the processor to enter normal state, allowing it to respond to external interrupts. This is accom-
plished by setting the IIHF flip-flop to zero.

DISABLE EXTERNAL INTERRUPTS (DEXI) 9547

This operator causes the processor to ignore external interrupts. This is accomplished by setting the IIHF to one and
entering control state.

WRITE TIME OF DAY (WTOD) 9549

The Write Time Of Day operator causes a right-justified 36-bit value in the Top-of-Stack registér to initialize the value
of the MLIP Time-of-Day counter circuit. The counter assumes the same value as the Top-of-Stack register, and then
proceeds to increment the initial value at a 2.4 microsecond rate. The value of the Time-of-Day counter represents the
current time for all B 6900 system operations. The WTOD operator is the method used to SET the system clock to
the desired time value.

SCAN OPERATORS
The SCAN-IN functions read information from the Global subsystem to the top-of-stack registers in the data processor.
The SCAN-OUT functions write information from the top-of-stack registers in the data processor to the Global memory

subsystem.

Parity is checked during transmission of both addresses and information.
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SCAN-IN (SCNI) 954A

SCAN-IN uses the A register to specify the type of input required. The input data is placed in the B register. The
A register is empty and the B register is full at the completion of the operation. Refer to section 5 for the format of
the function and data words for SCAN-IN operations.

SCAN-OUT (SCNO) 954B

The SCAN-GUT operation causes the memory control to sense a function code in the top-of-stack register of the data
processor. At the conclusion of the SCAN-OUT operator, the top two words of the stack are deleted from the stack.

CONTROL UNIVERSAL INPUT OUTPUT (CUIO) 954C

The CUIO operator is executed by the CPU Data Processor to start an MLIP I/O operation sequence. At the beginning
of this operator flow a Data Descriptor which points to the first word of an Input Output Command Buffer (IOCB area
in system memory) must be present in the CPU Top-of-Stack register.

The CUIO operator causes the JOCB beginning memory address present in the Top-of-Stack register to be strobed into

the MLIP R1 register. The MLIP logic generates an Entry Vector to the micro-module (to initiate an MLIP 1/O sequence).
When the MLIP sequences acknowledge the presence of the IOCB address in the MLIP R1 register, the Data Processor
CUIO operation is completed.

READ PROCESSOR IDENTIFICATION (WHOI) 954E

This operator places a word containing the value of the processor ID register in the A register of the data processor.

The format of the word placed in the A register of the data processor is shown in Figure 8-1. At the conclusion of the
WHOI operator, the A register is marked full.

UL! UL SN SN SN

0 UL| UL ULf SN | SN] ID

0 : UL UL UL] SN | SN} ID

0. UL! ULE SN SN ! SN2 1D
B s 136 (32 28 jau feo s 2 8 4 0

50:3 TAG FIELD

47:25 = NOT USED

22:10 = THE UNIT DESIGN (ERL) LEVEL OF THE CPU.
THIS FIELD IS A BINARY NUMBER WHICH IS DERIVED FROM
A FOREPLANE CONFIGURATICN PLUG-ON JUMPER.
ADAPTER OF THE CPU

12:10 = THE SERIAL NUMBER OF THE CPU.
THIS FIELD IS A BINARY NUMBER WHICH IS DERIVED FROM A
FOREPLANE CONFIGURATION PLUG-ON JUMPER ADAPTER
OF THE CPU

2:3 = THE PROCESSOR ID NUMBER OF THE CPU.

THIS FIELD IS A BINARY NUMBER WHICH IS DERIVED FROM A
FOREPLANE CONFIGURATION PLUG-ON JUMPER ADAPTER

OF THE CPU.
MV 1652

Figure 8-1. WHOI Operator Returned Word
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OCCURS INDEX (OCRX) 9585

This operator places the following in the B register: a new index value calculated from the Index Control Word (ICW)
in the A register, and the operand in the B register (Figure 8-2).

The index word in the B register is integerized. If the index is greater than the maximum integer value (549, 755, 813,
887), the integer overflow interrupt is set and the operation terminated. If either the ICW or the operand has a value of
0, the invalid index interrupt is set and the operation is terminated. If the index value is less than O or greater than

the SIZE field [31:16] of the ICW, the invalid index interrupt is set and the operation is terminated.

The LENGTH field of the ICW [47:16] is multiplied by the index value [15:16] minus 1, and that value is added to
the OFFSET field of the ICW. This result is the new index. The A register is marked empty and the B register is
" marked full.

INDEX CONTROL WORD (ICX)

LENGTH SIZE OFFSET
aa] 40| 3s] 32 28] 24 20| e 120 8 4 0
INDEX WORD
INDEX
a4 40 36 32 28 24 20 16 12 8 4 0
MV 1653

Figure 8-2. Index Control Word (ICW) and Index Word

INTEGERIZE, ROUNDED, DOUBLE-PRECISION (NTGD) 9587
This operator creates (from the operand in the B register) a double-precision, rounded integer in the B register. The
B register is marked full. If the word in the B register at the start of this operator is not an operand, the invalid operand

interrupt is set and the operation is terminated.

If the operand in the B register is larger than 8 1 26-1 in absolute value, the integer overflow interrupt is set and the
operation is terminated.

The B register is marked as a double-precision operand (TAG bits set to 010), and the exponent is set to 13.
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LEADING ONE TEST (LOG2) 958B

This operator locates the most significant 1-bit of the word in the B register and places the location of that bit into
the B register (bit number + 1). If a 1-bit is not sensed, the B register is set to all zeroes.

The B register is marked full.
NORMALIZE (NORM) 958E

This operator performs normalization of the operand in the top of stack. The normalized operand is left in the
B register at the conclusion of the NORM operator, and the B register is marked full. Normalization is defined in
Section 2 of this manual.

READ TIME OF DAY (RTOD) 95A7

The RTOD operator is used to strobe the current value of the MLIP Time-of-Day register into the CPU Top-of-Stack
register, right justified. The current value of the Time-of-Day register is a 36-bit binary value that represents the current
count of 2.4 microsecond clock-pulses.

The current count of the Time-of-Day register represents the sum value strobed into the register by a WIOD operator, and
a +1 increment for each clock-pulse occurring thereafter. If the B 6900 was GENERAL CLEARED after a WTOD operator
was executed, the value in the register represents the number of 2.4 microsecond periods occurring after the GENERAL
CLEAR operation. The Time-of-Day counter cycles through a full-count to 0, and continues counting up.

MOVE TO STACK (MVST) 95AF

This operator causes the environment of the processor {or addressing space) to be moved from the current stack to the

program stack specified by the operand in the B register.

The‘operator builds a Top-of-Stack Control Word (TSCW; Figure 8-3) and places it at the base of the current stack as
addressed by the base-of-stack register.

=T — — T
47 : 19}
Sof L8 DSF

1 T DFF

49 45

1 ' F

48 44
ES — EXTERNAL SIGN FLIP FLOP DSF — DELTA S-REGISTER FIELD; VALUE OF rS RELATIVE TO BOSR
O —OVERFLOW FLIP FLOP N  — NORMAL-CONTROL STATE FLIP FLOP
T —TOGGLE, TRUE-FALSE FLIP FLOP L — ADDRESSING LEVEL
F  —FLOAT FLIP FLOP DFF — DELTA F-REGISTER FIELD; VALUE OF rF RELATIVE TOrS

MV 1654
Figure 8-3. Top-of-Stack Control Word (TSCW)
" The operand in the B register is integerized and checked against the stack vector for invalid index. The value in the

B register is added to the address field of the stack vector descriptor (at D[0] +2) to address the descriptor for the new
stack.
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The data descriptor for the requested stack is accessed. If the presence bit is “on,” the address field is placed into the
base-of -siack register. The TSCW is brought up, and the stack is marked “active” by storing the processor ID at the
base-of-stack. The TSCW is distributed and the D registers are updated.

If during the integerization the operand in the B register is too large, the integer overflow interrupt is set and the opera-
tion is terminated.

If the index value is less than zero or greater than the LENGTH field of the data descriptor for the stack vector array, an
invalid index interrupt is set and the operation is terminated.

READ COMPARE FLIP-FLOP (RCMP) 95B3

This operator reads the state of the CMPF flip-flop, and creates a single-precision word in the data processor A register.
If the CMPF flip-flop is in the binary one state, the low-order bit (bit zero) of the single-precision word in the A register
is set. If the CMPF flip-flop is in the binary zero state, the low-order bit of the A register is reset. The A register is
marked full at the conclusion of the operation.

SET TAG FIELD (STAG) 95B4

This operator sets the TAG field (bits 50:3) in the B register to the value of bits2:3 of the operand in the A register.
At the completion of the operation, the A register is marked empty and the B register is left full.

READ TAG FIELD (RTAG) 95B5

This operator replaces the word in the A register with a single-precision operand equal to the TAG field of that word. The
TAG bits are placed in bits 2:3. The A register is marked full.

ROTATE STACK UP (RSUP) 95B6

This operator permutes the top three operands of the stack so that the first operand has become the second, the second
has become the third, and the third has become the first (see Figure 8-4).

BEFORE ROTATION BEFORE ROTATION
rA WORD ONE rA WORD ONE
B WORD TWO rB WORD TWO
S - WORD THREE S - WORD THREE
AFTER ROTATION AFTER ROTATION
rA WORD THREE rA WORD TWO
rB WORD ONE rB WORD THREE
S = WORD TWO s - WORD ONE
STACK ROTATION UP STACK ROTATION DOWN
MV1655

Figure 8-4. Rotate Stack Operations
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ROTATE STACK DOWN (RSDN) 95B7

This operator permutes the top three operands of the stack so that the first has become the third, the second has
become the first, and the third has become the second (see Figure 8-4).

READ PROCESSOR REGISTER (RPRR) 95B8

This operator reads the contenis of one of tlie eight base registers, eight index registers, or one of the 32 D registers into the
A register.

The six low-order bits of the A register selects the processor register to be read.

The decoding of these six bits is as follows:

Bits 5:2 =10 = Index register
Bits 2:3 =0, = PIR

=1, = SIR

=2, = DIR

=3, = TIR, BUF 3

=4, = LOSR

=5, = BOSR

=6, =F

=17, = BUF
Bits 5:2 =11 = Base register
Bits 2:3 =0, = PBR

=1, = IBR

=2 = DBR

=3, = TBR, BUF 2

= 4’ =

=35, = SNR

=6, =PDR

=17, = TEMP

If bit 5 is zero, bits 4:5 select the D register equal to the binary value of the bits; that is, bits 4:5 = 00101 select D
register 5.

At the completion of this operation, the A register contains the contents of the selected register, and is marked full.
SET PROCESSOR REGISTER (SPRR) 95B9

This operator places the contents of the ADDRESS field of the A register into one of the eight base registers, cight index
registers, or 32 D registers selected by the six low-order bits of the word in the B register.

The decoding of the six low-order bits is the same as in the Read Processor Register operator (RPRR) discussed under
the previous heading.

The A and B registers are marked empty.
READ WITH LOCK (RDLK) 95BA

This operator performs in a manner similar to the Overwrite operator (see section 7), except the word which was in
memory before the overwriting is left in the A register.
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COUNT BINARY ONES (CBON) 95BB

This operator counts the number of 1-bit in the single-precision (double-precision) operand in the A register. At the
completion of the operation, the total count is left in the A register with the register marked full.

LOAD TRANSPARENT (LODT) 95BC

This operator performs a Load operator (see Section 7) if the word in the A register is a data descriptor or an Indirect
Reference Word. If it is neither of these, bits 19:20 of the A register are used as the address to bring an operand to the
A register. Copy bit action does not occur. ’

LINKED LIST LOOKUP (LLLU) 95BD
This operator searches a linked list of words.

The operator starts with an operand in the top-of-stack as the index pointer. The second word in the stack is a
non-indexed data descriptor to the array containing the linked list. The third word in the stack is an operand that is
the argument.

The base address of the linked list, the length of the list, and the argument value are saved throughout the entire operator
process.

The word addressed by the base address plus the index value are read and checked for a value of zero in the address (link)
portion of the word (zero denotes the end of the linked list). If the link is non-zero, bits 47:28 are compared to the
argument value. If the argument of the linked-list word is less than the argument value, the actions described in this
paragraph are repeated, using the link as the new index.

When the value of the argument field of the linked-list word is equal to or greater than the argument value, the operation
is complete. The index pointing to the word whose link points to the argument which satisfies the test is left in the
A register and is marked full.

If the value of the link portion of the linked-list word is equal to zero, the A register is set to minus one (-1), and marked
full as the operation is completed.

If the index value in the linked list word is greater than the length value from the descriptor, an invalid index interrupt
is set and the operation is terminated.

When the first word in the stack at the start of this operator is not an operand, an invalid-operand interrupt is set and the
operation is terminated. ' '

If the data descriptor has been indexed, the invalid-operand interrupt is set and the operation is terminated.

MASKED SEARCH FOR EQUAL (SRCH) 95BE

At the start of this operator, the word in the A register must be 3 data descriptor. The operand in the B register is a 51-bit
mask. The data descriptor in the A register and the mask in the B register are saved, and the 51-bit argument word is placed
into the B register. If the descriptor is indexable (bit 45 equal to zero) one is subtracted from the LENGTH ficld. If bit 45
is equal to one, the data descriptor is already indexed; therefore, that index is the starting value.

The word addressed by the descriptor is placed in the A register and ANDed with the mask word. The result of this
AND function is tested to determine if it is identical to the argument word.
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If the comparison is not equal, the INDEX field of the descriptor is decreased by 1 and the operation is repeated. If the
INDEX field is equal to O, the A register is set to a -1 value and marked full. The B register is marked empty.

If an equal comparison is made, the A register contains the index pointing at the last word compared and is marked full.
The B register is marked empty.

UNPACK ABSOLUTE, DESTRUCTIVE (UABD) 95D1
This operator unpacks a string of 4-bit digits into 8-bit bytes. At the start of the operator, the word in the A register
defines the length of the operand in the B register, that is, the string of digits to be unpacked. The third word in the
stack is a string descriptor addressing the destination of the string.
As the specified number of digits are transferred to the destination {most significant bit first), zone fill is as follows:
1.  The 8-bit (EBCDIC) format bytes are transferred to the destination string with the four zone-bits to 1111.
2. If the destination size is ZERO, it is set to 8-bit format and handled as in the preceding item (1).

UNPACK ABSOLUTE, UPDATE (UABU) 95D9

This operator performs an Unpack Absolute operation. At the completion of the operation, the destination pointer is
updated and left in the stack.

UNPACK SIGNED, DESTRUCTIVE (USND) 95DO

This operator performs an Unpack Absolute operation plus an added function if the External Sign flip-flop is set. Then
a zone of 1101 is set in the last byte for 8-bit.

If the destination size is 4-bit, the first digit position of the destinaticn siring is set to 1101 provided the
ilip-flop is set. If the External Sign flip-flop is O, the first digit is set to 1100.

Detoraal Qi
External Sign

UNPACK SIGNED, UPDATE (USNU) 95D8

This operator performs an Unpack Signed operation. At the completion of the operation, the destination pointer is
updated.

TRANSFER WHILE TRUE, DESTRUCTIVE (TWTD) 95D3

This operator transfers characters from the source string to the destination string for the number of characters specified
by the length -operand while the stated relationship is met. If the relationship is not met, the transfer is terminated at
that point. The relationship is determined by using the source character to index a table. If the bit indexed isa 1, the
relationship is TRUE.

The operator uses the top four words in the stack as follows. The top word addresses the table; the second word is the
length of the string to be transferred. The third word in the stack is an operand or a descriptor addressing the source
string or a single-precision operand which is the source string; and the fourth word in the stack is a descriptor pointing at
the destination string.

The table is indexed as follows to obtain the decision bit. The source character is expanded to 8-bits, if necessary, by

appending four leading 0-bits. The three high-order of these eight select a word from the table, thus indexing the table
pointer. The remaining five bits of the expanded source character select a bit from this word by their value.
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TRANSFER WHILE TRUE, UPDATE (TWTU) 95DB

This operator performs a Transfer While True operation, but updates the source pointer, the destination pointer, and
repeat count.

If all the characters specified by the LENGTH field are transferred, the True/False Flip-Flop (TFFF) is set to one (true);
otherwise it is set to zero (faise).

TRANSFER WHILE FALSE, DESTRUCTIVE (TWFD) 95D2
This operator performs a Transfer While operation and tests for a zero bit in the table.

TRANSFER WHILE FALSE, UPDATE (TWFU) 95DA

This operator performs a Transfer While False operation, but updates the source pointer, the destination pointer, and
the repeat count.

If all the characters specified by the LENGTH field are transferred, the True/False Flip-Flop (TFFF) is set to one (true);
otherwise it is set to zero (false).

TRANSLATE (TRNS) 95D7

This operator translates the number of characters specified as they are transferred from the source string to the
destination string.

The translation uses a table containing the translated characters. The word in the top-of-the stack is a descriptor that
addresses the translation table. The second operand in the stack specifies the length of the string. The third word in

the stack is a descriptor addressing the source string (or an operand which is the source string), and the fourth word in

the stack is a descriptor addressing the destination string. The source and destination are updated at the end of the
operation.

The translation occurs as follows. The specified string character is used as an index into the table to locate a character.
The located character is transferred to the destination string.

The least significant 32 bits of each table word provide four 8-bit characters. The table sizes are as follows:
1. 4-bit digits provide a 4-word table length.
2.  8-bit bytes provide a 64-word table lepgth.

SCAN WHILE GREATER, DESTRUCTIVE (SGTD) 95F2

This operator scans a string while the characters in the source string are greater than a delimiter character or until the
number of characters specified have been scanned.

If all the characters have been scanned at the completion of this operation, TFFF is set to one. If the scan was stopped
by the delimiter test before the end of the string, the TFFF is set to zero.

If the delimiter against which the string is compared is equal to the character from the string, then the compare flip-flop
(CMPF) is set. If the character in the string is less than the delimiter, then CMPF flip-flop is reset.

At the start of this operator, the delimiter character is right-justified in the top word of the stack. The length of the
string to be scanned is the second word of the stack. The source pointer is the third word in the stack.
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If the second word in the stack is a descriptor, it is the source pointer, and the length of the character string is set
to 1,048 575 {LENGTH field is all ones).

SCAN WHILE GREATER, UPDATE (SGTU) 95FA

This operator performs a Scan While Greater operation and also updates the count and the source pointer. The updated
source pointer locates the character that stopped the scan. The number of characters not scanned is placed in the
A register, and the register is marked full.

SCAN WHILE GREATER OR EQUAL, DESTRUCTIVE (SGED) 95F1
The operator performs a Scan While operation while the characters in the source string are equal to or greater than the

delimiter character. If all the characters have been scanned at the completion of the operation, then the TFFF flip-flop
is set.

SCAN WHILE GREATER OR EQUAL, UPDATE (SENU) 95F9
This operator performs a Scan While Greater or Equal operation, but also updates the count and the source pointer.
SCAN WHILE EQUAL, DESCTRUCTIVE (SEQD) 95F4

This operator performs a Scan While operation while the characters in the source string are equal to the delimiter
character. If all characters are compared, then the TFFF flip-flop is set.

If the delimiter against which the string is compared is less than tiie character from the string, then the compare flip-flop
(CMPF) is set.

SCAN WHILE EQUAL, UPDATE (SEQU) 95FC
This operator performs a Scan While Equal operation, but aiso updates the count and the source pointer.
SCAN WHILE LESS OR EQUAL, DESTRUCTIVE (SLED) 95F3

This operator performs a Scan While operation while the characters in the source string are equal to or less than the
delimiter character. If all characters are compared, then the TFFF flip-flop is set.

SCAN WHILE LESS OR EQUAL, UPDATE (SLEU) 95FB
This operator performs a Scan While Less or Equal operation, but also updates the count and source pointer.
SCAN WHILE LESS, DESTRUCTIVE (SLSD) 95FO

This operator performs a Scan While operation while the characters in the source string are less than the delimiter
character.

SCAN WHILE LESS, UPDATE (SLSU) 95F8
This operator performs a Scan While Less operation, but also updates the count and the source pointer.

If the character from the table (against which the string is compared) is equal to the character from the string, then the
compare flip-flop (CMPF) is set.
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SCAN WHILE NOT EQUAL, DESTRUCTIVE (SNED) 95F5

This operator performs a Scan While operation while the characters in the source string are not equal to the delimiter
character. If all characters are compared, then the TFFF flip-flop is set.

SCAN WHILE NOT EQUAL, UPDATE (SNEU) 95FD
This Operator performs a Scan While not Equal operation, but also updates the count and the source pointer.
SCAN WHILE TRUE, DESTRUCTIVE (SWTD) 95D$

This operator uses each source character as an index into a table to locate a bit in the same fashion as the transfer while
True operators. If the bit located contains the value of one, the relationship is true and the scan continues.

The first word in the stack is a descriptor addressing the table. The second and third words in the stack are the same
as for all Scan While operators.

SCAN WHILE TRUE, UPDATE (SWTU) 95DD

This operator performs a Scan While True operation, but also updates the count and the source pointer. The number of
characters not scanned is placed in the A register.

SCAN WHILE FALSE, DESTRUCTIVE (SWFD) 95D4

This operator performs a Scan While False operation, except the relation is true if the bit found by indexing into the
table contains the value of zero.

SCAN WHILE FALSE, UPDATE (SWFU) 95DC

This operator performs a Scan While Faise operation, but also updates the count and the source pointer.
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SECTION 9

EDIT MODE OPERATION AND OPERATORS

GENERAL

The purpose of the edit mode operators is to perform editing functions on strings of data. The editing functiens are those
which are normally involved in preparing information for output. They include such operators as move, insert, and skip,
in the form of micro-operators in either the program string or in a separate table. In the program string, they are single
micro-operators, and are entered by use of the execute single micro or single pointer operators (see section 7). If the
micro-operators are in a table, the table becomes the program string to be executed. This table is entered by means

of the Table Enter Edit operators (see section 7), and is exited through the end edit micro-operator, as defined later in

this section. :

If the source or destination data has the memory protect bit (bit 48) equal to one, the segmented-array interrupt is set
and the current micro-operator is terminated.

Appendix A of this manual lists the operators in alphabetic order, and appendix B lists the operators in numeric order
by mode.

EDIT MODE OPERATORS

The edit mode operators are described in the following paragraphs of this section.
MOVE CHARACTERS (MCHR) D7
This micro-operator transfers characters from the source string to the destination string.

If this micro-operator is entered by the table enter edit operator (see Section 7), the number of characters to be trans-
ferred is specified by the syllable following the operator syllable.

If this micro-operator is entered by the execute single micro-operator (see Section 7), the number of characters to be
transferred is specified by the operand in the top-of-the stack.

MOVE NUMERIC UNCONDITIONAL (MVNU) D6

This micro-operator transfers the four low-order bits of the characters of the source string to the desgination string.
If the destination string character size is 8 bits (EBCDIC), the zone bits are set to 1111.

If this micro-operator was entered by use of the table enter edit operator (see Section 7), the number of characters to be
transferred is specified by the syllable following the micro-operator syllable.

If this micro-operator is entered by executing the execute single micro-operator (see Section 7), the number of characters
to be transferred is specified by the operand in the top-of-the stack.

MOVE WITH INSERT (MINS) DO
This micro-operator performs a move numeric unconditional or an insert operation under the control of the Float flip-flop.

In table edit mode, the second syllable is the repeat value and the third syllable is the character to be inserted under
control of the Float flip-flop.
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In execute single micro-mode, the repeat field value is the top word-of-stack and the insert character is in the syllable
following the micro-operator syllable.

If the Float flip-flop equals zero and the numeric portion of the source tharacters equals zero, the insert character is
moved to the destination string.

If the Float flip-flop is reset and the numeric portion of the source character is not equal to zero, then set the Float
flip-flop and perform a Move Numeric Unconditional operation.

The number of characters transferred from the source string to the destination string is defined by the repeat value.
MOVE WITH FLOAT (MFLT) D1

In table edit mode, the second syllable is the repeat value (the number of characters to transfer). The third, fourth, and
fifth syllables are the three insert characters. In single-micro mode, the three insert characters are in the second, third,
and fourth syllables.

If the Float flip-flop equals zero and the numeric portion of the character in the source string equals zero, the first-insert
character is transferred to the destination string.

If the Float flip-flop equals zero and the numeric portion of the character in the source string is not zero, the Float flip-
flop is set. If the External Sign flip-flop equals one, the second insert character is transferred to the destination string.
If the External Sign flip-flop equals zero, the third insert character is transferred to the destination string. The numeric
version of the source character is then transferred.

If the Float flip-flop equals one, the numeric equivalent of the source character is transferred to the destination.

This operation continues for the number of characters defined by the REPEAT field value. This operator can be entered
by the Execute Single Micro-operator, with the REPEAT field value in the top word-of-stack.

SKIP FORWARD SOURCE CHARACTERS (SFSC) D2

This micro-operator increments the source pointer registers.

If this micro-operator or any of the following skip micro-operators is entered by the execution of the Execute Single
Micro-operator, the number of characters to be skipped is specified by the operand in the top-of-stack. If entry is by
the execution of the Table Enter Edit operators, the number of characters to be skipped is specified by the syllable
following the micro-operator syllable.

SKIP REVERSE SOURCE CHARACTERS (SRSC) D3

This micro-operator decrements the source pointer registers (also see Skip Forward Source Characters micro-operator,
second paragraph).

SKIP FORWARD DESTINATION CHARACTERS (SFDC) DA

This micro-operator increments the destination pointer registers.
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SKIP REVERSE DESTINATION CHARACTERS (SRDC) DB
This micro-operator decrements the destination pointer registers.
RESET FLOAT (RSTF) D4

This micro-operator sets the Float flip-flop to zero.

END FLOAT (ENDF) D5

This micro-operator transfers the character in the second syllable of this operator to the destination string if the Float
flip-flop contains a zero and the External Sign flip-flop is one.

If the Float flip-flop contains a zero and the External Sign flip-flop also equals zero, then the character in the third syllable
of this operator is transferred.

If the Float flip-flop contains one, then it is reset and no characters are transferred.

INSERT UNCONDITIONAL (INSU) DC

This micro-operator places an insert character into the destination string for the number of times specified by the repeat
value. When entered by a Table Enter Edit operator, the repeat value is in the syllable following the micro-operator

syllable, and the insert character is in the next syllable.

If this micro-operator is entered by an Execute Single Micro-operator, the character to be inserted is in the second
syllable, and the repeat value is specified by the operand in the top-of-stack.

INSERT CONDITIONAL (INSC) DD

This micro-operator inserts a string consisting of one or two characters into the destination string. The length of the
string is given by the repeat value from the table or the stack.

If the Float flip-flop contains a zero, the first insert character is inserted into the destination string.
If the Float flip-flop contains a one, the second insert character is inserted into the destination string.

The insert characters follow the repeat value syllable in Table Enter Edit operation or the micro-operator syilable in
Execute Single Micro-operations.

INSERT DISPLAY SIGN (INSG) D9

This micro-operator places in the destination string the character defined by the syllable following the micro-operator
syllable, if the External Sign flip-flop is equal to one.

If the External Sign flip-flop is equal to zero, this operator places in the destination string the character defined by the
third syllable of this operator.

INSERT OVERPUNCH (INOP) D8
If the External Sign flip-flop is equal to one, this micro-operator places a sign overpunch in the destination string character

of 1101 for EBCDIC.
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If the External Sign flip-flop is equal to zero, the operator leaves the destination string character unaltered.

END EDIT (ENDE) DE

- This operator terminates a string of Edit micro-operators in Table Enter Edit operation mode.

The microprogram string in the table must end with the End Edit operator.
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SECTION 10
VECTOR MODE OPERATORS

GENERAL
The use of Vector Mode provides for an increase in efficiency in the manipulation of arrays. The increase in efficiency

is not an automatic feature that applies to all data processor operations. Vector Mode makes it possible for certain soft-
ware compilers, such as ALGOL or FORTRAN, to specify that Vector Mode rules apply under controlled conditions.

LIMITATIONS OF VECTOR MODE

Vector Mode operations require that the system be operated in control state. This requirement means that a processor
performing Vector Mode operations cannot be interrupted to service external interrupts.

Vector Mode operations do not permit segmentation of the arrays. This occurs because presence bit interrupts are dis-
allowed. This limitation requires that the entire extent of the array/arrays must be present in memory while performing
vector operations.

Vector Mode operation allows the use of other modes and operators in the B 6900 operator set, subject to the following
limitations: .

a.  String operators and Edit Mode operators are not allowed.

b.  No family C operators, except the branching operators (BRTR, BRFL, and so forth) are allowed while
operating in Vector Mode.

[¢]
.

No operator that pseudo-calls a family C operator is allowed while operating in Vector Mode.

d. The LIT 48 and branch operators are not used while performing in Single Program Word Vector Mode
(VMES) because of the size of the operator codes, in syllables.

Appendix A lists the operators in alphabetic order, and appendix B lists the operators in numeric order
by mode.

HARDWARE FUNCTIONS

The Vector Mode hardware does the following:
a.  Utilizes registers to hold the actual addresses of array elements that are referenced.

b.  Uses additional registers to contain the increment values used for altering the addresses (indexing) to refer-
ence successive array elements.

¢.  Uses one register to contain a “count” or length that controls the number of iterations.

d.  Provides for cycling through one (single-word mode) or more (multiple-word mode) words of code for each
iteration.

e.  Introduces new operators for use while in Vector Mode to load and store the top-of-stack, and to control
iterating and exiting from Vector Mode.

f.  Provides two primary mode operators used to enter Vector Mode.
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Seven IC memory locations are used as the registers previously mentioned to hold the three absolute addresses, the three
corresponding increment values, and the length.

The three addresses are referred to as A, B, and C, respectively.
These registers are loaded automatically from the stack upon execution of either of two Enter Vector Mode operators.

PRIMARY MODE ENTER VECTOR MODE OPERATORS

Two primary mode operators are used for Vector operations in the B 6800 Data Processor. These operators are as
follows:

Family Mnemonic Hexadecimal Code Operator Description
G VMOS EF Vector Mode Enter Single
G VMOM E7 Vector Mode Enter Multiple

ENTER VECTOR MODE OPERATION
An entry into Vector Mode opcrations occurs when the VMOS (EF) or VMOM (E7) operator is executed from the
processor P register. Prior to entering Vector Mode, the processor stack must be properly configured to perform

Vector operators (Figure 10-1).

The processor registers and the operating stack must have the following format:

A REGISTER | oaTa DEscripTOR (POINTERC) |
; DATA PROCESSOR
B REGISTER | LENGTH OPERAND (OPTIONAL) | TOP-OF-STACK REGISTERS
MEMORY (S REG) [ oaTapescriptoR (POINTERA) | ]
MEMORY (S-1) | DATA DESCRIPTOR (POINTER B) |
MEMORY (5-2) | PoINTER CINCREMENT OPERAND | 3~ MEMORY PART OF
PROCESSOR STACK,
MEMORY ($-3) [ POINTER A INCREMENT OPERAND |
MEMORY (S4) | POINTER B INCREMENT OPERAND |
NOTE

If the optional LENGTH operand is not present in the stack,

all subsequent required parameters are moved one word closer

to the top-of-stack. There are no vacant spaces in the format.

MV4568

Figure 10-1. Vector Mode Stack Configuration

Before entering Vector Mode, the values to be stored in IC memory must be placed in the stack. LENGTH specifies the
number of iterations through the code to be executed while in Vector Mode, usually the number of elements in the -
arrays being manipulated. The presence of a LENGTH value in the stack is indicated by bit 44=1 in Pointer C. Should
bit 44=0, a default LENGTH of 220-! is stored in the LENGTH register. Bit 44 (segmented bit) must be OFF in
Pointer A and Pointer B. The software ascertains that bit 44 is ON in Pointer C before using it to indicatc the presence
of a LENGTH value.
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The seven parameters are inserted in IC memory as follows:

Register Vector Mode Contents of Register

BRS3 Pointer C [19:20] (or Pointer C [39:20] plus [19:20] if I* = 1)
BRS7 LENGTH [19:20] (or 2291)

BRS1 Pointer A [19:20] (or Pointer A [39:20] plus [19:20] if I* = 1)
BRS2 Pointer B [19:20] (or Pointer B [39:20] ** plus [19:20] if I* = 1)
IRS3 Pointer C increment [19:20]

IRS1 Pointer A increment [19:20]

IRS2 Pointer B increment [19:20]

*I is the indexed bit, bit 45 in the descriptor.
**Use [35:16] if the size field is not equal to zero.

The Enter Vector Mode operator can be terminated by one of the following interrupts:

Type of Interrupt Cause of the Interrupt
a. Invalid OP: Pointer A, B or C not tagged as a data descriptor or Pointer A or B has
bit 44=1.
b. Memory Protect: Pointer A is read only (bit 43=1).
c. Presence Bit: Pointer A, B or C has bit 47=0.

At the conclusion of the enter Vector Mode flow, the IC memory is configured as follows:

Register Name Contents of the Register .
SIR The value of the “A” increment
DIR The value of the “B” increment
TIR The value of the “C” increment
SBR A The base address of pointer “A”
DBR The base address of pointer “B”
TBR The base address of pointer “C”
TEMP The value of the LENGTH operand

The word in the P register at the end of the Enter Vector Mode flow contains the Vector operators to be executed. The
PSR register is equal to zero, and thus specifies that the first Vector Mode operator commences in syllable zero.

5010986 10-3



B 6900 System Reference Manual
Vector Mode Operators

If the entry to Vector Mode is the single-word mode entry VMES operator, the single word of code following that entry
is held in the P Register (program word fetching is inhibited) and executed a number of times equal to the LENGTH
parameter. Each time the word is executed, LENGTH is decremented by one until it becomes zero. Then Vector Mode
is exited and normal operation continues with the next word of code in sequence.

VECTOR STACK OPERATORS

Vector Stack operators are a group of twenty-eight operators with a common syllable format (Figure 10-2). Variations of
this syllable provide the capabilities of storing or loading the top-of-stack with a single- or double-precision operand and
choosing whether or not to increment the pointer.

P REGISTER 2
1 Ira!| A0 ADDRESS COUPLE JOPERATOR MMWMTW

L[| D I

0 JLs | A1

14-BIT VECTOR | VECTOR ] VECTOR

1 JRB| 1|
Jus w0 6 32 |28 |24 J20 |16 |2 8 L 0

0 1 2 3 4 5

L | D A VECTOR OPERATOR OCCUPIES ONE THROUGH
THREE SYLLABLES OF THE P REGISTER. THE VECTOR
s | A1 BRANCH OPERATOR (VEBR, HEX CODE EE) USES THREE
SYLLABLES. THE STOR/FTCH OPERATORS USE TWO
RA | AO SYLLABLES. ALL OTHER VECTOR OPERATORS USE A
SINGLE SYLLABLE.
RB| I
4 J40

MV2732

Figure 10-2. Vector Mode Operator Format

The format of the Vector Operator syllable is as follows:

Bit

L

%

104

Description

The most significant bit in the Vector operator equals one if a LENGTH factor is passed to the vector
stack upon entering Vector Mode; otherwise, L equals zero.

Bit is OFF (0) for a Top-of-Stack Load operator and ON (1) for a Top-of-Stack Store operator.

If a memory protect interrupt is sensed and no LENGTH is passed to the Vector Mode and RA=0,
the top-of-stack word is deleted. If RA=1, the top-of-stack word is not deleted.

Same as the RA bit,except that it governs the action taken on ihe second word of the siack.

Double-precision bit. If D=0, load or store single-precision operand (Fam G). If D=1, load or store
double-precision operand (Fam H).
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Bit Description
Al, A0 Selects the IC Memory Address register.
Al AQ

0 o Load from Pointer A (BRS1)
0 1 Load from Pointer B (BRS2)
1 0 Load from Pointer C (BRS3)

I When I equals one, the pointer used for the memory address is increased by its corresponding pointer
increment following the Load or Store operator. When I equals zero, the pointer increment is inhibited. .

VECTOR MODE OPERATOR CODES

The twenty-seven Vector Mode operators are identified in Figure 10-3.

FAMILY 0 1 2 3 4 5 6 7 8 9 A B Cc D E F
G € | oA |ioal| toB |Losi| Loc |tocilvmex] | DLA | DLAl| DL8 | ouBi | DLC | bLei |vEBR
H F STA |STAI | STB | STBI | STC | STCI | DSA | DSAI DS8! | DSC | DSCI |NOOP NVLDJ
MV4560

Figure 10-3. Vector Mode Operators

Two other operators are used to load/store the top-of-stack from/to an address couple. They are enabled only. when a
LENGTH is passed by the Vector Mode entry. Their format is shown in Figure 10-4.

0 |LS L [ l NEXTSYLLABLE]

[ VECTOR OPERATOR |
- —

ADDRESS COUPLE

MV4573

Figure 10-4. Load/Store Vector Mode Operators

The address couple is formed from the low-order 6-bits of the Vector operator, and the next operator syllable, which are
concatenated to form a 14-bit address couple.

Where: LS=0 then load (FTCH operator), or when
LS=1 then store (STOR operator).

The A register is loaded from (or stored into) the memory location determined by the normal address couple decoding
convention (same as Value Call). ‘

The previously listed operator mnemonic codes for Vector Mode are consistent with the mnemonic codes used for the B 6700
System Hardware operator flow charts in the Test and Field Documentation Release Package. Certain software compilers
(ALGOL and FORTRAN) have the capability to emit program code mnemonics for Vector Mode operators in a program code

5010986 10-5



B 6900 System Reference Manual
Vector Mode Operators

stream when the LIST CODE option is used at compile time. The operator mnemonics emitted by these compilers do not
follow the code mnemonics used by the B 6900 System flow charts (see Figure 10-5).

The operator mnemonics emitted by the compilers are subject to review with each revision of the compilers, and may
change because of a change in the level of the Master Control Program (MCP) release. The following operator mnemonics
are taken from the current release level of the ALGOL and FORTRAN compilers. Subsequent revisions to the compilers
may cause these mnemonics to be in error; therefore, care must be taken in using them without recourse to specify MCP
release level documentation.

F

A

M

I

L

Y

0 1 2 3 4 5 6 7 8 9 A B C D E F

G E |L1AX]| L1AI [ L1BX | L1BI jJLICX] L1CI | VXIT 1LAX| 1LAI J1LBX | 1LBI J1LCX | 1LCI |VEBR

H F | S1AX] S1Al | s1BX | S1BI | S1CX ] S1CI 1SAX | 1SAl 1SBI | 1SCX | 1SCI |NOOPINVLD
MV2733

Figure 10-5. FORTRAN/ALGOL Compiler Vector Mode Operator Mnemonics
VECTOR OPERATORS

The following is a list of Vector Stack operators.
Operator Hex OP-Code Description

Load A EO The stack is adjusted (0,2) and the single-precision word selected by
Pointer A (BRS1) is loaded into the top-of-stack.

Load B E2 The stack is adjusted (0,2) and the single-precision word selected by
Pointer B (BRS2) is loaded into the top-of-stack.

Load C E4 The stack is adjusted (0,2) and the single-precision word selected by
Pointer C (BRS3) is loaded into the top-of-stack.

Load A — Increment El The stack is adjusted (0,2) and the single-precision word selected by
Pointer A (BRS1) is loaded into the top-of-stack. Pointer A is
increased by its increment (IRS1) following the transfer.

Load B — Increment E3 The stack is adjusted (0,2) and the singie-precision word selected by
Pointer B (BRS2) is loaded into the top-of-stack. Pointer B is
increased by its increment (IRS2) following the transfer.

Load C — Increment ES The stack is adjusted (0,2) and the single-precision word selected by
Pointer C (BRS3) is loaded into the top-ofstack. Pointer C is
increased by its increment {IRS3) following the transfer.

Store A FO The stack is adjusted (1,2) and the single-precision word in the top-

of-stack is stored in the location given by Pointer A (BRS1).
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Operator Hex OP-Code Description
Store B F2 The stack is adjusted (1,2) and the single-precision word in the top-

of-stack is stored in the location given by Pointer B (BRS2).

Store C F4 The stack is adjusted (1,2) and the single-precision word in the top-
- of-stack is stored in the location given by Pointer C (BRS3).

Store A — Increment F1 The stack is adjusted (1,2) and the single-precision word in the top-
of-stack is stored in the location given by Pointer A (BRS1).
Pointer A is increased by its increment (IRS1) following the transfer.

Store B — Increment F3 The stack is adjusted (1,2) and the single-precision word in the top-
of-stack is stored in the location given by Pointer B (BRS2).
Pointer B is increased by its increment (IRS2) following the transfer.

Store C — Increment FS The stack is adjusted (1,2) and the single-precision word in the top-
of-stack is stored in the location given by Pointer C (BRS3).
Pointer C is increased by its increment (IRS3) following the transfer.

Double Load A E8 The stack is adjusted (0,2) and the double-precision word selected
by Pointer A (BRS1) is loaded into the top-of-stack.

Double Load B EA * The stack is adjusted (0,2) and the double-precision word selected
by Pointer B (BRS2) is loaded into the top-of-stack.

Double Load C EC The stack is adjusted (0,2) and the double-precision word selected
by Peinter C {(BRS3) is loaded into the top-of-stack.

Double Load A — E9 The stack is adjusted (0,2) and the double-precision word selected

Increment by Pointer A (BRS1) is loaded into the top-of-stack. Pointer A is
increased by its increment (IRS1) following the transfer.

Double Load B — EB The stack is adjusted (0,2) and the double-precision word selected .

Increment by Pointer B (BRS2) is loaded into the top-of-stack. Pointer B is

increased by its increment (IRS2) following the transfer.

Double Load C — ED The stack is adjusted (0,2) and the double-precision word selected
Increment by Pointer C (BRS3) is loaded into the top-of-stack. Pointer C is
increased by its increment (IRS3) following the transfer.

Double Store A F8 The stack is adjusted (1,2) and the double-precision word in the
top-of-stack is stored in the location given by Pointer A (BRS1).

Double Store B FA The stack is adjusted (1,2) and the double-precision word in the
top-of-stack is stored in the location given by Pointer B (BRS2).
Double Store C FC The stack is adjusted (1,2) and the double-precision word in the
top-of-stack is stored in the location given by Pointer C (BRS3).
Doubie Store A — F9 The stack is adjusted (1,2) and the double-precision word in the
Increment top-of-stack is stored in the location given by Pointer A (BRS1).

Pointer A is increased by its increment (IRS1) following the transfer.
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Hex OP-Code

FB

FD

EE

E6

Vector Mode Operators

Description

The stack is adjusted (1,2) and the double-precision word in the
top-of-stack is stored in the location given by Pointer B (BRS2).
Pointer B is increased by its increment (IRS2) following the transfer.

The stack is adjusted (1,2) and the double-precision word in the
top-of-stack is stored in the location given by Pointer C (BRS3).
Pointer C is increased by its increment (IRS3) following the transfer.

A three-syllable operator where the two syllables following the
operator contain a branch address. If the length count is > 0, the
LENGTH count is decremented by one, and the program continues at
the next syllable following the address. If the LENGTH is equal to
zero, Vector Mode is exited by fetching the program word specified
by the branch address.

Allows the program to exit from Vector Mode to Primary Mode.

VECTOR BRANCH AND VECTOR EXIT OPERATORS

When the entry to Vector Mode is the multiple-word type (VMOM operator), whatever code that follows it is executed
under Vector Mode rules. The two Vector Mode operators explained as follows are used only in conjunction with the

VMOM operator.

a.  Vector Mode Exit operator (VMEX) causes the program to exit from Vector Mode and return to normal

mode operations.

b.  Vector Branch (VEBR) is a three-syllable operator. The two syllables following the operator code contain
the branch address. The Vector Branch operator examines LENGTH. If it is greater than zero, LENGTH is
decremented by one, the next two program syllables containing the branch address are skipped, and the
program is resumed at the following syllable. If the examined LENGTH is zero, Vector Mode is exited, and
normal mode operation commences with the program word located by the branch address.
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SECTION 11
INPUT OUTPUT DEVICE OPERATIONS

MLIP GENERAL INFORMATION

Figure 11-1 shows the relationships and operating environment of the Message Level Interface Processor (MLIP) Module
in a B 6900 system. The MLIP is a semi-autonomous control device, which is used to create and control interfaces
between the software Master Control Program (MCP) and the Universal Input/Qutput (UIO) device subsystem. Semi-
autonomous means that the MLIP must be initiated into operation by the MCP, through execution of a CUIO operator
code. Once the MLIP is initialized into operation, the micro-module control logic takes command; and subsequent MLIP
operations are determined by the micro-module logic, not by the MCP.

In addition to creating and controlling UIO interfaces, the MLIP also performs other system functions that basically
involve the use of timers or time-counting circuits. Some of these timing functions are controlled by inputs to the MLIP
from the software operating system, and others are automatic functions of the MLIP logic circuits.

g
24 Z3 e~
BUS SYSTEM BUS
— e f——————————
MEMORY
———————
MESSAGE LEVEL |ug .
INTERFACE - UNIVERSAL
PROCESSOR 10
————————————
MODULE ML! INTERFACE SUBSYSTEM
TOP OF - z5
STACK Bus" .{ ENTRY VECTOR PATH
‘ . REGISTERS -
' CREGISTER |
[50:19]
MICROCODE
—1o  INTERRUPT
DATA MICRO ADDRESS
PROCESSOR cPU
MICROCODE MICRO -
MODULE
Z18US
MV4192

5010986

Figure 11-1. B 6900 System MLIP Module Environment
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UIO SUBSYSTEM GENERAL INFORMATION

Peripheral 1/O devices in a B 6900 system (see Figures 11-2 and 11-3) are controlled by data Link Processor (DLP)
adapters. A unique DLP adapter is used for each type of peripheral device connected to a B 6900 system. A DLP
adapter contains micro-coded control programs which are unique to the type of I/O device the DLP controls.

DLP adapters are card-package modules which plug into a UIO-Base module backplane of an Input Output Data Com-
munications (IODC) cabinet (see Figure 11-4). The IODC cabinets in a B 6900 system are connected to the MLIP
module of the CPU by means of external 25-wire MLI cables. From 1 to 8 MLI cables are connected to the MLIP
module, and each MLI cable interfaces up to 8 intraconnected UIO-Base modules to the MLIP module (see Figure 11-5).
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Figure 11-2. 10DC Base Module With One DLP
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A separate MLI cable connects the B 6900 Maintenance Processor module to a UIO-Base module. A different external
cable interfaces the B 6900 Maintenance Processor to the maintenance logic circuits in the various B 6900 system 10DC
cabinets.

The 25-line MLI cable contains 17 lines used to transfer a word of data (16-bits of data plus an odd-parity bit) between
the MLIP and the UIO subsystem. This cabie also contains 4 lines used to send DLP sequence counts and result status
to the MLIP module. One line of the MLI interface is a system strobe-signal line used by the MLIP to initiate actions
in the UIO subsystem logic. Another line is a strobe signal line used by the UIO subsystem to initiate actions in the
MLIP logic. The remaining 2 lines are used for various synchronizing logic levels and signals, during an MLI line
communication process.

B 6900 1/0 DEVICE OPERATION PROCESSES

1/0 peripheral device operations begin when the CPU MLIP module uses one of its MLI Port interface cables to com-
municate with the UIO subsystem. This interface communication must follow an established MLI interface protocol.
The protocol requires that at least 6 MLI data words of UIO control information, in fixed wérd formats, be passed
from the MLIP module to the UIO-Base and DLP logic. The entire process of meeting the requirements of the MLI
protocol is commonly referred to as a connection sequence.

The 6 required data-words transferred during a connection sequence are:
1. An MLI Address word that identifies the Base module and DLP addressed.

2. An [/O Descriptor that identifies not only the particular function the I/O peripheral device is to execute,
but also the specifications for optional characteristics of the I/O device that apply during the execution.

3. A Longitudinal Parity Word used to verify that the 1/O Descriptor word/words are valid MLI connection
sequence words.

4.  Two Descriptor-Link words that identify the MLI (Host system) making the connection, and contain the
memory address of the IOCB that initiated the connection sequence.

5. A Longitudinal Parity Word used to verify that the preceding 3-words are valid connection sequence words.

An MLIP module I/O device initiation process begins when the Data Processor module executes a CUIO operator code,
and transfers the starting memory address of an IOCB to the MLIP logic. The MLIP subsequently accesses words of
the IOCB, and writes fields from the various IOCB words into the MLIP RAM memory. The MLIP then causes a

connection sequence to be performed.

MLIP-To-10DC Connection Sequence Address Word

The first information required by the MLIP to perform a connection sequence is the particular MLI interface port
through which the connection sequence is to take place. This information is present in word-4 [19:4] of the MLIP

RAM memory, and was originally obtained from word-1 [19:4] of the IOCB. Bits [15:16] of MLIP RAM word-4
(also from IOCB word-1) contain the data required for the first MLI protocol connection sequence.
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The data required for an MLI connection are:
1. Base Control Card bit (MLIP RAM word-4, bit-15).
2. Line Expansion Module bit (MLIP RAM word-4, bit-14).
3. Base Module IO bits (MLIP RAM word-4, bits [7:4]).
4. DLP IO (MLIP RAM word-4, bits [3:4]).
The MLIP micro-logic (MAKE.CON sequence) utilizes data from MLIP RAM word-4 to implement a connection between

the MLIP and a particular DLP module, over the proper MLI Port and interface cable. The MLIP logic formats and
transmits the DLP address to the IODC logic, as shown in Figure 11-6.

A A A A B B
P 8 4 2 1 8 4

N
=]
(]
(o]

N O
(w)

&0

N O
o

P |BCC|LEM| U U U U U U B 8 B B | DLP | DLP | DLP | DLP

Where:
P = 0Odd-Parity bit for other word-bits.
BCC = Base Control Card ID bit.
LEM = Line Expansion Module 1D bit.
U = Unused bit-positions in the word. .
B = 10DC Ul0-Base module ID code.
DLP = DLP ID code.
.. NOTE
The 8 control-signal lines of the MLI
interface cable are not shown.
MV4564

Figure 11-6. B 6900 Connection Sequence Address Word Layout
MLIP-To-IODC Connection Sequence 1/O Descriptor

The MLIP micro-logic (INIT.IOCB sequence) formats I/O Descriptors from a list of I/O Descriptor data present in system
memory. The MLIP accesses the I/O Descriptor list in system memory by means of an address which is contained in the
I/O Command Pointer (word 4 of the IOCB), The MLIP logic formats the 1/O Descriptor found in system memory into
i6-bit data words, and transmits them to the DLP device over the MLI interface. 1fO Descriptors may consist of several
consecutive 16-bit words on the MLI interface bus.

LPW Word For I/O Descriptor
A Longitudinal Parity Word is formatted and transmitted from the MLIP to the IODC and DLP device. This word

represents a block-check of the data transmitted in the I/O Descriptor. The format of an LPW word is defined later
in this section.
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MLIP-To-IODC Connection Sequence Descriptor Link Words

The MLIP micro-logic (INIT.IOCB sequence) utilizes data from the MLIP RAM memory, word-7 and word-A, to create
2 Descriptor Link words. The 2 words are transmitted to the IODC logic during the MLI interface connection process,
and are used subsequently by the IODC to reconnect to the MLIP during other sequences of the I0 device operation
process.

The format of the 2 Descriptor Link data words on the MLI interface are shown in Figure 11-7.

Descriptor Link Word-1 Layout

A A A A B B B B Cc Cc o Cc D D D D
P 8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1
P H H H H H H H H l I 1 l l 1 I 1

Descriptor Link Word-2 Layout

A A A A B B 8 8 Cc (o Cc C D D D D
P 8 4 2 1 8 4 2 4 2 2

Where:
P = Word Parity-bit

H = Host Return Field {the B 6900 Processor ID value,
from word-A of the MLIP RAM memory). This
field identifies which of 6 possible Distribution
Cards (DC) in the 10DC the MLI connection came.
This field defines which DC {MLI cable) of the
10DC to use to reconnect (POLL REQUEST func-
tion) to the same host system.

I = I0CB memory address field (from word-7 of the
MLI RAM memory). This field is used to refresh
the contents of the MLIP RAM memory during
subsequent connections between the 1I0DC DLP

MVA5SES control device, and the MLIP module.

Figure 11-7. B 6900 Connection Sequence Descriptor Link Word Layouts

MLIP-To-IODC Connection Sequence LPW Word

The MLIP micro-logic generates and formats a Longitudinal Parity Word (LPW) for all serial data transmitted over an
MLI interface. The LPW word is automatically transmitted to the IODC after the last serial dataword has been )
transmitted.

An LPW-word represents the combined longitudinal parity (Block-check value) for the datawords transmitted over the
MLI interface during the present connection sequence. An LPW accounts over the MLI cable for only longitudinal
parity of words transmitted in a single transmission burst, in a single direction. If line-turnarounds are performed during
a connection sequence, an LPW-word is generated and transmitted each time a new burst of date is transmitted in either
direction over the MLI interface cable.
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The I0DC logic contains circuits that generate and format an LPW-word as serial data-words are received over the MLI
interface cable. When the LPW-word from the MLIP is received by the IODC logic, it is compared to the LPW-word
generated by the 10DC logic from preceding MLI serial datawords. If the 2 LPW-words do not compare equal an MLI
interface data parity-error is detected by the IODC logic.

Both the MLIP logic and the IODC logic generate and transmit LPW-words as part of their normal data transmission
operations over an MLI interface. Both also generate an LPW-word for serial data received, and compare that LPW-word
against the LPW-word received over the MLI interface cable. Thus, either the MLIP or the IODC can detect an MLI
interface data parity-error condition.

IODC-To-MLIP Connection Sequence

After a POLL TEST connection sequence has been completed by the MLIP module, the MLI connection protocol
provides for a disconnect to occur. A disconnect is necessary because the DLP device to which the MLIP is connected
needs to execute one or more of its internal micro-code procedures at this point.

Whatever the cause of an MLI disconnect, once a connection has been completed the DLP can initiate the next connec-
tion sequence, because the IODC logic now contains Descriptor Link data. The Descriptor Link data identifies the proper
DC (MLI cable) to be used for the second or subsequent connection sequence.

IODC-To-MLIP Connection Sequence Global Priority Word
During a POLL REQUEST operation connection sequence, the requesting DLP device must return a Global Priority word

of data to the MLIP logic. This word is required because an IODC can contain 1-to-8 DLP devices, and the MLIP must
know which DLP is initiating the connection sequence. The Global Priority word has the format shown in Figure 11-8.

A A A A 8 B B
p 8 4 2 1 8 4 2 1

o& 0O
N O
@ Q

]
4

®
N Q
Q

P U ulwu U U B 8 B B |pLP| DLP| DLP| DLP| GP | GP | GP

Where:
= Word Parity Bit

= Unused, a field filled with zeroes

= 10ODC Base module identity code

= DLP identity code (relative location of the DLP
device within the IODC Base module

The Global Priority of the DLP that initiated
the POLL REQUEST operation

v C o
|

DL

GP

MV4566

Figure 11-8. B 6900 IODC POLL REQUEST Global Priority Word Layout
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IODC-To-MLIP POLL REQUEST Priority Resolution In The 10DC

The Global Priority field contains the Global Priority of the DLP that initiated the POLL REQUEST. It is possible
that more than one DLP device in an IODC Base module will require a POLL REQUEST operation at the same time.
If such a condition occurs, the IODC module logic will resolve POLL REQUEST sequence conflicts between its DLP

REQUEST operation first, and other DLPs must wait until they have the highest Global Priority in their Base before
they can initiate a POLL REQUEST operation.

I0DC-To-MLIP POLL REQUEST Global Priority Resolution In The MLIP

The MLIP Priority Sequencer Logic samples the Global Priority values from POLL REQUESTs, over all 8 possible MLI
interface ports, and in port number order. If two or more MLI interface ports contain simultaneious POLL REQUESTs,
the Priority Sequencer logic selects the MLI port that has the highest Global Priority to initiate the next POLL
REQUEST. If two or more MLI port POLL REQUESTsS share the highest Global Priority request present, then the
Priority Sequencer logic selects the MLI with the highest port number as the one for which the next POLL REQUEST
operation is performed. Other MLI ports that are trying to initiate a POLL REQUEST operation must wait until they
have the highest current priority before they are granted a POLL REQUEST sequence.

IOCB ORGANIZATION AND WORD LAYOUTS
The 1/O device specifications placed in memory by the MCP are in a fixed-word format called an Input/Output Control
Block (IOCB). An IOCB occupies 15 consecutive memory addresses to which other word addresses may be appended

for software control purposes. Figure 11-9 shows the layout and identification of the first 15 words in an IOCB.

The first 15 words of an IOCB are defined in the following subsections. The order of definition in an IOCB is the same
as the order of the words in system memory.
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Word
Number Mnemonic Word Contents
0 [CW ] | Control Word
0 [LCPAW | | DLP Address Word
2 [CQHP = ] | Command Queue Header Pointer
3 [SELFP ] | IOCB Self Pointer
4 [LCPCP ] | DLP /10 Command Pointer
5 [LCPRP ] | DLP /O Result Pointer
6 [LCPCRL ] | DLP Command/Result Lengths
7 [RM ] | Result Mask
8 [RQHP ] | Result Queue Head Pointer
9 [NL ] | Next IOCB Link
A [CDP ] | MLIP Current Data Area Pointer
B [CL ] | MLIP Current /O Length
C [HRSLT ] | MLIP State and Result
(D [STIME } | YO Start Time
E [FTIME | | i/O Finish Time
F | F
l | 10
! 11
12 10CW (67/68 IOCW)
113
14
15
16
17
MV4193
Figure 11-9. IOCB Word Format and Layout
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Figure 11-10 shows an IOCB (word ZERO) Control Word. The IOCB Control Word (CW) is a formatted operand
containing the 16-bit “IOCB” mark in bits [47:16], and the 20-bit MLIP control-field in bits [19:20]. The control-
field defines the type of operation the MLIP is to perform.

(0°S REQD)

4" 10CB™ MLIP CONTROL FIELD -2

MARK

41

MV4194

NOTE
THE 4”10CB” MARK IS DEFINED AS FOLLOWS:
‘79 o | 1 1
o | o0 |1 0
0 oo 1
1 o | o 13
VALUE=| | o|c B |(HEXADECIMAL)

Figure 11-10. IOCB Control Word Layout

MLIP CONTROL-FIELD BIT DEFINITIONS

The meaning of each bit in the MLIP control-field is described below:

Bit 0=

Bit 1=

Bit 2=

11-12

Queue-at-Head. If this bit is SET during the execution of a CUIO operator, the IOCB (or the
chain of IOCB’s) will be inserted at the front of the Command Queue. The IOCB is inserted
at the end of the Command Queue if bit 0 is RESET.

MLIP/DLP-Command. If this bit is SET, the IOCB contains a command to be interpreted and
executed by the logic of the MLIP (not by a UIO-DLP). If this bit is RESET, the MLIP
directs the command to a UIO-DLP and utilizes information from other words in the IOCB to
determine which UIO-DLP is to be addressed, and what kind of operation it has to perform.

Attention. If this bit is SET, the MLIP will construct an MLIP Result Word which has both
the Attention-bit and the Exception-bit SET at the conclusion of the I/O operation.
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Cause 1/O Finish Interrupt. If this bit is SET, the MLIP unconditionally causes an /O finish

CPU interrupt (External Interrupt-I/O Finish) at the completion of the I/O operation. If this
bit is RESET, the MLIP only causes the I/O Finish interrupt to occur when an I/O error-
condition such as a I/O data-parity error is detected.

w

&

w
]

Bit 4 = Memory Override/Memory Protect. If this bit is SET, the MLIP ignores the tag of memory
words during memory operations (Override). If this bit is RESET, the MLIP terminates
data transfer to memory if it READS (or attempts to WRITE into) a memory address that
has an odd-numbered TAG-FIELD value (Memory Protect).

Bit 5= Input. If this bit is RESET and DLP goes to Read-Status (STC=4) the MLIP flags a DLP
Status-Error and disallows I/O input-data transfers. This bit must be SET for all input
operations (data transfers from the peripheral device to system memory). See definition of
[6:2], below.

Bit 6 = Output. If this bit is RESET and DLP goes to Write-Status (STC=8) and this bit is RESET,
the MLI flags a DLP Status-Error. See definition of [6:2], below.

If bits 5 and 6 are both SET, an Echo Command is performed by the DLP. If bits 5 and 6
are both RESET, any attempt to transfer data as input or output will cause a DLP Status-
Error to be flagged and no data will be transferred.

Bit 7= Output Zeros. If this bit is SET and the Outéut-bit also is SET, the MLIP sends to the DLP
bytes of binary zeroes for the specified record-length. This type of data transfer has one valid ,
function to perform a magnetic-tape erase.
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operations.

[10:3] = 001: Transfer Single Byte Tag. Tags are treated as one additional byte of data. During output the
3-bits of TAG are placed in the 3 least significant bit positions of the additional byte, and the
most significant bit is RESET. During input the 3 least significant bits of the additional byte
are transferred to the TAG-FIELD of the memory word, and the other bits of the additional

byte are ignored.

[10:3] = 010: Transfer Double Byte Tag. Tags are treated as two additional bytes of data. During output
thé 3-bits of the word TAG are placed in the 3 least significant bits of the most significant
byte, and the remaining 13 bits of the byte are RESET to ZERO. During input, the 3 least
significant bits of the most significant byte are placed in the TAG-FIELD of the memory
word, and the other 13 bits of the byte are ignored.

[10:3] = 100: Force Tags to Single (0). Memory word TAG-FIELDS are not treated as part of data, and
are not transferred. During input, the TAG-FIELD of each memory word is unconditionally
RESET. During output, memory TAG-FIELD:s are skipped.

[10:3] = 110: Force Tags to Double (2). This value is valid only during input. It performs the same as
Force Tags to Single (above) except the TAG of each word is SET to double (2). *skip 1
[10:3] = 111:

Force Tag to Code (3). This value is valid only during input. It performs the same as
Force Tags to Single (above) except the TAG of each word is SET to Code (3).

5010986 11-13



B 6900 System Reference Manual
Input Output Device Operations

Bit 11: Word/Character Oriented Transfer. If this bit is SET, the amount of data to be transferred
is counted in words, which must be accessed by means of a word Data-Descriptor. If this bit
is RESET, the data to be transferred is counted in characters, which must be accessed by
means of a string Data-Descriptor.

Bit 12: Memory Direction. If this bit is SET, the MLIP transfers data into memory in a reverse
direction. If this bit is RESET, data is transferred into memory in a forward direction. If
this bit and the Output-bit are both SET, an Invalid MLIP Control Field error is returned and
no data is transferred.

Bit 13: Continue Count at End of Length. When this bit is SET and the Input-bit also is SET, the
MLIP does not terminate the transfer of data between the DLP and MLIP when the LENGTH
count reaches ZERO. Instead, the DLP continues transferring data to the MLIP; but the
MLIP does not store the additional data in memory. The I/O length continues to be counted
and the value used to determine the actual record length. If this bit and the Output-bit are
both SET, an Invalid MLIP Control Field error is returned and no data is transferred.

Bit 14: Ignore Count Error. If this bit is SET, the MLIP will SET the Count-Error bit when the
LENGTH Count at the end of the I/O operation is equal to zero. If this bit is RESET the
MLIP will not SET the Count-Error bit because of LENGTH being equal to zero at the end
of the I/O operation.

Bit 15: Dont Count. If this bit is SET when this IOCB is initiated/completed, the MLIP logic will
not increment or decremeént the ACTIVE-count field in the Command Queue CW word.
This bit is used during CANCEL type i/0 command operations. The purpose of an I/O
CNACEL operation is to terminate a currently executing I/O operation. An I/O operation
that is CANCELed decrements the ACTIVE-count field in its Command Queue CW word,
when its IOCB completes.

Bit 16: Ignore Suspend All Queues. If this bit is SET, the MLIP will not suspend the Command Queue
IOCBs when adding an IOCB to the Result Queue, regardless of the setting of the Suspend-
All-Queues flag.

17: Immediate. If this bit is SET and the MLIP is pointing at the first IOCB in a queue, the
MLIP attempts to initiate the IOCB regardless of the ACTIVE-COUNT and LIMIT field
values in the Command Queue CW word. Initiating an IOCB which has its Immediate-bit
SET does not increment the ACTIVE-COUNT value of the Command Queue CW word. If
the UIO-DLP is BUSY, then the MLIP attempts to add this IOCB to a Horizontal Queue.

[19:2] : This field is not used and must contain ZEROES.
VALID CONTROL-FIELD BIT CONFIGURATIONS

Figure 11-11 identifies valid Control-Field bit configurations in an IOCB (CW) word. A valid CW Control-Field bit
configuration is used to cause a particular type of /O Command to be initiated by a UIQ-DLP. The CW control-field
is also used to cause the MLIP to perform a function that is internal to the MLIP, and does not involve the use of an
MLI interface or a UIO-DLP device. A UIO-DLP (Data Link Processor) is the final control for a B 6900 system

n; v T -A
"E"Phe'a' I"""f/n"f“"f device, Control-Field bit CCHFg‘JTﬂﬂCﬂa \.unslnntv in an IOCB in systcm memory and are

passed through the MLIP module and an MLI interface cable to a UIO-DLP that is located in a B 6900 system IODC
module cabinet.
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BITNO. 17 16 15 14 13 12 11 10 9 2 1 0
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§/55/8/8/8/ 5/ = & 3 /5
muwpor | X | x | x ool o | x| 1 o o] o 1 X
TEST x| x| x|lof|lofo | x]1 o ol o]o}lo]lo|x|x|ol] x
INPUT x| x o | x| x|o 1 o o 1 o] o 1 1 x| x{o X
x| x]o | x| x.]o 1 ) 1 o| o] o 1 1 x| x| o] x
x| xlo | x| x| x| x |1 o o| o] o 1 x | x| x{o ] x
x| xlo ! x| x| x|x /| 1 o| ol o 1 x | x| x|o X
x| x o x| x| x|x|n1 11 ol o 1 x | x| x 1o X
X
outPUT [ x | X {0 | x| o | o 1 o o 1 0 1 0 1 X | x | o | x
X | x (0o | x]olo 1 0 1 o| o 1 0 1 x | x |o X
x | xlol!x!olo | x]1 o o} o 1 ol xIxIx1lo X
x | xlolxl|lolo X |1 0o o 1 1 0 X | x 1 x|o X
X
ECHO x| xlolxlolo X |1 o ol o 1 1 X | x| x {o | x
NOTE
1 = THE BiT MUST BE SET TO A BINARY 1.
0 = THE BIT MUST BE RESET TO A BINARY 0.
X = THE BIT MAY BE EITHER SET OR RESET.
MV4195

Figure 11-11. Valid Commands in CW Control-Field

The MLIP OP operation specified in Figure 11-11 identifies a function of the MLIP logic that does not use an MLI
interface or address a UIO-DLP. The MLIP OP functions performed by an MLIP are specified in detail within the
paragraphs entitled MLIP Commands. The difference between an MLIP OP function and a UIO-DLP function. is the
code contained in the Command specification, which is pointed at by DLPCP (word 4) of the IOCB. Bit-1 of the CW
Control-Field is the key value used to select an MLIP operation or a UIQ-DLP operation.
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IOCB DLP Address Word
Figure 11-12 shows an IOCB (word one) DLP Address word. The DLP Address word (DLPAW) is a formatted operand

which contains the address environment of a UIQ-DLP. The MLIP utilizes the DLP address data to connect to the DLP
specified over an MLI interface.

(0'S REQUIRED) (DLP ADDRESS)

0 0 0 0 0 0 0 IPORT BCC| 0 |LEMP|DLP
) 43 39 35 3 1l 23 o o 11 ] 3

0 0 0 0 0 0 0 (1] |PORT LEM 0 |[LEMP] DLP
% 2 38 34 30 2 2 1 14 1qr 6 2
0 0 0 0 0 0 0 0 |PORT|] O 0 |[LEMP] DLP
4 4 37 33 2 25 21 1 13 9 5 1
1] 0 0 0 0 0 0 0 [PORT] O 0 |LEMP| DLP
a“ 40 36 32 2 24 20 1 12 gl 4 .0

MV4196

Figure 11-12. I0CB DLP Address Word Layout

DLP ADDRESS WORD FIELD AND BIT DEFINITIONS

The definition of the fields in an IOCB DLP Address are as follows:

Field Bits Meaning or Usage

Port . [19:4] Selects the MLI port (0-7, HEX) to be used by the MLIP for this command.

BCC [15:1] If SET, the command is directed to the Base Control Card (BCC) of the IODC.

LEM [14:1] If SET, the command is directed to the Line Expansion Module (LEM) of the IODC
selected by LEMP [07:4].

LEMP [07:4] Selects the IODC module (0-7 HEX), if LEM, [14:1], is SET

DLP [03:4] If BCC and LEM are RESET, this field selects the DLP location (0-7,HEX) in the IODC

module addressed by [19:4].
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Command Queue Header Pointer Word

Figure 1i-13 shows an IOCB {word 2) Command Queue Header Pointer. A Command Queue Header Pointer (CQHP) is
an unsegmented, unindexed word Data Descriptor that points at the Command Queue Header. The MCP initializes this
word, and its values are not changed during the operation of the 1/O device.

T !
1 0 I !
as a3 E 3 27 23 9] 1 nE o )
|
1 X | o |
%, 423 ¥ (LENGTH) 2 —-—"%— (ADDRESS) —°
0 o 0 IN WORDS COMMAND QUEUE HEADER
45 41 3/ 33 Bl R ] 21 1/ 13} 9] 5 1
1 0 0
44 40 36 321 28 24 20 16 12 gl 4 0
X=10r0

Mv4197

Figure 11-13. 10CB Command Queue Header Pointer Word Layout

I0CB Self Pointer Word

Figure 11-14 shows an IOCB (word 3) IOCB Self Pointer word layout. A Self Pointer (SELFP) is a present, unsegmented,
unindexed word Data Descriptor. The Self Pointer points at the first word (word zero) of the IOCB in which the Self
Pointer is located. Self Pointers are used to link the IOCB (of which they are part) into a Command Queue or intc a
Result Queue in system memory. The use of Seif Pointers aliows an IOCB to remain in a fixed memory address, and to
be associated with other IOCBs by means of a series of Next Link Pointers to all IOCBs that are linked together. Linking
an IOCB into a queue involves copying the Self Pointer into the Next IOCB Link (word 9) of the previous IOCB in the
queue. The value fields of a Self Pointer are never changed, because the address of the IOCB in memory remains con-

stant throughout an 1/O operation.

T T

1| ¢

47 43 39 35 3 27 23 19 15 11 7 3
1] x| o0

46 42 38 (LENGTH) 26 22 18 (ADDRESS) 6 2
ol o o IN WORDS OF 10CB [CW]

45 41 37 33 22 28 21 17 i3 S 5 !
1o o

44 40 36 321 28 24 20 16 12 8 4 0

NOTE

If operand:0=NULL Link
1=I0CB Initiated
X=10R0
Mva198 _
Figure 11-14. IOCB Self Pointer Word Layout
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IOCB DLP Command Pointer Word

Figure 11-15 shows an IOCB (word 4) DLP Command Pointer word. A DLP Command Pointer (DLPCP) is an unseg-
mented word Data Descriptor that is present. The Descriptor points at the actual DLP Command Descriptor address in
system memory. The values of the DLP Command Pointer are established by the MCP before the I/O operation is
initiated, and they remain unchanged during the entire I/O operation sequence. Refer to the description of the IOCB
Control Word (IOCB word ZERO) defined in the previous paragraph.

NOTE

The layout of I/O Command Descriptors for various
types of DLP devices are given in the B 6900 Pocket

Reference, Form No. 5011497.
21 19 15 111 . 7 JI

22 ADDRESS OF _2|
DLP COMMAND WORDS
7 17 13 9 5 1

44 40 36 32 28 4 20 16 12 ] 4 ﬂh

X=1o0r0

MV4199

Figure 11-15. I0CB DLP Command Pointer Word Layout

I0CB DLP Result Pointer Word

Figure 11-16 shows an IOCB (word 5) DLP Result Pointer word. The DLP Result Pointer (DLPRP) word is an unseg-
mented word Data Descriptor which is present and which points to the address in memory where the MLIP is to store
the DLP Result Descriptor at the conclusion of the I/O device operation. This pointer is initiated by the MCP before
the start of the I/O device operation, and remains unchanged during the operation sequence.

NOTE

The layout of I/O Resuit Descriptors for various
types of DLP devices are given in the B 6900 Pocket
Reference, Form Number 5011497.
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31

31

27 2

]

"

Bl

H! 7

LENGTH

ol x|o ]

45 41 37 33§ 29|

IN WORDS

26

25 2

l7|

13

ADDRESS WHERE
DLP RESULT DESCRIPTOR 2
WILL BE STORED

of o]

X=10r0

MV4200

Figure 11-16. I0CB DLP Result Pointer Word Layout

I0CB DLP Command/Result Length Word

Figure 11-17 shows an I0CB (word 6) DLP Command/Result Length word. The DLP Command/Result Length word
(DLPCRL) is a formatted operand that contains the length of the DLP Command and I/O result status, in 16-bit bytes.
Both length values in the DLP Command/Result Length word must be an even number of 16-bit byte increments. The
values of this word are used to determine the maximum number of bytes to be transferred between the MLIP and the
IODC module, over the MLI interface. If the maximum number of bytes for transfer is exceeded, an Unexpected DLP

Status error is reported to the Interrupt Controller. This word is initialized by the MCP before the I/O operation is
started, and remains unchanged during the execution of the I/O operation.

0 0 0 0

w——

27 23

-

47 43 39 35 31

| a2 3 3§ COMMAND LENGTH:8 RESULT LENGTH
olol ol oo (IN BYTES) (iN BYTES)
45 a1 37 33 29 25 il 17 13 ) 5
oJo|o!lo]o
44 40 36 32 28 4 0 1 12
MV420i

Figure 11-17. 10CB DLP Command/Result Length Word Layout
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IOCB Result Mask Word

Figure 11-18 shows an IOCB (word 7) Result Mask word. The Result Mask word (RM) is a formatted operand that is
used to limit the conditions of I/O device operation that can cause an exception or error to be sensed by the Interrupt
Controller Logic. Bits [47:48] of the Mask word are ANDed with corresponding bits from the MLIP State And Result
word (IOCB word C). An interrupt is sensed if corresponding bits in the Mask and the MLIP State And Result word are
both SET. An interrupt is not sensed if either or both corresponding bits are RESET. When the MCP generates the
contents of the IOCB, it determines which bits are SET in the Result Mask word and which of the exceptions present in
the MLIP Result And Status word can cause an interrupt to be sensed.

[ —W R
a7 43 39 35 31 27 23 19 15 1 7 3
0
46 42 38 34 RESULT MASK 18 14 10 6 2
0
45 41 37 33 29 25 21 17 13 ] 5 1
0
‘ 44 40 36 32 8 24 20 16 12 g 4 0
MvV4202

Figure 11-18. 10CB Result Mask Word Layout

10CB Resuit Queue Head Pointer Word

Figure 11-19 shows the IOCB (word 8) Result Queue Head Pointer. The Result Queue Head Pointer (RQHP) is an
unsegmented, indexed word data descriptor which is present and which points at a Result Queue Head word in

the Result Queue array of system memory. When an I/O operation sequence is completed, the IOCB for that /O opera-
tion is de-linked from the Command Queue and linked into a Result Queue. The IOCB is always linked at the tail of the
Result Queue. The Result Queue Head Pointer points at the head of the Result Queue, and from this reference address
the IOCB is linked into the Result Queue at the tail of the queue.

g

1 0 0
A7 43 39 35 31 27 231 19 15 1 7 3

1 X| 0 0
18 sy 8 LENGTH —% 22 %t ADDRESS OF -2 2
0 0 0 0 IN WORDS RESULT QUEUE HEAD WORD
a5 41 37 33] ps) P 2i i7 i3 5 5 !

1 0 oo
44 40 36 32 28 4 20 16 12 8 4 %

X=10r0
MV4203

Figure 11-19. IOCB Result Queue Head Pointer Word Layout
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10CB Next IOCB Link Word

Figare 11-20 shows the Next iOCB Link Word {word §). The Next Link word (NL) is a present, unsegmented, unindexed
word Data Descriptor that points at the first word of the next IOCB in squence (following the IOCB of which this Next
Link word is a part) in the queue. The MCP initializes the Next Link word before the I/O operation sequence is started.

The MLIP changes the value of a Next IOCB Link word during various parts of the I/O device sequences. When a con-
nection is made over the MLI, to initialize the operation of the UIO-DLP, the MLIP replaces the Next Link word with -
an integer operand of one (1). This operand is used to show that the I/O operation is in process.

If an IOCB is the last IOCB in the queue of IOCBs, the MLIP replaces the Next IOCB Link word with an integer operand
value of zero (0). There is no next IOCB to be linked in, thus the zero operand shows that this is the last IOCB in the
queue. If a subsequent IOCB is linked into the queue at the tail, it becomes the last IOCB. The Self Pointer of this
subsequent IOCB is written in the Next Link word of the previous IOCB, overwriting the integer operand of zero, thus
extending the IOCB linkage to include the new tail IOCB. The Next Link word of the new tail IOCB is replaced by
integer value zero, to mark it as the last IOCB in the queue.

If an IOCB is ENQUEUEJ at the head of the queue, the MLIP replaces the value of the Next IOCB Link word with the
IOCB Self Pointer (word 3) of the original queue head IOCB. Consequently, the newly enqueued IOCB is at the head of
the queue, and its Next IOCB Link word points at the IOCB originally at the head of the queue. The MLIP

must also adjust the address of the Head IOCB Link word in the Command Queue (word 1) if a new IOCB is
ENQUEUEC( at the head of the queue.

R
1[0 I ' l

47 43 39 35 31 27 2 19 15 1!‘ 7 3
1 X | o ! !

sf s} 8 () ENGTH) 28— & ADDRESS OF —& 2

ol ol o IN WORDS NEXT 10CB OR

45 a1 37 33 29 2 21 .OPERAND=00R 1 .
1 0| o0 l

44 4 36 32 28 24 j‘l 16 i2 8 4 ﬁ

X=10r0
MV4204

Figure 11-20. IOCB Next IOCB Link Word Layout
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IOCB Current Data Area Pointer Word

Figure 11-21 shows the Current Data Area Pointer (word 10). The Current Data Area Pointer (CDP) is a present,
unsegmented, string or word Data Descriptor which points to where data transfer begins or resumes. If CDP is a string
Data Descriptor, then the SIZE FIELD must indicate 8-bit character format (the only data format used in the B 6900
system). The type of Data Descriptor used for CDP must agree with the word/character oriented transfer-bit (bit-11 of
word zero) field of the IOCB CW word. The CDP word of the IQCB is initialized by the MCP before the CUIO operator
is executed, and is updated by the MLIP as each block of data is transferred between the UIO-DLP and system memory.
For reverse data transfer operations, the CDP must be set to indicate the last word or character of the data, plus 1.

1 0

47 43 39 35‘ 31 27 23 19 15 11 7 3
1 X | X LENGTH ADDRESS OF ,

46 424 % IN WORDS OR —23 '8t DATA BUFFER 2
0 1 0 CHARACTERS IN MEMORY

45 41 3? 33I 29 25 Pl 117 nsl 9 5 !
e |

ﬂ k! 4 16 12 8 4 0
X=10r0

MV4205
Figure 11-21. 10CB MLIP Current Data Area Pointer Word Layout

IOCB MLIP Current I/O Length Word

Figure 11-22 shows the MLIP Current I/O Length word (word 11). The MLIP Current I/O Length word (CL) is a
formatted operand that contains an integer length count value in bits [19:20]. The state of bit-46 (Sign Of Mantissa)
is also significant in the CL word. The value of the length count represents the amount of I/O data yet to be trans-
ferred during this I/O operation.

0 0 0 0 0 0 0
&7 43 35 35 kil 27 2Tﬁ 138 15, 11 7 3
o|x| o |00 |00 O LENGTH IN
46 42 38 34 30 26 22 18 MLI WORDS OR 6 2
45 41 37 33 29 b 21 17 13 9 5 1
0 0 0 0 0 0 0 0
a4 40 36 32 28 24 2(4 16 12 8 4 0
X=1o0r0

N

)
]

ViV

Figure 11-22. IOCB MLIP Current 1/O Length Word Layout
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If this I/O operation is a word-oriented data transfer, then the integer value in the CL werd represents the number of
16-bit bytes of data yet to be transferred over the MLI interface. If this I/O operation is a character-oriented data
transfer, then the integer value in the CL word represents the number of 8-bit bytes yet to be transferred over the MLI

interface.

The integer value in the CL word can be a negative value (bit-46 = 1) if the Continue-Count-At-End-Of-Length bit in
the CW word is SET (see the definition of bit-13 for word ZERO of the IOCB).

IOCB MLIP State and Result Word

Figure 11-23 shows the MLIP State And Result Word (word 11). The MLIP State And Result word (HRSLT) is a
formatted operand that contains the micro-module state and MLIP status report for an I/O operation. The MCP
initializes the HRSLT word in the IOCB to all-zeroes. The MLIP logic of the micro-module causes the fields of the
HRSLT word to be initialized at the beginning of an I/O operation and updates the fields of the HRSLT word each
time the IOCB is accessed. At the conclusion of an I/O operation, the values of the fields in the HRSLT word repre-
sent the accumulated status information from all of the hardware circuits and modules used during the entire I/O

operation.
0 0
47 43 39 35 31 27 2. 19 15, 11 7 3
0 S| 0| o MLIP AND /OR MLI
MLIP MICROMODULED 71 a6l 2 18| 1o  1of | MLIP
STATE COUNT ERROR - FIELD
0 P Il o RESULT
sl a 7 3 S 2} 21 17 13 st FIELD
0 0
44 40 36 32 28H 24# 20 16 12 8 4 0
MV4207

Figure 11-23. IOCB MLIP State and Result Word Layout

STATE AND RESULT WORD BIT AND FIELD DEFINITIONS

Following are the field/bit definitions for the IOCB State and Result word:

Bits [47:16]:

Bits [31:32]:

Bits [31:4]:

Bits [27:6]:

5010986

MLIP State. This field contains the current micro-module address value. The MLIP must
remember the micro-module address in case an error occurs in the micro-module while it is
performing an MLIF sequence. The micro-moduie address is reported in the P-3 Interrupt
Parameter for all interrupts originating in the MLIP module.

The micro-module logic for the MLIP updates the State Count field in the State And Result
word of the IOCB each time the IOCB is accessed during an I/O operation.

MLIP Result. This field contains result status from the DLP, MLIP/MLI, and MLIP opera-
tions. The following is a list of all bits in this field and their usage:

DLP Status Field. If bit-16 is SET, this field contains the DLP status returned at the time of
the error.

This field must be zero.

11-23



Bits [21:16]:

Bit 21:

Bit 20:

Bit 19:

Bit 18:

Bit 17:

Bit 16:

Bit 15:

Bit 14:

Bit 13:

Bit 12:

Bits [11:4]:

Bit 7:

Bit 6:

Bits [5:6]:

Bit 5:

Bit 4:
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MLIP/MLI Error Field. The meaning or usage of each bit in this field is described below.

Invalid MLIP Command. If this bit is SET, it indicates a wrong combination of bits SET in
the MLIP Command field of the IOCB Control Word.

MLI Time-out. If this bit is SET, it means the MLIP timed-out during an operation using the
MLI interface. Either a DLP strobe was not returned to the MLIP within 8-milliseconds, or
the UIO-DLP was busy for more than 2-seconds.

MLIP hung the DLP. If this bit is SET, it means the MLIP attempted to hang the DLP in
response to a DLP-error.

‘'DLP Busy. If this bit is SET, it means the MLIP, while attempting to connect to this DLP,

has found the DLP busy and cannot place the IOCB in a horizontal queue.

Non-present DLP. If this bit is SET, it means the MLIP attempted to connect to a DLP that
is not present.

Unexpected DLP Status. If this bit is SET, it means the DLP presented the MLIP with a
status other than the one expected. In this condition the MLIP disconnects and leaves the
DLP hung.

MLI LPW Error. If this bit is SET, it indicates the MLIP has detected incorrect longitudinal
parity on the MLI interface.

MLI Vertical Parity Error. If this bit is SET, it indicates a parity-error detected on a word
being transferred over the MLI interface.

Invalid MLIP Control Field. If this bit is SET, it indicates a wrong combination of bits in the
MLIP Control field; that is, TAG-TRANSFER with character-oriented I/O.

Improper IOCB Word. If this bit is SET, it indicates an error in the format of an IOCB word.

I0CB Index. The bits on in this field point to the incorrect word in the IOCB, when Bit-12
is SET. For example, Bits [11:4] = 9 indicates the next IOCB Link word (word number nine)
containing an error.

Count Error. If this bit is SET, it means the Input or Output bit in the MLIP Control field
was SET and the Current Length bit was not equal to ZERO at the end of the I/O. This bit
will not be SET if the Ignore Count Error bit is SET in the MLIP Control field.

Memory Protect. If this bit is SET, it indicates an attempt to transfer a word to the DLP with
an odd TAG, or to Overwrite a word with an odd TAG on input when the Memory Override
bit is RESET in the MLIP Control field.

MLIP Result Field. This field contains the overall results of an MLIP operation. The definition
of each bit follows.

Completed After Queue Suspended. If this bit is SET, it means the I/O finished while the
Command Queue was marked as suspended.

MLIP/Hardware Error. If this bit is SET, it means the MLIP detected an error and the param-
eters and error information will be reported through the Error I0CB.
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Bit 3: MLIP/MLI Error. If this bit is SET, it indicates a bit SET in the MLIP/MLI Error field [21:16].

Bit 2: DLP error. If this bit is SET, it means a bit in the first 48 bits of the DLP result descriptor is
on after ANDing the DLP result descriptor with the Result Mask.

Bit 1: Attention. If this bit is SET, it means the Software Attention was SET in the MLIP Control
field.

Bit 0: Exception. If this bit is SET, it means that another bit in the MLIP Result field [5:5] is SET.

IOCB I/O Start Time Word

Figure 11-24 shows the I/O Start Time word (word 13). The I/O Start Time word (STIME) is a formatted integer value
word that contains a Time-Of-Day value. The MLIP logic causes the Time-Of-Day to be SET in this word when the I/O
device is initiated into operation. The Time-Of-Day value indicates the 24-hour clock time at the beginning of the I/O
operation, in 2.4 microseconds increments.

P r __ F
0
35 N 27 23 19 15 11 7 3
TIME-OF-DAY VALUE IN 24 6 2
MICROSECOND INCREMENTS
0 1] 0 o
a5 4 3? 33 29 25 21 17 13 9 5 1
] 0 ] 0 '
e 40 36 32 28 4 200 . 12 4 9
MV4208

Figure 11-24. IOCB I/O Start Time Word Layout

I0CB 1/0 Finish Time Word

Figure 11-25 shows the I/O Finish Time word (word i4). The I/O Finish Time word (FTIME) is similar to I/O Start
Time word (STIME), except that where I/O Start clocks the initialization of an I/O operation, I/O Finish Time clocks the
termination of an I/O operation. The Time-Of-Day value for FTIME has the same accuracy as that for STIME.

I (] 0 0 0 [
] 47 43 X9 35 31 27 23{ 19 15 11 7 3
0 0 « 0 “ 0 w 1/0 FINISH TIME
—IN 2.5 MICROSECOND . E—
0 0 0 0 INCREMENTS
45 a“ 37 33 29 25 2111 17 13 9 5 )
|
0 o| 0O '
44 40 36 32 28 4 20 16 12 8 4 4
MV4209

Figure 11-25. IOCB Finish Time Word Layout
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COMMAND QUEUE ORGANIZATION AND WORD LAYOUTS

A Command Queue is an organization of IOCBs that are scheduled to be executed, but have not yet been initiated. The
location of a Command Queue in system memory is an MCP software control function that is specified in CQHP (word 2)
of the IOCB when control of the IOCB is passed to the MLIP by execution of the CUIO operator.

Manipulation of the contents of a Command Queue is a function of the logic for the MLIP. While an IOCB is
ENQUEUEd in a Command Queue, the B 6900 system software does not touch the IOCB. When the I/O operation
specified by an IOCB is terminated, the MLIP links the IOCB into the Result Queue specified in RQHP (word 8) of the
IOCB. Manipulation of the contents of a Result Queue is a function of the system software. While an I/O operation
is in process, the IOCB for the operation is not part of a queue in memorys; it is an independent area that is referenced
by an address in the UIO-DLP.

Figure 11-26 shows the word organization of a Command Queue. Each of the words that are present in the Command
Queue are defined in subsequent paragraphs.

Word Mnemonic Word Contents
0 [cw ] Control Word
1 [HEAD ] HEAD I0OCB LINK
2 [TAIL ] TAIL i0OCB LINK
3 [HQHP ] HORIZONTAL QUEUE HEAD POINTER
4 (HaL ] HORIZONTAL QUEUE LINK

Figure 11-26. Command Queue Word Format and Layout

Command Queue Control Word
The Command Queue Control Word (CW) is a formatted operand that is used to identify the first word in a Command

Queue. The CW contains data used by the MLIP logic to monitor and control its activity with the IOCBs that are
linked into this particular Command Queue. Figure 11-27 shows the Command Queue Control Word (word zero).

Fu—gip gy ._._P_
0 0 1 1 I
35 N

a1 43 39 27 23 19 15 11 7 3

q
0 0 0 1 1
48 42 38 348 INACTIVEsS ACTIVE:81  ACTIVE1 91 CONTROL |
COUNT COUNT LIMIT FIELD
0 0 0 0 0
a5 41 37 .33 29 25 21 17 13 9 5 1

0 1 0 0 0
a4 40 36 3 28 24 20 o2 8 4 0

MV4210

Figure 11-27. Command Queue Control Word Layout
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The B 6900 system software control program (MCP) initializes the monitor and control values of the Control Word,
when it establishes the Command Queue in system memory. The logic of the MLIP normally updates the values of the
Control Word when an IOCB is linked into the queue, and when an IOCB is delinked from the queue (see exceptions
specified by bits-15/16 of IOCB word zero, CW).

COMMAND QUEUE CONTROL WORD BIT DEFINITIONS

The meaning of the fields in a Command Queue Control Word are as follows:

Bits [47:16] :

Bits [31:8]:

Bits [24:8]:

Bits [16:8]:

Bit 1:

Bit O:

5010986

Command Queue Header Mark. This field contains 4“10CC”, and is used by the MLIP to
identify this word as the first word of a Command Queue (see the Mark explanation NOTE
for word zero [CW] of the IOCB word layout, in Figure 11-10).

Inactive Count. This field contains the number of IOCB’s that are currently linked into this
Command Queue, but have not yet been activated by the MLIP.

Active Count. This field contains the number of I0OCB’s that are linked into this Command
Queue, and are currently being processed by the MLIP.

Active Limit. This field contains a non-zero value (initialized by the MCP, and not changed
by the MLIP) which is the maximum number of IOCB’s that can be normally active in this

Command Queue at any given time. The Immediate-bit of an IOCB (word zero) CW is the

basis for an exception to the normal Command Queue Limiting procedures.

Control Field Bits
These bits must be ZERO

Horizontal Queue Present. If this bit is Set, it means this Command Queue can be linked as
a Horizontal Queue. This bit is used in a manner consistent with the definition of a Horizontal
Queue Head Pointer (word 3, HQHP, below).

Waiting. If this bit is SET, it means this Command Queue has been dynamically linked into a
Horizontal Queue.

Suspended. If this bit is SET, the MLIP only initiates an IOCB linked into this Command
Queue if its Immediate-bit is SET. The Suspended-bit is SET by the MLIP logic when an I/O
in this Command Queue finishes with an error, or when the Global MLIP Suspend-All-Queues
flag is SET and the Ignore-Suspend-All-Queues flag of an IOCB in this Command Queue is
RESET.
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Command Queue Head IOCB Link Word

Figure 11-28 shows the Command Queue Head IOCB Link word (word 1). The Command Queue Head Link word
(HEAD) is initialized by the MCP when the Command Queue is formed, as a formatted operand with all bits equal to
ZERO.

When an IOCB is linked into this Command Queue, the logic of the MLIP causes the initial formatted operand (left by
the MCP) to be replaced by a present, unsegmented, unindexed word Data Descriptor pointing to the first IOCB in the
Command Queue. The Head Link word always points at the first IOCB in the Command Queue; therefore, if a subse-

quent IOCB is ENQUEUEQ at the head of this Command Queue, the Head Link word is replaced by a new Head IOCB
Link word which points at the new first IOCB in the Command Queue.

! R

1 0 ? ! : |
al el owp ,i_"}{_-___ﬂ} SUELINITT' B A S
1] x| o I | o
s, Mp ¥ (LENGTH) -~ “} |- (ADDRESS) - *+——

ol ol o IN WORDS OF FIRST 10CB

o wl sl s sl s nl 2 INTHISQUEUE:, |

A .
ui [} 4! ¢

MV4211

Figure 11-28. Command Queue Head IOCB Link Word Layout

Command Queue Tail IOCB Link Word

Figure 11-29 shows the Command Queue Tail IOCB Link word (word 2). The Tail IOCB Link word (TAIL) is initialized
by the MCP as a formatted 6perand with all bits SET to zeroes. When an IOCB is ENQUEUEd in this Command Queue,
the logic of the MLIP replaces the formatted operand word (left by the MCP) with a present, unsegmented, unindexed
word Data Descriptor that points at the last IOCB in the Command Queue. If a subsequent IOCB is ENQUEUEA at the
tail of the Command Queue, the MLIP replaces the Tail IOCB Link word with a new link word that points at the last
I0CB, newly ENQUEUEGA in the Command Queue.

n— p

1| o |
‘ a1 a3 » 3 3 27 23 19 15 wo 3
1 X 0 I
oy 2% B (LENGTH) —2—3—'%— (ADDRESS) —° -
0 0 0 IN WORDS OF LAST IOCB IN
45 4 37 331 o 2 1) TH||S QUE[l_JE 1
1ol o | | |
44 40 36l 32 24 24 20 16 12 8l al 0
Mv4212 X=10r0

Figure 11-29. Command Queue Tail IOCB Link Word Layout
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Command Queue Horizontal Queue Head Pointer Word

Figure 11-30 shows the Command Queue Horizontal Queue Head Pointer (word 3) word. The Horizontal Queue Head
Pointer (HQHP) word is initialized by the MCP as either a formatted operand (with all bits zeroes), or as a present,
unsegmented, indexed word Data Descriptor.

If the Horizontal Queue Head Pointer word is a formatted operand then this Command Queue cannot be horizontally
queued. A Horizontal Queue Head Pointer word is never changed after initiaiization. This status is estabiished by the
MCP and is never changed, regardless of any capability of the Command Queue to be horizontally queued.

If the Horizontal Queue Head Pointer is a word Data Descriptor, it points to a Horizontal Queue Head in the Horizontal
Queue Array. This status marks this Command Queue with the capability of being horizontally queued.

! ! | ' -
1 0 a ,1 . |
al ay Ml }:; «!i SN | 1l 7 o, ‘ ]
| ' { |
1 X | 0 1 | i ! ! . _
~—t oMb (LENGTH) Y} ) (ADDRESS) b+ - —
0 0 0 ; IN WORDS ! OF NEXT HORIZONTAL
SR R T »y 2} :HEAD IN SEQUENCE __|
a i , | '
wi '.‘ o RN

MV4213

Figure 11-30. Command Queue Horizontal Queue Head Pointer Word Layout

Command Queue Horizontal Queue Link Word

Figure 11-31 shows the Command Queue Horizontal Queue Link word (word 4). The Horizontal Queue Link word
(HQL) is initialized by the MCP, as a formatted operand (with all bits equal to zeroes). The MLIP subsequently replaces
the formatted operand with a present, unsegmented, unindexed word Data Descriptor, to dynamically link Command
Queues into the Horizontal Queue. The MLIP updates the Horizontal Queue Link word, so that it always points to the
first Head word in the horizontal queue.

r T ! . =T
1 0 !
arl a3 3 ¢ K o - . .
) -t i ' T 1 : v
1 X | o : \ ! ! i o
— t—* 4" (eneTH) *f  f i (ADDRESS) -+ - —4
0 0. 0 . INWORDS | OF FIRST HEAD WORD
) »1 .JIN THE HORIZONTAL QUEUE
; | ‘, !
1]o o ] |

X=1o0r0

Mv4214

Figure 11-31. Command Queue Horizontal Queue Link Word Layout
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HORIZONTAL QUEUE ORGANIZATION AND WORD LAYOUTS

Figure 11-32 shows the organization of a Horizontal Queue array. A Horizontal Queue array is a dynamic control
linkage used to associate Command Queues for a common UIO-DLP device. Dynamic control means that the number of
Command Queues associated in a Horizontal Queue array depends on the number of I/O operations in process, or waiting
to be processed by the common UIO-DLP.

Word Mnemonic Word Contents
0 [HOQH ] HORIZONTAL QUEUE HEADER
1 [HQ1 ] HORIZONTAL QUEUE HEAD
n-1 [HQn-1] HORIZONTAL QUEUE HEAD
n [HOn ] HORIZONTAL QUEUE HEAD

Figure 11-32. Horizontal Queue Array Word Format and Layout

The B 6900 system MCP determines whether or not a Command Queue can be horizontally queued (see HQHP, word 3
of Command Queue). If the MLIP ENQUEUEs an IOCB into a Command Queue that contains an HQHP, and if the
UIO-DLP is BUSY when the MLIP subsequently attempts to initiate the I/O operation specified by the IOCB, then the
MLIP logic links the Command Queue into the Horizontal Queue for the UIO-DLP. Command Queues are linked into
a Horizontal Queue on a First-In-First-Out basis. That is, the oldest Command Queue in a Horizontal Queue is linked
by the first Horizontal Queue Head word in the array, and the latest Command Queue is linked by the last Head word
in the array. -

When the MLIP links a Command Queue into a Horizontal Queue, it also completes the Command Queue Horizontal
Link word (HQL, word 4 of the Command Queue). An HQL word always points to the first Horizontal Queue Head
word in the Horizontal Queue array, and thus associates all Command Queues in the Horizontal Queue. The Command
Queue Horizontal Link word preserves the First-In-First-Out principal for Horizontal Queuing, because the reference
address into the Horizontal Queue always points at the oldest Command Queue Head word in the Horizontal Queue
array.

When a Command Queue linked in a Horizontal Queue is completed, the logic of the MLIP dynamically deletes its
Horizontal Queue Head word from the Horizontal Queue array and moves subsequent Head words in the array up in
priority, to fill the space created by the deletion.

Horizontal Queue Array Header Word

Figure 11-33 shows the Horizontal Queue Header word (word ZERO). The Horizontal Queue Header word (HQH) is a
formatted operand that marks the beginning of a Horizontal Queue array in system memory. The MCP places the
Header word in memory, and the MLIP never accesses this word. The fields of the HQH word are used only for software
purposes.

[
[
'
(78 )
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0
2 18 15
0 HORIZONTAL 0olo ]| o
46l 42l SSJ 34 30 26 22| (QUEUE ARRAY
HEADER MARK
0 | 0 0 0
45 4"|OCE" 37 33 29 25 21 17 13
0 | oo o
| 44 ‘0] 36 32 SA 20 16 12
MV4215

Figure 11-33. Horizontal Queue Array Header Word Layout

" HORIZONTAL QUEUE HEADER WORD FIELD AND BIT DEFINITION
The fields of the Horizontal Queue Header word are as follow:

Bits [47:16]: Horizontal Queue Header Mark. This field contains 4“10CE” and is set up by the MCP to
identify this word as a Horizontal Queue Header Word.

Bits [19:20]: Queue Length. This field contains the length of the horizontal queue in words.

Horizontal Queue Head Word

Ly |

Figure 11-34 shows the Horizontal Queue Head word (words 1 through nj. The Horizontal Queue Head word (FHQn) is
initialized by the MCP as a formatted operand with all bits zeroed. The MLIP logic replaces the HQn word with a
present, unsegmented, unindexed word Data Descriptor that points at the memory address of the Command Queue
Header (word zero), when a Command Queue is linked into the Horizontal Queue array.

When a horizontally queued Command Queue is completed, the MLIP deletes the HQn word from the Horizontal Queue
array. .

1 0
‘ a7 43 39 3% 3N 21 23] 19 1% 11 ! 3
1 X | o
% 28 ¥ (LENGTH) ~= 24 % (ADDRESS) —2
0 0 0 IN WORDS COMMAND QUEUE HEADER
45 a 3! 33 ] Y <) pal 17 13 9 5 !
1 1ol o |
44 40 36 32 28 24 20 16, 12 8 4 [4)

MV4216 X=10r0

Figure 11-34. Horizontal Queue Array Horizontal Queue Head Word Layout
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The MCP generates IOCBs for MLIP path control logic commands. These commands are not sent to the UIO subsystem;
instead, they are executed by internal logic circuits of the MLIP. Basically, MLIP commands establish values of control
logic parameters that are used by the micro-module while performing other MLIP sequences. By exercising control over
the path selection criteria of the MLIP, the MCP controls the overall operation of the I/O device subsystem.

The format of an IOCB for an MLIP Command is similar to that for an I/O device operation, except that bit-1 of the
IOCB Control Word (the MLIP/DLP-Command bit) is SET. For an I/O Command, bit-1 is RESET. When the logic of
the MLIP INITIATE sequence references the DLP Command Descriptor (through the reference provided in word-4 of
the IOCB) it finds an MLIP Command Word instead of an I/O device Command Descriptor. Figure 11-35 shows the
layout of an MLIP Command Word.

MARK 4" F0” —
0 0 0 0 0 0 0 0 0 I
4 39 35 3 27 23 19 15 i 7 3
0 0 0 0 0 0 0 0 0
42 MLIP _34 30 26 0 18 14 10 6 2
COMMAND
ro 0 0 0 0 0 0 0 0
45 41 37 33 29 2 21 17 13 9 5 !
0 0 0 0 0 0 0 0 0 0
MV4a217

Figure 11-35. MLIP Command Word Layout

The fields in an MLIP Command Word are as follows:

11-32

Bits [47:8]

Bits [39:8]

4’6‘0193

4“02”

4“03”

MLIP Command Word Flag Field. This field must contain the value 4“F0”, to indicate that
this is indeed an MLIP Command Word. If the MLIP/DLP-Command bit of the IOCB Control
Word is SET, the INITIATE sequence logic expects to find the Flag-field equal to 4“F0”, to
mark this word as an MLIP Command Word. If this field is not equal to 4“F0”, then an
ALARM interrupt is generated by the Interrupt Controller, and the MLIP Command is aborted.
If this field is equal to 4“F0”, then the INITIATE sequence causes the MLIP Command
(indicated by the value of [39:8]) to be executed.

MLIP Command Descriptor Code

Wait For Error (Error-IOCB). The IOCB is identified by this code as an Error-IOCB, and the
MLIP logic writes its absolute memory address in the MLIP RAM memory. The MLIP uses
this address whenever its logic requires an Error-IOCB. (To report an error that is not other- -
wise reported in another IOCB, refer to MLIP Error-IOCB paragraphs.)

Clear DLP. The MLIP Selectively Clears the UIQ-DLP device specified in the DLP Address

Word (word-1 of the IOCB). After the DLP has been Seiectively Cieared, the I0CB is linked
into the Result Queue specified in word-8 of the IOCB.

General Clear. The MLIP initiates a Master Clear of all MLI-Ports. The IGCB is then linked
into the Result Queue specified in word-8 of the IOCB.
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SET Suspend-Aii-Queues flag. The MLIP causes the flag-bit to be SET, and then links the
IOCB into the Result Queue specified in word-8 of the IOCB. The MCP executes this MLIP
Command just before executing a MEMORY-DUMP procedure, to prevent MLIP data in mem-
ory from being changed while the dump procedure is in process.

RESET Suspend-All-Queues Flag. The MLIP causes the flag-bit to be RESET, and then links
the IOCB into the Result Queue that is specified in word-8 of the IOCB. The MCP executes
this MLIP Command just after a MEMORY-DUMP procedure. The execution of this MLIP
Command allows the MLIP to resume I/Q0 Commands that were interrupted while a dump
procedure was being performed.

Read DLP-Status. The MLIP logic causes a CONNECT-sequence to be performed to the DLP
specified in the DLP Address Word (word-1) of the IOCB. The Result-status that is returned

by the UIO-DLP is written into the MLIP State And Result Word (word-12 of the IOCB), and
then the IOCB is linked into the Result Queue specified in word-8 of the IOCB.

Activate Queue. The MLIP RESETS the Suspended-bit in the Command Queue Header Word
referenced by word-2 of the IOCB. If appropriate the MLIP also initiates the first IOCB in
the Command Queue that is activated. The IOCB that caused the Command Queue to be
activated is then linked into the Result Queue specified by word-8 of the IOCB.

Return Queue. The MLIP accesses the Command Queue referenced by word-2 of the I0CB.
The Head IOCB Link (word-1 of the Command Queue) and the Tail IOCB Link (word-2 of
the Command Queue) are RESET to all zeroes. The original Head IOCB Link word value is
placed in the first word referenced by the DLP I/O Result Pointer (word-5 of the IOCB). The
IOCR that caused the Command Queue to be returned is then linked into the Result Queue
specified by word-8 of the IOCB. A returned Command Queue is not delinked from a possibie
Horizontal Queue into which it may be linked. The Inactive-Count field of the returned
Command Queue Control Word (word ZERO) is RESET to zero.

Read MLIP Status. The MLIP formats a word of MLIP Status as shown in Figure 11-36. The
formatted MLIP Status word is written into system memory. The memory address of the
status word is referenced by the DLP I/O Result Pointer (IOCB, word-5). The IOCB is then
linked into the Result Queue specified by word-8 of the IOCB.

0
a7| 4 39 27 23 194 15 11 7 3
HOST l
0 I SYSTEM MLIP HOST 0 0 ML
TYPE “3FIRMWARER- RETURN 3 22 8 PORTS PRESENT —3
CODE REV FIELD 4
0 (] 0
45 MA 37 33 29 ] 5 1
0
| 44 ﬂ 36 32 28 8 4 o]
MV4218

Figure 11-36. MLIP Status Word Layout
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RESULT QUEUE ORGANIZATION AND WORD LAYOUTS

Figure 11-37 shows the organization of a Result Queue structure. A Result Queue is the final structure into which the
MLIP links a Command Queue, after the I/O operation specified by the Command Queue has terminated. Linking a
Command Queue into a Result Queue returns control of the I/O operation to the B 6900 system software, and deletes
all records of the I/O operation from the logic of the MLIP module.

Word Mnemonic Word Meaning
0 [RQH ] RESULT QUEUE HEADER
1 [RO1 ] RESULT QUEUE HEAD
’
n-1 [RQn-11] RESULT QUEUE HEAD
n [RQn ] RESULT QUEUE HEAD i

Figure 11-37. Result Queue Word Format and Layout

Result Queue Header Word

Figure 11-38 shows the Result Queue Header Word (word ZERO). The Result Queue Header Word (RQH) is a formatted
operand, used to mark the beginning of a Result Queue in system memory. The MCP initializes the RQH Word, and the
MLIP never accesses this word.

The fields of the Result Queue Header Word are as follow:

Bits [47:16]: Result Queue Header Mark. This field contains 4“10CF” and is set up by the MCP identify
this word as a Result Queue Header Word.
Bits [19:20]: Queue Length. This field contains the length of the result queue.
l | 0 0 0
47; 43| 39I 35 3 27 2 19 15 1 ] 3
0 RESULT QUEUE 0o o 0

46 42| 38| 34 30 26 228 (QUEUE ARRAY LENGTH)-
HEADER MARK :

0 e oo o
45 4"lQCF’ 37 33 29 25 21 17 13 9 5 1
0 | l o|lo | o
!
44 40 36 32 8 4 20. 16 12 8 4 0
MV4219

Figure 11-38. Result Queue Header Word Layout
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Result Queue Head Word

Figure 11-39 shows the Result Queue Head Word (1 through n). This word (RQn) is initialized in system memory by the
MCP as a formatted operand with all bits equal to zeroes. The MLIP delinks a Command Queue at the termination of
the I/O operation, and links the Command Queue into the Result Queue. The procedure the MLIP used to link the
Command Queue into the Result Queue is to replace the formatted operand in the Result Queue with a Result Queue
Head pointer that points at the Command Queue Header word.

11 7 3|

ADDRESS OF
Y :ﬁl\\flv%w)s 26 '8 COMMAND QUEUE—2
HEADER
0 0 0 .
45 a1 » 33 2 13 9 5 !
1 0 0
“ © 36# 12 8 3 HO
X=10r0
MV4220

Figure 11-39. Result Queue Head Word Layout

ERROR-IOCBE WORD FORMATS AND STRUCTURES

There are three categories of I/Q operation errors that can be detected by the logic of the MLIP and reported to the

B 6900 software operating system. Two of these error categories have been defined and described previously. They are
(1) hardware errors that affect a single DLP (reported to the software by means of a Result Descriptor), and (2) logical
errors that affect the MLIP (reported to the software by means of the IOCB State And Result Word). The third category
consists of errors that may affect the entire I/O subsystem of the B 6900 and, therefore, have no proper place to be
reported in the formats of Result Descriptors and/or IOCB State And Result Words.

An Error-IOCB is a mechanism for reporting errors of the third category. Such errors consist of, but are not limited to,
Invalid Descriptor Link Words and Invalid Queue Words. Third-category type errors are detected by the logic of the
MLIP micro-module sequences, and cause automatic micro-code error-handling subroutines to be executed by the
micro-module.

Figure 11-40 shows the word layout of an Error-IOCB in system memory. An Error-IOCB must be initialized by the

system software before a third-category error-condition can be reported. When an Error-iOCB is present, the absolute
memory address of the first word in the IOCB is stored in the Data Storage section {word 1) of the MLIP RAM memory.
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Word Meaning

SYSTEM TYPE, FIRMWARE REV, ERROR-CODE, DLP

ERROR-TYPE {(ALARM/HARDWARE INTERRUPT)

MEM. ADDR., GLOBAL PAR., PROM-CARD, MICRO-ADDR.

iC MEM. ADDR. VALUES FOR iRS7 (BUF}, BRS7 (TEMP)

TOP-OF-STACK Z REGISTER VALUE

UNDEFINED

TOP-OF-STACK C REGISTER VALUE

UNDEFINED

WORD IN MICRO-STACK AT MICRO-STACK POINTER ADDR.

WORD IN MICRO-STACK AT MS POINTER +1

WORD IN MICRO-STACK AT MS POINTER +2

WORD IN MICRO-STACK AT MS POINTER +3

UNDEFINED

WORD 0 OF MLIP RAM (MLIP.STAT.REG)

WORD 1 OF MLIP RAM (ERR.IOCB.ADR)

WORD 2 OF MLIP RAM (ERR.RSLT.ADR)

WORD 3 OF MLIP RAM (WOLP.ADR)

WORD 4 OF MLIP RAM (COLP.ADR)

WORD 5 OF MLIP RAM (HQH.ADR)

WORD 6 OF MLIP RAM (CQ.ADR)

WORD 7 OF MLIP RAM (IOCB.ADR)

WORD 8 OF MLIP RAM (CQ.OW.1)

WORD 9 OF MLIP RAM (CQ.CW.2)

WORD A OF MLIP RAM (HST.RET.FLD)

WORD B OF MLIP RAM (BR.STAT.REG)

WORD C OF MLIP RAM (NOT USED)

WORD D OF MLIP RAM (NOT USED)

WORD E OF MLIP RAM (NOT USED)

WORD F OF MLIP RAM (NOT USED)

CONTENTS OF MLIP REGISTER 3

UNDEFINED

UNDEFINED

Figure 11-40. Error-I0CB Organization And Layout
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Error-IOCB Word Zero Layout

Figure 11-41 shows the bit-field layout of the first word in an Error-IOCB. This word defines a B 6900 system MLIP,
the current Firmware Revision of the MLIP micro-module logic, the type of error being reported in the Error-IOCB,
and the UIO-DLP Address of the peripheral device operating when the error occurred.

The usage or meaning of the bit-fields in word ZERO of an Error-IOCB is as follows:

[47:8]

[39:8]

[31:8]

4017
402"
4037
4404”
405”
44107
420"
440"
[23:4]

[19:20j

System Type. This field always contains the value 401, which identifies the system type as
a B 6900 system.

Firmware Revision. This field contains a literal value from the micro-module, which identifies
the current level of the CPU Micro-code.

Error Code. This field contains a code that identifies the kind of error that is being reported
in this Error-IOCB:

An Invalid Descriptor Link was detected.

An Invalid Global Parameter was detected.

A Descriptor Link LPW error was detected.

A DLP Address mismatch error was detected.

A Host Return Field mismatch error was detected.
A Queueing error was detected.

A Memory/Hardware error was detected.

An Error-10CB was discontinued.

This field must contain all zeroes.

DLP Address. This field contains the address-vector through the MLI interface Ports to the
peripheral device UIO-DLP that was operating when the error was detected.

MVv4221

5010986
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Figure 11-41. Error-IOCB Word Zero Layout
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Error-IOCB Word One Layout

B 6900 System Reference Manual

Input Output Device Operations

Figure 11-42 shows the layout of an Error-IOCB, word-1. Word-1 of an Error-IOCB contains a field that specifies the
type of interrupt that caused the Error-IOCB to be completed. There are two conditions that can cause an Error-IOCB
to be completed. The first is a hardware failure in the MLIP logic, a PROM card module error, and the second is a
Link-Word or Pointer-error that causes an addressing failure within the I/O device control parameters of system memory.

0 0 0 0 0 0 0 0
a7 3] . 3 s = 23] 19 15 1 7 3
0 0 0 0 0 0 0 0 0
ERROR ] 381 34 30| 2 2| 18] 14 10 6 2
TYPE
0 0 0 0 0 0 0 0 0
s o o I | 2 1] 3 9 5 1
) o 0 oo 0 o0 | o
MV4e222 44 40 36 32 28 24 20 16 12 8 4 0

Error-IOCB Word Two Layout

Figure 11-42. Error-IOCB Word One Layout

Figure 11-43 shows the layout of word-2 in an Error-IOCB. This word contains key information that is useful in
reconstructing the MLIP conditions at the time in which the Error occurred. The data contained in this word is as

follows:
[47:20] Last Memory Address. This field contains the absolute memory address value of the last
memory access request originated by the logic of the MLIP.
[27:1] This bit contains a zero.
[26:3] Global Parameter. This field contains the Global Parameter value for the last POLL REQUEST
sequence performed by the logic of the MLIP.
[23:4] PROM Card Error Code. This field contains a code-value that identifies the MLIP plug-in
PROM card-module that detected a parity-error condition. '
[19:8] This field contains zeroes.
[11:12] Micro-module Address. This field contains the micro-module address of the MLIP sequence
in which the Error-IOCB was completed.
1] 0
47 43 33 35 313 271 2 19 15 11 7 3
0 PROM 0
G P [CARD
46 LAST 0L _A- ERR. 18 14 M|CRO—MODULE_
MEMORY ADDRESS oR ADDRESS
A [CODE
0 B M 0
45 41 37 33 29 b 21 17 13 9 5 1
0 0
MV4223 44 40 36 32 28 24) 20} 16 12 8 4 0

11-38

Figure 11-43. Error-IOCB Word-Two Layout



Error-IOCB Word Three Layout

Figure 11-44 shows the layout of word-3 in an Error-IOCB. This word contains the contents of 2 JC Memory
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Registers, which are used by the logic of the MLIP to process memory request addresses and to perform the mathematics
for incrementing/decrementing I/O device data length counts. Figure 11-44 shows the layout of this Error-IOCB word.

0 | |
a7 43 39 J%;Jt 51! 27 2)1 19 1_3%_ n 1
0 0 CONTENTS OF CONTENTS OF
26 a2 | 1C MEMORY 22 18| 1C MEMORY
REGISTER REGISTER
0 0 BUF (IRS7) TEMP (BRS7)
45 a1 37 33] 29 b 21 17 13] 9| 5
o | o | |
G WSNPY) N S S — T MV LA TR—

MV4224

Error-IOCB Word Four Layout

Figure 11-44. Error-IOCB Word Three Layout

Figure 11-45 shows the layout of word-4 in an Error-IOCB. This word of the Error-IOCB contains the contents of the
Top-of-Stack Z Register at the time when the Error-IOCB was completed. The logic of the MLIP utilizes the Z Register
to process data between the MLIP and system memory.

47 a3 39 3% 3 27 23 19 15 "
0
%8 CONTENTS OF THE TOP-OF-STACK Z REGISTER
0
45 41 37 33 29 25 il 17 13 9
0
L 44 40! 36 32 28 24 20 16 12 8
MV4225

5010986

Figure 11-45. Error-IOCB Word Four Layout
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Error-IOCB Word Six Layout

Figure 11-46 shows the layout of word-6 of an Error-IOCB. This word of the Error-IOCB contains the contents of the
Top-of-Stack C Register when the Error-IOCB was completed. The logic of the MLIP utilizes the C Register to process
data between the MLIP and system memory.

4] 43 39 3% 31 27 23 19 15 11 ! 3
0 -

8 CONTENTS OF THE TOP-OF-STACK C REGISTER ° £ 2
0 |

45 41 37 33 2 25 21 17 13 9 5 1
0

a4 40! 36 32 28 24 20 16 12 8 4 0

MV4226

Figure 11-46. Error-JOCB Word Six Layout

Error-IOCB Word-8 Through Word-11 Layout

Figure 11-47 shows the layout of word-8 through word-11 of an Error-IOCB. These Error-IOCB words, containing the
4 most recent words written in the MLIP RAM Micro-stack section represent data used by the micro-module to manage
the MLIP micro-code sequence subroutines. They are valuable for error analysis because they indicate the MLIP
sequences that preceded the error IOCB condition. Word-8 of the Error-IOCB contains the most-recent micro-code
word that was written into the Micro-stack section of the MLIP RAM. Word-9 of the Error-IOCB contains the next-
most-recent word written into the Micro-stack section; word-10 holds the second-from-most-recent word in the Micro-
stack section; and word-11 contains the third-from-most/ word in the Micro-stack section.

0 0 0 0 0 0 0 0 0
Y] 43 3 35 31 77 23 19 15 1 7 3

0 0 0 0 0 0 0 0 0 o | ONE OF 4 MOST
46 2 38 34 . 2 2 18 1a] RECENT WORDS
IN MLIP RAM
] 0 0 0 0 0 0 0 0 0 | MICRO-STACK
45 @ a3 w 2 17 13 9 5 1
0 0 [1] 0 o C 0 0 0 0 _
4 s 3 320 28] 24 2] 1§ 12 8 4 0
MV4227

Figure 11-47. Error-IOCB Word-8 Through Word-11 Layout
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Error-IOCB Word-13 Through Word-28 Layout

Figure 11-48 shows the layout of word-13 through word-28 of an Error-IOCB. These words contain the first 16-words
from the MLIP RAM, which are the Data-Register section. These words contain the specificaitons from the IOCB, for
the I/O device operation in process when the Error-IOCB was completed.

A7 43 39 35 3t 27 2 19 15 n 7 3

. o | o | o | WORDOTHROUGH 16 FROM
SECTION OF THE MLIP RAM 7|
0 0 0 0 0 0 0 0 (10CB SPECIFICATIONS)

45 41 37 33 29 25 21 17 13 9 5 1

0 0 0 6| O 0 0 0

MV4228
Figure 11-48. Error-IOCB Word-13 Through Word-28 Layout

Error-IOCB Word-29 Layout

Figure 11-49 shows the layout of word-29 in an Error-IOCB. This word contains the value of MLIP hardware
Register-3. Register-3 of the MLIP contains the initial and remaining I/O operation LENGTH count. Each time 16-bits
of peripheral data are transferred between the MLIP and system memory, the value of Register-3 is incremented/
decremented so that it contains the instantaneous value of remaining 16-bit bytes to be transferred. The value of
word-29 in the Error-IOCB is therefore the number of 16-bit bytes of data not yet transferred when the MLIP com-
pleted the Error-IOCB.

0 0 0 0 0 0 0
47 43 39 35 31 27 23] 19 15 11 7 3
0| o (] 0 0 0 o 0 VALUE
46| 4| 38 34 300 26/ 23 FMLIP HARDWARE —2
0 0 0 0 0 0 0 0 REGISTER-THREE
45 a3 27 22 22 25 2% 17 i3 ] 5 1
0 0 0 0 0 0 0 0
44 40 36 32 28 24 20§ 16 12 8 4 0

MV4229
Figure 11-49. Error-IOCB Word Layout
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GLOSSARY OF MLIP/UIO OPERATING TERMS

The following are some miscellaneous terms and mnemonics useful in understanding MLIP/IODC concepts:

1142

MLIP

10DC

I0CB

CuIO

I0CB MARK

ERROR IOCB

MLI

MLIP/CPU

'INTERFACE

MLIP/UIO
INTERFACE

DLP

POLL TEST

POLL
REQUEST

GLOBAL
PRIORITY
WORD

COMMAND
QUEUE

RESULT QUEUE

COMMAND

QUEUE HEADER

RESULT QUEUE

HEADER

Message Level Interface Processor — protion of CPU logic which controls operations between
the Data Processor and the I0DC and its associated DLP’s

Input Output Data Communication — subsystem utilized for I/O and Datacomm operations,
common to the MLI interface specifications.

Input Output Control Block — a contiguous area of memory containing the necessary
information for the performance of an I/O or MLIP operation.

Communicate with Universal /O — a variant mode operator (954C) which starts an operation
to the MLIP or IODC using a data descriptor found in the top of the stack pointing to the
first word of the IOCB.

A value of 4“10CB” found in [47:16] of the first word in an IOCB used by the logic to
verify this is actually the first word of an I0OCB.

An IOCB set aside by the MCP to be used by the MLIP to terminate an I/O operation when
normal error termination is not possible.

Message Level Interface — a 25 line bidirectional interface between the MLIP and the IODC
containing data and control information.

4
Connection between CPU and MLIP, primarily Z1 bus, Z5 bus, C register, and micro-module
address lines.

Connection between IODC and MLIP called MLI.

Data Link Processor — a specialized micro-processor used to transfer information to and from
a peripheral device.

Process of MLIP connecting to I0DC.

Process of IODC reconnecting to MLIP following operation initiated by MLIP.

A word returned to MLIP during POLL REQUEST indicating priority of each DLP requesting
connection to the MLIP.

A linking together of IOCB’s in the order in which they will be performed.

A linking together of IOCB’s as the I/O operation is completed.

A structure used to maintain the current state of a command queue.

A structure used to maintain the current state of the completed /0 operations.
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APPENDIX A

OPERATORS, ALPHABETICAL LiIST

Name

ADD
BIT RESET

BIT SET

BRANCH FALSE

BRANCH TRUE

BRANCH UNCONDITIONAL

CHANGE SIGN BIT

COMPARE CHARACTERS EQUAL DESTRUCTIVE
COMPARE CHARACTERS EQUAL, UPDATE
COMPARE CHARACTERS GREATER OR EQUAL,
DESTRUCTIVE

COMPARE CHARACTERS GREATER OR EQUAL,
UPDATE

COMPARE CHARACTERS GREATER, DESTRUCTIVE
COMPARE CHARACTERS GREATER, UPDATE
COMPARE CHARACTERS LESS OR EQUAL,
DESTRUCTIVE

COMPARE CHARACTERS LESS OR EQUAL, UPDATE
COMPARE CHARACTERS LESS, DESTRUCTIVE
COMPARE CHARACTERS LESS, UPDATE
COMPARE CHARACTERS NOT EQUAL, DESTRUCTIVE
CONTROL UNIVERSAL INPUT OUTPUT
COMPARE CHARACTERS NOT EQUAL, UPDATE
CONDITIONAL HALT (all modes)

COUNT BINARY ONES

DELETE TOP-OF-STACK

DISABLE EXTERNAL INTERRUPT

DIVIDE

DOUBLE LOAD A

DOUBLE LOAD A INCREMENT

DOUBLE LOAD B

DOUBLE LOAD B INCREMENT

DOUBLE LOAD C

DOUBLE LOAD C INCREMENT

DOUBLE STORE A

DOUBLE STORE A INCREMENT

DOUBLE STORE B

DOUBLE STORE B INCREMENT

DOUBLE STORE C

DOUBLE STORE C INCREMENT

DUPLICATE TOP-OF-STACK

DYNAMIC BIT RESET

DYNAMIC BIT SET

DYNAMIC BRANCH FALSE

DYNAMIC BRANCH TRUE
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Mnemonic

ADD

BRST
BSET

BRFL
BRTR
BURN
CHSN
CEQD
CEQU

CGED

CGEU
CGTD
CGTU

CLED
CLEU
CLSD
CLSU
CNED
CUIO
CNEU
HALT
CBON
DLET
DEXI
DIVD
DLA
DLAI
DLB
DLBI
DLC
DLCI
DSA
DSAI
DSB
DSBI
DSC
DSCI
DUPL
DBRS
DBST
DBFL
DBTR

Hexa-
Decimal
Code

80
9E
96
A0
Al
A2
8E
F4
FC

F1

F2
FA

F3
FB
FO
F8
F5
95C4
FD
DF
95BB
B5
9547
83
EO
E9
E2
EB

ED
F8

FA
FB
FC
FD
B7
9F
97
A8
A9
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Operators, Alphabetical List

Name

DYNAMIC BRANCH UNCONDITIONAL
DYNAMIC FiELD INSERT

DYNAMIC FIELD ISCLATE

DYNAMIC FIELD TRANSFER
DYNAMICT SCALE LEFT

DYNAMIC SCALE RIGHT FINAL
DYNAMIC SCALE RIGHT ROUND
DYNAMIC SCALE RIGHT SAVE
DYNAMIC SCALE RIGHT TRUNCATE
ENABLE EXTERNAL INTERRUPTS
END EDIT (edit mode)

END FLOAT (edit mode)

ENTER

EQUAL

ESCAPE TO 16-BIT INSTRUCTION
EVALUATE

EXCHANGE

EXECUTE SINGLE MICRO, SINGLE POINTER
UPDATE

EXECUTE SINGLE MICRO, DESTRUCTIVE
EXECUTE SINGLE MICRO, UPDATE
EXIT

EXTENDED MULTIPLY

FIELD INSERT

FIELD ISOLATE

FIELD TRANSFER

GREATER THAN

GREATER THAN OR EQUAL

IDLE UNTIL INTERRUPT

INDEX

INDEX AND LOAD NAME

INDEX AND LOAD VALUE

INPUT CONVERT, DESTRUCTIVE
INPUT CONVERT UPDATE

INSERT CONDITIONAL (edit mode)
INSERT DISPLAY SIGN (edit mode)
INSERT MARK STACK

INSERT OVERPUNCH (edit mode)
INSERT UNCONDITIONAL (edit mode)
INTEGER DIVIDE

INTEGERIZE, ROUNDED
INTEGERIZE, TRUNCATED
INTEGERIZE, ROUNDED DOUBLE-PRECISION
INVALID OPERATOR (all modes)
LEADING ONE TEST

LINKED LIST LOOKUP

LESS THAN

LESS THAN OR EQUAL

LIT CALL ONE

A2

Mnemonic

DBUN
DINS

DISO

DFTR
DSLF
DSRF
DSRR
DSRS
DSRT
EEXI

ENDE
ENDF
ENTR
EQUL
VARI
EVAL
EXCH

EXPU
EXSD
EXSU
EXIT
MULX
INSR
ISOL
FLTR
GRTR
GREQ
IDLE
INDX
NXLN
NXLV
ICVD
ICVU
INSC
INSG
IMKS
INOP
INSU
IDIV
NTGR
NTIA
NTGD
NVLD
LOG2
LLLU
LESS
LSEQ
ONE

Hexa-
Decimal
Code

9D
9B
99
Cl1
C7
¢
Cs
C3
9546
DE
DS

8C
95

AC
B6

DD
D2
DA
A3
8F
9C
S5A
98
8A
89
9544
A6
AS

CA
CB
DD

CF
D8
DC
84
87
86
9587
FF
958B

arnT

95BD
88
8B
Bl
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Operators, Alphabetical List

Name Mnemonic
LIT CALL ZERO ZERO
LIT CALL 8-BITS LT8
LIT CALL 16-BITS LT16
LIT CALL 48-BITS LT48
LOAD LOAD
LOAD A LDA
LOAD A INCREMENT LDAI
LOADB LDB
LOAD B INCREMENT LDBI
LOADC LDC
LOAD C INCREMENT LDCI
LOAD TRANSPARENT LODT
LOGICAL AND LAND
LOGICAL EQUAL SAME
LOGICAL EQUIVALENCE LEQV
LOGICAL NEGATE LNOT
LOGICAL OR LOR
MAKE PROGRAM CONTROL WORD MPCW
MARK STACK MKST
MASKED SEARCH FOR EQUAL SRCH
MOVE CHARACTERS (edit mode) MCHR
MOVE NUMERIC UNCONDITIONAL (edit mode) ) MVNU
MOVE TO STACK MVST
MOVE WITH FLOAT (edit mode) MFLT
MOVE WITH INSERT {edit mode) MINS
MULTIPLY MULT
NAME CALL NAMC
NO OPERATION {all modes) NGOOP
NORMALIZE NORM
NOT EQUAL NEQL
OCCURS INDEX OCRX
OVERWRITE DESTRUCTIVE OVRD
OVERWRITE NON-DESTRUCTIVE OVRN
PACK DESTRUCTIVE PACD
PACK UPDATE ' PACU
PUSH DOWN STACK REGISTERS PUSH
READ AND CLEAR OVERFLOW FLIP-FLOP ROFF
READ CENTRAL PROCESSOR COUNTER RCPC
READ COMPARE FLIP-FLOP RCMP
READ PROCESSOR IDENTIFICATION WHOI
READ PROCESSOR REGISTER RPRR
READ TAG FIELD RTAG
READ TIME OF DAY RTOD
READ TRUE/FALSE FLIP-FLOP RTFF
READ WITH LOCK RDLK
REMAINDER DIVIDE RDIV
RESET FLOAT (edit mode) RSTF
RETURN RETN
ROTATE STACK DOWN RSDN
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Hexa-
Decimal
Code

B2
B3
BE
BD
EO
El
E2
E3
E4
ES
95BC
90
94
93
92
91
BF

95BE
D7

95AF
D1

82
40=7F
FE
958E
8D
9585
BA

BB

Di

D7
9540
95B3
954E
95B8
95B5
95A7
DE
95BA
85

A7

~ 95B7

A3
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Operators, Alphabetical List

Name

ROTATE STACK UP
RUNNING INDICATOR

COATD TEDT
OUALL Ly 1

SCALE RIGHT FINAL

SCALE RIGHT ROUNDED

SCALE RIGHT SAVE

SCALE RIGHT TRUNCATE

SCAN-IN

SCAN-OUT

SCAN WHILE EQUAL, DESTRUCTIVE

SCAN WHILE EQUAL, UPDATE

SCAN WHILE FALSE, DESTRUCTIVE

SCAN WHILE FALSE, UPDATE

SCAN WHILE GREATER OR EQUAL, DESTRUCTIVE
SCAN WHILE GREATER OR EQUAL, UPDATE
SCAN WHILE GREATER, DESTRUCTIVE
SCAN WHILE GREATER, UPDATE

SCAN WHILE LESS OR EQUAL, DESTRUCTIVE
SCAN WHILE LESS OR EQUAL, UPDATE
SCAN WHILE LESS, DESTRUCTIVE

SCAN WHILE LESS, UPDATE

SCAN WHILE NOT EQUAL, DESTRUCTIVE
SCAN WHILE NOT EQUAL, UPDATE

SCAN WHILE TRUE, DESTRUCTIVE

SCAN WHILE TRUE, UPDATE

SET DOUBLE TO TWO SINGLES

SET EXTERNAL SIGN

SET INTERVAL TIMER

SET PROCESSOR REGISTER

SET TAG FIELD

SET TO DOUBLE-PRECISION

SET TO SINGLE-PRECISION, ROUNDED

SET TO SINGLE-PRECISION, TRUNCATED
SET TWO SINGLES TO DOUBLE

SKIP FORWARD DESTINATION
CHARACTERS (edit mode)

SKIP FORWARD SOURCE CHARACTERS (edit mode)
SKIP REVERSE DESTINATION
CHARACTERS (edit mode)

SKIP REVERSE SOURCE CHARACTERS (edit mode)
STEP AND BRANCH

STORE A

STORE A INCREMENT

STORE B

STORE B INCREMENT

STORE C INCREMENT

STORE DESTRUCTIVE

STORE NON-DESTRUCTIVE

A4

Mnemonic

RSUP
RUNI
SCLF
SCRF
SCRR
SCRS
SCRT
SCNI
SCNO
SEQD
SEQU
SWFD
SWFU
SGED
SGEU
SGTD
SGTU
SLED
SLEU
SLSD
SLSU
SNED
SNEU
SWTD
SWTU
SPLT
SXSN
SINT
SPRR
STAG
XTND
SNGL
SNGT
JOIN

SFDC
SFSC

SRDC
SRSC
STBR
STA
STAI
STB
STBI
STC
STCI
STOD

TN
1LUEN

Hexa-
Decimal
_Code

95B6

9541
Cco

C6
C8
C4
C2
954A
954B
95F4
95FC
95D4
95DC
95F1
95F9
95F2
95FA
95F3
95FB
95F0
95F8
95F5
95FD
95D5
95DD
9543
D6
9545
95B9
95B4
CE
CD
CcC
9542

DA
D2

DB
D3
A4
FO
F1
F2
F3
F4
F5
B8
B%
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Operators, Alphabetical List

Name

STRING ISOLATE

STUFF ENVIRONMENT

SUBTRACT

TABLE ENTER EDIT, DESTRUCTIVE
TABLE ENTER EDIT, UPDATE

TRANSFER UNCONDITIONAL, DESTRUCTIVE
TRANSFER UNCONDITIONAL, UPDATE
TRANSFER WHILE EQUAL, DESTRUCTIVE
TRANSFER WHILE EQUAL, UPDATE
TRANSFER WHILE GREATER OR EQUAL,
DESTRUCTIVE

TRANSFER WHILE GREATER OR EQUAL, UPDATE

TRANSFER WHILE GREATER, DESTRUCTIVE
TRANSFER WHILE GREATER, UPDATE

TRANSFER WHILE LESS OR EQUAL, DESTRUCTIVE

TRANSFER WHILE FALSE, DESTRUCTIVE
TRANSFER WHILE FALSE, UPDATE
TRANSFER WHILE TRUE, DESTRUCTIVE
TRANSFER WHILE TRUE, UPDATE
TRANSFER WHILE LESS OR EQUAL, UPDATE
TRANSFER WHILE LESS, DESTRUCTIVE
TRANSFER WHILE LESS, UPDATE
TRANSFER WHILE NOT EQUAL, DESTRUCTIVE
TRANSFER WHILE NOT EQUAL, UPDATE
TRANSFER WORDS OVERWRITE DESTRUCTIVE
TRANSFER WORDS OVERWRITE UPDATE
TRANSFER WORDS, DESTRUCTIVE
TRANSFER WORDS, UPDATE

TRANSLATE

UNPACK ABSOLUTE, DESTRUCTIVE
UNPACK ABSOLUTE, UPDATE

UNPACK SIGNED, DESTRUCTIVE

UNPACK SIGNED, UPDATE

VALUE CALL

VECTOR BRANCH

VECTOR MODE ENTER MULTIPLE

VECTOR MODE ENTER SINGLE

VECTOR MODE EXIiT

WRITE TIME OF DAY
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Mnemonic

SISO
STFF
SUBT
TEED
TEEU
TUND
TUNU
TEQD
TEQU

TGED
TGEU
TGTD
TGTU
TLED
TWFD
TWFU
TWTD
TWTU
TLEU
TLSD

TLSU

TNED

TATTITT

INEU
TWOD
TWOU
TWSD
TWSU
TRNS
UABD
UABU
USND
USNU
VALC
VEBR
VMEM
VMES
VMEX
WTOD

Hexa-
Decimai
Code

D5
AF
81

D8
E6
EE
E4
EC

E1l

E9
E2
EA
E3
95D2
95DA
95D3
95DB
EB
EO
E8
E5

nr

oy

DC
D3
DB
95D7
95D1
95D9
95D0
95D8
00 = 3F
EE
EF
E7
E6
9549

A-5






Hexa-
Decimal

Code
PRIMARY MODE

00=3F
40=7F
80
81
82
83
84
85
86
87
88
89
8A
8B
8C
8D
8E
8F
90
91
92
93
94
95
96
97
98
99
9A
9B
9C
9D
9E
9F
A0
Al
A2
A3
Ad
AS
A6
A7
A8
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APPENDIX B
OPERATORS, NUMERICAL LIST

Name

VALUE CALL

NAME CALL

ADD

SUBTRACT

MULTIPLY

DIVIDE

INTEGER DIVIDE
REMAINDER DIVIDE
INTEGERIZE, TRUNCATED
INTEGERIZE, ROUNDED
LESS THAN

GREATER THAN OR EQUAL
GREATER THAN

LESS THAN OR EQUAL
EQUAL

NOT EQUAL

CHANGE SIGN BIT
EXTENDED MULTIPLY
LOGICAL AND

LOGICAL OR

LOGICAL NEGATE
LOGICAL EQUIVALENCE
LOGICAL EQUAL

ESCAPE TO 16-BIT INSTRUCTION
BIT SET

DYNAMIC BIT SET

FIELD TRANSFER
DYNAMIC FIELD TRANSFER
FIELD ISOLATE

DYNAMIC FIELD ISOLATE

CIEI D INSERT

LA AINDX

DYNAMIC FIELD INSERT
BIT RESET

DYNAMIC BIT RESET
BRANCH FALSE

BRANCH TRUE

BRANCH UNCONDITIONAL
EXIT

STEP AND BRANCH
INDEX AND LOAD NAME
INDEX

RETURN

DYNAMIC BRANCH FALSE

Mnemonic

VALC
NAMC
ADD
SUBT
MULT
DIVD
IDIV
RDIV
NTIA
NTGR
LESS
GREQ
GRTR
LSEQ
EQUL
NEQL
CHSN
MULX
LAND
LOR
LNOT
LEQV
SAME
VARI
BSET
DBST
FLTR
DFTR
ISOL
DISO
INSR
DINS
BRST
DBRS
BRFL
BRTR
BRUN
EXIT
STBR
NXLN
INDX
RETN
DBFL



Hexa-
Decimal
Code

B2
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Operators, Numerical List

Name

DYNAMIC BRANCH TRUE
DYNAMIC BRANCH UNCONDITIONAL
ENTER

EVALUATE DESCRIPTOR

INDEX AND LOAD VALUE

MARK STACK

STUFF ENVIRONMENT

LIT CALL ZERO

LIT CALL ONE

LIT CALL 8-BITS

LIT CALL 16-BITS

PUSH DOWN STACK REGISTERS
DELETE TOP-OF-STACK
EXCHANGE

DUPLICATE TOP-OF-STACK

STORE DESTRUCTIVE

STORE NON-DESTRUCTIVE
OVERWRITE DESTRUCTIVE
OVERWRITE NON-DESTRUCTIVE
LOAD

LIT CALL 48-BITS

MAKE PROGRAM CONTROL WORD
SCALE LEFT

DYNAMIC SCALE LEFT

SCALE RIGHT TRUNCATE
DYNAMIC SCALE RIGHT RUNCATE
SCALE RIGHT SAVE

DYNAMIC SCALE RIGHT SAVE
SCALE RIGHT FINAL

DYNAMIC SCALE RIGHT FINAL
SCALE RIGHT ROUNDED

DYNAMIC SCALE RIGHT ROUND
INPUT CONVERT, DESTRUCTIVE
INPUT CONVERT, UPDATE

SET TO SINGLE-PRECISION, TRUNCATED
SET TO SINGLE-PRECISION, ROUNDED
SET TO DOUBLE-PRECISION
INSERT MARK STACK

TABLE ENTER EDIT, DESTRUCTIVE
PACK DESTRUCTIVE

EXECUTE SINGLE MICRO, DESTRUCTIVE
TRANSFER WORDS, DESTRUCTIVE

- TRANSFER WORDS OVERWRITE DESTRUCTIVE

STRING ISOLATE

SET EXTERNAL SIGN

READ AND CLEAR OVERFLOW FLIP-FLOP
TABLE ENTER EDIT, UPDATE

PACK UPDATE

Mnemonic

DBTR
DBUN
ENTR
EVAL
NXLV
MKST
STFF
ZERO
ONE
LT8
LT16
PUSH
DLET
EXCH
DUPL
STOD
STON
OVRD
OVRN
LOAD
LT48
MPCW
SCLF
DSLF
SCRT
DSRT
SCRS
DSRS
SCRF
DSRF
SCRR
DSRR
ICVD
ICVU
SNGT
SNGL
XTND
IMKS
TEED
PACD
EXSD
TWSD
TWOD
SISO
SXSN
ROFF
TEEU
PACU



Hexa-
Decimal
Code

F4
F5

F8
F9
FA
FB
FC
FD
FE
FF

VARIANT MODE

9540
9541
9542
9543
9544
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Operators, Numerical List

Name

EXECUTE SINGLE MICRO, UPDATE

TRANSFER WORDS, UPDATE

TRANSFER WORDS OVERWRITE UPDATE
EXECUTE SINGLE MICRO, SINGLE POINTER UPDATE
READ TRUE/FALSE FLIP-FLOP

CONDITIONAL HALT ‘
TRANSFER WHILE LESS, DESTRUCTIVE
TRANSFER WHILE GREATER OR EQUAL,
DESTRUCTIVE

TRANSFER WHILE GREATER, DESTRUCTIVE
TRANSFER WHILE LESS OR EQUAL, DESTRUCTIVE
TRANSFER WHILE EQUAL, DESTRUCTIVE
TRANSFER WHILE NOT EQUAL, DESTRUCTIVE
TRANSFER UNCONDITIONAL, DESTRUCTIVE
VECTOR MODE ENTER SINGLE

TRANSFER WHILE LESS, UPDATE

TRANSFER WHILE GREATER OR EQUAL, UPDATE
TRANSFER WHILE GREATER, UPDATE
TRANSFER WHILE LESS OR EQUAL, UPDATE
TRANSFER WHILE EQUAL, UPDATE

TRANSFER WHILE NOT EQUAL, UPDATE
TRANSFER UNCONDITIONAL, UPDATE

VECTOR MODE ENTER MULTIPLE

COMPARE CHARACTERS LESS, DESTRUCTIVE
COMPARE CHARACTERS GREATER OR EQUAL,
DESTRUCTIVE

COMPARE CHARACTERS GREATER, DESTRUCTIVE
COMPARE CHARACTERS LESS OR EQUAL,
DESTRUCTIVE

COMPARE CHARACTERS EQUAL, DESTRUCTIVE
COMPARE CHARACTERS NOT EQUAL,
DESTRUCTIVE

COMPARE CHARACTERS LESS, UPDATE

COMPARE CHARACTERS GREATER OR EQUAL, UPDATE

COMPARE CHARACTERS GREATER, UPDATE
COMPARE CHARACTERS LESS OR EQUAL, UPDATE
COMPARE CHARACTERS EQUAL, UPDATE
COMPARE CHARACTERS NOT EQUAL, UPDATE

NO OPERATION

INVALID OPERATOR

READ CENTRAL PROCESSOR COUNTER
RUNNING TIMER

SET TWO SINGLES TO DOUBLE

SET DOUBLE TO TWO SINGLES

IDLE UNTIL INTERRUPT

Mnemonic

EXSU
TWSU
TWOU
EXPU
TRFF
HALT
TLSD

TGED
TGTD
TLED
TEQD
TNED
TUND
VMES
TLSU
TGEU
TGTU
TLEU
TEQU
TNEU
TUNU
VMEM
CLSD

CGED
CGTD

CLED
CEQD

CNED
CLSU
CGEU
CGTU
CLEU
CEQU
CNEU
NOOP

- NVLD

RCPC
RUNI
JOIN
SPLT
IDLE
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Hexa-

Decimal
Code Name Mnemonic
9545 SET INTERVAL TIMER SINT
9546 ENABLE EXTERNAL INTERRUPTS EEXI
9547 DISABLE EXTERNAL INTERRUPTS DEXI
9549 WRITE TIME OF DAY WTOD
954A SCAN-IN SCNI
954B SCAN-OUT SCNO
954C CONTROL UNIVERSAL INPUT OUTPUT CuIo
954E READ PROCESSOR IDENTIFICATION WHOI
9585 OCCURS INDEX OCRX
9587 INTEGERIZE, ROUNDED, DOUBLE-PRECISION NTGD
958B LEADING ONE TEST LOG2
958E NORMALIZE NORM
95A7 READ TIME OF DAY RTOD
95AF MOVE TO STACK MVST
95B3 READ COMPARE FLIP-FLOP RCMP
95B4 SET TAG FIELD STAG
95BS5 READ TAG FIELD RTAG
95B6 ROTATE STACK UP RSUP
95B7 ROTATE STACK DOWN RSDN
95B8 READ PROCESSOR REGISTER RPRR
95B9 SET PROCESSOR REGISTER SPRR
95BA READ WITH LOCK RDLK
95BB COUNT BINARY ONES CBON
95BC LOAD TRANSPARENT LODT
95BD LINKED LIST LOOKUP LLLU
95BE MASKED SEARCH FOR EQUAL SRCH
95D0 UNPACK SIGNED, DESTRUCTIVE USND
95D1 UNPACK ABSOLUTE, DESTRUCTIVE UABD
95D2 TRANSFER WHILE FALSE, DESTRUCTIVE TWFD
95D3 TRANSFER WHILE TRUE, DESTRUCTIVE TWTD
95D4 SCAN WHILE FALSE, DESTRUCTIVE SWFD
95D5 SCAN WHILE TRUE, DESTRUCTIVE SWTD
95D7 TRANSLATE TRNS
95D8 UNPACK SIGNED, UPDATE USNU
95D9 TUNPACK ABSOLUTE, UPDATE UABU
95DA TRANSFER WHILE FALSE, UPDATE TWFU
95DB TRANSFER WHILE TRUE, UPDATE TWTU
95DC SCAN WHILE FALSE, UPDATE SWFU
95DD SCAN WHILE TRUE, UPDATE SWTU
95DF CONDITIONAL HALT HALT
95F0 SCAN WHILE LESS, DESTRUCTIVE SLSD
95F1 SCAN WHILE GREATER OR EQUAL,

DESTRUCTIVE SGED
95F2 SCAN WHILE GREATER, DESTRUCTIVE SGTD
95F3 SCAN WHILE LESS OR EQUAL, DESTRUCTIVE SLED
95F4 SCAN WHILE EQUAL, DESTRUCTIVE SEQD
95F5 SCAN WHILE NOT EQUAL, DESTRUCTIVE SNED
95F8 SCAN WHILE LESS, UPDATE SLSU
95F9 SCAN WHILE GREATER OR EQUAL, UPDATE SGEU



Hexa-
Decimal
Code

9SFA
95FB
9SFC
95FD
95FE
95FF

EDIT MODE

DO
Di
D2
D3
D4
D5
D6
D7
D8
D9
DA
DB
DC
DD
DE
DF
FE
FF

VECTOR MODE

EO
El
E2
E3
E4
ES
E6
E8
E9
EA
EB
EC
ED
EE
FO
Fl1
F2
F3
F4
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Name

SCAN WHILE GREATER, UPDATE

SCAN WHILE LESS OR EQUAL, UPDATE
SCAN WHILE EQUAL, UPDATE

SCAN WHILE NOT EQUAL, UPDATE

NO OPERATION

INVALID

MOVE WITH INSERT

MOVE WITH FLOAT

SKIP FORWARD SOURCE CHARACTERS
SKIP REVERSE SOURCE CHARACTERS
RESET FLOAT

END FLOAT

MOVE NUMERIC UNCONDITIONAL

MOVE CHARACTERS

INSERT OVERPUNCH

INSERT DISPLAY SIGN

SKIP FORWARD DESTINATION CHARACTERS
SKIP REVERSE DESTINATION CHARACTERS
INSERT UNCONDITIONAL

INSERT CONDITIONAL
END EDIT

ioarza

CONDITIONAL HALT
NO OPERATION
INVALID

LOAD A

LOAD A INCREMENT

LOADB

LOAD B INCREMENT

LOADC

LOAD C INCREMENT
VECTOR MODE EXIT

DOUBLE LOAD A

DOUBLE LOAD A INCREMENT
DOUBLE LOAD B

DOUBLE LOAD B INCREMENT
DOUBLE LOAD C

DOUBLE LOAD C INCREMENT
VECTOR BRANCH

STORE A

STORE A INCREMENT

STORE B

STORE B INCREMENT
STOREC

Mnemonic

SGTU
SLEU
SEQU
SNEU
NOOP
NVLD

MINS
MFLT
SFSC
SRSC
RSTF
ENDF
MVNU
MCHR
INOP
INSG
SFDC
SRDC
INSU
INSC
ENDE
HALT
NOOP
NVLD

LDA
LDAI
LDB
LDBI
LDC
LDCI
VMEX
DLA
DLAI
DLB
DLBI
DLC
DLCI
VEBR
STA
STAI
STB
STBI
STC
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Hexa-
Decimal

Code _ Name Mnemonic
FS STORE C INCREMENT STCI
F8 DOUBLE STORE A DSA
F9 DOUBLE STORE A INCREMENT DSAI
FA DOUBLE STORE B DSB
FB DOUBLE STORE B INCREMENT DSBI
FC DOUBLE STORE C DSC
FD DOUBLE STORE C INCREMENT DSCI
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APPENDIX C
DATA REPRESENTATION

EBCDIC Decimal EBCDIC Hex. EBCDIC

Graphic Value Internal Graphic Card Code Octal

BLANK 64 0100 0000 40 No Punches 60
[ 74 0100 1010  4A 12 8 2 33
. 75 0100 1011 4B 1283 32
< 76 0100 1100 4C 128 4 36
( 77 01001101 4D 1285 35
+ 78 01001110 4E 12 86
| 79 01001111 4F 1287 37
& 80 0101 0000 50 _ 12 34
] 90 0101 1010 SA 1182 76
$ 91 0101 1011 5B 11 8 3 52
* 92 0101 1100 5C 11 8 4 - 53
) 93 0101 1101 sD 1185 55
; 94 0101 1110 SE 11 8 6 56

95 0101 1111 SF 11 8 7 57
. 96 0110 0000 60 11 54
/ 97 0110 0001 61 01 61
s 107 01101011 6B 083 72
% 108 01101100 6C 084 73
- 109 01101101 6D 085 74
> ii0 01101110 6E 086 i6
? 111 01101111 6F 087 14
122 0111 1010 7A 82 15

# 123 0111 1011 7B 83 12
@ 124 01111100 7C 8 4 13
i 125 01111101 7D 85 17
= 126 01111110 7E 86 75
” 127 01111111 7F 8 7 77

#PZ L 192 1100 0000 co 120 20
A 193 1100 0001 Cl 12 1 21
B 194 1100 0010 C2 12 2 22
C i95 1100 6011 C3 iz 3 23
D 196 1100 0100 Cc4 12 4 24
E 197 1100 0101 C5 125 25
F 198 11000110 Cé6 12 6 26
G 199 11000111 Cc7 12 7 C 27
H 200 1100 1000 Cc8 12 8 30
I 201 1100 1001 Cc9 129 31

(OMZ 208 1101 0000 DO 110 40
J ' 209 1101 0001 DI 111 41

*All other codes
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C2

EBCDIC
Graphic

Decimal
Value

210
211
212
213
214
215
216
217

224
226
227
228
229
230
231
232
233

240
241
242
243
244
245
246
247
248
249

B 6900 System Reference Manual

Data Representation

EBCDIC
Internal

1101 0010
1101 0011
1101 0100
1101 0101
1101 0110
1101 0111
1101 1000
1101 1001

1110 0000
11100010
11100011
11100100
11100101
11100110
11100111
1110 1000
1110 1001

1111 0000
1111 0001
1111 0010
1111 0011
1111 0100
1111 0101
11110110
11110111
1111 1000
1111 1001

Hex.
Graphic

D2
D3
D4
Ds
D6
D7
D8
D9

EO
E2
E3
E4
ES
E6
E7
E8
E9

FO
F1
F2
F3
F4
FS
F6
F7
F8
F9

EBCDIC
Card Code

11
11
11
11
11
11
11
11

OO~V Hh W —=O COO0OO0O0O0OO0CCOOO0O

O 001\ L b Wt oo O 001N A WN

Octal

42
43

45

47
S0
51

62
63

65
66
67
70
71

01
02
03

05
06
07
10
11
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APPENDIX D

B 6900 EBCDIC/HEX CARD CODE
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B 6900 EBCDIC/HEX Card Code

Use of the B 6900 EBCDIC/HEX Card Code Chart.
a.  Locate the desired EBCDIC graphic code within the table.
b.  The two-part hexadecimal code is read as follows:
1.  The first part is found in the vertical column above or below the desired EBCDIC code.

2. The second part is found in the horizontal row either to the right or left of the desired EBCDIC code.

(a) Examples:
SYN
F

32
Cé6

[

c.  The two-part card code is found in the same manner as HEX (2) except the zone and numeric bits are
read from the very outer portion of the table.

1. Examples:

2. The card code exceptions to the above procedures are enclosed in heavy lines on the chart and are
defined below:

(1) 00 =+ 0981 (NUL)
(2) 10 =+ -981 (DLE)
(3) 20 =-0981

(4) 30 =+-0981

(5) 40 = BLANK

6) 50=+(&)
(1) 60=-()
® 70=+-0

© co=+0({)@)
(10) DO=-0(})@®)
(11) EO=.082()
(12) FO=0(0)
(13) 61=01()
(14) El1=-091
(15) 6A=+-(})
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INDEX

AAITF Command (Soft Display), 4-74
Absolute Address Conversion, 2-22, 3-14
ADD Command (Soft Display), 4-78
Address Couple, 2-20

Add, 7-1

Adder, Address, 5-7

Adder, Exponent, 5-11

Adder, Mantissa, 5-11

Adder, Residue Interrupt, 5-18
Address Adder, 5-11

Address Environment Defined, 3-12
Address Retry Interrupt, 5-23

Alarm Interrupts, 5-15

ALTF Command (Soft Display), 4-74
American Standard Code for Information Interchange, 2-3
ARCS Command (Soft Display), 4-72
A Register, 4-6

ASCII, 2-3

Arithmetic Controller, 5-11
Arithmetic Operators, 7-1

AROF, 3-3,4-29

Base and Limit of Stack, 3-2

Base of Address Level Segment, 3-14
Base Module, 1-17

Bit Operators, 7-13

Bit Reset, 7-14

Bit Reset Dynamic, 7-14

Bit Set, 7-13

Bit Set Dynamic, 7-13

Bit Sign Change, 7-14

Bottom of Stack Interrupt, 5-29
Branch False, 7-7

Branch False Dynamic, 7-8

Branch Operators, 7-7

Branch True, 7-8 '

Branch True Dynamic, 7-8

Branch Unconditional, 7-8

Branch Unconditional Dynamic, 7-8
B Register, 4-6

BRIGHT Command (Soft Display), 4-78
BROF, 3-3,4-30

Brownout, 1-13

Bus Residue Interrupts, 5-20

Cabinets, 1-2

CAPTUR Command (Soft Display), 4-79
Central Power Cabinet, 1-13

Central Processor Unit Cabinet, 1-4
Change Sign, 7-14

Character Codes, Internal, 2-3

5010986

Character Type Data, 2-10

CHLT Command (Soft Display), 4-74

Clocks, 14

CLRIC Command (Soft Display), 4-79

CLRMM Command (Soft Display), 4-80

Command Queue, 11-26

Command Queue Control Word, 11-26

Command Queue Head IOCB Link, 11-26, 11-28

Command Queue Horizontal Queue Head Pointer,
11-26, 1129

Command Queue Horizontal Queue Link, 11-26, 11-29

Command Queue Tail IOCB Link, 11-26,11-28

Compare Characters Equal Destructive, 7-19

Compare Characters Equal Update, 7-19

Compare Characters Greater, Destructive, 7-18

Compare Characters Greater or Equal, Destructive, 7-18

Compare Characters Greater or Equal Update, 7-19

Compare Characters Greater, Update, 7-18

Compare Characters Less Destructive, 7-20

Compare Characters Less or Equal Destructive, 7-20

Compare Characters Less or Equal Update, 7-20

Compare Characters Less Update, 7-20

Compare Characters Not Equal Destructive, 7-20

Compare Characters Not Equal Update, 7-20

Compare Operators, 7-18

Compare Residue Interrupt, 5-20

Conditional Halt, 4-51

Confidence Error Interrupt, 5-31

Control Universal Input Qutput Operator, 5-38, 8-3

Controller, Arithmetic, 5-11

Controller, Interrupt, 5-11

Controller, Memory, 5-32

Controller, Program, 5-2

Controller, Stack, 5-10

Controller, Transfer, 5-7

Control State/Normal State, 5-33

Copy Bit, 3-6

Count Binary Ones, 8-8

CPTF Command (Soft Display), 4-74

C Register, 4-6

CSTP Command (Soft Display), 4-74

Data Addressing, 3-5

Data-Dependent Presence Bit, 5-30

Data Descriptor, 2-15

Data Field Convention, 2-3

Data Link Processor (DLP) Devices, 11-2
Data Processor, 14

Data Representation, 2-1

Data Types and Physical Layout, 2-1
Decimal to Coded Number Conversion, 2-6

Index-1
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INDEX (Cont)

Decimal and Hexadecimal Table Conversion, 2-8 Execute Single Micro Single Pointer Update, 7-21

DEL Command (Soft Display), 4-80
Delete Top-of-Stack, 7-10
Descriptor Link Words, 11-8

DIFF Command (Soft Display), 4-81
Disable External Interrupts, 8-2
Display Panels, 4-1

Display Register, 4-1

Display Registers, 4-1

Display Signal, 4-7

Divide, 7-2

Divide by Zero Interrupt, 5-29

DLP Device, 11-2

Double Load A, 10-7

Double Load A Increment, 10-7
Double Load B, 10-7

Double Load B Increment, 10-7
Double Load C, 10-7

Double Load C, Increment, 10-7
Double Store A, 10-7

Double Store A Increment, 10-7
Double Store B, 10-7

Double Store B Increment, 10-8
Double Store C, 10-7

Double Store C Increment, 10-8
Double-Precision Operands, 2-12
Double-Precision Stack OP, 3-3
DO-UNTIL Command (Soft Display), 4-81
DUMP Command (Soft Display), 4-82
Duplicate Top-of-Stack, 7-10
Dynamic Branch False, 7-8
Dynamic Branch True, 7-8

Dynamic Branch Unconditional, 7-8

EBCDIC, 2-3

Edit Mode Operation, 9-1

Edit Mode Operators, 9-1

Enable External Interrupts, 8-2

END Command (Soft Display), 4-83
End Edit, 94

End Float, 9-3

Enter Operators, 7-20, 7-27, 7-32
Enter Vector Mode, 7-32

Equal, 7-7

Error IOCB, 11-35

Escape to 16-bit Instruction, 8-1
Evaluate, 7-27

EVNT Command (Soft Display), 4-74
Exchange, 7-10

EXEC Command (Soft Display), 4-83
Execute Single Micro Destructive, 7-21

Index-2

Execute Single Micro Update, 7-21

Exit Operator, 7-23

Exponent Adder, 5-11

Exponent Overflow and Underflow Interrupt, 5-29
Extended Binary Coded Decimal Interchange Code, 2-3
External Interrupts, 5-23

Family A, 5-1

Family B, 5-1

Family C, 5-1

FAMILY Command (Soft Display), 4-76,4-84
Family D, 5-1

Family E, 5-1

Family U (F, G, H), 5-1

Field Insert, 7-15

Field Insert Dynamic, 7-15
Field Isolate, 7-14

Field Isolate Dynamic, 7-15
Field Transfer, 7-14

Field Transfer Dynamic, 7-14

Global Memory, 5-65

Global Memory Addressing, 5-64

Global Memory Module (GMM), 5-65

Global Memory Not Ready Interrupt, 5-18

Global Memory Port, 5-69

Global Priority Word, 119

Global System Control, 5-74

Global System Control Operations, 5-76
Global SCAN-OUT, 5-76
Global SCAN-IN, 5-77
Global Scan Operation Function Word, 5-76
Global Scan Operation Data Word, 5-76
Global Scan Operation Response Word, 5-78
Giobal Scan Operation OP Code Field, 5-78
Global Scan Operation Variant (VV) Field, 5-78
Global Scan Operation Receiver Address Field, 5-77

Global System Organization, 5-65

Global Physical Structure, 5-66
Eilementary Global System Requirements, 5-66

Global Memory Module Interface, 5-84

Global Memory Port Interface Control Logic, 5-84

Global Memory Port Processor Status and Control Logic,
5-86

Global Logical Structure, 5-68

Global Processor Name, 568

Global Master-Slave Relationship, 5-68

Global Logical Levels, 5-69

Global Port Identification Addressing, 5-68

Global Logical Name Addressing, 5-68
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Global Logical Name Addressing, 5-68
Global Mask, 5-68

Greater Than, 7-6

Greater Than or Equal, 7-7

HALT Command (Soft Display), 4-72
Hardware Interrupts, 5-18

HELP Command (Soft Display), 4-84
Hexadecimal and Octal Notation, 24
Hexadecimal to Decimal Table Conversion, 2-8
Horizontal Queue, 11-30

Horizontal Queue Header Array Header, 11-30
Horizontal Queue Head Word, 11-30, 11-31

Idle Confidence Testing, 1-7

Idle Until Interrupt, 8-2

Index, 7-11

Index and Load Name, 7-11

Index and Load Operators, 7-11

Index and Load Value, 7-12

Index Bit, 3-5

Index, Invalid, 3-5

Index, Valid, 3-5

Indirect Reference Word, 2-19

INFO Command {Soft Display), 4-85
Initialize Running Timer Operator, 5-38, 8-1
Input Convert Destructive, 7-22

Input Convert Operators, 7-21

Input Convert Update, 7-22
Input/Output Control Block (IOCB), 545
Input/Output Device Operation, 1-8, 11-1,11-6
INSERT Command (Soft Display), 4-85
Insert Conditional, 9-3

Insert Display Sign, 9-3

Insert Mark Stack Operator, 7-27

Insert Overpunch, 9-3

Insert Unconditional, 9-3

Integer Divide, 7-3

Integerized Rounded, D P., 7-3

Integerize Rounded, 7-3

Integerize Truncated, 7-3

Integer Overflow Interrupt, 5-29
Integrated Circuit (IC) Memory, 5-5
Integrated Circuit (IC) Memory Cabinet, 1-19
Internal Character Codes, 2-3

Internal Data Transfer Section, 5-9
Interrupt Controller, 5-11

Interrupt Handling, 5-11

Interrupt Parameters, 2-25, 5-13

Interrupt System, 2-25

Interrupts, Alarm, 5-15
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INDEX (Cont)

Interrupts, External, 5-23

Interrupts, Operator Dependent, 5-24

Interval Timer Interrupt, 5-31

Invalid Address Interrupt, 5-17

Invalid Address Residue Interrupt, 5-18

Invalid Address Local Interrupt, 5-17

Invalid Address Global Interrupt, 5-18

Invalid Index Interrupt, 5-29

Invalid Operand Interrupt, 5-29

Invalid Operator, 7-9

Invalid Program Word Interrupt, 5-17

I0OCB Command Queue Head Pointer, 11-10, 11-17
T10CB Control Word, 11-10, 11-12

IOCB DLP Address Word, 11-10, 11-16

I0CB BLP Command/Result Lengths Word, 11-10, 11-19
IOCB DLP I/O Command Pointer, 11-10, 11-18
TOCB I/O Finish Time Word, 11-10, 11-26

IOCB DLP I/O Result Pointer, 11-10, 11-18
IOCB1/O Start Time Word, 11-10, 11-25

I0CB MLIP Current Data Area Pointer, 11-10,11-22
IOCB MLIP Current 1/O Length Word, 11-10, 11-22
I0CB MLIP State and Result Word, 11-10, 11-23
IOCB Next IOCB Link Word, 11-10, 11-21

IOCB Organization, 11-10

iOCB Resuit Mask Word, 11-i0, 11-20

10CB Result Queue Head Pointer, 11-10, 11-20
IOCB Self Pointer, 11-10, 11-17

IOCB Valid Control-Field Bit Configurations, 11-14
IOCB Word Layout, 545

IODC to MLIP Connection Sequence, 11-9

1/O Descriptor, 11-7

Job Splitting, 3-17
Keyboard Control Keys, 1-23

Leading One Test, 8-5

Less Than, 7-7

Less Than or Equal, 7-7
Level Definition, 2-21, 3-14
Lexicographical Level, 3-14
Light Emitting Diode, 4-1
Linked List Lookup, 8-8
Lit Call Zero, 7-10

Lit Call One, 7-10

Lit Call 8-Bits, 7-10

Lit Call 16-Bits, 7-11

Lit Call 48-Bits, 7-11
Literal Call Operators, 7-10
Load, 7-12

Load A, 10-6

Index-3
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Load A Increment, 10-6

Load B, 10-6

Load B Increment, 10-6

Load C, 10-6

Load C Increment, 10-6

Load Transparent, 8-8

Local Memory Allocation, 3-12
Local Memory Interface, 5-80
LOCL Command (Soft Display), 4-74
Logical AND, 7-5

Logical Equal, 7-5

Logical Equivalence, 7-5
Logical Negate, 7-5

Logical Operands, 2-14

Logical Operators, 7-5

Logical OR, 7-5

Logic Card Testing, 1-7
Longitudinal Parity Word (LPW), 11-7
Look Ahead Logic, 14, 5-5
Loop Interrupt, 5-17

LPW Word, 11-8

Mainienance Conirol Panel, 4-57
Maintenance Display Processor, 1-9, 4-1
Maintenance Processor, 1-9, 4-1
Maintenance Processor Control Panel, 4-60
Make PCW, 7-11

Mantissa Field, 2-11

Mark Stack Control Word, 2-23

Mark Stack Control Word Linkage, 3-13
Mark Stack Operator, 7-27

Mask and Steering, 5-9

Mask and Steering Example, 5-9
Masked Search for Equal, 8-8

Master Control Program, 1-1

Memory Address, 5-64

Memory Address Interrupt, 5-17, 5-23
Memory Addressing, 5-64

Memory Area Allocation, 3-12

Memory Bus, 5-80

Memory Cabinet Configuration, 1-18
Memory Control, 19

Memory Controller, 5-64

Memory Error Detection/Correction, 1-9, 5-74
Memory Interface, 1-19, 5-64

Memory Module, 1-18

Memory Organization, 5-64 '

Memory Parity Interrupt, 5-18

Memory Port Interface, 5-80

Memory Ports, 1-19

Memory Priority, 5-58

Index-4

INDEX (Cont)

Memory Protect Interrupt, 5-28

Memory Protection, 5-28

Memory Retry, 5-22,5-74

Memory Stack Controller, 5-10

Memory Tester, 5-88

Memory Testing, 5-88

Memory Words, 2-1

Message Level Interface Processor (MLIP), 1-8, 5-33
MLIP, 1-8,5-33

MLIP Barrel Shift Operations, 5-57, 5-63
MLIP Base Busy Timer, 541

MLIP Burst Data Memory Operation, 5-57
MLIP Command Queue, 546

MLIP Commands, 11-32

MLIP Connect/Disconnect Sequence, 5-53
MLIP Error Handling, 5-63

MLIP Interfaces, 5-34

MLIP Interval Timer, 541

MLIP Loop Timer, 540

MLIP Memory Operation, 5-57

MLIP Polling Operation, 5-53

MLIP Poll Request Operation, 5-53

MLIP Poll Test Operation, 5-53

MLIP Priority Sequencer, 542

MLIP Processor Timer, 5-39

MLIP RAM Memory, 5-51

MLIP RAM Memory Addressing, 5-52
MLIP Ready Timer, 541

MLIP Time-Of-Day Operation, 5-39

MLIP Running Timer, 540

MLIP To I0ODC Connection Sequence, 11-7
MLIP to Data Processor Interface, 5-37
MLIP to Micro-Module Interface, 5-37
MLIP to Peripheral Device Interface, 5-38
Module Definition, 5-64

Move Characters, 9-1

Move Numeric Unconditional, 9-1

Move to Stack, 8-5

Move With Float, 9-2

Move With Insert, 9-1

Multiple Stacks and Re-Entrant Code, 3-17
Multiple Variables (Common Address Couples), 3-14
Multiply, 7-2 :

Multiply (Extended), 7-2

Name Call, 6-4, 7-23

No Operation, 7-9

Normalize, 8-5

Normal State, 5-33

NOSTEP Command (Soft Display), 4-85
Not Equal, 7-7
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Number Bases, 24
Number Conversion, 2-5
NZDATA Command (Soft Display), 4-86

Occurs Index, 84

OCTAL Command (Soft Display), 4-74
Octal Notation, 24

ODT, 1-23,4-62

Operands, 2-11

Operation Types, 6-3

Operator Display Terminal, 1-13, 1-23, 4-62
Operators Control Console, 1-23
Operator Dependent Interrupts, 5-24
Operator Families, 5-1

Operator Panel, 1-23

Operators, 6-3

Overflow FF, Read and Clear, 7-22-
Overwrite Destructive, 7-9

Overwrite Non-Destructive, 7-10

Pack Destructive, 7-21

Pack Operators, 7-21

Pack Update, 7-21

Peripheral Device(s), 1-8, 5-33, 5-38, 542,545, 5-52,

563,116

Planar Core Memory Cabinet, 1-19
Polish Notation, 3-6

Polish String, 3-8

Polish String, Rules for Evaluating, 3-8
Polish String, Rules for Generating, 3-6
Poll Request Priority Resolution, 11-10
Power Busses, 1-16

Power Cabinet, 1-13

Power, System, 1-13

P Register, 6-1 _

P1 Parameter, 2-26, 5-13

P2 Parameter, 2-26, 5-13

P3 Parameter, 2-26, 5-13

Presence Bit, 3.5

Presence Bit Interrupt, 5-30

Primary Mode Operators, 7-1

Priority Sequencer, 542
Procedure-Dependent Presence Bit, 5-30
Processor, 14

Processor States, 5-33

Processor System Concept, 5-1
Program Control, 5-2

Program Controller, 5-2

Program Control Word, 2-22

Program Index Register, 2-23, 56
Programmed Operator, 5-2, 6-1
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Program Operators, 5-2

Program (P) Register, 6-1

Program Structure, 3-11

Program Structure in Memory, 3-11
Program Segment, 3-12

Program Words, 6-1

PROGRM Command (Soft Display), 4-87
PROM Card Parity Interrupts, 5-20
PULSE Command (Soft Display), 4-72
Push Down Stack Registers, 3-2,7-10

RAM Card Parity Interrupts, 5-20

RD HDP Command (Soft Display), 4-87
RDIC Command (Soft Display), 4-88
RDMM Command (Soft Display), 4-88
Read and Clear Overflow FF, 7-22

Read Compare Flip-Flop, 8-6

Read Data Check Bit Interrupt, 5-23
Read Data Multiple Interrupt, 5-18

Read Data Retry Interrupt, 5-22

Read Data Single Error, Interrupt, 5-22
Read Only Bit, 3-6

Read Processor Identification, 8-3

Read Processor Register, 8-7

Read Processor Time Counter, 5-38, 8-1
Read TAG Field, 8-6

Read Time-of-Day Operator, 5-38, 8-5
Read True False FF, 7-22

Read With Lock, 8-7

Reentrance, 3-17

REGISTER Command (Soft Display), 4-65
Register, P, 6-1

Relational Operators, 7-5
Relative-Addressing, 3-13

Remainder Divide, 7-3

RESET Command (Soft Display), 4-65
Reset Float, 9-3

Residue Adder Testing, 5-7

Residue Testing, 5-7

RESTOR Command (Soft Display), 4-89
Result Queue, 11-34

Result Queue Header Word, 11-34
Result Queue Head Word, 11-35
RETURN Command (Soft Display), 4-90
Return Control Word, 2-31

Return Operator, 7-27

REVERS Command (Soft Display), 490
Reverse Polish Notation, 3-6

Rotate Stack Down, 8-7

Rotate Stack Up, 8-6

Rules for Generating Polish FString, Simplified, 3-6

Index-5
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SAFE Command (Soft Display), 4-74
SAVE Command (Soft Display), 4-90
Scale Left, 7-12

Scale Left Dynamic, 7-12

Scale Operators, 7-12

Scale Right Dynamic Final, 7-13

Scale Right Dynamic Save, 7-13

Scale Right Dynamic Truncate, 7-13
Scale Right Final, 7-13

Scale Right Round Dynamic, 7-13

Scale Right Rounded, 7-13

Scale Right Save, 7-12

Scale Right Truncate, 7-13

SCAN-IN, 8-3

SCAN-OUT, 8-3

Scan While Equal, Destructive, 8-11
Scan While Equal, Update, 8-11

Scan While False, Destructive, 8-12
Scan While False, Update, 8-12

Scan While Greater, Destructive, 8-10
Scan While Greater, Update, 8-11

Scan While Greater or Equal, Destructive, 8-11
Scan While Greater or Equai, Update, 8-11
Scan While Less, Destructive, 8-11

Scan While Less or Equal, Destructive, 8-11
Scan While Less or Equal, Update, 8-11
Scan While Less, Update, 8-11

Scan While Not Equal, Destructive, 8-12
Scan While Not Equal, Update, 8-12
Scan While True, Destructive, 8-12

Scan While True, Update, 8-12

SECL Command (Soft Display), 4-75
Segment Descriptor, 2-32

Segment Dictionary, 3-12

SET Command (Soft Display), 4-65

Set Double to Two Singles, 8-2

Set External Sign, 7-22

Set Interval Timer, 8-2 -

Set Processor Register, 8-7

Set TAG Field, 86

Set to Double-Precision, 7-4

Set to Single-Precision Rounded, 7-4
Set to Single-Precision Truncated, 74
Set Two Singles to Double, 8-1

Single Precision Operands, 2-11

Skip Forward Destination Characters, 9-2
Skip Forward Source Characters, 9-2
Skip Reverse Destination Characters, 9-3
Skip Reverse Source Characters, 9-2
SMEAR Command (Soft Display), 4-91
Software Words, 2-18

Index-6
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Soft Display, 4-1,4-62

Soft Display Command Categories, 4-64

Soft Display Command Structure, 4-63

Soft Display Command Syntax, 4-65

Soft Display Commands, 4-64

Soft Display Families Control Commands, 4-76
Soft Display Functions Commands, 4-78

Soft Display General Commands, 4-65

Soft Display Maintenance and Event Control Commands,

4.73
Soft Display Program, 1-13, 4-62
Software Words, 2-18
Stack, 3-1
Stack Adjustment, 3-3
Stack Area, 3-1
Stack, Base and Limit, 3-2
Stack, Bi-Directional Data Flow, 3-2
Stack Boundries, 3-2
Stack Controller, 5-10
Stack Deletion, 3-13
Stack Descriptor, 3-17
Stack, Double-Precision Operation, 3-3
Stack-History and Addressing-Environment Lists, 2-12
Stack History, Summary, 3-17
Stack Operation, 3-8
Stack Operators, 7-10
Stack Pushdown, 3-2
Stack Pushup, 3-2
Stack Registers, 5-7
Stack, Simple Operation, 3-8
Stack Vector Descriptor, 3-18
States, Processor, 5-33
STATUS Command (Soft Display), 491
Status Display, 4-1
Step and Branch, 7:8
STEP Command (Soft Display), 4-72
Step Index Word, 2-17
STOP Command (Soft Display), 4-72
Store A, 10-6
Store A Increment, 10-7
Store B, 10-7
Store B Increment, 10-7
Store C, 10-7
Store C Increment, 10-7
Store Destructive, 7-9
Store, Non-Destructive, 7-9
Store Operators, 7-9
String Descriptor, 2-15
String Isolate, 7-18
String Operators, 5-32, 6-7
String Transfer Operators, 7-15
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Stuff Environment, 7-27

Stuffed Indirect Reference Word, 2-19
Subroutine Operators, 7-23

Subtract, 7-2

Syllable Addressing, 2-33, 6-1

Syllable Dependent Interrupts, 5-24
Syllable Format, 2-33, 6-1

Syllable Identification, 2-33, 6-1
System Clock, 14

System Concept, 5-1

System Controls, 1-23,4-51

System Control Commands, 4-72
System Control Panel, 4-51

System Description, 1-1

System Expansion, 1-1

System Maintenance Control Panel, 4-57
System Memory Interface, 1-19
System Options and Requirements, 1-1
System Organization, 1-1

System Power, 1-13

Table Enter Edit Destructive, 7-20

Table Enter Edit Update, 7-20

Terminal Device, 1-23

Top-of-Stack Control Word, 2-33
Top-of-Stack Register, 3-1, 3-3, 5-7
Transfer Controller, 5-7

Transfer Operators, 7-14

Transfer Unconditional Destructive, 7-17
Transfer Unconditional, Update, 7-18
Transfer While Equal, Destructive, 7-17
Transfer While Equal, Update, 7-17
Transfer While False, Destructive, 8-10
Transfer While False, Update, 8-10

Transfer While Greater Destructive, 7-16
Transfer While Greater or Equal, Update, 7-17
Transfer While Greater Update, 7-16
Transfer While Less, Destructive, 7-17
Transfer While Less, Update, 7-17

Transfer While Less or Equal, Destructive, 7-17
Transfer While Less or Equal, Update, 7-17
Transfer While Not Equal, Destructive, 7-17
Transfer While Not Equal, Update, 7-17
Transfer While True, Destructive, 89
Transfer While True, Update, 8-10

Transfer Words Destructive, 7-15

Transfer Words, Overwrite Destructive, 7-16
Transfer Words, Overwrite Update, 7-16
Transfer Words, Update, 7-16

Translate, 8-10

T Register, 6-1
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INDEX (Cont)

True False FF, Read, 7-22
Type Transfer Operators, 7-4

Universal Operators, 7-9

Unpack Absolute Destructive, 8-9

Unpack Absolute Update, 8-9

Unpack Signed Destructive, 8-9
USERFAM Command (Soft Display), 4-92

Valid Index, 3-5

Value Bit, 2-25

Value Call, 64, 7-23

Variant Mode Operation and Operators, 8-1
Vector Mode Branch, 10-8

Vector Mode Exit, 10-8

Vector Mode Hardware Functions, 10-1
Vector Mode Limitations, 10-1

Vector Mode Enter Multiple, 10-2
Vector Mode Enter Single, 10-2

Vecter Mede Operator Codes, 10-5

WAIT Command (Soft Display), 4-93
Word Data Descriptor, 2-15

Word Definition, 2-1

Word Parity, 2-1

Word TAG Field, 2-1

Word Wraparound, 2-3

Word Data Formats, 2-1

Wrap Around, 2-3

WRIC Command (Soft Display), 493
Write Time-of-Day Operator, 5-38, 8-2
WRMM Command (Soft Display), 4-94

X Register, 3-1, 5-7

Y Register, 3-1,5-7

Z Register, 3-1,5-7

++ Command (Soft Display), 494
- - Command (Soft Display), 4-94

** Command (Soft Display), 4-94
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