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[57] ABSTRACT

Utilization of production equipment with diverse
throughput rates is optimized by a central random ac-
cess article storage apparatus disposed centrally of pe-
ripherally positioned production equipment. Compuiter
controls enable fully automatic sequencing of produc-
tion flow. The storage apparatus provide transient stor-
age and article queuing during intermediate successive
production steps. The computer control enables auto-
matic article tracking for quality control as well as
diagnosis of automatic production equipment problems.

3 Claims, 3 Drawing Figures
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PRODUCTION CONTROL APPARATUS

U.S. PATENTS INCORPORATED BY
REFERENCE

U.S. Pat. No. 3,825,208 shows an article to be advan-
tageously processed by apparatus and methods of the
present invention.

U.S. Pat. No. 3,833,280 shows a random access article
storage and retrieval apparatus employable as the arti-
cle random access storage apparatus for practicing the
present invention.

U.S. Pat. No. 3,584,284 shows an article transport
control apparatus usable with the U.S. Pat. No.
3,833,280 illustrated apparatus.

U.S. Pat. No. 3,854,605 shows an article autoloader
and associated recorder usable in connection with the
U.S. Pat. No. 3,833,280 illustrated apparatus.

U.S. Pat. No. 3,854,604 shows an article transporter
usable with the U.S. Pat. No. 3,833,280 illustrated appa-
ratus.

BACKGROUND OF THE INVENTION

The present invention relates to production apparatus
particularly, to computerized control of such apparatus.

The production and quality control of large numbers
of product or articles incurs substantial cost in labor and
capital equipment. For controlling such cost, it is imper-
ative that a certain amount of automation be employed.
Depending upon the manufacturing process, as well as
the product being produced, such automation can be
achieved with various degrees of success. As an exam-
ple, the assemblage of two diverse parts having close
tolerance requirements can result in very expensive
production costs. A prior solution to such a problem
was to measure each of the parts and separately store
same in two different random access article storage
units. Storage would be in accordance with the mea-
surements made such that all parts having like toler-
ances are stored together. Then, under computer con-
trol, parts having matching tolerances would be sup-
plied from the random access storage unit to an auto-
matic assembler, wherein the parts would be mated
based upon their tolerance measurements.

In other automatic production equipment such as in
semi-conductor manufacturer, classification of compo-
nents produced in accordance with predetermined elec-
trical test criteria, was a major portion of a production
process. The produced electrical components were
categorized in accordance with a plurality of tests and
sorted, all under computer control. The testing opera-
tions were such that all of the components could be
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tested in seriatim, i.e., the test procedures for one com-

ponent required the same amount of time as for any
other component. Accordingly, with such simplified
test procedures, a seriatim approach to the automation
of testing for the satisfactory solution. However, not all
components are subject to such easy and predictable
test times. As an example, magnetic tape cariridges
have a plurality of characteristics, all of which can be
tested. The degrees of magnetic recording and high-
quality control considerations require that various pa-
rameters be tested. Such parameters may interact such
that retesting or more extensive testing may be called
for. For example, if a particular area of a magnetic
medium was scanned by a test transducer, lack of a
successful test may be due to debris disposed intermedi-
ate the test transducer and the medium. Accordingly, a
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retest is called for ensuring that the appropriate yield of
the magnetic material is achieved. Such retesting results
in variable test times for tape containing cartridges
being automatically produced. Accordingly, seriatim
testing is not a viable production solution.

In an attempt to solve variable production and test
rates, production lines have placed slow operating ma-
chines in parallel such that a single-flow production line
may have a plurality of parallel paths through the slow
machines, and a single serial path through a high pro-
duction machine. Such solutions appear to be expensive
and exhibit a limited degree of flexibility. A better solu-
tion for high-speed production of articles, particularly
magnetic tape and related articles, is desired.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a highly
flexible, fully computerized production apparatus hav-
ing a maximal degree of production rate flexibility,
while enhancing monitoring capabilities.

An apparatus incorporating the present invention is
characterized by a random access article storage and
retrieval unit with various diverse production units
including test units, disposed about the periphery of
such random access storage unit. A programmed com-
puter controls the transfer of articles within the storage
apparatus and between the diverse manufacturing appa-
ratus in a manner that quality control is facilitated while
maintaining each of the diverse manufacturing and test
apparatus, utilization to a maximal extent. Queues for
the various diverse manufacturing and test apparatus
consists of article storage cell locations within the stor-
age apparatus, each article having but one storage cell
location for facilitating article tracing.

In another aspect of the invention, the computerized
control of such apparatus, includes a simple program
driver loop for selectively invoking one of a plurality of
control computer programs which not only control and
monitor operation of the central random access article
storage and retrieval unit, but also the diverse manufac-
turing and test apparatus, as well as generating a trace
record for each article being processed through the
manufacturing apparatus. Quality control of the diverse
apparatus is also provided by computer program con-
trol.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of preferred embodi-
ments of the invention, as illustrated in the accompany-
ing drawings.

THE DRAWINGS

FIG. 1 is a block diagram of an article production
facility employing the present invention.

FIG. 2 is a flow diagram illustrating operation of the
FIG. 1 illustrated apparatus.

FIG. 3 is a flow diagram of the computer control
program driver aspects for automatically operating the
FIG. 1 illustrated apparatus.

DETAILED DESCRIPTION

Referring now more particularly to the attended
drawings, like numerals indicate like parts and struc-
tural features in the various views and diagrams. FIG. 1
illustrates a typical apparatus incorporating the present
invention. It includes a centrally controlled and located
random access article storage and retrieval apparatus 10
surrounded by a plurality of manufacturing and test
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apparatus. The present apparatus is designed to produce
an article as shown in U.S. Pat. No. 3,825,208, which
shows the physical construction of the article and as
shown in U.S. Pat. No. 3,932,894, which shows the
format on the magnetic medium in the article of U.S.
Pat. No. 3,825,208, which is advantageously produced
and tested by the FIG. 1 illustrated apparatus. A first of
the peripheral manufacturing apparatus is a hot stamp
unit 11 which receives under program control, articles
to be produced. After hot stamping which will be later
described, the article may be placed in a queue within
apparatus 10 for transfer to servo writer degausser 12.
Servo writer degausser 12 adds a format to the magnetic
media in the article of U.S. Pat. No. 3,825,208, as shown
in U.S. Pat. No. 3,932,894. Subsequently thereto, the
article is transferred from the writer degausser 12 to
apparatus 10, or to one of the many test units (TU) for
verifying that the appropriate format has been recorded
on the magnetic medium. If the test is unsuccessful, the
article is supplied to reject port 14 for further analysis
beyond the scope of the present invention. If the test
was successful, the article is returned to apparatus 10
awaiting transfer via conveyor 15 as a finished article to
be shipped. All of the above described apparatus is
sequenced, operated and monitored by control proces-
sor 16 which contains microcode as will be described,
for effectuating the manufacture of the articles. Control
processor 16 is'connected to a supervisory processor,
such as an IBM 370 Model 155 or 168, (manufactured
and sold by International Business Machines Corpora-
tion, Armonk, N.Y.), which serves as a factory control
computer. The supervisory processor 17 is connected to
other apparatus (not shown) for manufacturing diverse
products.

The description assumes that the magnetic medium in
the form of an elongated tape and the various portions
of the article, have been assembled by apparatus (not
shown) and supplied to a suitable conveyor line 20 for
transfer to apparatus 10. Upon the completion of the
initial assembly of the physical parts, the article is deliv-
ered to conveyor 20 and a serial number is assigned to
each of the articles. This is achieved in the illustrated
apparatus via a punched card or unit record reader
represented by symbol 21. The serial number is inter-
nally recorded by the control processor which, at that
time, assigns a storage location within apparatus 10, to
the article to be processed. In FIG. 2, the flow-chart
showing the flow of articles through the FIG. 1 illus-
trated apparatus, shows the assignment of serial number
at 21A, whereupon the article is placed on conveyor 20
at 20A, and the serial number recorded by the control
processor 16. The control processor 16 then determines
whether or not hot stamp unit 11 is available. If it is not
available, the article is received by apparatus 10 and
transferred to the assigned storage location, as repre-
sented by the spaced lines at 22. Such stored articles are
a queue of work to be performed by hot stamp unit 11.
If the queue is empty, the article is immediately trans-
ferred to the hot stamp unit 11. Normally, the queue is
not empty, requiring the article to reside in apparatus 10
for a short time.

The cartridge is hot stamped to visually record the
assigned serial number at the free end of the tape as
shown in U.S. Pat. No. 3,932,894. Hot stamping is
achieved by a heated die pressed against the polyester
based magnetic medium. Such an operation is well
known and not described for that reason. Transfer of
the article from the storage apparatus to the hot stamp
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unit 11, is as shown in the referenced patents, for appa-
ratus 10.

Subsequently, servo writer 12 receives the article.
Servo writer 12 consists of a multiple head magnetic
tape recorder for recording signals along the length of
the medium. The article is received with the signals
recorded thereon using known magnetic recording
techniques. It is preferred that the tape may be de-
gaussed prior to the recording. This is achieved by
passing the article physically through a magnetic field
such as that provided by a permanent magnet or AC
magnetic field. Subsequent to the writer 12 operation as
at- 12A, the cartridge is returned to apparatus 1€ for
enqueuing to a test unit (TU). Upon entry into a test unit
(TU) the test operation at 23 is performed. Such test
operation verifies the continuity of the magnetic coding
of the magnetic medium of the data cartridge. Also, the
ability of the magnetic medium to be unspooled and
spooled is vertified. In the event a certain percentage of
the coating is unsatisfactory for magnetic recording
purposes, particularly of the data processing type, the
article is rejected and sent to reject port 14. Control
processor 16 tallies the number of articles being rejected
for input to quality control (QC). Following the test
operation 23, the article is returned to storage, awaiting
transfer to a packing machine (not shown) via conveyor
15. Upon accumulation of a predetermined number of
articles within apparatus 10, all of the articles to be
packaged are transferred over conveyor 15 at step 154,
and packaged for shipment at 24. The packaging appa-
ratus is not shown.

To assist in quality control, manual entry station 14A
receives articles to enable analyzing random samples of
articles received by apparatus 10 at various stages of the
above described manufacturing operation. As shown in
FIG. 2, raw received articles can be analyzed, as well as
articles at any stage of the operation.

Control processor 16 is responsive to an input sensing
switch 30 for verifying that an article has been received,
in accordance with the serial number assigned at 21, for
transfer to the assigned storage location within appara-
tus 10. The addressing and identification of such storage
locations can be as shown in the referenced paténts and
as indicated later in the microcode listings.

Further, reject port 14 is adapted to receive articles
after reject analysis as at 25. In such a situation, control
processor 16 maintains a serial number from 21, and
assigned storage location, until a console (not shown)
entry orders control processor 16 to erase the serial
number from the manufacturing operation. In this man-
ner, integrity of the entire manufacturing operation is
maintained through diverse forms of tests and functions.
It is to be understood that additional diverse testing and
control may be achieved by adding additional units to
the FIG. 1 illustrated apparatus. Further, in a practical
embodiment, control processor 16 monitors operations
of the parts assembly apparatus (not shown) as indicated
by lines 31. Such apparatus takes all of the parts of the
cartridge and assembles them together. Additionally,
magnetic medium is slit to the appropriate width and
automatically wound on a spool of the cartridge by a
winder (not shown) before being transferred to input
conveyor 20.

Before going into the details of the program control,
control processor 16 is described. The architecture of
the processor is as shown in FIG. 3 of U.S. Pat. No.
3,654,617 but using the instruction words and as de-
fined and mnemonics as listed hereinafter, rather than
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the limited instruction repertoire used in the referenced
U.S. Pat. No. 3,654,617. The A and B bus of U.S. Pat.
No. 3,654,617 is the X and Y bus of the control proces-
sor 16. As described herein, the machine instruction
level description, is based upon an assembler language
for assemblying the actual numeric instructions (binary
1’s and 0’s) such that any machine architecture can be
employed using the later described microcode elements.

INSTRUCTION WORDS AND MNEMONICS FOR
CONTROL PROCESSOR 16

Each instruction word in source language form in-
cludes:

Label: Identify machine instructions, etc. (data ac-
cess). The label is useful when an assembler converts
the source statements into machine coding. The label
field includes only symbols, defined below:

Storage areas, instructions, and other elements may
be given symbolic names for the purpose of referring to
them in a program. All symbols must conform to the
following rules:

1. The symbol must not consist of more than six char-
acters. The first character must be alphameric. The
other characters may be combinations of alphameric
and pumeric digits.

2. No special characters may be included in a symbol.

3. No blanks are allowed in a symbol.

4. A symbol may be defined only once in an assembly.

5. A symbol used as a name entry in an equate state-
ment is assigned the value designated in the operand
field. If the label field is left blank, it is ignored by the
assembler. If column 1 contains an asterisk (*), the en-
tire statement is treated as a comment and appears only
in a program listing and is not used as a machine instruc-
tion.

OPERATION

Each machine instruction has a unique mnemonic
operation ‘code associated with it. The mnemonics are
indicated below with the various instructions.

Each machine ALU function has been assigned a
unique mnemonic. An ALU function may be specified
‘with all instruction mnemonics except BRANCH and
BRANCH AND LINK. If an operation mnemonic is
coded and no ALU functin mnemonic is coded, the
assembler defaults to the PASS X (PX) ALU function.
All extended mnemonics have an implied ALU function
associated with them, as later described.

OPERAND

The operand field is used to specify subfields in in-
structions and constants. Operand fields are discussed in
Section 6.2.

The comment field appears to the right of the oper-
and field and must be separated from it by at least one
blank.

OPERAND FIELDS AND SUBFIELDS

Some symbolic operands are written as a single field,
others as a single field with subfields, and still others as
multiple fields. Fields and subfields in a symbolic oper-
and may be represented either by symbolic names or by
decimal or hexadecimal self-defining terms. Operand
fields are separated by a comma. Up to three fields may
be coded for some UTS machine operations. Operand
subfields must be enclosed in parentheses. Operand
fields enclosed in parentheses indicate that indirect ad-
dressing is to be used.
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When indirect addressing is specified for a register
field, it means that the address of the register to be
operated on is contained in the register R1.

When a Control Store or Main Store operand field is
addressed indirectly, the CS or MS effective address is
contained in the register specified in the Al field.

In this document, operand fields will be numbered
left to right, from 1 to 3. An'alphabetic character is also
used to indicate what type of operand is being specified.
The following characters are used:

R = Register Field (in LSR)

I = Immediate Data Field (contained in instruction
word)

A = A control Store or Main Store Address Field

X = An Index Register used as an Address Field or
as a Subfield

S = A Shift Control Field

N = A decimal or hexadecimal self-defining term

LANGUAGE

The source language to assembler constraints are set
forth herein for achieving one machine instruction for
each symbolic language instruction. -

RELATIVE ADDRESSING

Relative addressing is the technique of addressing
instructions or data areas by designating their respective
locations in relation to the Control Store Address Reg-
ister CSAR or to some symbolic location (label). Rela-
tive addressing can be effected using the current value
of the CSAR by specifying an asterisk as the first char-
acter of the operand fields. Data areas can be referred to
by their symbolic name + or — some value.

CHARACTER SET

Source language instructions and comments are writ-
ten using the following characters: ' '

Alphameric: A through Z and §, #, @

Numeric: 0 through 9

Special Characters: + — , * () ' blank

In addition, any of the 256 punch combinations may
be used anywhere that characters may appear between
paired apostrophes and in comments.

INSTRUCTIONS

Instructions in the source language activate the pro-
grammable machine to execute one machine instruc-
tion. There are three program controlling type instruc-
tions:

Mnemonic Instruction

ORG Define origin in control store
MORG Define origin in main store
END End of source program

The ALU functions to be named in an instruction
word are as follows:

Mne-
monic  Name Resulting ALU Output
X1 X Incremented  The contents of the X register plus 1
XD X Decremented The contents of the X register minus 1
ADD Add The algebraic sum of the X and Y
registers
SUB Subtract . The Y register subtracted from the
X register
ADC  Add with carry ' The algabraic sum of the X and Y

registers plus the contents of the
carry latch
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-continued
Mne-
monic  Name Resulting ALU Output
SEB Subtract with The Y register subtracted from the
borrow X register minus the contents of
the borrow latch
SBD Subtract and The Y register subtracted from the X
decrement register minus |
TC Two's comple- The two's completement of 0001
ment (FFFF)’ : : .
PX Pass X The contents of the X register
PY Pass Y The contents of the Y register
PZ Pass Zero Zero
AND AND The logical “*And"” of the X and Y
registers
OR OR The logical “Or” of the X and Y
registers
EOR  Exclusive Or The logical “Exclusive Or" of the X
and Y registers
XNY Xand NotY The logical “And" of the X register
and the one’s complement of the Y
register
YNX Y and Not X The logical “And" of the Y register

and the one's complement of the X
register

BRANCH AND BRANCH AND LINK
INSTRUCTIONS

BRANCH and BRANCH AND LINK instructions
are very similar. The only difference between the two is
that when a BRANCH AND LINK is specified, the
Control Store. Address Register CSAR contents are
stored in the X register. The instructions operate as
follows:

If the BRANCH or BRANCH AND LINK is un-
conditional or if the condition code implied by the in-
struction mnemonic matches the condition code of the
ALU output at the start of instruction execution, a
branch is taken to the effective control store address
(EA). If the condition code of the instruction does not
match that of the ALU output, the next sequential in-
struction is executed.

The list below shows the eight BRANCH mnemonics
and the eight BRANCH AND LINK mnemonics

Branch Branch and Link

Mnemonic Mnemonic Meaning

B BAL Branch Unconditional
BO BALO Branch on overflow
BP BALP Branch on plus

BN BALN Branch on negative

BZ BALZ Branch on zero

BNP BALNP Branch on not plus
BNN BALNN Branch on not negative
BNZ BALNZ Branch on not zero

BRANCH and BRANCK AND LINH instructions
control store effective addresses (EA) are generated
depending on the operand format used.

The following examples illustrate effective address
generation for these instructions.

Example Label Operation ALU Operand
1 A symbol Any valid Blank Al
2 or blank  Branch or Al (XD
3 Branch (X1)
4 and *+N
5 Link *-N
6 Mnemonic *Al

Example 1 above shows a “direct” branch to the
control store address represented by the value Al. Ex-
ample 2 is an “indexed” branch. The EA is generated by
adding the control storage address A1 to the contents of
index register X1. Example 3 is an “indirect” branch to
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the control store address contained in X1. Examples 3,
4, and 5 are all “displacement” branches. The EA is
generated by adding the displacement of +N, —N, or
Al to the current setting of the Control Store Address
Register CSAR.

TEST AND BRANCH INSTRUCTICONS

The format of these instructions is:

LABEL  OPERATION ALU- OPERAND
A symbol  See below Any ALU R1, 12, A3
or blank function

TEST and BRANCH instructions place either the
high order byte or the low order byte of the specified 2-
byte (16 bit) register (R1) into the X register and the 8
bits of immediate data (12) into the Y register. The spec-
fied ALU function is performed and the resulting condi-
tion code is compared to the condition code of the
instruction. The signal contents of registers X and Y are
not changed. If the condition codes match, the branch
(to A3)it taken. If there is not a match, the next sequen-
tial instruction is executed. The displacement of A3
must not be greater than + 127 or —128. The TEST and
BRANCH mnemonics are:

High Order Byte  Low Order Byte Meaning
THB TLB Branch unconditional
THBO TLBO Branch on overflow
THBP TLBP Branch on plus
THBN TLBN Branch on negative
THBZ TLBZ Branch on zero
THBNP TLBNP Branch on not plus
THBNN TLBNN Branch on not negative
THBNZ TLBNZ Branch on not zero

READ AND WRITE REGISTER MASKED
INSTRUCTIONS

The format of the READ and WRITE REGISTER
MASKED instructions is:

LABEL OPERATION ALU OPERAND
A symbol  See below Any ALU Rl 12, or
or blank function (R1), 12

Both the READ REGISTER MASKED and the
WRITE REGISTER MASKED instructions read the
contents of the specified register (R1) into either the X
or the Y register as indicated by the operation mne-
monic. The immediate data (12) is read into the opposite
register (X or Y). The specified ALU function is per-
formed and in the case of the READ REGISTER
MASKED instruction, this completes the operation.
The WRITE REGISTER MASKED instruction re-
writes the specified register (R1) with the output of the
ALU completing the operation. If the R1 field of the
operand is enclosed in parentheses, it indicates indirect
register addressing,.

The following operation mnemonics have been de-
fined for the READ and WRITE REGISTER
MASKED instructions:

Mnemonic Function

LDX Read (load) R1to X, Mask to Y

LDY Read (load) R1 to Y, Mask to X

STX Read and write (store) R1 to X, Musk to Y
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Mnemonic Function . S
STY Read and write (store) R1 to Y, Mask to X

.5

MOVE/MODIFY REGISTER INSTRUCTIONS

The MOVE/MODIFY REGISTER instructions
have several variations. The basic form of the MOVE/-
MODIFY instructions will be explained first. All other
forms of the instruction will be explained later. The
format of the basic MOVE/MODIFY instructions is

LABEL OPERATION ALU OPERAND

- A symbol
or blank

MDX or MDY Any ALU
function

R1,R2, S3

These instructions move the contents of the “from”
register (R2) into either X or Y register as implied by
the operation mnemonic. The specified ALU function is
performed and then the specified shift function is done
on the output of the ALU. The output of the ALU is
then stored in the “To” register (R1). This is the only
instruction that has a shift function. A shift, left or right,
logical or rotate, from 1 to 4 bit positions may be done.
The 83 field of the operand defines the type of the shift
to be done. The list below shows the valid forms of the
operand shift field.

RLL7 = Rotate left logical

RRL7 = Rotate right logical

SLL% = Shift left logical

SRL» = Shift right logical
Note: 7 is a decimal number from 1 to 4.

Indirect addressing is permitted on either the “From”
register or the “To” register but not both. If any register
is addressed indirectly, no shift function is allowed.

If only the R1 field of the operand is coded, the R1
field becomes both the “From” and the “To” register.
The following chart shows all of the valid operand
formats for the MDX/MDY instructions.

OPERAND

FORMAT MEANING

R1 R1 = From and To reg.

R, R2 R1°’ To reg., R2 = From Reg.

R1, S2 R1°’ From and To Reg. with shift

R1, R2, S3 R1’ To reg., R2 = From reg. with shift
(R1), R2 R1 = Indirect, R2 = Direct

R1, (R2) R1’ Direct, R2 = Indirect

Another form of the MOVE/MODIFY instructions
is a MOVE/MODIFY with SWAP. The format of this
instruction is:

LABEL OPERATION ALU OPERAND

Asymbol MDXS or MDYS Any ALU Rl or

or blank function R1, R2 or
(R1), R2 or
R1, (R2)

These MOVE/MODIFY instructions operate the
same as the MDX/MDY operations. Then, after the

—
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35
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ALU function is performed, bits 0-7 bits 8-15 of the

ALU output are swapped. The examples above show all
valid operand formats for the MDXS and MDYS in-
structions. When a shift operand is specified, the shift is
done first, then the swap. :

65

10
The last MOVE/MODIFY instructions are the
MOVE/MODIFY DOUBLE and the MOVE/-
MODIFY DOUBLE with SWAP. Formats for these
instructions are:

LABEL OPERATION ALU OPERAND
A symbol MDXD or Any ALU RI or
or blank MDYD or function R1,R2  or
MDXDS or
MDYDS
LDXD R1 or
LDYD RI,R2 or
LDXDS R1, (R2) or
LDYDS (R1), R2

The double forms of the MOVE/MODIFY instruc-
tions move the contents of the “From” register (R2)
into either the X or Y register as implied by the opera-
tion mnemonic. The contents of the “To” register are
moved into the opposite register (X or Y). The specified
ALU function is performed and in the case of the “Load
Double” (LDXD/LDYD) instruction, this completes
the operation. If a MOVE DOUBLE SWAP or a
LOAD DOUBLE SWAP is coded, bits 0-7 and bits
8-15 of the ALU output are swapped. The MOVE
DOUBLE and MOVE DOUBLE SWAP instructions
rewrite the resulting ALU output back into the “To”
register. Either the “from” or the “To” register may be
addressed indirectly, but not both. No shifting is permit-
ted with the MOVE/MODIFY DOUBLE instructions.

WRITE MAIN STORE INSTRUCTIONS

Write main store instructions use any one of three
different sources of data. They are:

1. The previous contents of the X and Y registers.

2. Immediate data.

3. An LSR or external register.

The format of the WRITE MAIN STORE instruc-
tions that use the previous contents of the X and Y
registers is:

LABEL OPERATION ALU OPERAND
A symbol WS Any ALU Al or
or blank function Al (XD or
’ (X1)
WSI or WSD X1

In all of the examples above the specified ALU func-
tion is performed and the resulting ALU output is
stored in the main store effective address EA. The main
store EA is generated depending on the format of the
operand used. If the operand coded is like the first ex-
ample above, the main store EA is the main store ad-
dress represented by A l. In the second example, the EA
is the value of A1 plus the contents of the index register
X1. If the third example is used, the main store EA is
contained in the register S1.

If the WRITE STORAGE and INCREMENT
(WSI) or the WRITE STORAGE and DECREMENT
(WSD) mnemonic is used, the third operand type (X1)
must be used and the contents of the register are incre-
mented or decremented by one after the instruction is
executed.

WRITE MAIN STORE MASKED (immediate
data) instructions have the following format:

LABEL OPERATION
A symbol WSM

ALU
or Any ALU

OPERAND
(X1), 12

_-—
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-continued

LABEL OPERATION ALU OPERAND

WSMI
WSMD

or blank or function

These three instructions place the immediate data (I12)
into the Y register. The specified ALU function is per-
formed and the ALU output is stored in the main store
EA. In all cases, the main store EA is contained in the
register X1. If the WSMI or the WSMD mnemonic is
used, the contents of the register R1 will be incremented
or decremented after the main store EA is generated.

The third type of write main store instruction uses
signals stored in LSR. The formats are:

LABEIL. OPERATION ALU OPERAND
A symbol WSR, LDS Any ALU R1, Al or
or blank function R, (X1)
’ WSRI, LDSI or
WSRD, LDSD R1, (X1)

These instructions load the contents of the specified
register (R1) into the Y register. The specified ALU
function is performed and the ALU output is stored in
the main store EA. The LDS instruction can have a
direct main store EA (A1) or an indirect main store EA
(contained in X1). The LDSI and LDSD instructions
can only have an indirect EA. As with the WSMI and
WSMD instructions, the LDSI and LDSD instructions
increment or decrement the contents of the register X1
at the end of the instruction.

READ MAIN STORE INSTRUCTIONS

READ MAIN STORE instructions read the con-
tents of the main store effective address into the Y regis-
ter or through the Y register directly to a LSR. The
“Read Storage” instructions shown below have the
same effective address generation as their correspond-
ing “Write Storage” instructions.

The format of the READ MAIN STORE to ALU
instructions is:

12
The EXTENDED MNEMONICS fall into three
classes. They are:
1. RR — Register to Register Operations.
RI — Register/Immediate Operations.
5 3. RS — Register/Storage Operations. )
The format for all extended mnemonics is:

LABEL OPERATION ALU OPERAND
10 A symbol Extended Blank 1,2
or blank  mnemonic

Because of the format indicated above, only the oper-
ation and basic operand fields are shown. The class of
instruction (RR, R1, or RS) will be shown as well as the
equivalent unextended instruction. All indirect address-
ing rules that are applicable to the basic operand for-
mats are valid for the extended codes.

15

20 LOAD INSTRUCTIONS
Mnemonic Operand Class  Equivalent
LR R1, R2 RR MDX PX R1, R2
LRI R1, 12 RI STX PY R1, 12
L R1, A2 RS STS PY R1, A2
LIN R1, (X2) RS STSI PY R1, (X2)

25

The LOAD INSTRUCTIONS place the contents of
the second operand in the first operand location. The
second operand is not changed. The Load and Incre-
ment Instruction (LIN) increments the contents of
“X2” after the load is performed.

30

STORE INSTRUCTIONS

35 Mnemonic Operand Class  Equivalent
ST R1. A2 RS L.DS PY RI, A2
STIN R1.(X2) RS LDSI PY R}, (X2)

The STORE INSTRUCTIONS place the contents of
the first operand in the second operand main store loca-
tion. The first operand is not changed. The Store and
Increment Instruction (STIN) increments the contents
of “X2" after the store is performed.

40

LABEL OPERATION ALU OPERAND 45 COMPARE INSTRUCTIONS
A symbol RS Any ALU Al or Mnemonic Operand Class Equivalent
or blank ALXD - or CR R R2 RR _ LDYD SUB RI, R2
RSl or RSD X1 CLR R1, R2 RR LDYD EOR RI1. R2
or x1n CRI RII2 RI LDX SUB R1, I2
5 CLRI RI. 12 RI LDY EOR R, 12

The format of the READ MAIN STORE TO REG-
ISTER instructions is:

LABEL OPERATION ALU OPERAND
A symbol RSR, STS Any ALU R1. Al or
or blank function R1, (X1)
RSRI, STSI or
RSRD, STSD R1, (X1)

LEVEL EXIT INSTRUCTION

The LEVEL EXIT instruction is used to exit from an
interrupt level. All that is required is an operation mne-
monic of LEX.

EXTENDED MNEMONICS

Extended mnemonics make the hardward register (X,
Y, and ALU) transparent to the user.

The first operand is compared with the second oper-
and and the result determines the setting of the condi-
tion code.

55
AND INSTRUCTIONS
Mnemonic Operand Class  Equivalent
NR R1.R2 RR MDXD AND R1, R2
NRI R1. 12 R1 STX AND R1, I2
60

The second operand is AND’ed with the first oper-
and and the result is placed in the first operand location.
The second operand is unchanged.

65

OR INSTRUCTIONS
Mnemonic Operand

Class  Equivalent

OR R1.R2 RR MDXD OR R1, R2
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-continued ' -continued
OR INSTRUCTIONS SHIFI‘ AND ROTATE INSTRUCTIONS
Mpnemonic Operand Class  Equivalent Mnemonic Operand Class  Equivalent
ORI R1, 12 RI STXORRI], 12 5 RRL L Rl, 12 RI " MDX PX R1, RRLy

The second operand is OR’ed with the first operand
and the result is placed in the first operand location. The .
second operand is unchanged.

The contents of the first operand (R1) are shifted or

rotated left or right the number of bits specified by the
12 operand. The I2 operand must be a decimal number

10 from 1 to 4.

EXCLUSIVE OR INSTRUCTIONS

Mnemonic Operand Class  Equivalent
XR R1, R2 RR MDXD EOR R}, R2
XRI1 R1, 12 RI STX EOR R, I2

15

The second operand is exclusive OR’ed with the first
operand, and the result is placed in the first operand
location. The second operand is unchanged.

ADD INSTRUCTIONS

Mnemonic Operand Class  Equivalent
AR R1, R2 RR MDXD ADD R1, R2
ARI Rl I2 RI

STX ADD R1, I2
- 25

The second operand is added to the first operand, and
the sum is placed in the first operand location. The sign
and magnitude of the sum determine the condition code.
The second operand is not changed.

SUBTRACT INSTRUCTIONS

Mnemonic Operand Class  Equivalent -

SR RL,R2 RR MDYD SUB R1, R2
SRI R, 12 RI STX SUB R1, I2

" The second operand is subtracted from the first oper-
and, and the difference is placed in the first operand
location. The sign and magnitude of the difference de- 4,
termine the condition code. The second operand is not
changed.

INCREMENT INSTRUCTIONS
Mnemonic Operand Class  Equivalent
IR R1, R2*Note RR MDX XI R1, R2

45

The contents of the second operand are incremented
by +1 and the result is placed in the first operand loca- sg
tion. The second operand is not changed.

DECREMENT INSTRUCTIONS
Mnemonic Operand Class  Equivalent
DR R1, R2 *Note RR MDX XD R1, R2.

55

The contents of the second operand are decremented
by +1 and the result is placed in the first operand loca-
tion. The second operand is not changed.

*Note: If only the R1 field is coded; that register will be
incremented or decremented.

- 60

SHIFT AND ROTATE INSTRUCTIONS

Mnemonic Operand Class  Equivalent ) 65
SIL R}, 12 RI MDX PX R1, SLLy

SRL R}, I2 RI .MDX PX R1l, SRLy

RLL R1, 12 RI: -

MDXPX RI1, RLLy

SPECIAL INSTRUCTIONS

Mnemonic Operand Class  Equivalent

‘SP1 )3 "RI STX OR 61,X'00X0’
DIL I RI STX OR 61,X'000X’
EIL Il RI STX AND 61, X'’FFFX’

These three instructions are provided to allow the

5o Programmer to manipulate interrupt levels. In all cases,
the I1 field is a decimal number O to 3 representing
interrupt levels 0 to 3.

SPI = Set Programmed Interrupt
DIL = Disable Interrupt Level
EIL = Enable Interrupt Level

MICROCODE FOR CONTROL PROCESSOR 16
Source code is included only for the important oper-

ating routines which perform functions not readily ap-

3o parent or known from the brief description and the
present state of related arts. Driver Loop, DR, scans
active flags and gives control to later described service
routines as needed.

The driver loop is a closed set of microcode instruc-

35 tions which checks various indicators and gives control
to service and functional microcode routines as de-
scribed below.

Service or function steps performed are:
1. Sets channel interrupt mask
2. Detects micro checks
3. Detects operator request
4. Operator display
5. Test routine service
6. General Service
7. Printer Service
8. Cartridge Tester Service
. A4 Input Port Service
10. Hot Stamp Service -
11. Servo Writer Service
. XY Carriage Service-
. Host Service
. 370 Channel Poll Service
. TU Channel Service
. Winder Service
. Packaging Service
. Reject Port Service
. Queue Limit Service
. Manual Entry Station Service
. Device Time Out Service
. Trace Reader Service
. Quality On Line Tester Service
. Special Channel Service
. A4 Output Port Service (output from unit 10)
. Timer Service
Steps 8 through 26 are executed only if the driver
loop is running. START and STOP commands with no
operands are used to control the driver loop. For most
of the service routines, a check is made of the active flag

O
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and if on, control is passed to the requested routine. If
the active flag is off, the service is skipped. Each service
routine returns control to instruction following the
branch to the routine. The active flags are controlled by

the START and STOP commands with appropriate 5

operands. The last instruction in the driver loop is an
unconditional branch to the top, thus closing the loop.

TITLE DRIVER LOOP
DROO EQU L4

STX OR $RCRY,X°*P0O0O*

RSH PY RS55,CHMNASK

STX AND SRCRY1,X*0OPPP*
THBZ AND TRCR2,X°01',DR25

nDX PX R1,$RCR2

LRI R2,DR26+9

BAL BREXE

LDX PX P1,CY ¢

§S ¥Y DR26+1%0

LBI R1,DR26

BAL PSTHSG

STX OR $RCR3,X°0100°*
DR2S EQU *

LDY PX R1,X°0001¢

RS BOR KEYIN

B2 coxoo
DKO7 EQU *

RS FY CEBTO

BEZ CRTO00
DR1U BQU *

kSR PY R1,TSTPTN

B (R
DR1S EQU *

B SRVO Y
DR1? EQU *

B PRS00
DR19 EQU *

RS PY UUACT

BNZ gooo
DR23 EQU .

RS PY START

BZ DROO

NS PZ SAVEQD?

BS PY CTACT

BKZ CcT00
DRO1  EQU .

RS ¥Y ABIACT

BNZ AGIO0O
DRO2  BQU *

RS PY HSACT

BNZ 9500
DRO3  EQU .

RS PY SuaCT

BMZ Sw00
DROR EQU .

RS PY XYACT

BNZ XY00
DROS BQU *

BS PY SBACT

B2 SBOO
DROG6 E2QU *

BAL CRPOLL

RS PY CUACT

BMZ cus00
DRO8 2QU »

RS PY WDACT

BNZ ¥D00
DROY EQU *

RS PY PKACT

BNZ PXOO
LR11  EQU .

RS PY RJACT

BNZ RJ00

16

Items 1, 2, 3, 5, 16, 22, 23, and 24 are not further
mentioned because explanation would not further the
understanding of the present invention.

FIG. 2 is a flow chart showing the operations of the
Driver Loop, DR. The machine instruction level source
microcode is shown in the tables below. The remarks in
the table ties the flow chart into the table.

SELECT PAGE 15

LOAD CHAN MASK OF ONLY NEEDED INTERRUPTS
SELECT PAGE O

SKIP IF NO HICRO CHECKS

PUT CHECKXS INTO R1

POINT TO MESSAGE AREA
CONVERT

LOAD BLAXK MASK

BLANK OUT SECOND HALP
POINT TO MESSAGE

POST

RESET ERROR

LOAD INT REQ CODPF
SEE IF OPER REQ SERVICE
GO SERVICE CORSOLE

SEE IF¥ ANYTRING IW CRT QUEUR
GO SERVICE

GET ADD OP TEST ROUTINE
GO TO TEST ROUTINE

GO TO GENERAL SERVICE ROUTINE
GO SERVICE LINE PRINTER

SE® IP UTS-OTS CHAN ACTIVE
SERYICE 1P SO

SEE I? START RAS BEEN SET :
IFP NOT-DOWNOTHING BUT WAIT POR IT
DIS-ALLOW QUIT TILL SAVE DONE
CRECK CAKT TESTERS

GO SERVICE IF ACT

CHECK AR INPUT
GO SERVICE

CHECKX HOT STAMP
GO SERVICE®

CHECK SEZRVO WRITER
GO SERVICE

CHECK Xx-Y RECH
GO SERVICE

CHECKX SBCA
GO SERVICE

CHECH CHAR POR REQ.
CHECK CHAR
GO SERVICE

CEECK WINDER
GO SERVICE

CRECK PACKAGING
GO SERVICE PACKAGIKRG

SEE IP REJECT PORT ACTIVE
GO SERVICE
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TITLE DRIVER LOOP
DEY2  Bou 3
B 0LOO . GO CHECK QUEUE LIHITS
DE13  EQU 2
B AESO0 GO SERVICE HABUAL ENTRY/EXIT
DEI4  BQU &
B TOROO GO SERVICE TIHE OUT BONITOR
DR18  BEQU & .
RS PY TRACT SEE IF TRACE READER ACTIVE
BRZ TROO GO TO TRACE READER ROUTINE
DR2U  EBQU %
RS- PY QUALO2 SEE IF QUALITY TESTER ACTIVE
BEN QTO0 80 SBRVICE IF SO
DR27  EQU #
RS PY G109 SEEF IP PRRF X STARTED
BNZ GTOO0 GO DOIT IP SO
DR22 EQU . i
RS PY AGOACT SEE IF A8 OUTPUT 1S5 ACTIVE
BEZ A5OOO GO SERVICE IF SO
DR24  EBQU s
B TCOO SERVICE TIRER
DRie  EQU @ TIRER CALL HUST BE AT END OF DRIVER
B DROO CLOSE LooP
CTACT DC = CART TESTERS ACT FLG
A8IACT DC 0 A4 INPUT BCT FLG
ASACT DC 0 HOT STAHP ACT PLG
SHACT DC 0 SERVO WRITER ACT PLG
TIACT DC = X-Y CARRIRGE ACT PLG
SBACT DC & SBCR ACT PLG
CRACT DC & CHANBEL ACT FLAG {3830°S)
¥DACT DC 0 HINDER ACT FLG
PRACT DC 0 PACKAGING ACT PLAG
kKJACT DC 0 REJECT PORT ACTIVE FLAG
LPRACT DC ® PRINTER ACTIVE PLAG
START DC ] SYSTEH START FLAG
TRACT DC 0 TRACE READER ACTIVE PLAG
JUACT bDC 0 UTS-TO-UTS CHAN ACTIVE FLAG
R4OACT DC 0 A4 OUTPUT TO ¥EXT SIS ACTIVE PALG
TSTETY DC DRYS INIT TEST ROUTINE=NOP ‘
ADR15S DC DR1S RESTORE ADD
CHHASK DC X9R160° LEVEL-0, SUB LEVEL 0,%,2 SBCA
2 LEVEL-1, SUB LEVEL 3 PRINTER
& LEVEL-2, SUB LEVEL 1 KEYBOARD
DR26  DC 0 CHAIN WORD
DC 0 PENDIRG FLAG
pC 8 » WOKD COUNT
1] C%HICRO CHECK=XXXX°

. Input Port Service, A4l, processes cartridges from
input conveyor 20 into apparatus 10.

Control is received from the driver loop DR if the )

driver loop DR and input port are active (START and
START A). Control is returned to the driver DR if no
move queue elements are available. If the input con-
veyor 20 is not on-line, then the service is made inac-
tive, a message is posted and control returned to driver
DR. If no, then a cartridge is at the input port, control
is returned to the driver DR. For a cartridge present at
the port, the following is done:

TITLE

- B -

55

1. Input port pause is checked and if set, control is
returned to the driver DR.

2. Moves pending to cell or hot stamp will cause
return to the driver.

3. A cartridge is dequeued from the conveyor queue.

4. A move is requested to a cell or to the hot stamp if
immediately available.

5. For an even system number, cartridge is placed in
the testing queue. For odd system number, cartridge is
placed in the hot stamp queue.

The above functions are illustrated in source micro-
code in the tables below.

COWVEYOR INPUT TO A4 SERVICE

A4DI -~ IWPUT CONVEYOR D/Y REGISTER
BIT-8 ONLINE
9 CONV IEPUT CRUTP®
10 CORV TO A4 FULL
17 CART AT AY4 1IN GATE



#*

A4102

A4I03

A4IO0

A4I04

A4T0o0

TITLE

BAL

2¢U
WS

L

51X
LEI
BAL
LRI
BAL

bC
DC
DC

PY
AND
AND
PY
PY
PY

EY

PY
EY
PY
PY

AND

AND

PY

PY

PY

PY

PY

PY

p2

ARD

19
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CONVEYOR INPUT 10 A4 SERVICE

RS1

R3S

*

NVEPR

DE02

AUDI,X®80° ,A4TON
AGDI,X*08°,A4T01
AUIPAU

DRO2

AGIXY

DRO2

ABTHS

prO2

CONVQ

DRO2

R1,SONYQ

DEQUE®

HSACT

ALTO02

HSPAUS

AB102

B4YSQ

ALTI02

X14s

ABTO2

YSDY,X*840° ,A8102
9SDI,X'80%,A4T02

BILLON
E2,A479S
R8,ARINS
85,¥50
R7,HSI
A4TO3

*
R2,AGIXY
BB, ABIXY
25,B&RSQ
SISEVN
L2 ]
R5,BUCTO
3(R2)

RrR7?

»*

R6,AST
2OVEIT

LRO2

»

AUTACT
AGIPAU
AUDO,XSFIPF "
R1,AU4T06
PSTHSG
R1,A81I07
PSTNSG
NRO2

0

0

13

12 CART AT A4 INPUT PORT
13 SPARE
14 INTERVENTIOK REQUIR®D
A4DO -~ INPUT CONVEYOR DO REGISTER
BIT-4 GO/STOP

D/I REG
D/0 REGISTER

SEE IP MOVE QUEUE ELE AVAIL
RETURN TO DRIVER IF NOT

BR IF ONLINE MISSIRG

RETURR IF NO CART AT PORT

SEE IF PAUSED

RETURN IP SO

SEE IF MOVE RPOUESTED TO XY
RETURN TO DRVR

SEE IP MOVE REQUESTED TO FOT STAMP
RETORY IF SO

SEE IP CART®S LOGICALLY IN QUEUE
RETURN IF NOT

POINT TO ¢ CONTROL

GO GFET QUEUFP FLP

SEE IF HOT STANMP ACTIVE

IF NOT SKIP DIRECT MOVE

SEE IF HOT STAMP PAUSED

1P SO SKI1P

SEE IF QUEUE BEPFORE 39S IS EMPTY
NO-mOVE TO CELL

SEZ IP MOVE PROM CELL TO HS PENDING
YES-MOVE TO CELL

CHECK HOT STAMP IN PORT

CHECK IF 20T STAMP ONLINE

EVERYTHING OK-MOVE DIRECTLY TO 4S

SEZ IF MILLIONT® CARTRIDGE
POST A4 IY 10 RS MOVE

ADD OF ADD OF QUFUE FLP
POINT TO HOT STAMP QUEUE
TO X-Y ADD

GO CONMPLFTE MOVE REQ

POST NMOVE REQ

POLINT TO ADD OP ADD OF CART QUPUFP PLE
LOAD ADD OF DEST QUEUE

SEE IP EVEN SYSTEM NUNBER

SKIP IF ROT

POINT TO TESTER QUFEUE

GET TO X-Y

PUT IWN R7

LOAD X-Y ADD OF A& IN PORT
GO POST MOVE REQ

AVOID SK1p

RETURN TO DRIVER

SET IRACTIVE )
SET APUSE

DROP GO BIT

POINT TO MESSAGR

POST

FOINT TO °STOPPED® NESSAGE
POST

RETURN TO DRIVER

CHAIN WOWD

PENDING PLAG

WORD COUNT

C*INPUT CONVEYOEK NOT ONLINE.®
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TITLE CONYEYOR INPUT TO A4 SERVICE
A41067 DC 0
pC 0
pC 9 :
nC C'A4 INPUT STOPPED.® 3

Hot stamp service, HS, processes cartridges into and
out of the hot stamp unit 11.

Control is received from the driver DR if the driver
loop DR and hot stamp unit 11 are active (START and
START H). The hot stamp unit 11 is made inactive, a
message issued and control returned to the driver if
on-line is not present. If manual intervention required is 15
present, a message is issued to CRT display or the
printer, the hot stamp unit 11 made inactive. Control is
returned to the driver DR. The cartridge move queue
(tater described) is checked and if no elements are avail-
able, control is returned to the driver. The remaining 20
service is unique for the input pot and the output port.

For the input port of hot stamp unit 11:

1. If no cartridges are waiting to be hot stamped or
the hot stamp unit 11 is paused, contrcl is given to the
output port service (later described).

2. If a cartridge is present at the hot stamp input port
(not shown), control is given to the output service.

3. If no XY carriage (not shown) moves are pending,
a cartridge is dequeued and a move requested to the
input port of hot stamp unit 11.

4. The assigned serial number is checked and if the
next number will be an even million, the hot stamp unit
11 is paused and a message requesting manual indexing

10

25

30

is issued.
TITLE HOT STAMP SERVICE

*x

x

*

*

*

*

*

*

*

*

t 3

*

HASD1  EQU RS2
HSDO EQU R36
HS0D EQU =

629
22
5. If more move queue elements are available, then
control is given to the output service; if not, control is
returned to the driver DR.

For the output port of hot stamp unit 11:

1. If no cartridge is at the output port, the timer is

allowed and control is returned to the driver DR.

2. If a cartridge is present at the output port, the

following is done:

A. The timer is held.

B. If the cartridge is a calibration cartridge, it is
moved to the manual exit station, MES (not
shown).

C. If no I/0 queue elements for supervisory proces-
sor 17 are available, control is returned to driver
DR.

D. If cartridge is a reject, it is moved to the reject
port 14 or reject queue if XY carriage (not shown)
move is not pending.

E. For a good cartridge, checks are made of any XY
carriage moves pending, if so, control is returned
to driver DR.

F. Good and bad cartridges are reported to the
yield/throughput routine which sends the informa-
tion to supervisory processor 17.

G. If a visual check command, a good cartridge will
be sent to the manual exit station, MES (not
shown).

H. Good cartridges will be moved to a apparatus 10
storage cell or to servo writer 12, if immediately
available. '

3. After a move is posted, control is returned to the

driver DR. : ’

The above functions are detailed at the machine in-

troduction source microcode level below.

HOT STAMP D/I REGISTER
BIT-0-ONLINE
1-CARTRIGGE AT INPUT PORT
2-CARTRIDGE AT OUTPUT PORT
3-REJECT
4-INTERVENTION REQUIRED

ROT STAMP D/O REGISTER
BIT-0-GO/STOP

HOT STAMP D/I REG
HOT STA¥P D/0 REG

EEREEKEEREREREEEXRRRERERERRRE SRR IREXE R B RXRA SRR XX AR R RS EARE R SRR SR EER S

*

SERVICE INPUT PORT *

EREREREBREERKERRERRSBRERAREESRE RSB ARERS IR E R RE X ER RS R AR EREA KRS ER SR EAE

THBZ AND HSDI,X'80°',HS28
TUBNZ AND 4SDI,X*08°?,3523
RS PY MVEPR

B2 DRO3

iS PY BA4HASO

BZ 3501

RS PY HSPAUS

BNZ 7501

THENZ AND 9USDI,X*40?,4S01
RS PY XYHS

BNZ 2501

RS PY A4TES

BNZ HS01

LRI R1,P8HSQ

BAL DEQUE

BAL MILLOY

WSR PY R2,XYHS

LE1 RL,XYHS

CHECK IF RDY AND ONLINE

CHECK IP INTERVENTION REQUIRED
CRECK IF FREE NOVE QUEUE ELE AVAIL
RETURY TO DRIVER IF ROT

SEE IP CART®S AVAIL POR HOT STAMP
CHECK OUT IF NOT

SEE IF PAUSED

YES TRY OUTPUT ORLY

BR IF CART AT HS INPUT PORT

SEE IF MOVE REQUESTED

BR IP SO

SE® IF DIRECT MOVE PENDING

SKIP IF SO

POINT TO QUEUE CONTROL '
GO GET QUEUE ELEMENT

SEE IP MILLIONTH CARTRIDGE

PUT IN MOVE REQ

POINT TO ADD OF ADD OF CART QUEBUE EL®



TITLE

LEX
RS PY
BDX PY
RSR PY
BAL

HS02 B
B

BS28 EGU
WS PZ
Ws TC
WS TC
STX AND
LR1
BAL
LRI
BAL
B
PAGE
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HOT STAMP SERVICE

R5,%S0
3 (R2)
®6

R7,ESI
MOVEIT
DRO3
HSO ¥

*

25ACT
RSPAUS
SRVI47
9SDO,X*TFPP*
R1,8S30
PSTMSG
R1,BS26
PSTHSG
DRO3

4,120,629

POINT TO DEST QUEUE

GET PROM X-Y

PUT 1IN R6

X-Y ADD OF HOT STAMP IN PORT
POST MOVE REQ

RETURN IF NO MORF QUEUE ELE'S
GO SERVICE OUTPUT PORT

SET IRACTIVE

SET PADSE

ALLO¥ PEMPTY' MESSAGE

DROP GO BIT

POINT TO MESSAGE

POST

POINT TO °*STOPPED® MESSAGE
PSOT

RETURY TO DRVR

“#ltt*“*#t#tt#‘#‘#ﬁ‘tttt“##*“#‘t#tt#*tt**“#lt#*t*tt#‘t‘#“t‘t#t‘tt

SEKVICE OUTPUT PORT *

t“““.#‘ttt#tt*tltttt“ﬁ‘&“‘ttt‘t#‘att“*#m#'#‘t‘*ﬂ#t“t‘t“‘tt#t‘#&

BSi4 EQU
WS Pz
B

HsO0 1 EQU
TRBZ 4LND
ws TC
RS [ 4
BZ
RS PY
BNZ
RS FY
BZ
L1 pz
THBNZ AND
RS PY
BMZ
RS PY
BRZ
RS PY
BNZ
RS PY
BNZ
LEKI
WS PY
BAL
npx PX
DE
BS PY
BN
LBI
BAL
npXx PX
BP
kS PY
BNZ
WSL PY
WS PZ
LDX PX
WS FY
WSE rY
Ws TC
B
MDX xI
LRI
BAL

BRSz27 EQU
RS PY
BNZ
LRI
LRI
BAL

*

TO9S+1
SRO?

*
2sSDI,X*20',49S 14
TOYS+1
250

DFG3
CALZ01+H
HsS24
TS8O
DRO 3
RPJCDE
vSDT,Y*10°,49S04
HSXY

DRO 3

YSSW

DRO3
9SPEJ
DPO3
YysH®sS
DRO3
RY,2S0Q
TORS+1
DEQUE
R16,E2
R21

1(R2)

S 10
R28,HSYLD
YLDG

R21

4511
MESRFQ
BS12
R2,8%SREO
9SCOM
RZ,B4SWO
MFSPEQ+1
R2,9SMES
visu23
1527
E27,72
R28B,7513+17
SECVET

x

HS13+1
4s22
K1,9S13
R2,CRTQ
ZNQUE

ALLOW TINING
RETURN TO DRVR

CHECK CART AT OUTPUT

HOLD TIMER

SEE IF CART LOGICALLY IN HOT STAMP
KETURNY TO DRIVER 1IF NOT

SEE IP THIS A CAL CART

HARDLE IF SO

SEE IF SBCA QUEUE ELEMENTS AVAIL
RETIER TO DRVR IP NONF

CLEAR REJECT CODP

SEE IF THIS IS A REJECT

SEE 1F¥ MOVE REQUESTED

RETURR TO DRIVER IP SO

SEE IF MOVE PEND HS TO SW
RETURN TO DRV®X IF SO

SEE IF MOVE PENDING HS TO REJ
RETURN IP SO

SEE IF HS TO MBS MOVE PENDING
RETURX IP SO

POINT TO QUEU® CONTROL

CANCEL TIMER

GET QUFUE FLE

SAVE POINTER

COUNT THIS CART OUT BHOT STAMP
GET PIRST WORD OF SER NUR
REJECT IP HIGE BIT ON

POINT TO H0T STAMP YIELD TABLE
REPORT GOOD CART

SEE IF VISUAL CRECK DUE
RO-SKIP

YES-SPE IP CART OUT OF SYS
YES-GO COMELAIN

POST REQUEST

CLEAR COMPLAINFD WORD

POINT TO SW OURUE AS DEST
TELL MES SERVICE

POST MOVE REQUEST

POST VISUAL CHFCK PENDING
SKIP SERTAL NUMBER INTO MESSAGE
POINT TO SERIAL YUMBER

POINT TO MESSAGE AREA

CONVERT

SEE IP REQUEST PENDING
SKIP IF SO

POINT TO MESSAGE

POINT TO CRT QUEUE
POST REQUEST



H522

2SCOoN
0523
ES12

HS11

2507

1509

BS05

HS04

BS10

TITLE

EQU

1c

PY

PY

PX
PY
AND
AND
PY
PY

PY
sU8

PY

PY

' PY

PY

PY

PY

PY

BX
PY

PY

PY

TC
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BOT STRMP SERVICE

HS13+1

*

R4 ,PESHES.
R5,MESQ
R6,5S0
R7,MESOD
MOVEIT

R21,8SVER

DRO3

0

1506

E

ESDO,XY7FFF!?

HSPAUS

HSACT

SRV 147

HSCOM

HS11

HSCcoM

R1,HSERR2

PSTNSG
1,9526

PSTHSG

R2,R16

*

XYSH
1507
SWOT,

SWACT
HS07
SWPAUS
3507
R8,SWO
R8,3
Hs07
R2,2SSW
RQ,USSWH
RS5,SW0
R7,SW%I
2505

*x

R2,H9SYY
R4,HSYY
R5,B4SHO
E 4

3(r2)
R7

R6,HSO
MOVEIT

D203
HSREJ
DRO3
HSXY
DRO3
RT,1
REJCO®
R1,350
TOHS+1
DEQUE
R28,HSYLD
YLDB
»21

*x

£

BJACT
2508
REJAV

R22
R5,CLPOOL

X*40°,4us807
SWDI,>*80°*,9s507

4,120,629
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POST PENDING

ADD OF ADD OF QUEUE ELE
DESTINATION QUEUER

X-Y ADD OF HOT STAMP OUT PORT
X-Y ADD OF MES EXIT (TO)

POST MOVE REQ

RVOID SKIP

RESET VISUAL CHECK LIMIT
RETORN TO DRVR .
COMPLAINT REGISTERED PLAG

GO TO ERROR PRINT

TURN OFF GO BIT

PAUSE ROT STAMP

TUEN HOT STAMP OFF

ALLOW ‘EMPTY® MESSAGE

SEE IF COMPLAINT REGISTERED
ACVE CART TO CELL SO

POST COMPLAIRT

POINT TO MESSAGE

POST THIS REQUEST

POINT TO *STOPPED® MESSAGE
POST

GET SAVED QUEUE POINTER

SEZ IF CELL TO SERVO WRITER HOVE
YES-MOVE TO CELL

MOVE TO CELL IP CART AT SW IN PORT
SER IF SERVO WRITER IS ONLINE
SEE IF SERVO WRITER ACTIVE

IF WO SKIP DIRECT MOVE

SEE IF SERVO WRITER PAUSED

SKIP IF SO

GET COUNT OF CATRS IN SERVO WRTR
SEE IF 4 ALREADY

SKIP IF SO

MOVE DIRECTLY TO SW IN PORT

ADD OF ADD OF QUEUE ELE

POT IN SERVO WRITER QUEUE

SERVO WRITER IN PORT X~Y ADD
CONPLETE MOVE REQUEST

POST MOVE REQ

ADD OF ADD OF CART QUEUE ELE
ADD OF DEST QUEUE

GET TO X-Y

PUT IN R7 _

X~Y ADD OF HOT STAMP OUT PORT
POST MOVE RE

AVOID SKIP

RETURN TO DRIVER

SEE IF MOVE REQUESTED

RETURN TO DRIVER IF IF YES

SEE IF HOT STAMP TO XY REQUESTED
RETORN TO DRVE IF SO

SET REJECT CODE OF 1

SAVE IT

POINT TO QUEUE CONTROL

CANCEL TINER

GO GBT QUEUE PLE

POINT TO HOT STAMP YIELD TABLE
REPORT REJECT CART

COUNT THIS CART OUT OF HS

WAS TEST OF REJAV

SFE IF REJECT ACTIVE

MOVE TO CELL IP NOT -
YES—-nAKE NOT AVAIL

COUNT THIS CART TO REJECT PORT
RETURN TO PREE POOL




4506

HS506

HS24

4s2%

HSERR1

HSERR2

BS13

BSVER
2S20

2S30

TITLE

RSR
WSR
LkI

EQU

LRI

BAL
WSH
WS

LkI
RS

BNZ
WS

LRI
LR1
BAL

EQU

bC

DC

PY
PY

PY

PZ
AND

TC

PY

PY

Pl

PY
PZ

I3 4

TC

PY

1cC

4,120,629

27 28

HOT STAME SERVICE
]7,%EJ1 REJECT PORT X-Y ADD
®2,9SRED PUST MOVE REQ
P4, HSFEI ADD OF ADD OF CART QUEUE ELE
ES05 GO COMPLETE MOVE REQ
*x
R2,HASYY POST MOVE TO CELL REQUEST
R4 ,HSYY ADD OF ADD OF QUEUE ELE
<, REJO PUT IN REJECT QUEDE
BS09 COMPLETE MOVE TO CELL
®

ISACT SET HOT STAMP INACTIVE
HSDO,X"TPPP? DROP GO BIT
BSPAUS SET HOT STAME PAUSE
SRV187 ALLOW °*ERPTY® RESSAGE
R1,ESERRY POINT TO ERROR MESSAGE
PSTNSG POST THIS REQUEST
R1,H526 POINT TO *STOPPED' MESSAGE
PSTHSG POST
DRO3 RETURN TO DEVR
*
MESREQ SEE IF CART OUT OF SYSTER
4525 SKIP IP SO
R7,9ESOU X-Y ADDRESS OF MES GQUTPUT
RS, APSDOUN FOINT TO DUMNY QUEUE
R1,4S0 POINT TO HOT STAMP QUPUE
TOYS+T CANCEL TINER
DEQU® KEMOVE QUEUE ELEMENT
RZ,9SNES ?OST MOVY REQUEST
CALCO1+8 REMOVE CAL CART IND
RU4,2SNES POINT TO MOVE IN PROGRFESS
CT2041 SEE IF MESSAGE PENDING
HSOS SKIP IF SO
C12041 POST PENDING
F1,CT20 POINT TO MESSAGE
E2,CPTO POINT TO CRT QUEUE
NQUE POST REQUEST
2505 COMPLETE MOVE REQUEST
*
CT63 SEE IF MESSAGE SET
DRO3 OUT IF SO
cT63 SKT MESSAGE SENT
R1,C164 POINT TO *SYS WAIT PO CART' MESSAGE
PSTNSG POST MESSAGE
DEO3 RETUEN TO DRVE
0 CHAIN WORD
0 PENDING PLAG
17 90RD COUNT
C*INTERVENTION REQUIRED ON HOT STANP®
0 CHAI® WORD
0 PENDING FLAG
20 WORD COUNT
C*VISOAL CHECK DUE BUT CART OUT OF SYSTEN.®
0 CHAIN WORD
0 PENDING PLAG
20 “4OKD COUNT ‘
C'¥S  VISDAL CHECK TO MANUAL EXIT STATION.®
100 HOT STAMP VISUAL CHECK LINIT
0 CHAIN WORD
0 PEYDING
9 WORD COUNT
C'ROT STAMP STOPPED.'®
0
0

1

C*30T STAMP NOT ONLIN®,*




4,120,629

29

Since hot stamp is a first function in the manufactur-
ing operation, it provides a convenient point to count
the inputted cartridges. Included with this operation is
a subroutine of the hot stamp service that checks for the
millionth cartridge. That subroutine is illustrated below
in the machine instruction level source code chart.

30

1. When intervention required is detected, the next
cartridge to be processed out of the servo writer 12 is
.removed. A message is sent to the operator (console)
requesting that the offending cartridge be removed.
- 2. Only three cartridges are permitted in the servo
writer 12 at a given time.

TITLE CHECKX FOR EACH MILLIONTH CARTRIDGE INTO HOT STAMP
MILLON EQU *
MbyY XI R15 SAVE LINK ADDRESS
¥DX PX R18,P2 SAVE R2
LRI %1, 10000 DIVIDE BY 10,000
RS PY 1(R2) GET HIGH ORDER OF SERIAL
MDX PY BR3 POT IN R3
RS PY 2(R2) GET LOW ORDER OF SERIAL
MDX PY R& POT I R4
STX AND R3,X*7FFPP* REMOVE REJECT BIT IF SET
STX ADD R4,1 CONSIDER NEXT SERIAL NUMBER
STX ADC R3,0 PUT IK CARRY TOO
BAL DVD GO DIVIDE
LDX PX RS TEST REMAINDER
BNZ MILO1T KOT ZERO-SKIP OUT
¥DX PX R4,R3 GET QUOTIENT IN LOWER
ADX PZ R3 ZERO BIGH
LRI RT, 100 DIVIDE BY 100 -(100*10, 000 HILLION)
BAL DVD DIVIDE
LDX PX R4 TEST REMAINDER
BRZ MILOY YOT ZERO SKIP
us TC HSPAUS IS MILLIONTH-PAUS HOT STAMP
KS PY MILO2+1 SEE IF MESSAGE PENDIRG
BNZ MILO1 YES-SKIP
L TC MILO2+1 MAKK PENDIRG
LRI R1,MIL02 POINT TO MESSAGE
LRI R2,CRTO POINT TO CRT QUEURUE
BAL EYQUE
MILO1 RECU *
MDX PX E2,%18 RESTORE R2
B (R15) RETURN TO CALLER
MILOZ ©DC 0 CEAIN WORD
-DC 0 PENDIRG PLAG
oc 19 WORD COUNT
DC

SERVO WRITER SERVICE, SW, processes car-
tridges into and out of the servo writer 12.

Control is received from the driver DR if the dnver
and the servo writer 12 are both active (START and
START S). The servo writer 12 is handled in the same

manner as the hot stamp unit 11 with the following
exceptions:

TITLE

IR IR K NE IR NE N K N A AR AN 4

EQU
EQU R53
BQU R37
EQU *

R52

45

C*MANRUAL INDEXING OF HOT STAMP REQUIRED®

3. The reject code is encoded for processor 17. A
message is issued for ID/SERVO LOW LEVEL RE-
" JECT.

4. Cartridges are not processed dxrectly into the next
device TU.

The machine instruction level source code is listed
below.

SERY0O WRITER CONWTROL

SERVO WRITZR D/T RBGISTER
BIT-0-ONLINE
1-CARTRIDGE AT
2-CARTRIDGE AT
3-REJECT
4-RETRY RPJECT
5-8 SPARES
9-5ERVO/ID LOW
10-TIMED THREAD REJECT
11-INTERVENTIOK REQUIRED
SERVO WRITER D/O0 RPGISTER
BIT-0-GO/STOP

INPOT PORT $3%%
OUTPUT PORT

LEVEL REJECT

OUTPUT TO NEXT A4 DY REGISTER BIT-13
SERVO WRITER D/X
SERVO WRITER D/O
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TITLE SERVC WRITER CONTROL

LR LA LS P L RS 222t a a2 it A2 Rt i a2 a2 2 R 22 2 22T 222 E I T RS RS T OY Y
- .

SERVICE INPUT PORT *
XA RXEREEEX IR R RSB ER AR EESUR SR AR LSS AR RIS ARSI NN AR RS E R ER R AR SR KA SN
THBZ AND S®DI,X'80°,SW30 TEST READY ARD ONLINE
TLBNZ AND SaDI,X*10°¢,SW29 CYECK IF INTERVEN REQUIRED
RS PY MVEFR ¢ SEE IF MOVE QUEUE ELE®S AVAIL
B%L DROY RETURNY TO DRIVER IP NOKE AVAIL
RS PY RUSHQ SEE IF CART'S AVAIL 70 SEKVO WRT
B2 SRO1 IFP NOT CHECK OQUTPUT PORT '
ES PY SWPAUS SEE 1P PAUSED
BNZ SWo1 DO OUTPUT ONLY IP SO
THBNZ AND SWDI,X*40°%,SW01% BR IF CART AT INPUT PORT %%
RS Y XYSW : ‘ SEE® IF MOVE REQUESTED
BNZ SHO 1 BRANCH IF YEFS
RS PY H5SW SE® IF DIRECT MOVP PENDING
BN2 SW01 SK1p IF SO
RSR PY T§,SW0 LOAD COUNT OF CARTS IN SERVO WRITER
LDY SUE R8,2 SEE IF 3 ALEREADY
BP SW01 SKIP IF SO
LKI R1,BUSHQ POINT TO QUEUF CONTROL
BAL nEOUT GO GET OUEUE ELE
WSR PY R2,XYSW POST MOVE RE(D
LRI RU,XYSW ADD OF ADD OF CART QURUE ELE
LRI RS,SWO ADD OP DEST QUEDE
RS PY 3 (R2) : GET PROM X-Y
mDIX PY PR6 . vOT IN R6
RSk PY B87,SWI X-Y LDD OF SERVO WRITER IN PORT
BAL MOVERIT POST MOVE REQ
SW02 B DROG RETORN IPF NO MORE QUEUE ELE AVAIL
B SWOo1 GO SEEVICE OUTPUT PORT
SW2Y  EQOU »
B SW06 GO SET INT REQUIRED
SW30 BCU .
LH PZ SWACT SET INACTIVE
Ws TC SWPAUS SET PAUSE
WS TC SPVIS0 ALLOW *ENPTY® MESSAGE
STX AND SWDO,X*T7PPP* DROP GO BIT
LEX R1,S5W32 POINT TO MESSAGE
8AL PSTHSG POST
LEI R1,S%18 POINT 170 *STOFPED® MESSAGE
BAL PSTHSG POST
B DROY RETUPN TO DRVR
PAGE
SRS RS RSHE R DB S S LSV ERER LR EBEBR SR FELEE SRS RSBV EL ERARL KBRS RS E BB RAE KSR EH B

L] SERVICEZ OQUTPUT PORT *
EEXXEVEEERESEEFEESRES XSRS LU RS BRRACESAB B AN ISR AR ARE A LR R KRS LREE R KRR %

sS4 EQU e

L] PZ TOS4+1 ALLOW TINIXNG
B DROG RETURN TO DRVR
SW01 EQU *
THBZ AND SWDI,X°*20°,SW 14 SEE 1P CART AT OUT PORT
LE) TC TOSWe7 HOLD TINER
RS PY SWQ SEE IP CART IS LOGICALLY IR SFRVO WRITPR
BZ DuOU4 RETUB TO DRIVER IP NOT
RS PY CALCOT1+9 SEE 1P THIS IS CAL CART
BNZ SW15 HANDLE TP SO
RS PY 1SBO SEE IF SBCA QUEUE ELEMERTS AVAIL
BZ JROG RETURN TO DRVR IPF NORE
s P2 REJCDE CLEAR REJECT CODE
THENZ AND SWDI,X°10°,5W08 SEE IF TRIS IS A REJECT
RS PY Ssaxy SEE IP MOVE REQUESTED
BNZ DROU ' ZETURN TO DEIVER IF SO
BS PY SWAO ' SEE IP NOVE PENDING TO NEXT A8
BNZ DROY - RETUEN TO DRIVER IF SO
RS PY SWNES SEE IFP S¥ OUT TO MES NOVE PEXDING
BNZ DROU RETURN TO DRVR IF SO
LRI BY,SWQ : : POINT TO QUEUE CONTROL
Ws PY TOSH+1 CANCEL TIMER
BAL DEQUE GET QUEUE ELE
LRI R28,SWYLD POINT TO SERVO WRITER YIELD TBLE
LE] P2 SFV110+9 SAVE REJECT CODE
BAL YLDG REPORT GOOD CHRT

MDX EX R16,F2 SAVE QUEUZ ZLEMENT POINTER




sSw27

SR26

Sw25

SW09

S®05

SWOL

33

SERVO WRITER CONTROL

R8,SWVIS
RS
K8,SWVIS
SW26
MESPPQ
Sw27
P2,MFSERQ
R1,B4CTO

-MESREQ+1

R2,SWHMES
vISu23
R1,SH28
PSTHSG
Rb,SWNES

- R5,MESQ

TITLZE
RSk PY
MDX XD
WSk PY
BP
RS PY
BNZ
WSE PY
LDX PX
§S PY
WSR PY
WS TC
LRI
BAL
LRI
LRI
RS®R EY
RSR PY
BAL
NO?

RS PY
NS PY
B

ECQU

STX AND
WS TC
WS PZ
WS Tc
LRI

BAL

LRI

BAL

MDX PX
EQU :
RSH PY.
LDX SuUB
BNP

RS PY
B2

RS - PY
BNZ

RS PY
BXZ

TLbNZ AND
WSk PY
LRI

Li1

XSE PY
B

EQU

WSR FY
LRI

LRI

EQU

RS PY
HDX PY
RSR PY
BAL

NOP

B

RS PY
BRZ

RS PY
BNZ

LR1
TLBNZ AND
MDX P%
IHBZ &AND
STX ADD
TLBZ AND
STX ADD
LDX ' PX
BRZ

LRI

B

R6,SWO
R7,MESOU
BOVEYT

SWVPR
SWVIS
DRO4
* .
SWDO,X*7PPP*
SWPAUS

SAACT

SRV 150
R1,9SERR2
PSTMSG
R1,s5%18
PSTNSG
R2,R16

*

R8,B4CTQ
28,16
SW25
ABOACT
S¥25
UUI23+4
S925
XYAO
SW2S
AODI,X%04Y,SW25
R2,SWAO
KB, SHAQ
®S5,00CQ
R7,2400
SR05

*x

R2,SWXY
RU,SWXY
RS,B&CTQ
*

3(R2)
R7

R6,SWO
MOVEIT

DFO4

SWREJ

DEOS

SWYY

DROU

R28,38
SWD1,X*40°,s5W24
R28

SWLI, X'OB' **2
RrR28, 1 :

‘SHDI X*20°* *02

R28,2
R28
%42
R28,50
sSWl1

4,120,629

LOAD VISU CHK COUNT
DECREMENT

SAVE BACK

SKIP IF NOT DUR

SEE IF CART OUT OF SYSTEM
HOLLER IP SO

POST MES REQUEST

RETURN TO CT QUERUE

TELL M®S SERVICE

POST MOVE REQUEST

POST VISUAL CHECK PENDING
POINT TO MESSAGE

POST

ADD OF QUEUE BLEMENT
CESTINATION QUEDE

XY ADDRESS OF SW OUTPUT

XY ADDRESS OFP MAN EXIT STLTION
BAKE MOVE REQUEST

" AVOID SKIFP

LOAD CHK FREQUENCY
RESTORE
RETURN TO DRVR

DROP SW GO BIT

PAOS SERVO WRITER

SET INACTIVE

ALLOW *EMPTY®* NESSAGE

POINT TO *CART OUT OF SYS' MESSAGE
POST

POINT TO
POST
RESTORZ QUEUE ZLEMENT POINTER

*SW STOPPED® MESSAGE

LOAD NUMBER OF CARTS IN TESTER QUEUE
SEE IF AT LEBAST 16

SKIP IF NoOT
SEE IF NEXT
SKIP IF NOT
SEE IF LAST
SKIP IF soO
SEE IF CELL
SKIP IF SO
SKIP IF CART IN A4 OUTPUT PORT
POST MOVE PFNDING TO NEXT AL
POINT TO ADD OF QUEUE ELEMENT
POINT TO QUEUL TO NEXT A4

LORD XY ADDRESS OF PORT
COMPLETE MOVE REQUPST

R4 OUT ACTIVE
TEANS STILL PENDING

TO A4 OUT HOVF PEWDING

POST MOVE REQUEST
ADD OF ADD OF CART QUEUE ELE
ADD OF DEST QUEUE

GET TO X-Y

PUT IN R7

X-Y -ADD OF SERVO WRITER OUT PORT
POST MOVE REQ

AVOl1D SKIP

RETURN TO DRIVER

SEE IF MOVE REQUESTED

RETURN TO DRIVER IP YES

SEE IF MOVE REQ TO CPLL
RETURKR TO DRVR IF SO

ASSUME SEEVO/ID LOW LEVEL REJ
SKIP ‘IP LOW LEVEL

CLEAR R28

{SEE IF RETRY RFJECT
‘SET IT

TINED THREAD? -

‘SET IT

TEST

“SKIP TP NOT ZERO

SET REJECT OF 50
SKIp

_




TITLE

w
E A
N
-4

EQU

SW11

SkW23

SW0s

THBZ

TLBZ
STX
WSR

LR1
BAL
BDX
LRI
MDX
LRI
BAL
BAL
EQU
WS

SwW22

PY
PY

rY

FY
PY
ADD
ADD
AND
PX
EX
SUB

FY

PY

TC

PY

PY

rY

PY

AND
ADD
AND
ADD

PY

X1

kX

TC

35

4,120,629
36

SERVO WEITER CONTROL

»

R1,SW10
PSTHSG

®
R28,7FJCDE
SRV 11049
R1,S%0
TOSW+1
DEQUE
R28B,SWYLD
YLDB
RTST25
SW23

1{R2)

R.7
227,x*1000"
1(R2})
RE27,X°7000°
R27,°227,SRL4
R27

RTST26
Sw23
R2,SWXY

RS ,SWXY
E5,BASKQ
SW09

*

2

RJACT

SRO8

REJIAV

R22

RS ,CLPOOL
R7,R%EJ1
R2,SWREJ
RY4 ,SWREJ
SW05S

*

R5,RP"J0Q
R2,S4XY
°gq,SHXY
sSwoQ

-

CALCO1+9
Sw21

TSBO

DROY

SHO

SW16

SWACT

SKV 150
SWDO,X*TPPP*
SWPAUS
RY,S90
DEQUE
n28,4
SWDY,X*08° ,%+2
R28,1
SHDI,X%20°% ,%+2
P28,2
R28,REJCDE
SRV110+9
R28,SWYLD
YLDB
R27,R2
R28,S%W 17410
R1,R2
R2,CLPOOL
EXQUP
SECV®T

x

5933

POINT TO
POST

*LOW LVL REJ®* MESSAGE

SET REJECT CODE

SAVE REJECT CODE

POINT TO QUEUE CONTPOL
CARCEL TIMER

GET QUEUE RBLE :
POINT TO SERVO WRITER YIFLD
REPORT REJECT CART

SEE IFP RETEST ACTIVE
NO-SKIP

LOAD HIGY SERIAL

PUT IN R27

INCREMENT RETEST COUNT
STORE BACK

ISOLATE RETEST COURT

MOVE TO LOWER BYITC

LOAD RETRY COUNT IN ¢X°*

SEE IF RETEST COUNT SATISFIED
REJECT PROM SYSTEM IF SO

POST MOVE TO CELL

POINT TO COMPLETION FLAG

POINT TO B4 SERVO WRITER QUEUE
COMPLETE MOVE

TABLE

WAS CHECX OF REJAV

SEE IF REJECT ACTIVE

MCVE TO CELL IF NOT

MAKE NOT AVAIL

COUNT THIS CART TO REJECT
RETURN CPLL TO FREF POOL

X-Y ADD OF REJECT PORT(TO)
POST MOVE REQ

ADD OF ADD OF CART QUEUE ELE
GO FINISH MOVE REQ

POINT TO REJECT QUFUE

POST SW OUT PORT TO CELL MOVE REQ
ADD OP ADD OFP QUEUE ELE

CONPLETE NOVE TO CELL

SEE IP CAL CAET IN SRERVO WRITER
SKIP OUT IP SO

~ SEE IP SGCA OUZUE FLEMENTS AVAIL

SKIP BACK TO DRVR IF NONE

SEE IP CARTS IN SERVO WRITER

EREOR IF NONE

SET SERVO WRITER INACTIVE

ALLOW: *ENPTY® MESSAGE

DROP GO BIT

SET PAUSE IND

FOINT TO SERVO WRITER QUEUE

GET A QUFUE ELEMERT

SET INTERVEVTION REQUIRED REJECT CODP
SEE 1P ALSO EETRY

SET IT

TIMEZD THREAD ALSO?

SET 1T

SET REJECT CODE

SAVE REJECT CODE

POINT TO SERVO WRITER YIELD TABLE
REPORT BAD CART

GET ADDRESS OF SERIAL NONBER

POINT TO MESSAGE AREA

POIRT TO CART QUEUE

POINT TO PREE CART QUEUE

RETURN QUEUE ZSLEMENT TO PREE QUEUE
CONVERT SERIAL NUMBER INTO MESSAGE
SET

*INT R®Q* IND




S&15

S®16

Su21

Sw17

SW19

SHERR1

Svis

SW10

SWVFL
SWV1sS
SW28 -

TITLE

LEX
BAL
LRI
EQU
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SERVO WRITER CONTROL

R1, SWERR1
PSTNSG
R1,5917

L 3

- PSTNEG

PY

PY

PY
PY’

P2

TC

PY
PY

PZ
AND
TC

PY

Y
PY
PY
PY
rZ

R1,5W18
PSTMSG

DROY
R J

MESREQ
DRO4
R7,MESOU
RS5,MBESDUM
R1,5%0
TOSW+1
DEQUE
R2,SWMES
R4, SYNES
CALCO 1+9
CT20+1
SW05
Cr20+1
R1,CT20
R2,C27T0
ERQUE

Sw05

*-

HSSW

DROG

XYSw

DROY

SWACT
SWDO,X*7FFP*
SWPAUS
R1,S%19
Sw20

®

SWQ

DROY
R1,S%Q
DEQUER
CALCO 149
R1,5917+10
(R1) ,C*Ch®
(R1) ,C'L
(RT) ,CtCA?
("1) ,C*RT*
SWACT

Sw22

0

0

20 .

POIRT TO MESSAGE
POST MESSAGE
POINT TO MESSAGE

POST MESSAGE .
POINT TO *STOPPED?
POST MESSAGE
RETURN TO DRVR

MESSAGE

SEE IF MES REQUEST ACTIVE

SKIP OUT IF SO »
GET X~Y ADDRESS OF MES’ OUTPUT
POINT TO DUMMY QUEUE

POINT TO SERVO WRITER QUEUE
CANCEL TIMER ,

REMOVE QUEUE ELERMENT

_ POST MOVE REQUEST

POINT TO MOVE PENDING PLAG
REMOVE CAL CART IND

SEE IP MESSAGE PENDING®
SKIP IF SO

POST PENDING

POINT TO MESSAGE

POINT TO CRT QUEUE

POST MESSAGE

COMPLETE MOVE REQUEST o
SEE IPF ROT STAMP-SERVO. WRTR HOYB PENDING
WAIT POR IT TO COMPLETE ’

SEE IP CELL-SERVO WRTR HOVE PE!DI‘G
ALLO¥ COMPLETION

SET SERVO WRITER INACTIVE

DROP GO BIT

SET PRUSE IND

POINT TO MESSAGE

CONPLETE MESSGAGE REQUEST

SFE IF CART IN QUEUE

SKIP OUT IF NOT

POINT TO SERVO WRITER QUEUZ
REMOVE QUEUE ELEMERT

CLEAR CAL CART PROM DEVICE
POINT TO MESSAGE AREA

Say

CAL

CART

SET SERVO WRITER INACTIVE
GO PROCESS MESSAGES

CHAIN WORD

PENDING PALG

WORD COUNT

C'REMOVE SERIAL NNNNNNNN PROM SERVO WRITER®

0
0
20

0
0
19

C*INT REQ OR SERVO

CHAIN WORD

PENDING FLAG

WORD COUNT A ‘
WRTR,BUT NO CARTS IK SW®
CHAIN. WORD :

PENDING PLAG

WORD COURT

C*INTERVENTION REQUYRED ON SERVO WRITER®

0
0

11
C'SERVO WRITER STOPPED,®

0
0
19

CHAIN WORD
PENDING FLAG
WORD COUNT

C'SBRVO/ID LOW LEVEL REJ ON SERVO WRTR.® _

100
0
0
0

20

SERVO WRITER VISUALCHECK FREQUENCY
VISUAL CHECK COUNT
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TITLE SERVO WRITER CONTROL

bC Cisw
SW3z DC 0

DC 0

bC 12

DC C*SEEVO WRITER NOT ONLINE.®
Sw33 bC 0

Cartridge tester service, CT, processes cartridges

into the out of the cartridge tester, TU’s. :

Control is received from driver loop DR if the dnver
loop DR and the testers are active. (START and
START C). Checks are made first for the input ports
then for the output ports. For the input ports:

1. Move queue elements available; if none are avail-
able, return to driver.

2. Cartridges waiting to test; if not, try output ports.

3. All testers paused (PAUS C), try output ports.

4. All tester input ports are checked for availability.

5. The pause and active indicator is checked for all
testers.

6. All testers are checked for a move pending to the
input port.

7. A check is made for cartndge present at input.

8. If steps 4 through 7 are satisfied for tester, it is
marked available. y

9. A cartridge is dequeued and the cell address is
taken from the queue for-the nearest available tester.

10. Consxdenng only the X value, the nearest avail-
able tester is found.

11. A move is requested from the cell to the tester
input port and posted pending.

12. If more move queue elements are available, con-
trol is passed to the output port service, otherwise con-
trol is returned to the driver loop DR.

For the output ports:

1. The output port sensor register is tested and if no

TITLE

L ]
.
s
.
CTI EQU RUY
C10 EQU . 855
CTNUK EQU 8
CTO0 . EQU »
.
L
L 3
CT02 DC 0
CTOFU DC .
bC .
bC L N
nC .
DC -
pC -
DC *
DC *
CTO0?7 DC 0
DC 0
DC 0
bC. 0
-2 DC 0
DC- . 0
DC 0
DC 0

20

25

INT REQ 1D

cartridges are present, all tester timers are started and
control is returned to the driver loop DR.

2. Each output port is tested for a cartridge. If none,
the tester is skipped.

3. If a cartridge is present, the following is done:

A. Timer is held

B. Move pending tests are made, if any pending,
tester is skipped.

C. If tester is not active, it is skipped.

D. If calibration cartridge, then it is sent to manual
exit station (MES) (not shown).

E. If cartridge is a reject, then retest is performed by
placing cartridge back in servo writer 12 queue if
eligible for retest.

F. If cartridge is good and a visual check is pending,
then cartridge is sent to the manual exit station.

G. Good and bad cartridges are reported to the
yield/throughput collection routine.

H. Good cartridges go to packaging queue if not
visual checked. Bad cartridges go to reject port or

_reject queue if not retested.

4. After a move is requested, a check is made for more
available move queue elements. If none are available,
the next tester is considered. Control is returned to the
driver loop when all testers have been tried. If no move
queue elements are available, then control is returned to
the driver DR.

The above listed functions are described in machine
instruction level source microcode in the tables below.

CARTRIDGE TESTER CONTROL

CTI
CTO

-BIT 0-7 CTO0-7 INWPUT
-BIT 0-7 CTO0-7 OUTPUT

C/T 1IWPUT PORT REGISTER

C/T OUTPUT PORT REGISTER
NUMBER OF CART TBSTERS

MAIN STORE FOR CART TESTEPS

QUEDE ELENENT ADDRESS
C/TO PAUS PLAG

NOVEWN 2

CT0 AVAILABLE

CT7 AVAILABLE




TITLE

CTOACT BC

.

*

coCoaooOed

41
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CARTRIDGE TESTER CONTROL

CTO ACTIVE PLAG

NV EWN -

t*t###‘*tt**#*tt***#*##*‘*t*‘t*tt*‘***#***#*t“tttttt*#ttt‘t*“.“.“.‘

SERVICE INPUT PORTS *

ttt#*‘t*ttt*t*t**#*‘**#*t#*#t**#‘###*l**ttt*t“*t*t**#**“‘ttt‘t‘tt“t#

RS

CT05

C169

CTO06

cT10

CT0Y

PY
PY
Pi
PX
PZ
PZ
AND
PY
PY
PY

PY

PY

PX
EOR

TC

T py -

PY

MVEP®
DRO 1

BuCTO
cT11..,
CTPAUS

- .CT11,

R8,CTI
rR11,0

RO
R14,CTO0Q
*

CT07 (R9)

R8,X*80°%,CT06

XYCT (R9)
CT06

CTOPU (R9)
CTO06

(R14)

CT06

CTOACT (R9)
CT06

CT69 _
CETEST (RS) ..

CT06

E 3

R9
QUALOZ.
CTO06

CT07 (R9) -
R11
E 3

RY:,3
R8,R8,SLLY
RrRY
R9,CTYUN,CTOS
R11

CT11
R1,8B48CTQ
DEQUP
R2,CT02
3(r2)

R8 . 5o
RS, X'OOPP"~
B8, 150
R8,R8;SRLR;
CTNN (R8).

R8 T
R9,CTNON
R10, (RB)
CTO7 (R10)
C109

h:$:]

R9

cT10

*

R2,CTO2
XYCT (R10)

SEE IF MOVE QUEUE ELE®S AVAIL
RETOBRN TO DRIVER IF NOT
SEE IF CART®S IN QUEDE

‘TRY. OUT PORT  IF NOT

SEE IF ALL PAUSED

TRY OUT PORT IF- YES <
GET INPUT PORT IND

ZERO AVRAIL COUNT

ZERO T0 R9

POIRT TO TESTFR QUEUES

SET NOT AVAILABLE
SEE IP PORT AVAIL
SEE IP MOVE. PENDING
MOVE PENDING-FORGET IT

CHECK PAUSE INDICATOR

FORGET I7 IF PAUSED

SEE IF. CART ALREADY IN TESTER INPUT
SKIP IP sO

SEE IF ACTIVE

SKIP IP NoOT

ROOM FOR PATCH $$S3S$$ST55SESSsEsLLree
SEE IF CART IN TEST
CODE TO DEFEBAT QUBUEING OF CARTS |
SKIP 1IF CART IN TEST

'TESTER NOUMBER INTO °X*

SEE IF THIS IS QUALITY TESTER
SKXIP IF So

ALL OK-MARK AVAILABLE

COUNT IT

POINT TO NEXT TESTER QU!UE
SHIPT TO XEXT C/T

COUNT

LOOP FOR ALL TESTERS

TEST COUNT OF AVAIL C/r°S

» TRY ‘OUT PORT IF WONE AVAIL

POINT TO QUEUDE
GET A QUEUE ELENENT
SAVE QUEUE ELE ADD

" GET CELL LOCATION

PUT IN RS

BASK ALL BUT °*X* VALUE

SUB 150 CELLS (ZERO REFERENCE)
DIVIDE BY 16

GET ADDRESS OF NEAREST TESTER TABLE
PUT IN REG 8

LOAD NUMBER OF C/T*S

GET C/T ADDRESS

SEE IP AVAILABLE

YZ5~<QUIT LOOKING

TRY NEXT NEARESY

COONT

Loop

RiO NOW CONTAINS ADD OF NEAREST

““RVAILABLE CART TESTER

GET 'SAVED QUEUE ADD

LPUT BEQ IN MOVE TABL
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TITLE CARTRIDGE TESTER CONTROL
RS PY CTMSK (R10) GET INPOT POBT LATCH MASK
MDLX AND CTI,CTI1 TORX OPF INPUT PORT LATCH POR C/T
mDX PX R1,210 R10 INTO R4
STX ADD RU,XYCT COMPUTE ADD OF ADD OF QUEUE ELF
DX PX BS,R10,SLL1 R5=R10*2
MDXD ADD RS5,K10 R5=2%R10+E10=3%R 10
STX ADD R5,CTOQ CONPUTE ADD OF DEST QUEUR
RS PY 3(R2) GET PROM x-Y
npx PY 36 PUT IY R6
RS PY CTOI(R10) GET TO X-Y ADDRESS
#nDX PY R7 POT IN R7? _
BAL “MOVEIT SET UP MOVE REQ
CT12 B DRO1 RETURY TO DRIVER IF NO QUFUE ELE AV
B cT11 PROCESS OUTPUTS
PAGE
XS RESR LR EREESEIEBEEE R VRS S SB REBERA R X RS LR E BB ES R AR RS E EE LR N R AL BB AR EERKE

* SERVICE GUTPUT PORTS *
FREARBABERSRERRAB XS EAREAREENBRSEE RN XARE AL A IR ARXERARER A SIS SR AR XS E S S

CT17 EQU »
LRI R9,TOCTO+ 1
MDX TC RS
CT18 EQU »
DX X1 88
RS PY (R9)
BP cT6 1
Ws FZ (R9)
cT61 EQU *
STX ADD R9,7
TLBENZ EOR P8,7,.CTI18
B DROY
ST EQU .
THBZ OR CTO,0,CTV?
noXx EX R10,lTO
LRI ' ®Q,COTOUT
LRI RG,CTXY
noX 1C RS
LRI °28,CTOYLD
LRI RZ3,0UTKRLE
LRI 211,TOCTO+1?
CT13 EGU * ,
IE RY
THEZ AND %10,X°*380°,CT14
WS TC (R1T)
RS PY (R4)
BNZ CT
RS PY CTRJ (E8)
BNZ CT14
kS PY (R9)
B2 CT14
RS PY CTOACT (R8)
BZ CT18
RS PY CALCOT(RB)
BNZ cT19
RS PY (R9)
BN CT1S
RS PY CQUALT?
BNZ CT59
RS PY OQUALO2
BN - CT59
KS PY 2(R23)
BZ CT60
LLY PX R1,5
RS EOEK (R23)
B2 cTS5¢
WS XTI  (R23)
B CT56
CT60 BOOD .
RSk PY R4, (R23)
LDX PX R4
ES EO® QDALT0
BZ 7156
NS I (R23)

POINT TO TIME OUT CONTROL
-1 TO RSB

COUNT

SEEZ IP CANCEL OUTSTANDING
SKIP IP SO

ALLOW TIMING

NEXT TESTER
LOOP FOR ALL TESTERS
RETURN TO DRIVER

RETURN I¥P NO CARTS AT OUT PORT
GET OUT PORT BITS

POINT TG OUT PORT ARRAY

POINT TO MOVE REQ ARRAY

-1 TO RS

POINT TO FIRST YLD TABLE

POINT TO QUALITY TABLE

POINT TO TIBE OUT CONTROL

NEXT

TEST IP THIS CT OUT HAS CAET
HOLD TIMER

SEE 1P MOVE REQUESTED

PORGET 1P SO

SEE IF AOVE REQUESTED TO REJECT PORT

PORGET IP SO

SEE IP CART LOGICALLY THERE
FORGET IT IF NOT

SEE IP TESTER ACTIVE

SKIP IP NOT

SEE IF IN CALIBRATE
YES-HANDLZ SPECIAL

NO-GET DATA BACK

IF SIGN BIT SET TEEN REJECT
SEE IF QUALITY PAUSED

SKIP IP SO

SEE IF QUALITY TESTER SET
SKIP IP NOT

SEE IF 1IN CONSFC.
SKIP IP NOT

5 IN X )

SEE IF PIVE SENT
SKXIP IF SO

COUNT THIS ONE
60 DOIT

MODE

GET COUNT SINCE LAST

PUT IN *X°*

SEE IF CHECK DUE
YES-DOIT «

INCREMENT' AND SAVE COUNT -




CT59%

C165

CcTé8

CT54

CT51

CcT50
CTb6
c152
CT53

TITLE
EQU
RS EY
bZ
RS pY
BNZ
LDX PY
RS EOR
BNZ
EQU
RS PY
BNZ
Ws Pz
RS PY
WS PY
WS PY
MDX PY
LDX EX
RS PY
Ws TC
BAL
npx PX
MDX }.9 8
LH] TC
®s PZ
HS PZ
B
WSR FY
LR1
BAL
RSR PY
BQU
RS BY
BNZ
LEI
LEI
BAL
WS IC
MDXS PX
STX Ok
WSk PY
EQU
MDX PX
LRI
RSR PY
B
ECU
RS PY
BNZ
RS PY
BNZ
WS TC
L1 TcC
LKkI
LRI
BAL
B
EQU
DC
DC
DC
DC
DC
DC
RS PY
WS PY
MDX PY
BAL
RS PY
MDXx PY
L) TC
LRI

45
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CARTRIDGP TESTER CONTROL

*

VISU06+6
CTSO0
VISUOQ6+7
CT65
R8
VISU06+5
CT50
F
MESRFO
CTS1
cTs2
(R9)
MESREQ
(R4)
R2
R1,BRUPKOQ
MESREQ+1
SAVE3g
YLDG
R17,R8E
R27,R2
visu23
VISDO06+6
YISU06+7
CT68
R23,CT66
R28,CTS3+17
SECVRT
R28,CT66
*

CT53+1
CTS54
51,0753

"R2,CRETO

ENOU®
CT53+1
R14,°8

R4 ,X*FPOLO"
RI14,CT534+8
x

R4,R17
R5,MESQ
R7,MESOU
CT16

*

cT52
CT14
HSERR2+1
CTI4

CT52
9SFRR2+17
RY,HSERR2
R2,CRTO

20

C*CTX VISUAL CTECK

(R9)
(RG4)
R2
YLDG
3 (R2)
R7

SAVE3Y
R5,B4PKQ

SEE IF VISUAL CHECK DUE
NO-SKIP

SEE IP °*FORCE CHECK®* ON
SKIP IF SO

TESTER NUMBER INTO *X°*

SEE IP FOR THIS TESTER

NO-SKIP OUT

SEE IF CART. OUT OF SYSTEM
YES~GO COMPLATIN

CLEAR COMPLAINED PLAG

GET QUEUE ELEMENT POINTER
POST REQUEST

POST MOVE ACTIVE

PUT POINTER IN R2

POIRT TO B4 PACKING QUEUER
SET

ALLOR SAVE

REPORT GOOD CART

SAVE R4

POINT TO SERIAL NUMBER
POST VISUAL CHECK PENDIWG
CLEAR DONRE IND

CLEAR "FPORCE CHECK?

SKIP SERIAL RUMBER IN arssncz
SAVE R28

POINT TO MESSAGE

CONVERT

RESTORE R28

SEE IF PENDING

YES-SKIP

BPOINT TO AWPSSAGE

POINT TO CRT QUEUE

POST REQUEST

POST PENDING

SWAP TESTER NUMBER

STIK IN ZONE AND BLANK
PUT IN MESSAGE :

RESTORE R4 Lo
POINT TO DESTINATION OUBBE
X-Y ADDRESS OF HES EXIT

GO COMPLETE MOVE REQUEST

SER IP ALREADY COHPLAIIBD
YES-SKIP OUT

SEE IF MESSAGE PENDING
YES-SKIP OUT

POST COMPLAINED

SET MESSAGE PENDING

POINT TO MESSAGE

POINT TO CRT QUEUE

POST REQUEST

CONTINOE

SAVE REG AREA

COMPLAIRED FLAG

CHAIN WORD

PENDING PLAG

WORD COUNT

T0 MARUAL EXIT STATION.®
GET POINTER BACK

SAVE IN MOVE REQ ARRAY
PUT. INTO R2

REPORT GOOD

GET X-Y CELL LOCATION
PUT IX R7. (TO) -
MARK PACK QURUE CHANGED
POINT TO -PACKAGING QUEUE




TITLY

CT16 RS
MDX
LH
WSk
BAL
B
EQU
STX
S1X
STX
IR
IR
MDX
1TLaNZ

CTi4

CT15

CTS55

RSR

B

EQO
W SR
LRI

Clo?

CT1Yy EQU
RS

BRZ

BNZ
Ws

ADD
ADD
ADD

PY
EOR

PY
AND
PY
PY
PY
ADD
AND
AND
AND
PX

pX
sSoB

PY

FY

PY

PY
PY

Pz

.47

CARTRIDGF TESTER CONTROL

CTOO (R8)
16

(*9

K11, (R11)
ROVETT
DKO1

L 3

®23,3
11,7
R28,7

R9

BU
K10,210,SLL1
£8,CTNUM~1,CT13
DRO1

L 3

B2
P2,XY7PPF"
YLDB

3 (R2)

R?

RTST13

cT55

T(rR2Y) -

R27

CT55
R27;X%1000°"
R27,Y*7FFP®
T(R2)
R27,X%7000°
R27,327,SELY
R27

RTST24

CT55
R5,R48SW0Q
RTST38

®42
R5,BACTQ
SYSFVUN

o2
rS5,BUCTQ
”2, (R4)
CT16

pe :

RJACT
CT67

R2

CTRJ (RB)
R22
R4,CT66 ¥
R&,RE
}8,CTRJ
R5,CLPOOL
REJAY
CTOO (R6)
R6

(R9)

R11, (R
R7,REJ
MOVEIT
DRO?Y
R8,CT66
Criy

*

R2, (P0)
RS, 8%RJ0
CT16

*

CALCO (F8)
CT70

- EXISTS.

4,120,629

GET CT OUT PORT X-Y

. POT IN R6 (PROM)

CLEAR CRTOUT

~CANCEL TIMER

GO POST MOVE REQ
RETURN TO DRVR IF NO HOVE QURUF FLF

REXT QUALITY POINTER
POINT TO NEXT TESTER

POINT TO NEXT TESTER YIELD TABL®
NEXT

WEXT

CONSIDER NEXT OUT PORT
TEST IF DONE

RETURK TO DRVR

REJECT CART

PUT ADD IV R2

KILL SIGR BIT

REPORT BAD CART

GET *TO® ADDRESS

PUT IN R7

RETEST ACTIVE?

NO-SKIP

GET SERTAL HIGH ORDER
SAVE IN R27

SK1P IP RETEST NOT SET
INCREMENT RETFST COOUNT
REMOVE RETEST OK BIT
SAVE BACK

ISOLATE RBTEST COUNT
PUT IN LOW DIGIT

POT IN vx¢

SEE IP MORE RETEST TO DO
NO~REJECT FROM SYSTEM
PUT BACK IN SERVO WRITER CUEUE

" SEE IF SEBVO WRITER RYPASSED IN PETEST

SKIP IP NOT

POINT TO TESTER QUEUE

SEE IP PVEY SYSTEM NURBER

SKIP TP NOT

PUT BACK IN CART TEST QUEUE IP BVFN SYSTERM
POST MOVE PENDING

FINISH

SEE IP REJECT ACTIVE

SKIP 1P YOT

REG 2 INTO °*X°

SAVE MOVE REQUEST TO REJECT PORT
COUNT TRIS CART TG REJECT

SAVE kY

LOAD TESTER NUMBER

COMPUTY ADDKESS OP MOVE REQUEST
RETURN ‘CELL TO PREZE POOL

"MARK REJECT PORT IN USE

LOAD XY ADDRESS OF CT OUT PORT

INTO R6

REMOVE CART PROM OUTPUT

CANCEL TIMER

LOAD XY ADDRESS OF REJECT PORT

POST MOVE REQUEST

RETURN TO DRIVER IF NO MOVE QUEUE ELE
RESTOR® R&

CONTINUE

POST MOVE ACTIVE
CART TO REJECT QUEDE
GO PINIS? MOVE REQ

SEE IF A CALC AUTO OUE ADDE
125,60 DO IT

S2% IF C4RT OUT OF SYSTEH
FORGET TEIS 1P SO

ALLOW MESSAGE IP N¥EDED



:T56

IT57

T62

2170

EQU

BNZ

WSR -
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CARTRIDGE TESTER CORTROL

PX
EOR

PY

PZ

PY

TC

PY

PY

T
TC

B7,MESOU
RS5,MESDUN
R1,X*7PPFP?

(R9)

(R4)
CALCO1(RS8)
CT20+1
CT16
CT20+1
rRt,CT20
®%2,CRTQ
EXQU®
cr16
&

'8
QUALOZ
cT59
OOALFQ
CcTS57
YLDG

{R23)
R1,0URLFQ
DEQUE
R4 ,R2

(R9)

R17

(na)

T (R18)

RE, (2 18)
R12,88,SLL3
®13,R88,SLL2
R12,E13

.R13,R8,SLL1

R12,213
CHSCTO+10 (R12)
(R14)
CHSCTO+11 (K12)
(E14)

R1,R2
R2,0ULLO
ENOU®R

R17, (R%)
3(R17)

R7

“RS5,B4QULD

CT16
*

CT58+1.
CcT59
CTS8+1
R1,CT58
R2,CRTQ
EYNQUE
CTS9

x

CT63

CT14
CT68+1
CT14

CTE3
CT64+1
R1,CT64"
R2,CRTO
ENQU®
CT1l

RS

(R9)

R2 :
R2,X*7PPPY .
3(R2)

R7

" Rz, (RO)

ADDRESS OF MES EXIT
POINT TO DUMMY QUEUE
LOAD MASK POR SIGN BIT
GET QUEUE ELE ADDRESS
POST MOVE REQUEST~REMOVE SIGN
CLEAR CAL CART IND
SEE IF MESSAGE PERDING
FORGET IF S0 -

* POST PENDING
POINT TO MESSAGE
POIRT TO CRT QUEUE
POST REQUEST
FINISE MOVE REQUEST

TESTER NUMBER INTO *X°
SEE IF QUALITY TESTER
SKIP IP SO

SEE IPF FREE QUEUE ELEMENTS AVAIL

BAD NEWS IF NOT

REPORT THIS GOOD CART
CLEAR SINCE LAST QUAL CHECK
POINT TO FREE QUEOE

GET A QUEUF ELEMENT
INCREMENT AND SAVE POINTER
GET CART QUEUE POINTER
INTO R17

POST MOVE REQUEST

PUT IN QUAL QUEUE BLEMENT
TESTER NUMBER INTO ELEMEN?T
TESTER NUMBER*8

=y

*12

=2

TESTER NUMBER * 184

GET PIRST MODE WORD

PUT IN QUAL QUEUE ELEMENT
GET SECOND MODE WORD

PUT IN QUEUE ELEMENT
POINT TO ELENENT

POINT TO QUALITY QUE

POST REQUEST

POST MOVE PENDING

GET CELL X-Y -

INTO R7

" "POINT TO B4 QUALITY QURUE

CONPLETE MOVE REQUEST

SEE IP MESSAGE PENDING
SKIP IP SO

POST PENDING

POINT TO MESSAGE

POINT TO CRT QUEUER
POST NESSAGE

RESUNE

SEE IF MESSAGF POSTED ALREADY
SKIP IF SO

SEE IP MESSAGE PENDING

SKIP IP SO

SAY POSTED

SET PENDING

POINT TO MESSAGE

CRT QUEUY®

POST MESSAGE

BACK TO IT

" SAVE THE INTO ADDR FOR A HOVE

GET THE QUEUE ELEM. ADDR.
PLACE INTO WORK REG R2Z
MASK OFF SIGN BIT -
EXIRACT THE TO ADDRESS.

, PUT INTO R7 FOR THE MOVE

POST MOVZ PENDING
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TITLE CARTRIDGE TESTER CONTROL
Ws PZ CALCO (88) RESET THE QUEUF VALUE
s PZ CARLCO?Y(RE) CLEAR CAL CART INDIC
B CT16 GO COMPLETE THE MOVE
CTle3 bC 0 POSTED FLAG
o5 4.1} DC 0 CHAIN WOED
DC ] PENDING FLAG
LC 20 WORD COUNT
DC C*SYSTEN WAITING FOR CARTREIDGE TO BE INPUT.®
CTS58 DC 0 CHAIN WORD
c 0 PENDING PLAG
DC 13 WOKD COUNT
DC C?*QUALITY TESTSR QUPUE FULL.®
CIMSK DC X*7FFP® LATCH RESET MASK POR C/T-0
DC Y*BFFF* 1
DC X*DFFPP* 2
DC X *EFFP* 3
DC X*F7FP* 4
DC X*PBFPP* 5
DC X*PDPP* 6
DC X*FEPP? 7
C120 DC 0 CHRIN WORD
DC V] PENDING FLAG
DC 10 WORD COUNT
DC C*CAL CARTRIDGE 10 MES®

Retest, RTST, CT, CHS, provides retest functions
for the cartridge testers, TU's.

Control is received from the console service for the
RETEST command. The command allows the operator
to enable/disable retest, specify retest count, specify
reject codes, and control reservo writing. The com-
mand processor builds a table of reject codes and sets
indicators and retest count. When the 3830 Channel
Service (CHS) reads the summary data, if retest is ac-
tive, the reject code is tested for retest. If eligible, the
high order bit is set in the serial number. The cartridge
testers service (CT) tests the retest bit and if set, incre-
ments the retest count which is carried in the next three
bits of the serial number. If more retests are required,
then the cartridge is moved to a storage cell in unit 10
and placed in the servo writer 12 queue or tester TU
queue according to the reservo indicator.

Packaging service, PK, processes cartridges from
unit 10 via conveyor 15 to the packaging system (not
shown).

Control is received from the driver loop DR after
packaging is started (START P). The on-line indicator
(not shown) is checked, and if not present, a message is
issued and the packaging system stopped. When operat-
ing in a normal mode (START P), even counts of 10 are
processed. Checks are made of the output port sensors
(not shown), if neither is available, control is returned to
the driver DR. If a port is available, then a cartridge is
dequeued from the packaging queue. The X address is
checked and a move is posted to the nearest port avail-
able. The cartridge queue element is returned to the free
queue. :

The machine instruction level source microcode is
shown below.

PACKAGING OUTPUT PORTV,X=LOW
PACKAGING OUTPUT PORT2,X=RIGH

OUTPUT SYSTEM D/I REGISTER
BIT-8-OR LINE
9-PKG PORT 1 CHUTE FULL
10-PKG PORT 2 CHUTE PULL
11-PKG PORT1/2 CHUTE FULL
12-CONV TO PKG MACH PULL
13-A4 OUTPUT PORT NOT AVAILABLE
14~INTERVENTION REQUIRED
PACKAGING D/O REGISTER
BIT-4-GO

CONVEYOR OUT D/O REGISTER
BIT-0-GO/STOP

OUTPUT SYSTENM D/I REGISTER
QUTPUT SYSTEM D/O aEGISTER

TITLE PACKAGING SERVICE
L
E 3
*
*
*
»
L
*
»
*
*
*
»
»
*
E
x
]
PKDI  EQU R52
PKDO  ELU R38
CODO  EQU R36
PKOO  EQU »

TLBZ AND PXDI,X*80°,PK25

RS PY PKPAUS

COYVEYOR QUT D/O REGISTER

SET MESSAGE IP NOT ONLINE
SEF IF PARUSED



KO

PKOo

PK11

PXOZ

PK13

EKO8

PK1Y

¥K10

PK24

TITLE
BNZ
B
TLBNZ AND.
RS PY
B2
LRI
TLBNZ AND
RS PY
BR2
L TC
IR
L
TLBNZ AND
RS PY
BNZ
WS TC
IR
EOU
LDX PX
BZ
" RS PY
BNZ
RS PY
BZ
EQU
RSH PY
STX 508
BN
S P2
EQO
TLbZ OR
RS Y
BZ
LRI
BAL
WSR PY
RS PY
MDX PY
STX AND
STX suUs
BP
kS BY -
BZ
EQU
DR
WS P2
ESR ¥y
s PY
LRI
KSR PY
EQU
LETI
LRI
RS PY
MDX PY
BAL
NOP
EQU
RS PY
BNZ
RSH PY
DR
BNZ
LRI .
WSR - PY
B
EQU
WSR PY
EQU
LDX EX
BZ
RS PY

S3

PACKAGING SERVICE

DR11

*42
PXDI,X'08",PX 14
MVEFR

NR1Y

9,0
PKDI,X*30°*,PKO1
YYPX1

PRO1

EX 1AV

RY

*
PXDI,X*20°,PK0O6
XYPK2

PKO6

PX2AY

RS

E 3

R9

DR11

PX20

PRO2

PKFST

PX02

*

R8,BUPKQ
88,10
PXO03
PXPST

*
£9,0,PX16
BUPKO
PX03
R1,B4PKO
DEQUE
R2,PX0S
3(R2)

RS
RY,X00FPF
ES, 199
PX07
PK1RY
EKO07

*

R9

PKIAV
R2,FX05
XYPK1
R4, XYPK1
R7,PX1

RS, PXPRTO
R5,CLPOOL
3 (R2)

R6

MOVEIT

»*

PK20
PK24
R8,PKO9
RSB

PK10
R8, 10

‘R8,PK09

PK11
»

Rk8,PR09
*

R9
DPR11
MVEFR

4,120,629

RETURN TO DRVR IPF SO
SKIP PACR FULL CHECK
SET MESSAGE IP PACK PULL .

CHECK IF MOVE QUEUE ELE'S AVAIL

RETURN TO DRVR IF NOT

‘ZERO IN RY

CHECK 1P PORT 1 EMPTY
YES-CEECK 1F MOVE REQUESTED
YES-TRY NEXT . ;
MARK AVAILABLE

COUNT IT

'CHECK IF FORT 2 EMPTY

YES—-CHECK IF MOVE REQUESTED
BR IF NOT

MARK AVAIL

COUNT

TEST COUNT

RETORN IF NONE AVAIL
SEE IF ODD IND SET
SKIP OUT IP SO
CHECK PIRST

NOT PIKST

GET NUMBER IN PACK QUEUE
SUSTRACT 10

BR IF NOT 10 REMAINING -
SET NOT FIRST

GUIT IF WO PORTS AVAILABLF
SEE IF CARTS IN PACK QUEDUE
QUIT IF NOT

POINT TO PACK QUEUE

GET QUEUE ELE

SAVE ELE ADD

GET CELL X-Y ADD

PUT IN RS

MASX ALL BUT X ADD

SEE WHICH END OF LIBRARY
UPPEX-TRY PK2 PIRST

SEE IFP PK1 AVAIL

NO USE PK2

COUNT TRHIS
MARK NOT AVAIL
GET SAVED ADD

_HMARX NOVE REQUESTED

ADD OF ADD OP®LE’
GET X-Y ADD OF PORT 1

8
PUT CART INK PACK PRINT QUEUPR
POINT TO FREE POOL
GET FROM X-Y ADD
PUT IR R6
POST MOVE BEQ
AVOID SKIP

SEE IF IN °*0ODD® NODE
SKIP IF so

GET 10 COUNT

COUNT THIS MOVE

BR IPF BORE

GET 10

PUT 10 BACK

SE® IF 10 MORE TO PACK
PUT BARCK COUNT-1
TEST PORTS AVAILABLR
RETURN I¥ NONE

SEE IF MOVE QUEUE BELE®S AVAIL



£X07

rX12

PKO3

PK21

PK15

PK16

L g
PKERR1

PXFST
bK23
rKOS
PKOY
PKIAY
PK2AV
PK20
oK22

PK4

PK25

PK17

TITLE

EQU

PY

TC

PZ

PY

1C

P2
AND
AND

PZ
Pz

55

PACKRGING SERVICE

DE1Y
PX02

-

PX2AY

PR 12

R9

PK2AV
R2,PX05
R2,XYPK2
R&,XYPK2
R7,PX2
PXO8

]

PXTAY
DR11
PK13

»*

PXACT
PX23
PKFST
PK20
PK21
PX20
R1,PK22
PSTHSG
DR1Y

*

PKERR 147
DR11
PKERR 1+1
R1,PKERR1 -
® .

R2,CTTQ
ZNoUT

*

DET1

0

0
20

C*PRCKRGIMG 'CONPLE1T
. .

COCQDOO0O MO0

16

C*PACKAGING CONPLET
*

PKACT

PKPAUS
PXEFR2+1
DR11
R1,PKERR2
PKERR2+1
PK15

L

21,pv27
PSTMSG
R1,PX28
PSTNSG

PXACT

PXPAUS
PXDO,X*TP¥P"
CODO,X*FTFP?*
DR

-

START
CLPOOL

4,120,629
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RETUSN TO DRVR IF NONE AVAIL
TRY TO POST ANOTHER HOVF

SEE IF PORT 2 AVAIL

NO~TEST PK1

YES—COUNT IT

SET PORT 2 NOT AVAIL

GET SAVED ADD.

POST MOYE REQUEST

ADD OF ADD GP CART QUEUE ELRE
X-Y ADD OP PORT 2

GO CONMPLETE MOVE BEQUEST

SEZ IP PORT 1 AVAIL
NO-RETURN TO DRVR
MOVE TO PORT 1

SET PACKAGING INACTIVE
SET *PORCE PACK PRINT®
RESET FIRST

" SEE IF °'0OLD" MODE

SKIP IP XNOT

CL2AR IND

POINT TO *EMPTY* NESSAGE
POST MESSAGE

RETURN TO DRIVER

SEE 1P MESSAGE PENDING

‘RETURNY 1P SO

MARK PENDING
POINT TO BESSAGE

POINT TO CRT QUFUDE
POST THIS REQUEST

RERURN TO DRVYR

CHAIN 4ORD

PENDING IND

COuUNT

E-LESS THAN 10 IR QUEDE.*
FIRST IND

FORCE PRINT IND

SAVE QUEUF FLF ADD

10 AT A TINE COUNTER
AVAILABILITY PLAG-PORT 1
AVAILZBILITY PLAG-PORT 2
*oDD* IND

. CHAIN WORD

PENDING PLAG
WORD COUNT
P—QUEUE EMPTY.®

'SET PACKAGING INACTIVE

SET PAOSE
SEE IF NESS PENDING
RETUEN TO DRVR IP SO

MARK PENDING
GO CONPLETE REQUEST

POINT TO MESSAGE

POST .

POINT 'TO *STOPPED® MESSAGE
POST

SET INACTIVE

SET PAUSE

DROP GO BIT
DROP GO BIT
EETURY TO DRVR

KILL DRIVER LOOP
ZERO PREE POOL COUNT
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TITLE PACKAGIRG SERVICE
LRI R1,KB04+6 POINT TO COMMAND LIST
) LRI RZ,NUNCHD~3 SET COUNT

WSI Pz (RY)
WSI P2 (F1)

KILL COMMAND
KILL COMMAND

MDY XD R2 COUNT
BN2Z *-3 LOOP
LRI ®1,PK18 POINT TO MESSAGE
BAL PST™SG POST MESSAGE
WS PZ RJIACT SET REJECT INACTIVE
B DR12 - RETURN TO DRIVER
PK18 DC 0 CHAIN WORD
DC 0 PENDING FLAG
DC 12 WORD COUNT
neC C®LIBRARY PLUSY COMPLETE.®
PKERR2 DC 0 CHAIN WORD
DC 0 PENDING FLAG
pC 11 WORD COUNT
bC C*PACKAGING SYSTEM PULL.®*
PK27 DC 0 :
DC 0
nC 15
DC C*PACKAGING SYSTEX NOT ON LINE.®
PK28 bC 0
DpC 0
pC 13
DC C'PACKAGING SYSTEM STOPPED.®

Manual entry service, MES, processes requests from
the unit 10 manual entry station 14A MES).

MES 14A enables removal and reinsertion of car-
tridges at various manufacturing levels. This feature
enables visual checking and off-line listing and evalua-
tion of partially completed cartridges.

Control is received from the driver loop DR. If no
device ‘end has been received from the manual entry
station 14A, control is returned to the driver loop DR.
When a device end is outstanding, if a move is pending,
then the request is neglected. If no move is pending,
then a move is posted back to a cell if a cartridge is out

TITLE
EJOO  EQU -
BS PY FLOS2
BNZ RJO2
LDX  PX R22
BP RJO2
s PZ RJIACT
s TC REJAV
BRSR - PY R22,RRJCT
RS PY RJPER1+1
BNZ DR12
s TC RJERR1+1
LRI £1,RJERR1
LRI R2,CRTO
BAL ENQUE
B DR12
RJO2  EQU *
RS PY HSREJ
BNZ DE12
RS ¥Y SWRRJ
BNZ DR12
RS PY XYREJ
BNZ DR12
S EZ RRJAV
KS PY MVEP®
. BZ . DR12
RSR  EY RT,REJO

of the system, or to the manual exit station. An error

_3p Message is issued in the second case.

Reject service, RJ, processes cartridges to the reject
port 14,

Control is received from the driver loop DR if reject
is active (START R). If cartridges are in the reject

35 queue and no moves are pending, a move is requested

from a cell to the reject port. Control is returned to the
driver loop DR. Cartridges are counted and if the count
exceeds the capacity of the reject port, a message is
issued and the reject service is stopped.

40 _ The reject service is detailed at the machine instruc-

tion level in the two charts below. i

REJECT PORT SERVICE

SEE IP °FLUSY® SET
HANDLE IP so

CHECK REJECT COUNT VALUEZ
IF POSITIVE STILL ROOM
BUCKET PULL-SET INACTIVE
MARK PORT NOT AVAIL
START COUNT AGAIN

SEE IP MESS PENDING
RETURN TO DRVR IDP SO
BARK PENDING

POIRT TO MESSAGE

POINT TO CRT QUEUE

POST REQUEST

RETURN TO DRVR

SEE IF MVZ PEND BS TO REJ
RETURN IF SO

SEE IF MVE PEND SW TO REJ
RETURN ID SO

SEE 1IF MOVE PENDING CELL 70 REJ
RETURN IF SO

NOTHING PENDING-MARK AVAIL

SEE IF MVE QUEUE ELE AVAIL
RETURN IF NoOT

SEE TP CART IN REBJZCT QUEUE
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TITLE REJRCT PORT SPRVICE
BNZ RJO3 SKIP IF CLRTS
RS PY FLUSZ2 SEE IF *FLUSH' SPT
BNZ PR17 HANDLE IP SO
B Dh12 RETURN TO DRIVER
RJO3 ECU *
RS PY FLUS22 SEE 1P *PLUSH?
BZ RI0OU SKIP IF %NOT
LEI R2,%203+17 POINT TO INPUT AREA ¥
BAL BINE CONVERT QUEUR COUNT
LR1 '81,1'0500'020 LIXE S5, 20 WORDS
LRI R2,KF03 POINT TO INPUT ARERA
BAL CRT SET COURT OR SCREPN
RJOu EQU *
DR R22 COUNT T91S CART TO RPJ SUCKPT
WS TC RPRJAV MARK E®J PORT NOT AVAIL
LRI R1,REJQ POIRT TO REJ QUERDE
BAL DEQUT™ GE1 QUEUP ELP
WSH Y R2,YIRPJ POST MOVE REQ
LRI R& ,XYRED ADD OF ADD OF QUEU® ELE
LEKI R5,CLPOOL RETURN CFLL TO FREFR POOL
RS PY 3(R2) GET PROM X-Y ADD

MDX PY R6
RSE PY PR7,R®31

BUT IN R6
X—-1 ADD OP REJECT PORT

BAL MOVEIT POST NOVE REQ
NOP AVOID SKIP
RJOT  EGU *
' B DR12 RETOURY TO DRVF
RJERRT DC L0 CHAIN WOED
DC 0 PENDING PLAG
DC | 15 4ORD COUNT
B Io C*2ERJECT RUCKET PULL, STOPPrD.*
REJAV 2C 0

The microcode: routines now described have to do
primarily- with operation of unit 10, processor 16 and
processor 17. ’

Console service, CON.and KB, provides connection
to the. operators station “consocle and keyboard™.

When the driver loop DR detects that the ‘Function
Select’-key (not shown) on the keyboard has been hit,
control is given to the console service routine. The
operator action, pending indicator, is cleared for the
display service, the alarm is turned off, and the alarm
timers are stopped. The bottom line of the CRT is
cleared, then the keyboard input routine is called. When
the required operator input is complete, control is re-
turned. The first four characters are considered a com-
mand and are compared against a valid list. If the com-
mand is not in the list, it is posted as illegal and control
is given to the general service (SRV) for printing. If the
command is valid, two operands are decoded and
stored. Operands are separated from the command and
other operands by one or more blanks. A command may
have none, one or two operands. Control is passed to
the routine requested by the command. Control is re-
turned from the command processor to either a normal
path or an error path which will cause the command to
be marked invalid. Control then goes into the general
service routine (SRV) which places the operator input
on the printer. Control is then returned to the driver
loop DR.

Since microcode and programming for connecting
such devices to a programmed control processor 16 is
well known, further description is dispensed with.

Display service, CRT, displays messages on the oper-
ators station CRT display.

The driver loop DR determines if any messages are in
the CRT queue-and gives control to the display service
CRT. A check is made to determine if operator action is
pending due to a previous full screen condition. If so,
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REJECT POET AVAIL PLAG

control is returned to driver loop DR. The next line
position is tested for end of display. If the next message
will overflow, then the audible alarm is sounded (2
seconds every 30 seconds), operator action pending is

set, and control is returned to the driver loop DR. If the
previous conditions are correct, a message queue ele-

ment is removed from the CRT queue (dequeued). If
the line printer is active, the queue element is placed on
the printer queue (enqueued) to be printed later by the
printer service. If the printer is not active, the queue
element is marked not pending. The message word
count is checked and limited to 20 (one line on display),
if necessary. The current line pointer is incremented and
the message is placed on the screen by calling the CRT
routine. The next line is blanked out, if it is not the
bottom line on the display.

Such microcode is well known and is not further
described.

General service, SRV, performs general support ser-
vice.

A branch is taken to the general service routine from
the driver loop DR. For each of the services performed,
a check is made to see if action is required, the service
is provided if required, then the next service is tried.
After all services are done, control is returned to the
driver loop DR. Services provided are:

1. Print results of YIELD command.

2. Print message for low yield for devices.

3. Print results of CHI SQUARE command.

4. Print results of THROUGHPUT command.

5. Print hex data.

6. Print intervention required messages for cartridge
testers TU'’s.

7. Print message for bad mode word for testers TU.

8. Process device end for manual exit station.

9. Place operator input on printer.

10. Process and print time message.
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11. Print TU load or patch error message.

12. Print calibration cartridge data from testers.

13. Print TU sense data.

14. Process trace card reader data.

15. Print online quality test failed.

16. Print results of LAST command.

17. Print trace data and enqueue for SBCA (Host 17).

18. Print mode words from MODE command.

19. Provide bypass service as requested by BYPASS
command.

20. Print message for unexpected interrupt.

21. Print tester reject codes as requested by the
PRINT command. .

22. Process good and bad messages for the AUTO
CALIBRATION command.

23. Print serial numbers of cartridges going to pack-
aging.

24, Print reject codes for servo writer as requested by
the PRINT command.

25. Print special channel error messages.

26. Print queue empty messages.

27. Print Delta X messages for XY Carriage.

Because of the general nature of this microcode and
its peripheral relationship to the present invention, fur-
ther description is dispensed with. Some items listed
above are not explained since they do not pertain to the
present invention.

Printer service, PRS, prints messages on a line printer
(not shown).

Control is received from the driver loop DR. If the
printer is not active (START and STOP control ac-
tive), a return to the driver loop DR is taken. The
printer busy flag (signal) is checked and if still busy,
control is returned to the driver DR. If not busy, a timer
is cancelled. If there is an outstanding queue element, it
is marked no longer pending. If there are no more queue
elements in the printer queue, control is returned to the
driver loop. An element is dequeued and requested to
be printed if present. The system number is copied into
the message before printing. A timer is started, then
control is returned to the driver loop DR. If the timer
expires before the line is printed, control is received in
a timer exit routine from the timer service. An error
message is written on the bottom line of the operator
display, the alarm turned on, and the timer restarted.
Control is then returned to the timer service. All of the
above represent typical printer control microcode not
requiring further explanation.

370 channel, CH, provides 370 channel protocol for
communication between processor 16 and 17.

Control is received from areas requesting data trans-
fer over the 370 channel. The channel protocol of the
IBM OEM document A22-6974 is followed. This docu-
ment is available from IBM at Mechanicsburg, Pa.,
17055. All sequences are timed.

Visual check, VISU, verifies the visual (hot stamped)
serial number against the magnetic serial number (servo
writer 12 written).

Control is received from the console service for the
VISUAL command. The visual command allows the
operator to specify the check frequency, force a check,
and verify a cartridge being checked. Frequence is the
number of cartridges for the hot stamp 11 and servo
writer 12 and minutes of test for the testers TU. The
visual check is done by the device routines. The output
service detects that a visual check is due and sends the
next good cartridge to the manual exit station. The
operator must type in the visual number which is com-
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pared to the expected number. If a cartridge is out of the
system at check time, the next cartridge will not be sent.
The hot stamp or servo writer will be stopped and
messages issued. The tester will wait for the cartridge to
be entered. A message will be issued.

Time out monitor, TOM, starts timers for devices.

Control is received from the driver loop DR if
started. As a cartridge enters the hot stamp 11, servo
writer 12 or testers TU, a timer is started. When the
cartridge comes out of the device, the timer is stopped.
If a cartridge does not come out, due to an error condi-
tion in the device, the timer times out and a message is
posted. The time out monitor checks to see if the device
is active and has a cartridge, then starts a timer. The
timers are stopped by the respective device service
routine.

Timer service, TC and TCI, provide software timers.

Control is received from the driver loop DR. If no
requests are on the timer queue, control is returned to
the driver. Each request on the quque is removed and
processed. The time/hold/cancel indicator is checked
and the proper action taken. For cancel, the element is
left off the queue. Hold causes the element to be re-
turned to the queue without timing. For time, the re-
maining time is decremented by the quantity kept by the
interrupt routine. If the remaining time is positive, the
element is returned to the queue. If the time period has
expired, then the timer exit routine is given control.

During initialization, the timer/counter hardware
(not shown) is started for 100 milliseconds. When the
100 milliseconds has elapsed, an interrupt is issued. The
interrupt routine increments the time counter and re-
starts the timer counter.

Host Service, SB, sends data to host or supervisory
processor 17.

Control is received from the driver loop DR if the
SBCA connection to processor 17 is started (START
B). If a request is active, the SBCA status is checked. If
still busy, control is returned to the driver DR. If a bad
status was returned, ten retries are attempted, then
SBCA is stopped. For good status, if the last operation
was fetching the date and time, the date and time is
copied into the data to be transmitted to processor 17
and the data is sent. Good status following sending data
causes the operation to be marked complete and the
queue element to be returned to the proper queue. A 10
second timer is started for each operation. The timer
exit routine is activated if the 10 seconds expire before
the operation is complete. The status is set to x'FFFF’,
the SBCA is reset and normal handling done.

SBCA (Sensor Based Communication Adaptor) con-
nects processor 16 to processor 17. SBCA is an adapter
sold by International Business Machines Corporation
(IBM) for connecting a System 7 computer or processor
to a host processor, such as a 370/168-3 computer, also
sold by IBM.

3830 channel service, CHS, processes host 370 (pro-
cessor 17) channel supplied data signals to and from the
cartridge testers, TU. Each TU includes a 3830 director
unit manufactured and sold by IBM which also controls
a DRC unit (not shown) used to test the cartridges
being manufactured.

Control is received from the driver loop, DR, only if
the TU channel is active (START 3). Two basic sec-
tions process data from the TU’s. The first section
checks to see if a TU is through testing a cartridge and
has polled in a device end signal. If ending status signals
has been presented, then a read command is issued to
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TU to receive the summary test data. For unit check
(error) indicated in the ending status signals, a sense
command is issued by processor 16 to TU, a message is
built indicating the abort code and any intervention
required if present. The read command is then sent to
TU (3830). The cartridge serial number sent to the TU
is compared to the cartridge serial number returned in
the summary data. If the two do not compare, a message
is issued and the TU channel and testers are stopped.
The summary data is posted to be sent to the host 17 or
printed for calibration data. In this regard, at this stage
of manufacture, servo writer 12 should have magneti-
cally recorded the cartridge serial number assigned at
21 and imprinted by hot stamp unit 11, onto the mag-
netic medium of cartridge. All three numbers must
match.

The second section finds TU’s with cartridges wait-
ing to be tested. The serial number of a successfully
tested cartridge is removed from the CT queue element,
converted to EBCDIC coding, and sent, along with the
modeword, to TU. Unit check (error) conditions are
handled for bad modeword or 3830 hardware failure.

370 channel poll, CH, tests for Request In for pending
request from devices, as TU’s, Hot stamp 11, writer 12,
port 14, etc. This routine begins communication be-
tween processor 16 and any of the controlled devices.

Control is received from the driver loop DR. The
Request In Line is tested and if not active, control is
returned to the driver loop DR. If the line is active, the
address of the requesting device is taken and compared
to an expected list. If the device address is not in the list,
an error message is posted and control is returned to
driver DR. For legal addresses, control is given to the

20

25

30

64

normal 370 Channel routine where the request is pro-
cessed.

Yield, YLD, YIEL, REYI, FIY], gathers, monitors
and displays cartridge yield information.

Control is received from any device (hot stamp, etc.)
routines for the yield gathering and monitoring func-
tions. The console service gives control to the yield
display functions. As a cartridge comes out, each device
reports the good/bad status to the yield gathering rou-
tine. Tables are maintained of the total cartridges and
good cartridges for the long term (since system start)
and short term (last ten cartridges) for each device.

The short term yield is monitored and if it drops to
50% or below, a message is issued. For cartridge testers,
the serial numbers of good cartridges are saved for the
LAST command. For the winder, hot stamp, and servo
writer, the reject code is reported to the host. From the
information in the tables, the YIEL, REY], FIYI com-
mands compute and display the total yield, retest yield
and first pass yield, respectively.

Throughput, THRU, TRU, maintains cartridge
throughput rates for display purposes.

Control is received from the console service for the
THRU command from the timer service. A 15 minute
timer is started the first time the driver loop DR is
started. Each 15 minute time out, control is given to the
monitor routine. Using the yield tables, a long term
(since last system start) and a short term (last 15 minute)
cartridge throughput rate is computed. When the
THRU command is issued, the rates are posted on the
CRT and printer.

The routine is detailed at the machine instruction
level in the source code below.

SAVE BETORN ADDRESS
SAVE R2

POINT TO THRU-PUT TEBLE
POINT TO YIELD TABLE
-1 TO R12

COUNT

GET LATEST TOTAL

TOTAL UP TO LAST 15 MINUTES

TOTAL INTO X REG

SAVE TOTAL

COMPUTE WUMBER IN LAST 15 MINUTIES
NOT NEGATIVE=0X

LOAD CORRECTION

CORRECT POR OVERFLOW

STORE CORRECTED

NEXT

NEXT

LOOP TILL DONE

POINT TO PARMS

POINT TO TIBER QUEUOE
ALLOW TIMIXNG

15 MINUTES IRTO X REG
SET TIME

POST PENDING

PUT BACK ON QUFUE
RESTORE R2

SEZ IP SYSTEM STOPPED
YES~PETUER

1 INTO X REG
GET PHESENT 15
UPDATE

HNINUTE COUNT

TITLE THROUGE—PUT MORITOR
TRUEXT EQU .
TRUOO KU *
BDY II R3
4DX PX RG,R2
LRI 210, WNDTRU
LR1L ®11,9NDYLD
MDX 17C R12
TRU0Z EQU *
“DX XI R®R12
RSk PY R13,({R1Y1)
RSI PY (F10)
nox PX R13
Ws PX -1(R10)
¥S SUB (P10)
BNN TRUO3
LDY ¥X R1,32767
KSR ADLU RT3, (R10)
WSH XI R13, (R10)
TEUO3 ECU *
noX XI R710
STX ADD E11,7
TLBNZ EOR ®12,10,TROO2
LRI R1,TRUO
LRI R2,TINERQ
WS vZ  1(RT)
LDY PX F1,9000
is EY 2(RV)
Ws 1C U (RT)
BAL ZNQUT
nLX PX R2,R4
RS FY START
BZ (23)
LDY PX k1,1
kS ¢Y  THUO?
WS ADD TPUO?
RSR PY R1,CRI17

+

LOAD 15 MINUTE COOUNT

[ ——
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INCREMENT AND SAVE

POINT TO LAST TIME PERIOD
MOVE DOWN ONE TIME PERIOD

FOINT TO NEXT TESTER
LOOP POR 8 TESTERS
UP TO PREVIOUS TIME PERIOD

CLEAR 15 MINUTE COUNTER

LONG TERM TOTAL (OPDTE AT 15 MINS)
SHORT TEBRM(LAST 15 MINS ONLY)

OF 15 MINUTES EXPIRED

TINER QUEDE ELEMENT POR THRU-PUT

EXIT ROUTINE ADDRESS

65
TITLE TYROUGH-PUT MONITOR
WS ADD CHIT7
LDX EOR 1t,3 SEEIF 1 Y0UR uP
BNZ (83) o RETURN IF JOT
LRI R1,CTOT?
CHI1Y EQU *
MDX  PZ R10 CLEAR COUNTER
CHI18 EQU *
RS PY (R1) LOAD TOTAL
WS PY 16(R7)
RS PY 1(RT) LOAD GOOD COUNT
WS PY 1T7(RY) HOVE DOWY :
LE Pz (BN CLEAR MOVED DATA
WS PZ 1(rR1) AGAIN
STX ADD RT,2
MDX X1 R10 COUNT
TLBNZ EOR R10.,8,CI18
STX SUB R1,32
LDX SUB RT,CT0T1 SEE IF DONE
BNX CEI19 LOOP IF NOT
WS PZ CHIY?
B (r3) REPTURN
CH117 DC 0 15 MIYUTE COUNT
WNDTRU DC 0.
DC 0
ZSTRU DC 0.
bc 0
SY¥TKD DC 0
oC 0
CTOTRU DC 0
DC 0
CT1TRU DC 0
DC 0
CT2T:U IC 0
DC 0
CT3TR0O DC 0
e_.____DC 0
CT4TRU DC 0
DC 0
CT5TRU DC 0
DC 0
CT6THU DC 0
DC 0
CT7TRU DC 0
pC 0
TEU01 DC 0 NUABER
TRUO = DBC 0
DC 0 ALLOW TINMING
DC 5000 15 MINUTES
DC TRUEXT
DC 0

age).

Control is received from any microcode area requir-
ing queue service. Two functions are performed. The
enqueue routine places elements on a queue chain and

the dequeue routine removes elements. 335

The machine instruction level source code in the
charts below show the controlling:'microcode (two

TITLE

BNQUE EQU *

*

. .

* LRI R1,0URL®
* LRI R2,0CNTL
* BAL " ENQUE

x®

*x

PENDING PLAG

Queueing, QU, provides queue chaining (queue man- 50 charts), the XY carriage move enqueue (one chart), the

cartridge move request words (two charts), cartridge
queue areas (CARTQS — seven charts), the queue limit
source (description plus three charts) and an example of
free cell identifications (eight charts). The latter identi-
fies where a cartridge received by unit 10 from con-
veyor 20 can be stored (empty cell). Once a cartridge is
assigned to a cell, it is always returned to that same cell
in any all queuing during the manufacturing process.

QUEUE BMANAGER ROUTINE - QU

ENTRY TO ENQUE

CALL SEQUENCE

LOAD ADD OF QUEUDE ELEMENT

LOAD ADD OP OUEOE CONTROL AREA
GO ENQUE TEIS ELEMENT
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TITLE QUEUYP MANAGER ROUTINE - QU

* QUEUE CONTROL AREA

*QCNTL DC 0 COUNT OF ELE®S IN QUEUB-INIT=0
* DC 0 ADD OF 1ST ELEMENT-INIT=0
- DC QCYTL+1 ADD OF LAST ELE-INIT=A (A (PIRST))
*
QUU1  EQU *

MDY  XI RO SAVE LINK ADD

LDX PX K2 TEST QUEUE CONTROL POINTER

BALKP RANG HANG IF NOT POSITIVE
L §18, (R2) GET COUNT
LDX PY R1B PUT IN X REG
WSI X1 (R2) CNT+1 TO COUNT
BALNE ANG HANG IF NOT POSITIVE
IR 82 POINT TO LAST ADD
RSk PY R20,(%2) GET ADD OF LAST
WSk EFY R1,(F2) PUT THIS ADD AS LAST
BALNP RANG HANG 1P NOT POSITIVE
WSR  PY K1, (R20) CIAIN TO THIIS ONE
wsm  PY (F1),0 ZFRO CHAIN ALD (LAST)
B (R0) RETURN TO CALLER
DECUE ECU . ENTRY TO DEQUE
»
* CALL SEQUENCE
. LEI E1,(CNTL LOAD ADD OF QUBUE CONTROL AREA
* BAL DEOUT GO GET A QUEUE ELEMENT
* R2 CONTAINS ADDRESS OP QUE BLEMENT
*
QUO2  EQU .
MDY XI RO SAVE LINK ADD
L R18, (R1) GET COUNT
LDX kX R18 GET IN X REG
wSI XD (FV) CNT-1 TO COUNT
BALN HANG GO ANG IP NEGATIVE
BNZ 0u03 SKIP IF NOT LAST
LDY PX R1 VALUEZ IN R1 70 Y REG
us PY 1(RD PUT IN ADD OP LAST ON QUEUE
QuUO3  BQU »
RSR P B2, (RV) GET ADD OF PIRST ON QUEUE
BALNP HANG HARG IF ¥OT POSITIVE
BSR PY R18,(R2) GET CHAIN ADD
SR PY R18,(RY) CHATIN DOWN
Wss  PY  (R2),0 CLEAR CHAIN WORD
B (RO) BETURK TO CALLER
L1ST on QUEUE MAYWAGER ROUTINE
TITLE SOUTINE TO BXQUR MOVES FOR THE X~Y CARRIAGE
*
* CRLLING SMQUEWC®
*
» LRI RE, XYSW ADD OP ADD OF CART QUEUE ELE
* LRI FS,SWO ADD OF DESTINATION QUECE
* RSK  PY R6,(¥2) X-1 ADD OF FROH
* RSR  BY R7,SWI X-Y ADD OF 10
» BAL MOVPIT . GO BRQUE A MOVE
-
* SEEVO WRITER INPUT USED AS AN EXAR®
MOVEIYT EQU .
BDY  XI R3 SAVE LINK ADDRESS
LR1 R1,HVEPR LOAD ADD OF MOVE PREE QUEUE CONTZOL
BAL DEQUE GO GET A MOVE QUEUE ELE
¥DX X1 RW,P2 INCREMENT POINTER, SAVE ORIG
WSRI EY XU, (R18) PUT ADD OF ADD OF CART QUEUE ELE
WSK1 PY RS, (P14) LUT ADD OF DEST QUEUE
WSEI PY R6, (P14) PUT PROA X-1 ADD
WSR  PY R7,(S14) PUT TO X-1 ADD
LR R1,t2 LOAD ADD OF PROM QUEUE CONTROL
LE1 R2,MVFFO POINT TO MOVE REQUEST QUEUE CONTFOL
BAL EXQUE POST THIS MOVE REQUSET
XS E{ MVEPY CHECK 1P MORE (UEUE ELE®S AVATL
BL nOVO1 KO-DON'T BUMP RET ADD
1§ R3 MOxZ AVAIL, BUMP RET ADD
20V01 b (=3 S21URY TO CALLER
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69 : 70
TITLE MOVE REQUEST WORDS :
ABIXY DC 0 A4 INPUT TO XY REQ
XIS DC 0 ~XY “TO HOT STAMP REQ
HSXY DC 0 HOT STAMP TO XY REQ
XYSK nC -0 XY TO SEEVO WKITER RFQ
SWXY DC 0 SERVO WRITER TO XY REQ
XYCT DC 0 XY TO CART TESTER REQ
DC 0
DC 0
DC 0
DC 0
e 0
DC 0
nCc 0
CTXY DC 0 CART TESTER TO XY REQ
: DC 0
DC 0
DpC 0
DC 0
DC 0
DC 0
DC 0
CTRJ DC 0 CTO OUT PORT TO REJECT MOVE REQUEST
DC 0 1
DC 0 2
DC 0 3
DC 0 4
DC 0 5
oC 0 6
DC 0 7
XYPK1 ©DC 0 XY TO PACK1 REQ
XYPK2 DC 0 XY TO PACK2 REQ , )
HSREJ DC 0 HOT STAMP TO KEJECT REQ .’
SWkEJ DC 0 SERVO WRITER TO REJECT REC
MESXY DC 0 MES ENTRY TO XY REQ
XYMES DC 0 XY TO MES EXIT REQ
ABIHNS DC 0 A4 INPUT TO HO1 STAMP MVF REQ
HSSW  DC - 0 HOT STAMP TO SERVO WRITER MVE REQ
XYREJ DC 0. CELL XY TO REJECT MVE HEQ
HSMES DC 0 YOT STAMP TO MES EXIT REQ
MBESIOC DC 0 MES PNTRY TO EXIT MOVE REQUEST
SWAO  DC 0 SERVO WRITER TO A4 OUTPUT REQUEST
SWMES DC 0 SERVO WRITER TO MES REQUEST
XYAO DC 0 XY TO A4 OUTPUT REQUPST
TITLD CARTRIDGE QUEUE CONTROL AREAS (CARTOQS)
MOKG 12500-1300
SAVORG DS 0 .
MESREQ DC 0 QUEUE ELE ADD OF CART TO MES
DC 0 DEST QUEUP ADD AFTER RETURN TO A4
SERHI DC 0 SERIAL NUMBER HIGY BITS
SERLC  BC 0 SYRIAL NUMBZR LOW BITS
wD11 DC 0 SERIAL HIGH POR TRACE
DC 0 SERIAL LOW FOR TRACE
*
*
* QUZUES FOR CARIRIDGES
x
*x
* . QUFRUE PORMAT-
* DC cece +0 CHAIN WORD
* DC . S$SSS +1 SERIAL NOM HIGH BITS
* DC » SSSS +2 SERTAL NUM LOW BITS
* DC ZYXX +3 X~-Y-2 CELL LOCATION
*
* EMPTY CELL QUEUE
x
CLPOOL DC CELLAV TOTAL PREZ CELLS AVAIL
DC CZLL0Y ) PIRST ON QUEUE
DC CTLLXX LAST ON QUEUE
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71 72
TITLE CARTRIDGE QUEU® CONTROL APEAS (CARTOS)
*
* CAKRT®S ON CONVEYOR IRTO AL
*
CONVQ DC 0
DC 0
vC CONVC+1
*
* CART®*S TO BE HOT STAMPED
*
B43isS¢ DC 0
DC 0
DC B4ASQ+ 1
»
= CART®S IN HOT STAMP
*
vSQ DC 0
] 0
DC 950+ 1
*
* CART'S TO 8% SERVO WRITTEN
3
BUSW( DC 0
oC 0
vc BUSWO+1
*
* CART®*S IN SERVO WRITER
*
SWQ LC 0
DC 0
DC SHQ+1
»
* CA2T*S TO BE TESTED
-
B4CT¢ DC 0
pC 0
nc BUCTTO+ 1
. .
* CARTRIDGE TESTER QUEUFS
*
CTOC oC 0
DC 0
bC CTOC+1
L
CTi¢ DC d]
DC 0
DC CT10+1
*
CT2¢ bC 0
oC 0
uC CT20+1
3
CT30 DC 0
oC 0
DC CT13041
*
CTuUo DC 0
pC 0
DC CTUC+1
*
CIS¢ DT 0
DC 0
vc CTS50+1
®
CT6( DC 0
DC 0
DC CT6(O+1
*
CT7¢ g 0
DC 0
DC CT70+1

*

CART®S TO BE rACKAGED




CARTRIDGE QUEUE.CONTROL AREAS (CARTQS)

73
TITLE
BUEKQ DC 0
DC 0
DC BUPKO+1
*
x
*
KEJC hles 0
DC 0
DC REJO+1
£
»
x
vucCH DC 0
DC 0
DeC vuco+1
E- 3
-3
*
*®
TEQ IC 0
DC 0
DC TRO+1
¥
x
%
TRFRQ DC 6
uC TRFRO1
DC TRFEQH
*x
TRFPK¢ 1 DC TRPRQ2
DS TRQLY
TRFRC2 DC TRFRQ3
DS TEQLYN
TRFRQ3 DC TPFPROU
DS TEOLY
TRFRQY4 LC TEPRCS
TS TROLY
TRFLCS DC TEFECE
ps TRQLY
TRFRQ6 DC 0
bs TFOLY
E
*
*
* FPOEMAT:
x
=QUALT DC 0
* hle X
* DC X
* DC X
* oc X
*®
QUALYT DC 0
DC 0
pc QUALCT+1
* . ‘o
QUALFQ DC 0 - e
DC 0 P A
DC QUALPO+1 ..
*
QUTBLE DC"- 0
pC 0
DC 0 ‘
DS ©29 st
*
E-3
-
B4QULO DC 0
DC 0
5C BL4OULQ+1

4,120,629
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REJECT QUEOF

CARTS TO HEXT SYSTEM QUEUE

TRACE READER QUEUE

TRACE READER FREE QUEUR

QUALITY TESTEK PREE QUEUE

CHAIN WORD

CART QUEUE ELEMENT POINTER
FPROM TESTER RUMBER

HODE WORD ONE

MODE HOKD TWO

CARTS IN QUALITY QUEUE

COONT ON QUEUE

- POINTER TO PIRST ON QUEUE
-POINTER TO LAST ON QUEUE

SINCE LAST QUARL CHECK-TESTER 0O
SINCE LAST QUAL PAIL-TESTER 0O
CONSEC MODE SET IRD-TESTER 0
FOR TESTERS 1-7

CARTRIDGES WRITING FOR QUALITY TESTEP

COoUNT
PIBRST "
LAST



QUALG

CTOLAC

CTiLag

CT2LAQ

CT3LAG

CTUYLAQ

CT5LAQ

CT6LAQ

CT7LAG

*

LASTC
*

CTOT?

crirl
CTzT1
CTIT1
CT4TY
c1511
CTorl
cCT?711
CTUTZ
C10T3
CTOTH
CTOTS
CTOTO6
CcTOL?
CTOTS
ASADDY

TITLE

DC
bDC
bC

DS

75

4,120,629

76

CARTRIDGE QUEUE CONTROL ARREAS (CARTQS)

0
0
CUALO+?

50+50+50+50+50

V]
0
CTOLRO+1
0
0
CTILAQ+1
0
0
CT2LR0+1
0
0
C13LA0+1?
0
0
CTULRO+?
0
0
CTSLAO+1
V)
0
CT6LAO+ T
]
0
CTTLAU+T

600

NN OO

COUNT
PIRST
LAST

50 QUEUZ ELEMENTS

LAST 25 CART®*S THROUGY EACH TESTER:

LAST CUEBUE AREA

TOTAL

?0R TIME PERIOD 1

GOOU PCR TINE PERIOC 1
TESTER 1, TIME 1

END OP CARTOS

Queue Limit Service, QL, controls the size of car-
tridge queues.

55

Control is received from the driver loop DR if active.
Cartridge counts are tested for the queues before hot
stamp 11, servo writer 12, cartridge testers TU and
packaging (not shown). Default limits are set as desired.

Any set limits may be modified by the ALTER com-

60

65

mand from the keyboard. If a queue is over the limit, the
device processing into the queue is paused (no move
cartridges to be sent to the paused device). For exam-
ple, if the queue before the cartridge testers has 1901
cartridges, the servo writer 12 will be paused and a
message issued. When the count drops to 20 below the
limit, a message is issued. The operator can then start
the paused device (send more cartridges to it).
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TITLE QUEUE LIMIT CONTROL
QOLIM EQU 1275 QUEUE LIMIT BEFORE HOT STAMP
Q1LIB  EQU 1275 QUEUE LIMIT BEFORE SERVO WRITER
G2LIM  EQU 900 QUEUE LIMIT BEFORE CARTRIDGE TESTERS
Q3L1IM  EQU 10000 QUEUE LIMIT BEPORE PACKAGING
QLOO EQU »

HDX TC RS -1 INTO RS
QL0? EQU *

IR R8 NEXT

RS ¥Y OQOFP(RB) SEE IF THIS QUECE LIMITED NOW

BNZ QLO2 YES

RS PY AQUES(ES) GET ADD OF QUEUE

MDX FY R9 PUT IN RY

RSR PY R10,{R9) GET QUEUE COUNT

LDX  PX R10 PUT IK X

BS SUB OLIMU (RB) SUSTRACT LIMIT

BN 0L03 OK—~CONSIDER NEXT

RS PY QLOS (R8) GET QUEUE NAME

WS PY OQLERR1+7 PUT IN MBSSAGE

ES Y QL0OS-1(R8) LOAD NAMT OF LEVICE PAUSED

WS PY QLERRT1+17 IN MESSAGE

LDX EX R1,Cv ¢ BLANK MASK

%S PY OQLERR1+16 CLEAR

WS TC QOFF (29) MARK QUEUE LIMITED

RS BY OQACTF(RS) GET ADD OP PAUS PLAG

MDX PY RS9 PUT IN RY

WS *C  (¥9) PAUS TIIS DEVICE

k5 FI SYSEYN SEE IFP EVEN SYSTEM

BZ QLO6 SKIP IF yOT

LRI R1,0LERR 1+16 POINT TO MESSAGE AREA

ASHI PY (R1) ,Ct A SAY SA4Ye

WSM BY (R1),Co410

Ws TC A4TIFAD PAUSE A4 INPUT
QLOb 20U *

RS Y (QLERR1+1 SEE IF MESS PENDING

BHZ 0LO3 YES-DON'T POST MORE

as TC OQLERRI+1 POST PENDING

LRI }1,0LERR1 POIRT TO MESSAGE
OLO4  EQU *

LRI R2,CTTO POINT TO CRT QUFUE

BAL 2NQU® POST THIS REQU®ST

B oL03 GO 10 PND
QLOZ  BQU *

RS PY AQUES (R8) GET ADD OF QUEUE

MDX PY R9 PUT IN 9

RSR- PY R10,(R9) GET QUEUFX COUNT

LDX PX R10 R10 INTO ox°

RS SUs QLINL (P8) SUSTRACT LOWER LIMIT

BP QLO03 STILL TOO PULL

RS PY QLO5 (R8) GET QUEUE NANME

S PY OQLERR2+7 PUT IN MESSAGE

WS PZ OQOPPF (R8) CLEAR LINITED PLAG

RS FY OLERK2+1 SEE IF MESSAGE POSTED

BNZ oLO3 YES

WS TC QLERR2+1 POST PENDING

LE1 R1,0LERR2 POINT TO MESSAGE

B oLOu PINISB MESSAGE RPQUEST
Q0L03 EQU *

TLBNZ POR RB8,0LNURN-1,0L01 LOOP IF NOT DONE

B DR12 FINISEED-RETURN TO DRIVER
QLNUM EQU ] NUNBER OF QUEUE®S BEING LINITED
AQUES DC BU4ESO BEFORKE HOT STANP QUEUE

DC BYSHO BEFORE SERVO WRITER QUEUE |

DC B4CTQ BEPORE CARTRIDGE TESTER QUEUDE

nC BUPKO BEPORE PACKAGIRG QUEUE .
QOFP DC 0 QUSUER 0 LINITED

DC 0 OUEDE 1 LIMITED

D¢ 0 QUEUE 2 LINITED

DC 0 QUEUE 3 LIMITED
¢LINU DC QOLTM QUEUE 0 UPPER LIMIT
’ DC o1LIM QUEUE 1 UPPER LINIT

Lc Q2LIM OUSUE 2 UPPER LIMIT

DC 03LIN QUEUE 3 UPPER LIMIT



OLIML

QACTF

QLERR1

QLEEKR2

QLOS

JCns01

MSDATO

CELLO1

TITLZ

=79
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QUEU® LIMIT CONTROL

QULTM~20. - .

SQILIN-20 . .
QZLIM-20.. .

Q3LIN-20 ..
WDPADS
4SPAUS
SWPAUS
CTPRUS

04 .
0

19

CY'QUEUE B&XX LIMIT

0

0

10

C*QUEUF BA4XX
C*RN?
C*9SSWCTPK®

PREE CELL LOCATIONS

12560

[eXeReoNoNoNoNoRolaN-N-N=]

CELLO 1400004
2
X*00DP*

CELLO 1400008

2

1°*20DFP"
CELLO1+00012
2

X*0 1DP?
CTLLO 1400076
2 .
7*21DP*
CPLLO 1400020
-

X*02DF*
CELLO 1400024
2

¥922DP¥
CELLG1+00028
2 ;
X*03DF*

2

ixe23ppe ¢

CELLO 1400036
2 S
X04nrPe
CZLLO 1400040
2

X*24pPe
CPLLO 1400088
2

X*0SOP?

2
X*2SDFP?

CFLLO1+00032

CELLO14000Q§!

QUEBE 0O LGWER LIMIT
QUEUE 1 LOWER LIMIT

V’QUEUE 2 LOWER LIMIT

QUEUE 3 LOWER LIMIT

ADD OF WINDER PAUS FLAG

ADD OF HOT STANP PAUS PLAG
ADD OF SEEVO WRITPR PAUS PLAG

ADD OF CARTRIDGE TESTFR PAUS FLAG
CHAIN WOKRD )

PENDING PLAG
WORD COUNT
EXCEEDED,
CHAIN WORD
PENDING FLAG
WOKD COUNT

XX PAUSED.®

NOW WITHIN LIMIT.®

" (END)

BET CODE OF EXEC ADD
CS WORD COUNT

CSLOARD ADD

#S WOnD COUNT

MS LOAD ADD

SPAKE

SPARE

SPARE

NUMBER OF CELLS AVAIL

- PIRST ON QUEUE

LAST ON QUEUE

X=223,Y= 0,2=0

X=223,Y= 0,2=1

¥=223,Y= 1,2=1

X=223,¥= 2,2=0

X=223,¥=.2,2=1

T x=223,¥= 5,2=1



TITLE
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FEPE CFLL LOCATIONS . (END)

CELLOT+00052
2

X*'06DF"
CELLO 1400056
2

X*26DP*
CELLO 1400060
2

X*07DF?®
CELLO1400064
2

Xe27nPe
CELLO1+00066
2

X?08DF*®
CELLOT+00072
2

X?09DF?
CELLO1+00076
2

X*OADP®
CZLL01+00080
2

X*0BDPRY
CELLO1+000864
2

X*0CDF?®
CELLOT1+00088
2

X*ODDF*

CEZLL01+400092 -
2

X*0OEDFR?
CELL0O1400096
2

XSOFDP*
CELL0O1+00100
2

X°10DF*
CELLO 1400104
2

X*11DF*
CELLO1+00108
2

X*12DF°*
CELLOT1+00112
-

X*13pF"
CRLLO1+00116
2

X?Tu4DFy
CZLL0 1400120
2

xo34npe
CELLO 1400124
2

Xe15npPe
CELL01+00128
2

X*35DF"
CELLO1400132
2

X*16DF?
CELL01+00136
2

X*36DF°

CELLOY+00140 .

2

X®17DF*
CELLO1+00 188
2

X*37TPe

X=223,Y= 6,2=0 -
X=223,Y= 6,2=1.
X=223,Y= 7,%2=0.
X=223,Y= 7,2=1
%=223,¥= 4,220
X=223,Y= 9,2=0
X=223,Y=10,%=0.
X=223,¥=11,2=0
X=223,¥=12,2=0
X=223,¥=13,2=0
X=223,Y=14,2=0
X=223,Y=15,2=0
X=223,Y=16,2=0
X=223,Y=17,2=0
X=223,¥=18,2=0
X=223,Y=19,2=0
X=223,Y=20,2=0
X=223,Y=20,2=1
X=223,¥=21,2=0
X=223,¥=21,2=1
X=223,Y=22,%=0
X=223,Y=22,2=T.
X=223,¥=23,2Z=0

X=223,Y=23,2Z=1.

82
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TITLE PREE CELL LOCATIONS (END)

DC CELLOT1+00U8

DS 2

bc X*18DP* X=223,Y=24,2=0
DC CELLO1+400152

oS 2

DC X*38DF" X=223,Y=204,2=1
BC C®LL01+00156

bs 2

hled X*19DF? -X=223,¥=25,2=0
DC CELLO1+00160

DS 2

DC X°*39DP* X=223,7=25,2=1
DC CZLLO 1400 164

DS 2

1] X*IADPY X=223,Y=26,2=0
DC CTLLO1+00168

DS 2

DC X*3ADP? X=223,Y=26,2=1
h]e CZLL01+00172

DS z

nc 1*18DP? X=223,¥=27,2=0
‘DC CELLO 1400176

DS 2

oC X*3BDP® X=223,¥=27,2=1
DC CELLO1+00180

DS 2

pC X*00DE® x=222,Y= 0,2=0
pC CELL01+00 184

DS 2

pc X*20D2" x=222,¥= 0,2=1
pC CPLLO1+00188 -

DS 2

C X*o 1P x=222,1= 1,2=0
nC CTLLO1+001S2

DS 2

DC X*21DE? X1=222,1= 1,2=1
pC CELLG1+00 196

DS z

DC x*02p%8"* 1=222,Y= 2,2=0
DC C®LL01+00200

DS 2

DC X*22DE* X=222,¥= 2,2=1
DC CSLL0 1400204

DS 2

] x*03D%? X=222,1= 3,2=0
DC CrLL0 1400208

DS 2

DC X°23Dg" x=222,¥= 3,2=1
oC CELL0O1400212

Ds z

DC xX*ounps X=222,¥= 4,2=0
»C CELLO 1400216

ns , 2

sC X*2UDE" X=222,¥= 6,2=1
pC CELL01+00220

ps z

peC AeQ5TE" X=222,1= 5,2=0
nC CFLLO1+00224

DS 2 ,

1] X*25NE" X=222,¥= 5,2=1
C CZLL0 1400228

£s Z :

pC xX%06DT" X=222,¥= 6,2=0
DC C®LL0O1+00232 -

DS 2

nC X*26DE"® 1=222,¥= 6,2=1
DC CELLO1+00236

DS 2 )

pC X*Q79B"* x=222,Y¥= 7,2=0
DC CPLL0O1+00280

DS 2

DC X*27pE* 2=222,1= 7,2=1
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PRE® CELL LOCATIONS

CELLO1+00244
2

x*08pRe
CFLLO1+00248
2

xX*0gpzeer
CELLO1+00252
2

X*0ADE?
CELL01+400256
2

X*0BDE"
CELLO 1400260
2 ’ oo

. X*0CDE®

CELLO1+00264
2

X*0DDE®*
CELL01+400268
Z

X*0EDR"
CELLO1+00272
2

X*OPDE*
CELLO1+00276
2

X*10DE*
CELLO 1400280
2

X*112R"

CELL01+00284 -

2

X*12DE?
CELLO1+00288
2

X*13p2*
CELL01+00292
2

X*14p="
CELLO 1400296
2

X*34pEe
CELLO 1400300
2

A*15DE"
CELLO 14003048
2

X*35D®"
C®LLO 1400308
2

X*16TE"
CELL0O1+00312
p

X*36DE?
CRLL01400316
2

X*17D="
CELLO 1400320
2

X*37pE"
CELLO 1400324
2

X*18DE"
CELL0O7+00328
2 .
X*38pEe

CELLO01+400332.
2

X*19D="
CELL0O1+00336
2

X*39p2"*
CELLO1+00380
2

4,120,629

(END)

X=222,Y= 8,2=0
X=222,Y= 9,2=0
X=222,!=1Q,Z=0
=222,Y=11,2=0
X=222,Y=12,2=0
X=222,Y=13,2=0
X=222,Y=14,2=0
1=222,1=15,2=0
X=222,7=16,2=0
X=222,Y=17,2=0
X=222,Y=18,2=0
1=222,Y=19,2=0
%=222,¥=20,2=0
x=222.!=2o.z=1
X=222,Y=21,2=0
X=222,Y=21,2=1
X=222,Y=22,2=0
A=222,Y=22,2=1
X=222,¥=23,2=0
X1=222,¥=23,2=1
X=222,Y=24,2=0
X=222,1=284,2=1
=22;,!=25,z=o

X=222,Y=25,2=1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIllllllllllllllllllllllllIllIIIIIIlIlllllllllllIII-------
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87 88
TITLE FREE CELL LOCATIONS (EXD). . S
s XY1ADE? X=222,¥=26,2=0
bC CELL0O 1400348
DC X*3ADE? x=222,Y=26,2=1 -
bC CZLLO 14003048
DS 2 0 o
ue X*1BDE® X=222,Y=27,z=0
DC CELLO 1400352
DS 2 e
e X*3BDTe X=222,¥=27,2=1
DC CPLLO140035%6
DS z R
il X°00%0* X=224,¥= 0,2=0
DC CFLLU1+00360
DS 2 PEERd - ., !
LC X920=0° xX=224,Y= 0,2=1
pC CTLLO 1400364
DS 2 Co B -
DC X01FQ? X=224,Y= 1,2=0
DC CELLO1400368
DS 2 o .
DC X220 X=224,Y= 1,2=1
DC CELLC1400372
DS 2 e
DC X*02E0" X=224,Y= 2,2=0
pC CBLL01400376
DS 2 o v
DC X12220 X=224,Y= 2,2=1
DC CPLLO 1400380 -
DS 2 :
DC X*03E0? X=228,Y= 3,2=0
pC CELLO1400384
DS 2 v ’
Yol X*23F0°" X=224,Y= 3,2=1
DC CELL01+400388
DS 2 : T
DC X*O4EO" X=228,Y= 4,2=0
DC CELL0 1400392
DS 2 tue L.
DC x24%Q ¢ X=228,Y= 4,2=1
CELLXX DS 0
DC )
Ds 2
DC Y'05R0° X=224,Y= 5,7=0
CELLAV BEQU 00099 TOTAL CELLS .= 099
L1ST ox PREE CELLS
S1X PY R33,Y*PPFP* SET ALL BITS ON IR REG 33(:021n
STX OB R33,0 OR:IN HOTHING -
MDX  pX £PDI,R33 PUT ®33 IX TO DISPLAY
NOP
B -y LOOE -
NOP '
jop 100 PLENTY OP PATCH ROOM
LASTHS DC 0 LAST.MAIR ,STORE ADDRESS
BND INITOO

XY carriage service, XY, processes requested car- 55 *

riage moves to the carriage control hardware (not

shown) of article storage and retrieval unit 10, and -

performs error recovery with respect thereto.
The microcode removes a move request from the

move queue (infra) and sends the move request to the 60

control circuits (not shown) of unit 10, then wait for
ending status signals to be returned from unit 10. The
ending status signals are analyzed and if good, the move
request is posted as completed.

The routine is divided into two basic sections. The:- 93

first section sends the moves to the library and the sec-
ond section analyzes ending status.

H

.-

The first section removes all move queue elements if
any are present. A sort is performed to determine the
nearest .“from” X (horizontal addréss or location) ad-
dress in the outstanding move requests to the last ‘To’
“X*" address. The resultant optimum ‘move is then sent
to unit 10. The initial status of unit 10 is checked for
channel end only. Any initial errors are handled here.

The second section waits for the device (unit 10) end
signal indicating the successful end of a move. If no
‘errors ‘Occured, the move is marked complete and the
cartridge is posted to the destination queue. Unit check

;(t:r{ror‘) conditions are handled here.
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-89 . 90
TITLE X=Y CARRIAGE SEEVICE R : )
XY00 EQU % ' : R
RS . PY XYBUSY ©h " SEE IP CARBIAGE BUSY C
BNZ XYooy oo TRY TO CLEAR IP SO
RS PY XY¥12 SEE IP IR ERROR RECOVER
. BNZ. XY 13 YES-HIT IT AGAIN
RS BEY XYPAUS o SEE IF XY PAUSED
BZ XY96 SKIP IF NOT
RS PY X¥97 Co SEE 1F MESSAGE SENT .
BZ DROS . v RETORN TO DRIVER IF SO ' -
WS PZ  XY97 * SET SENT IND
LRI R1,XY98 POINT TO °*NOT BUSY® MESSAGE
BAL BSTHSG POST
B DROS _ RETURN TO DRVR
XY%6 EQU © T - R
RS PY FRCENMQ ) SEE IF NOVES IN MOVFE QUEUF
BZ XY 100 N NO-SKIP OUT
LDX PX R1,4 BYTE COUNT TO 4
RS PY YYBYTE IN S I/0 PARNMS
LRI Ry, 1 ONE MOVE
LRI RY,XYDATA 'POINT TO SIO CATA AREA
LRI ~-R1,FECE%0 POINT TO FORCF MOVE QUEUE
BAL DEQUE B “ . "GETYAN ELEMENT
B r!92 MAKE- MOVE
XY100 EQU : e oo
ES pY LIBRou SEE IF STINGLE MODE
BZ Xy81 NO-SKIP :
RKSE PY Ld,BVESRT SEE IF MOVES IN SORT QUXOT
BNZ s+ XIBS ! R YES-GO PROCESS
RSh PY &®8,MVREQ SEE IF HMOVES IN MOVE REQUSST QURUO®
52, DROS v NO-EETURN TO DRVR
LDX ¥OX ®9,1 SEE’ IF OKLY ONE
BZ XyYou . YES-DOIT
X¥83 EGU kd g -
LR1 R1,MVREQ . POINT TO MOVE REQUEST QUEUE
BAL DEQUF GET AN FLEMENT
#DX PX R1,R2 ..~ i POINT TO IT
LKI R2,MVESRT . 'POINT TO sonm QUEUE
BAL * ENQUE “POT ON
#DX XD &8 couyT
BNZ X¥83 LOOP TILL ALL MOVES OR' SORT QUEUE
BSh PY RS,MVESRT © LOAD counr OF MOVES
XY8% EQU * g : - ;
LRI RY,XYDATA » ... _POINT TO DATA ABBA oo
LDX FX RT1,4 : 4 BYTE COUNT-ONE MOVE
HS PY XYBYTE ~-.:: . 3 -SET .COUNT -
LDX EOR BRB,1 < SEE TP ONLY ONE MOVE
BNZ XY91 SKIP IP NOT
LRY RT1,MVESRT POINT TO SORT QUEUR
BAL . DEQU® - s GET ELEMENT
B XY92 PROCESS . IT
XYt EBGU % . '
. LRI R7,500 X DIPFERERCE RFG TO LARGB NUNBER
#DX PZ R12 QUEUE POINTER TO ZERO
RSR PY RT1,XY82 LOAD LAST °TO® X VALUE
STX AND E71,X°00FP* .. KTLL ‘X AND 2
Z¥86 - EQU 4 S
LRI RY,HVESRT POIRT-TO SORT QUEUE
BAL DEQUP GET AN ELEMENT
RS BY 3(R2) “ LORD FROM X-Y-2
MDX PY R10 PUT I¥ R10
STX AND R10,X°00FF?® s KILL Y AND 2
MDXD SUB R10,®1%1 :.f *. SUB-LAST *TO" X
B2 ¥Y¥88 e ' “MAKE MOVF IF SAME X VALUE
Bp %42 e - .SKIP ‘IF ‘POSITIVE
STY SUB R10,0 COMELEMENT
LDXD SUB R10,E7 =~ SOE FROM :LAST DIFFERENCE
BP X188 SAVE MOVE IP DELTA SMALLER
HDX EX RT,R2 -POINT TO -QUEUE ELEMENT -
LEI R2,MVESRT POINT TOSORT QUEUE
BAL ENQUE REELACErﬂOVE

B X789 SKIP
X188 EQU * T




X190

XY869

X199

Y81

XY03

XY6b

XY04

XY05

1192

.
XYSIO

XYBY1E
XYSTAT

TITLE

nbdx
nDX
LDX

MDX
Lkl
BAL
BQU

LDX

91

4,120,629
92

- X-Y CARRTAGE SERVICE

PX

PX

P

PX
PX

ID

pX

PY
11):]
3 §
PX
pY

Pz’
Y

R7,K10
R10,P2
R12

Y90
R1,R12
R2,MVESRT
ENQUE

: ]

R12,210
R7

X199

.

R8
X186
»

R2,%12
RS, 1
1192

»
RE,MVREQ
DROS
RS, 1
XY03
R9,XYPPS
X103
Ry, 1
XYPAS
DLOS

*

_XYPAS

LIBROG
XY69
£S, 1
X104

*

rg,8
XYOU
RH,8

]

E8,K8,SLL2
RS, XYBYTE

R8,®8,SPL2
P9, XYIATA

L ]

R1,9VR2Q
DEOUE
L

3(R2)

(R9)

R
RY,X°00PP*
R1

XY82

XY9Uu

X19%

4 (R2)

(89)

K1
P1,Y°00PP®*
Y82

(k9)

BP1,82

R2 ,MOVE
ENOUY

RR

XYO0S

X*0071°

SOoO0CO

SAVE NEM DELTA

SAVE QUEUE POINTER

TEST IP PRESENT QUEUR POINTER
SKIP IP NOT

POINT TO IT

POINT TO SORT QURUR

RETURN ELEMENT

POINT TO NEW QUEUE ELEMENT
SEE IP DELTA 1S ZERO
SXIP IF SO

COUNT
LOCP PFOR ALL QUEUE ELEMENTS

POINT TO QUEDE ELEMENT
ONE novF
GO DOIT

CRECK MOVE PRECG QUEUE

BETURN TO DRVE IP NO REQ PERDING
SE¥Y IF MOPE THAN ONE MOVE REQ
YES~GO DOIT

CHECK 1P SBCOND PASS ON ONE NOVE
YES-MAKE NOVE

LOAD 1

SET SECOND PASS

RETUREN TO DRIVER-TRY POR MCRE NOVES

CLEAR STIC PASS IND

CRECK SINGLE/MULTIPLE IND
SKIF IP MOLTIPLE

ALLOW ONLY ONE MOVE

SKIP

SEE IP MORE TEAN 8 MOVES
BO - DD ALL OF °ER
Y®S - DO ONWLY 8

2ULT BY POUEK

SET BYTE COUNT

GET WORD TOUNT BACK
POINT TO DATA ARFA

POINT TO MOVE REQ QUERUR
GET QUEUE ELE

GET PROM X-Y

PUT IN CHANNEL DATA
INTO R1

REMOVE Y & 2

IRTO X REG

LOAD LAST °*TO® X
STORE DELTA

BARK NEW DELTA

GET TO X-Y¥

BUT 1IN

PUT IN R1

REMOVE Y AND 2
SAVE

MARK END OF DATA
POINT: TO QUEUE ELE
POINT. TO MOVE QUEUT
POST THIS MOVE ACTIVE
COuUNT

LOOP IP NOT DONE

MOVE CONMMAND
VEV-PLOCESSOR 1
BYTE CoudT

STATUS

RETUBRNED. BYTE COUNT
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93 !
TITLE ‘X=-Y CARRIAGE® SERVICE
iles XYIDATA POINT TO DATA
XYDATA DS ' 18 MOVE DATA
XYBUSY DC 0 XY CARRIAGE BUSY IND
XYPAS DC 0 SEC PASS IND FOR .1 MOVE
X¥82 bpC 247 LAST *TO* X
XY94  pC 0 DELTA X
XY95 pC 0 NEW DELTA X IND
. .
XY13  EQU *
LRI R1,XYSIO POINT TO SIO AREA
WS PZ 3(R1) ZERQO OUT PRESENT STATUS
RS PY FAKFROS SEE IF FAKE IND SET $$$3$$3$S$ssseee
BZ XY24 SKIP XY COMMAND $$S$$SSISSSESSLSTLSSS
BAL cysIo ISSUE SIOo
RSR  PY RS8, (RT) GET INIT STATUS
THBNZ AND R8,X'PP',XY0Y CHECK POR ANY ERRORS
TLBNZ EOR R8,X°'08°,XY09 - SHOULD HAVE CHAN END ONLY
X124  EQU *
us TC XYBOSY SET XY BUSY
WS PZ XYSTAT CLEAR STATUS
WS P2 XY12 : CLEAR RETRY INDICATOR
B DROS RETURN TO DRIVER
XY12 DC 0 RETRY INDICATOR
XY0S  EQU *
MDX X R1,R8 STATUS TO R1
LDX  EOR R1,X'00071°* SEE IF UNIT EXCEPTION
B2 ' XY67 HANDLE 1F SO
TLBZ AND R8,X*10°*,XY26 SEER IF BUSY
WS TC XY12 MARK RETRY ACTIVE
WS TC XYBUSY MARK BUSY
WS PZ YXYSTAT CLEAR STATUS
B pT05 RETURN TO DRVR
XY26  EQU *
LEk1 R2,XY10+14 POINT TO OUTPUT AREA
BAL . HEXE _ CONVERT TO FEX EBCDIC
RS PY XY10+1 SEE IF MESSAGRE PENDING
BNZ D ¢ 5 & oo SKIP IF SO
WS TC XY10+1 POST PPNIING
LEI. R1,XY10 POINT TO MESSAGE
LRI R2,CRT0 POIRT TO CRT QUEUE
BAL ENQUE POST REQUEST
XY11  EQU *
TLBZ AND RB,X*027, %42 SKIP SENSE IF NOT ONIT CHECK
BAL XY14 : COLLECT ARD DISPLAY SENSF
RSR PY RS,XYSTAT GET STATUS BACK .
THBNZ AND R§,X'CE",XY28 CIECK NOT OP,ICC,PE,INVLD ADD,OR TIN® OUT
TLBNZ AND RS8,X'02°,XY27 SEE IP UNIT CHECK
TLBZ AKD R8,X'0&° ,XY24 SEE IF GOT DEVICE END
X125  EQU *
WS TC X¥12 SET RETRY ACTIVE
B DROS RETURN TO DRIVER
X¥27  BQU * )
RSR  pY R9,XYSEND GET FIRST TWO BYTES OF SENSE
TLBRZ AND R9,X*40°%,X¥31 SEE IP XY RECONPIGURED
XY32  EQD *
THENZ AND R9,X%019,XY25 SEE IF ®NVIORNMENTAL DATA
TLBNZ AND R9,X'0CY,XY30 SEE IP PROCESSOR OR NC/PC
XY28  EQU *
Ws PZ XYACT SET XY INACTIVE
RS FY XY29+1 SE2 IF MZSSAGE PENDING
BNZ X125 SKIP IF SO
WS TC XY20+1 SET PENDIN
LRI R1,XY29 POINT TO MESSAGE
LRI R2,CEIC POINT TO CRT QUEUE
BAL ENQUP POST REQUEST
B XY2S SKIP OUT
XY¥2% DC 0 CHAIN WORD
DC 0 PENDING FLAG
bC 6 WORD COUNT -
DC C*XY STOPPED.®
X¥3¢  EQU *

LDY PX R1,1 1 INTO X




XY31

X¥33

XYY

XY17

Xy61

XY66

XY10

TITLE

RS

RS
WS
RS
LE

EQ
RS
BNZ

EQU

BRShI
BAL
STX
MDX
RSRI
BAL
STX
MDX
RSkl
BAL
S1X
MDX
RSR1
BAL
STX
mbDX
TLBNZ
LRI
BAL
LRI
BAL
LRI
BAL
LRI
BAL
B
EQU
LRX
BAL
LRI
BAL
MDX
EQU
WS
NDX
TLBUZ
B

DC
DC
bC

PY
FOW
PY
EOF

EOkK

PY

TC

95
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X—=Y CARRIAGE SERVICP

XYSENS+1
XYSENS+1
XYISIO+1
YXYSI0+1
LOADS1
LOADS1
XY28

*
XY33+1
XY32
XY33+1

R1,XY33

XI

|34

PY
FOR

Pz

PX
pY

ADD
PY
ADD
PY
ADD

PX
PY

ADE’

X1
EOR -

PZ

PZ
X1
ZOR

R2,CRTO .
ENQUZ
X132

0

0

8

C¥XY RECONFIGURED.,*

*

n1g ,
R1,XYSENS
XYSSNS+3
CHSTIO
R1,XYSENS+3
R, XV 000C
X161
RG,XY52+3
R10,XYSEYD
L)

E 3

R2,PY

g1, (®10)
HEX®

RY,2
R2,R9

R1, (P10)
9EXF

]9,3

R2,R9
R1, (£ 10)
HEYE

®Y,2
R2,RY

r1, (PY0)’
BPXE
%9, 16

RS
R8,4,XY17
R1,XY62
PSTNSG
R1,XY63
PSTHSG
R1,XY6U
PSTYSG
R1,XY65
PSTASG
(R18)

*

R2,XY60+18

BEXF
R1,XY60
FSTNSG

R1

*
XTSEND (R 1)
RY
R1,16,XY66
(214)

¢

0

1

GET SENSE DFV NUMBER
CHANGE TO OTRER PROCESSOR
GET MOVE DIV NUMBER
CEANGE TO OTHER PROCESSOR
GET LOAD DEVICE NUMBER
SWAP

our

SEE IP NESSAGE PENDING
SKIP IP SO

POST PEBYNDING

POINT TO MESSAGE

POINT TO CRT QUEUE
POST REQUY¥ST

ouT

CHAIN WORD

PENDING PFLAG

WOPRD COUNT

SAVE RETUFN ADDRESS

POINT TO SENSE COMMAND

CLZAR STRATUS

DOIT

LOAD STATUS

SHOULD BY CHAN END AND DEV 2¥D ONWLY
ERFOR 1F NOT

POINT rO PIRST OUTPUT AREA

POINT TO INPUT ARBA

ZERO TO Fb

. POINT TO OUT AREA

GET INPU1 WORD
CORVERT TO HEX EBCUIC
NEXT

POINT TO 0QUTI

INPUT WORD

CONVERT

NEXT OUT SFIP ONE
POINT TO OUT AREA
LOAD DATA

CONVERT INTO MESSAGE
NEXT OUT ARZa

. POINT TO IT

LOAD DATH
CONVERT INTO MESSAGE

POINT TO NEXT MESSAGE AREA
COONRT '

LOOP POR POUR MESSAGES

. POINT TO NMESSAGE

POST MESSAGE
POIRT TO AMESSAGE
FOST MESSAGE
NEXT MESSAGE
POST

NEXT

POST

RETURN TO CALLER

POINT TO MESSAGE AKER

E CONVERT STATUS 1NTO MESSAGE

POINT TO MESSAGE
POST MESSKGE

'CLERR R1

ZERO OUT SENSE DATA
COUNT

LOOP FOR 16 WO®DS
RETURN TO CALLER
CHAIN WORD

PENDING PLAG

WORD COUNT
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97 98
TITLE X-Y CARRIAGE SERVICE
BC C'LIBRARY SELECT STATUS~XXXX.®
XY06  EQU *
TLBNZ ARD RB,X'01%,XY34 SEE IP UNIT EXCEPTION
MDX PX R1,RS8 STATDS TO R1
LRI R2,XY21+15 POINT TO MESSAGE AREA
BAL HEXE CONVERT STATUS
RS PY XY21+1 SEE IF MESSAGE PENDING
BNZ X¥22 : SKIP IF SO
s TC XY21+1 POST PENDING
LRI R1,X¥21 POINT TO MESSAGE
LRI R2,CRTO POINT TO CRT QUEUE
BAL ENQUE POST REQUEST
Y22  EQU *
TLBZ AND R8,X®02*,XY55 SEE IF NOT UNIT CHECK
BAL XY 18 COLLECT AND DISPLAY SENSE
BSR  PY RE,XYSEND+1 GET SENSE BYTES 263
mDX  PY &8 PUT IN X REG
ES EOR XYDATA+1 SEE IF SAME AS FIRST STO® XY
BNZ X¥49 NO-SKIP
MDX Pz BB CLEAR R8-¥0 MOVES IN PROG,NONE DONE
A¥4Y  EQU *
MDXS PX RH,BB SWAP DONE TO HIGH
MDX  PX 9,38 SAVE
MDX  ¥X R10,P8,SRLL SAVE POR ACCR 1
STX  AND R9,X%000FPt . ISOLATE MVE IN PROGRESS
STX  AND R10,X*000F* ISOLATE NVE IN PROGRESS
DX  PZ R11 R11 TO ZERO
BSR  PY RZ3,MOVE GET NOVE COUNT
XY38  EQU *
DX XI R11 COUNT MOVE
LRI R1,MOVE POINT TO MOVE QUEUE
BAL DEQUE : GET AN ELIMENT
THBNZ AND RS,X°807,X139 SEE IF MOVE COMPLETE
LLXD EOR R11,29 SEE IF ACCR 2 WORKING ON
BZ XY40 : YES-SAY SO
LDXD EOR R11,R10 - SEE IF ACCR 1 WORKING ON
BZ X146 YES-SAY SO
XY48  EQU *
#DX°  PX R1Y,R2 POINT TO QUEUE ELEWFPNT
LRI R2,MVREQ POINT TO MOVE REQUEST QUEUE
BAL ENQUE PUT BACK IN MOVE REQUEST QUEUE
B Y41 CONTINUE
X¥55  EQU *
B X¥23 : CONTINUE
X¥39  EQU *
DX PX BR1,R2 POINT TO ELEMENT
LRI R2,MOVE POINT TO MOVE QUEUE
BAL ENQUE MOVE COMPLETE-PUT BACK IN
B XY41 CONTINUE
XY480  Equ *
RS PY X¥42+1 . SEE IF MESSAGF PENDING
BALNZ HARG DISASTER-GO HANG
RS TC  XY04247 POST PENDING
LRI R16,X742+13 POINT TO MESSAGE AREA
BAL Xyusy PUT DATA INTO MESSAGE
LRI BR1,XY42 POINT TO MESSAGE
LRI R2,CETO POINT TO CRT QUEUE
BAL ERQOUR BOST REQUEST
MDX  PX R2,R12 : RESTORE R2
BSKE  PY R1,XYSEND45 GET SENSFE BYTES 10 & 11
THBNZ AND R1,X%819,X758 OPER ACT IF GAP BLKED OR CART IN PIC
THEBZ AND R7,X°04%,XY4E BR IF NOT CELL FULL
B XY59 ' SKIP ,
XYs8  EQU *
RS EY XYUT+1 SEE IF MESSAGE PENDING
BALNZ HANG HANG IF SO
WS TC XY47+1 © EOST PENDING
DX  XI R27,R12 POINT TO ADD OF ADD OF QUEUE ELEMENT
RSR  PY R27,(R27) GET ADD OF ADD OF QUEUE ELEMENT
RSk PY R27,(R27) " GET ADD OP QUEUE ELEMINT
MDX X1 R27 * POINT TO SEZRIAL NUMBER
LRI R28,XYLT+ 14 POINT TO MESSAGE ARER



X159

Xyuy

XY4s

XY4o

Y56

XyYs?7

XYiu1l

AYL

XY¥5.

TITLZ

BAL
LRI
LRI
BAL
BQU
LLX
WS
MDX
B
EGU
MDY
MDX
MDX
MDX
EQU
¥Di
MDX
RSkl
BAL
STX
TLbNZ
B
EQU
RE
SALLY
WS
LRI
BaL
LEI
LRI
BAL
RSk
MDXx
THOLNG,
TEB.
8
ECC
kS
BALUu?Z
WS
nbX
RS
KSh
MLX
LRI
BAL
LRI
LRI
BAL
ECU
LDX
ws
MDX
EQJ
MLX
LRI
BAL
EQU
MLX
ADK
BNZ
LSS
kS
ENL
AS
Lh1
LEL
BAL
E(,IU
RS
SN2
WS

XI
FX
pY

ALD
EOR

PY

TC

PY
PX
KD
RNO

1TC
XI
rY
FY
X1

£X
ry
PX

1X

1394
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X—-Y CARRIAGE SERVICE

SPCVPT
R1,XYHU7
RZ,C®RTO
ENOU®

£
R1,X%0096°
3(R12)
Rz,R1Z
XY101

*

RE15

212,22
R13,72

R17

E 3

P17

R2,216

RT, (»13)
HEX®2

rR16,2
217,3,%XY45
(¥ 15)

>

XY50+1
HANG
XY50+1
E16,YY50+ 13
IYsy
R1,XY°0
E2,CnTO
enpus
RT1,XYSFNN+3
n2,012
R1,4%81% _XY56
L1,¥0u° , yyys
XYsS?

3

YYS 141
YANG
YYS51+1
Ko7,
P27,("27)
RZ7,(%27)
R27
R23,¥751+ 14
SECVERT
E1,XY51
R2,CFTO
ENQOT

*
2%1,X'00P7*
3(R12)
P2,R12

»

RT,02
L2,PRCIMQ
Fuoyw

.
°h,39,5LL1
P23

¥Y33
XYACT
YYzas+1
XyY52
XY29+1
HY,YY29
K2,CT TC
TUQUT

*

uove

XY2:3:
XYRUCY

SERIAL NUMBER INTO MESSAGY®
POINT TO MESSAGE

POINT TO CET QUEUE

POST REQUEST

PUT YCELL2" AS PROM ADDRESS
PUT IN MOVE REQUEST

RESTORE ELEMERT POINTER

PUT IN FORCE MOVE QUEUE

SAVE RETURN ADDRESS
SAVE R2

SAVE R2+1

-1 INTO R17

COUNT

POINT TO
GET DATA
COUVERT
NEXT OOT AREA

LOOP POR 4 WOFLS
RETURX TO CALLFR

MESSAGE AREA

SEX TP MFSSAGF PENDING

HANG IF SO

POST PINDING

POINT 10 HESSAGE AREA

PUT DATA IN MESSAGE

POINT TO MESSAGS

POINT TO CRT CUEBUE

POST HEQUEST

GET SENSE BYTES 6 & 7

RESTOYE R2 :
OPER ACT 1P GAP BLKED OR CART 1IN
GEIG MOVE IF NOT FULL CFLL
CHANGE °FPROM® TO RESFRVE CELL

SE¥ IF MFSSAGE
YAMG IF SO
POST PENDING
FOIN TO SERILL VYOMBER
ADD OP aDD

ADD

POINT TO SZRIAL NUMBER
POIN1T TO MESSAGE AREA
PUT SERIAL NUMBER IW
POINT TO MESSAGE
POINT TO CRT QUEUE
POST REQUEST

PENDIXNG

MESSAGE

ADD OF °*CTLL71*
FOT IN MOVs KEQUEST
BFS10kE W2

POINT TO QUEUT ELEMENT
POINT .TO PORCE MOVZT QURUF
rOST

LOOX AT NEUXT MOVE COMPLET®
COUNT DOWN

LOOP TILL DONFE

SET XY INACTIV®

SFY 1T MYSSAGF PENDIVNG
S¥lr IF SO

FOST PFENDING

POINT TO MESSAGE

BOIMNT TO CRT QUEBU®

POST REQUEST

SZ2Z IP ANYTHING 1IN
YES-MAPK COMPLETED
CL=AR 1“USY

Move
MOVES

Queuw

PICKER



X142

X¥50

XYu7

X151

XY36
XY35

XY54

Y01

XYz3

Y08

BAL
Hb
WS
oc
LC

n
&

DC
DC
RS
BN2

LR1

<

PY

T
Pe

PY

PY

PY

PY

PY

Py

Pz
PY
AND
AWD

P2
bY

X1
PY

101
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X-Y CARRIAGF. SERVICE

DROS
0

0

19

C*XY MOVE ERROR LATR

0
0
19

C*XY MOVE" EPFOR DAT2

0

0

20
C'PLAC®
0

0

20

C*PLACTY RKIGRE1 ACCR

x
Xy12
*

¥135+1
Y37
XY35+1

‘E1,XY35

R2,C2TO
EXOUT

*

X136
IYACT

0

¢

0

13

LEFT A t CAKRT

RETURN TO DRIVER

CEAIN WORD

PENDING FL2AG

WORD COUNT
TXXAXXXXXXXXXXXXX Y @
CHAIN WOEKD

PENDING FLAG

‘WORD COUNT
PAXXZXAAXXAXXXXXXY 0
CHAIN WOKD

PERDING PLAG

WORD COONT )
*XXXXXXXX* IN CELL2®
CHAIN WORD

PENDING FLAG

WORD COLNT
CART*XXYXXXXXX* IN CELL1®
ENTRY FEOM UOE IN SELECT STATUS
POST RETRY ACTIVE

SEE IF MESSAGE PENDING
YES-SK1P

POST PENDIXNG

POINT TO MESSAGE

POINT T0 CRT QUEUE
POST REQUEST

SET DEVICE END PPNDING-FPXIT STATION
SET XY INACTIVE

DEVICZ END PENDING-SXIT STATIOY
CHAIN WONFD

PENDING PLAG

WORD CoOuUMT

CPLIBRARY EXIT STATION PULL.®

XY294+1
XY23
XyY29+1
®1,XY29
£2,CPTQ
ENQU®
XY23

0

-0

15

C'LIBRARY RESELECT

X!06

E ]

28,XYSTAT
DROS.

XYu2+1

CROS

XY837+1

nrQs

¥Y50+1

DEOS

YYS T+

DROS

XYRUSY

XyY12

Dx0S
SY,X*FF?, X154
R8,X*F3* xY54
*

YYsgsy
¥Y12
DROS

*
RT1,MOVE
DEQUK
R14,32
RS, (P 14)

SEE IP XBSSAGT PENDING
SK1pP IF SO

POST PENDING

POINT TO MESSAGE

POINT TO CR1 QUFDE
POST REQUEST

CONTINUE

CRAIN WOLD

PENDING FPLAG

STATUS~XXXX.*
GO TO ERROR RECOVER

LOAD STATUS

RETURN TO DRIVER IP STILL ZERO
SEE IF MESSAGE PENDING

RETURN TO DEIVER IF SO

CLEAR BUSY IND

SEE IF RETRY ACTIVE
BETURN TO DRVE IF SO
CHECK FOR ERRORS
CHECK FOF LRFRORS

CLFAR BUSY
SEE IF RETRY ACTIVE
RETURN TO DEVP IF SO

POINT TO MOVE QUEUE

GET QUEUE ELZ

INCRENENT POINTER BUT SAVE ORIGINAL
GET ADD OF ADD OF CART QUEUE FLE
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. 103 .
TITLE X=Y CARRIAGE SERVICE
BSR PY R9, (R8) "GET ADD OP CASRT QUEUF ELE
AsHy PY (%8) ,0 MARK MOVY COMPLET®
KSR1 PY R10,(R14) GET ADD OF DEST QUEUE
LR R1,R2 POINT TO MOVE .QUEUE
LK1 R2,MVEPR POINT TO FREE MOVE QUEUE
BAL ENQUER RETURN QUEUE
Lk R1,K9 YOINT TO CART QUEU® ELR
LE R2,B10 POINT TO DEST. QUEUE: . :
B2 242 SKIP IF NO DESTINATION QUFUE
BAL ENQU® PUT CART 1IN DEST QURUE
RS PY HOVE SEE IF MOEE
BNZ XY0H LOOP IF SO
B DKOS RETURN TO DRIVER
XYSENS DC X*0004 SENSE COMMAND
DC u DEV-PROCESSOK
nC 25 BYT® COUNT
DC 0 STATUS
nc v RETURNED BYTE COUNT
LC XYSEYD DRTA ADDRZSS
XYSZND DS 17 JATA ARERA
X160 LC 0 CHAIN WORD
DC 0 FCNDING FLAG
DC 17 WORD COUNT
DC C'LI®KAFY SENSP FAILED, STATUS=XXXX.®?
XY¥o62 LC 0 ' CRAIN WOED
DC 0 PEYDIUG
oC 20 ) 403D Counr
z STXXXXXXXX  XXXAXAXX LIH SENSE BYTRES O- 7v
XY63 pC o
oC 0
DC 20
DC COYYYXAXX® XYY¥XXYXY LIB SENSE BYTES 8-15¢
XYéu DC ¢
beC 0
e 20
uC CEAYXXXXXX  AIXXXXXXX LIB SENSZ® HYTES 16-23°¢
Y65 DC 0
DC 0
DC 20
ncC CEXXXXXXXX  AXXXXXXX LIB SENSE BYTES 264-27°¢
X198 DC 0
pC 0
DC 6
nC C*XY NOT BUSY.
1197 DC 0

In addition to the above described microcode, a prac-
tical embodiment would include additional microcode
usually associated with programmable systems, such as
program loading diagnostics, retries, start-up and initial-
izations from emergency power-off and normal shut
downs, additional routines for monitoring and control-
ling auxilliary apparatus (not shown) not necessary for
practicing the present invention, calibration of TU’s and
the like, mapping cartridge locations in unit 10 (audit
and verification of program controls) and intercommu-
nication with parallel production lines. All of the above
are omitted for clarity and brevity.

The chart below lists pertinent labels used in the
illustrated machine instructions source code listings.
The term “command” indicates operater input at the
keyboard, KB.

LABEL ROUTINE FUNCTION

ABOR Abort Command  Abort test in progress

ALTR Alter Command Alter limits on queues

A4l Input Port Process Larmdges from input
Service conveyor 20

BIT Bit to EBCDIC Convert bits to 1's and 0 s for

printing (tester stripe data)

'NOT BUST®

45

50

55

65

MESS SENT IND

-continued

LABEL ROUTINE FUNCTION

'BYPS Bypass Command  Cartridges bypass devices

‘CH 370 Channel Process data transfer over 370

Channel

CHAN 370 Channel Issue stop to Channel
Command

CHS 3830 Channel Process Channel to and from TU
Service

COLD Cold Start Fetch free cell map from host 17
Command

CRT CRT Display Place messages on CRT

CT Cartridge Process cartridges in and out

3 Tester Service of testers  ’

DEQUE Dequenc Remove queuce element from queue

DISP Display ., :Display cartridges in queues or
Command devices

DR Driver Loop Provide processor time to

required functions

EBCH EBCDIC to Hex :; Convert EBCDIC 10 Hex
Converter

EBC EBCDIC to Convert EBCDIC to Binary
Binary Converter

ENQUE Enqueuc Post queue element to queue

FIYI First Yield Compute and display first time
Command yield

HS Hot Stamp Process cartridges in and out
Service of Hot stamp

INIT Initialization Initialize various variables

INPU Input Command Process cartridges from free

queue to conveyor 20
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106

-continued =continued
LABEL ROUTINE FUNCTION Command Name: ALTER
KB Keybozard Read and break down operator Purpose: - To alter various queue parameters of
Service input .the FIGURE 1 system.
LAST  Last Command Display seri;l nUﬂbers of last 5 Operands: Two are required.
cartridges through testers The first operand t b h i
LIBR Ic.ibrary g ?isplpy and change library a number lgeﬂ‘:: ra’rl:l;es ofe Qrwhere nis
omman unctions The second dis a d 1
LOAD  Load Command Il.gzad microcode to TU’s and Unit A})etwe}i 3 a:g %?;67 l::d 12?&%2\:!?1[;;3!'
. Jimit for the queue. The new lower limit
for th thy 20.
MES Manual Entry Service requests from library 10 ({)’6 is E&gﬁge};zt Setal:sgclr lmmus
gtatipn manual entry station Q1 is before Servo Writer 12
crvice : 2 is beft tridge Testers T
MIL Million Serial Checks serial numbers into Hot 83 is bgfgﬁ gi;{;ﬁ:g esters TU
Number Checker  Stamp for even million
MODE Mode Command  Displays and changes mode word
MOV Move Post move request
MSG Message . Post messages for START, STOP 15:
and PAUSE .
PAUS Pauskclei Command  Sets pause indicators
PK Packaging Processes cartridges to packaging .
PRIN Print Comrmand Processes requests to print reject Command Name: _  CHANNEL :
codes or cal data : To di t a TU from processor 16.
PRS Line Printer Prints messages on line printer ‘g% N‘:) oﬁ:?::ﬁa;es an ::":)rpcon diti(:n
Service Uperancs : i
PST Post Message Checks pending and posts messages 20 The operand must be ‘S’ .
QL Queue Limit Monitors queue counts and pauses Normalluy used to make unit off-line
devices ;
QuIT Quit Checks conditions, issues resets
-and returns processor 17 control
' to its operating system. .
RJ Reject Service Process unacceptable cartridges to 25.
- reject port -
RTST Retest Command Enable/disable and set variables Command Name: =~ CLEAR
: for retest Purpose: Erase the CRT display and set line to
SAVE Save Command: Sends main store queue areas to the top.
. host 17 Operands: None
SB SBCA Service Sends data to host 17
SECV Serial Number Converts serial numbers from 30
Convert Binary to EBCDIC
SEND Send Command Controls sending of cal data to
host.
SERL Serial Command - Processes requests for cartndges,
also processes serial number for - ;
. other commands Command Name: _ COLD
SNUM  Search Numeric  Searches for first numenc ina 35 Purpose: . To cold start the FIGURE 1 system
field Operands: Serial Number of last cartridge processed
SRV General Provides service for various —perancy before this start-up. The actual first
Service commands and functions assigned or be, mr?m serial will be one
STAR Start Command Processes operator start requests reft er than thge onegs cified.
STAT Status Command ~ Displays status of queues and g pe
' _devices
swW Servo Writer "Processes cartridges in .and out 40
of servo writer 12
TCI Timer/Counter Handles interrupts for the
timer counter
TC Timer Service Provides software timers
THRU  Throughput Computes and displays cartridge Command Name: _ DISPLAY
Command rates for devices Purpose: Display the serial number of cartridges
TIME Time Command  Displays time and date 45 . in specific queues or processing machines.
TOM ﬁgﬁ&m Times device for hang C0"dm°“5 Operands: No operands create an error condition.
TRAC  Trace Command Processes operator trace data ) ?:el;f;“ and last serial numbers in
TRU Throughput Maintains 15 minute up-date of - -
Monitor throughput . Where n = (]) - waiting to hot stamp 1112
TR Trace Reader Reads trace data from trace’ 2. z:::::g :g ::;:’91.6" nte
card reader A
TSTR  Test Register sDisplays requested register 50 H.Fi d ? - wangn;g to %2"".33;
UNX .Unexpected Handles unexpected interrupts s-tar:;t and last serial number n hot
Interrupt ) : ; N .
VISU Visual Command Processes visual frequency and S - List up to 4 cartridge serial numbers
verification requests in the servo writer .
WARM  Warm Start Fetches main store queue data A - First and last serial number on input
Command from host conveyor. ) i
XY XY Service Processes moves to unit 10 55. Cn - Cartridge at input, in test and at
YIEL Yield Command  Computes and displays total Yield output of tester 0 through 7.
YLD Yield Gathers yield numbers M - Cartridge presently out of system
Gathering : [ (manual entry/exit).
A better understanding of the manufacturing func- ¢,

tions can be gleaned from the following exemplary

commands entered into the FIG. 1 illustrated apparatus
via the keyboard KB by an operator.

Command Name

Purpose:
Command Name: -ABORT- 65 Onerands:
Purpose: ) To halt processing of a TU SRErancE: .
Operands: CN - the cartridge tester address is

from zero to seven.

FIYl — FIRST YIELD
“To provide the user with the yield value

for the first time the cartridges have
been tested by a TU or TU's.
No operand provndes data from all the
teslers TU.

Cn where n = 0 - 7 provides data for
the tester TU requested only.

_
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-continued

Command Name:

INPUT

108

-continued

Command Name:

QUIT

Purpose: To process a serial number for each new Purpose: Halt processing and return control of
cartridge from conveyor 20. Places all processor 17 to its operating system.
g)ee cells of unit 10 into the conveyor ) Operands: None

queue.

Operands: An eight character serial number is ex-
tracted from the last assigned serial
number. This value is incremented by
1 and posted to the conveyor 20 queue.

10
Command Name: - RESERVO

Command Name: LAST Purpose: Places all ca'rtndges waltmg.to be

e — o 3 tested back in the Servo Writer queue.

Purpose: To indicate the last good serial numbered Operands: None

h pe :
cartridge through a tester. The command is to be used P
. h only when it is

Operands: Cn where 1 is a value of 0 - 7. 15 determined that tapes have been servo

written are bad and must be re-written.

Command Name: _ LOAD

Purpose: To load microcode to one or more TU’s
or the unit 10 from the host 17.

Operands: OP! = A indicates load all 8 TU's 20
OPI = 0 - 8 number of TU to load Command Name: RETEST ,

OP1 = L1 indicates to load unit 10 Purpose: To specify retest codes, specify one to
OP2 is used for diagnostics. six retests, enable/disable retest and
‘check current status of retest.
Operands: OP1 can be any of the following inputs:

Command Name: MESSAGE ] 25 8?{_ %r:::g?erféf:;tn;?‘;i;e

Purpose: To display any outstanding messages Count - To reset the retest count (1-6)
requiring operator action. Bypass - To bypass or not bypass the

Operands None servo writer. This also depends

if one uses system 1 or 2.
N1 -N17 - retest codes
30 OP2: OP2 is used for the count option

Command Name: PAUSE where it is 2 numeric value between

—— : . 110 6.

Purpose: . To pause processing a device or parts (RETEST COUNT n) It is also used when
of the sygtemt. Cfartaxdses \;!ltl be . OP1 = BYPASS. Here it must be the charac-
processed out of a device but none into. ters ‘ON’ or ‘OFF".

Operands: No operands imply an illegal command. (RETEST BYPASS ON) For the retest code
First operand is used to pause a specific 35 option, it must be the character ‘C".
device. The legal characters are:

Cn — where n is a cartridge tester
TU in the range of 0 - 7.
H — Hot Stamp 11
P — Packaging
S — Servo Writer 12
\AV - t‘w’ input (conveyor 20) 40 Command Name: SAVE
X — —)ZY é:gt?i‘d ge Purpose: To save the present queues for re-
starting after power down.
Operands: None

Command Name: PRINT :

Purpose: To control the printing of TU data or 45
cartridge reject codes.

Operand(OP): 1st operand can be either the character
‘l?'oﬂgl‘l}'- he character."C" then OP2 Command Name: SENSE

is the character.*C’, then Purpose: i
can either be blank or the character ; Purpose: To dlsPlay sense data Of? tester..
string ‘OFF". 50 Operands: __ There is one operand which depicts
If OP1 is the character ‘R’, then OP2 which tester is to be displayed. The
must be either °S’ or *Cn’ where n is operand is a number in the range of
between zero and seven. 0-17.
Command Name: QMVE 55
Purpose: To move an element from one queue to
another (debug tool). -
Operands: There are two operands which are a numeric Command Name: SERIAL . )
value where 0 OPL 14 and 1 OP2 15 and Purpose: Tf) remove car.tndge ,fmm .th.e sys‘tem.
OP1 OP2, Operands: First Operand is an eight digit serial
The two operands are used as an index value 60 number (must include any leading zeroes).
into a queue control table. If there is no 2nd operand, the cartridge
0 - Conveyor queue is delivered to the manual exit station.
1 - Before Hot Stamp queue Only one cartridge is permitted out of
2 - Hot Stamp queue the system and must be returned via the
3 . Before Servo Writer queue manual entry station. If the 2nd oper-
4 - Servo Writer queue and is an R, the cartridge is rejected
5 - Before TU queue 5 out of the system permanently.
6 The search for the serial number is

6 - TU-O queue

7 - TU-1 queue

8 - 13- TU's 2 - 7 queues
14 - Before Packaging queue
15 - Reject queue :

performed only on the queues following
the hot stamp 11, servo writer 12, and
tester TU, i.e., only on cartridges

that have a visual hot stamped number.
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-continued

110

While the invention has been particularly shown and

Command Name: _ START described with reference to preferred embodiments
Purpose: Activate the processing of the system thereof, it will be understood by those skilled in the arts
or parts of it. 5 that various changes in form and details may be made
Operands: No operand means start system therein without departing from the spirit and scope of
An encoded operand is used to start a he i .
specific device. It may be encoded in the invention. .
any of the following options: What is claimed is:
g‘i ZITU where n s in the range of 1. Article processing apparatus, including in combi-
If no number is given, then the command 10 nation:
?ﬁ?{‘ﬁégvﬂig}t‘ge‘ﬁﬁfﬁmp 1" a random access article storage and retrieval appara-
"X’ - Activate the X-Y mechanism in 10 tus having a multiplicity of addressable article stor-
‘P’ - Activate the packaging syitem age locations;
IS{AACC?X,?; ?1112 i‘i‘;‘;‘c’t‘;{,‘,‘f rsysztem 14 a first article processing unit having an input and
"A’ - Activate the A4 input port from output port connected to said article storage appa-
15
f:or,xveyor.ZO . b ratus;
r}\;Y s ,{‘ci}‘vﬁfftﬂfs‘,";é‘lf‘(}fﬁ‘s’f g 1%” ™ a second article processing unit having an input and
i - ﬁctivate tl;le ’}'U’s . output port connection to said article storage and
‘'L’ - Activate the line printer : .
T - Activate the TRACE READER at 21 retrieval apparatus; L
a plurality of article test units each individually hav-
20 S . .
ing input and output ports to said article storage
Command Name: STATUS and ?etrlle;.a 1 appa'ratu:; t b id article st
Purpose: Display status of queues and/or devices means 1nc “ ing an nput po: o sa1 lc, ¢ storage
Jperands: No operand means display status of and retrieval apparatus for receiving articles to be
queues and devices. ) 25 . processc':d; L ) ) )
l?:irst operatndfof Q means dlSszyscstret‘-n input service means for assigning said received article
eues . . .
First operand of D means display status to one of said storage locations throughout the
(active, stop, pause) of devices in article processing procedures;
system. first unit service means for transferring articles from
30 their respective storage locations to and from said
first article processing unit;
Command Name:  STOP second unit service means for selectively transferring
Purpose: To stop processing of the system or articles from their respective storage locations to
Operands: pNa;tZ;?gr::ﬁd means stop the system. and from said second unit;
First operand is used to stop a specific 15 thqu unit service means for trgnsferrmg articles from
device. The valid key words are the said respeciive storage locations to and from one of
same as for the START command. said plurality of article testing units;
queue means for assigning articles in a queue for said
units while residing in such article storage loca-
Command Name: TIME tions;
Purpose: Display the current date and time. a control precessor responsive to said queue means
Operands: None for operating said random access article storage
and retrieval apparatus to sequence an article first
through said first unit then said second unit and
Command Name: _ VISUAL 45 then one of said test units.
Purpose: To specify a visual check frequency or ’ 2. The article processing apparatus set forth in claim
4 gpvlerify la)eval}g ,S;zﬂ'al n“mbgff-cami dee 1 wherein said random access article storage and re-
perands: can bea © irequercy od trieval apparatus is generally elongated and said pro-
testers, 'H’ frequency of hot stamp, 'S Y ! A 4 : "
frequency of servo writer, or "V’ veri- cessing units being disposed co-extensively therealong
fication. in the immediate vicinity thereof whereby said process-
OP2 - if OP2 s blank, a visual check 50 . : vicity th q Y said process
is forced on either the hot stamp 11, ing ur'uts. respective mnput. an _output port connectlpns
servo writ%r 12, or T;J’s. N are distributed throughout said random access article
must be a cartridge serial number . .
When verification is requested. S“mfge and retrieval unit; and .
said queue means operating independent of the physi-
55 cal locations of said processing units.
Command Name: _YIELD . 3.hTh§ ams‘:;efprocezsmg apgarat.us; set forth.m clax_m
Purpose: Display the short term (fast 10 cartridges) wherein said first and second article processing units
and long term (since system start) yield of process Sa.ld articles ata relatl_vely l:ugh rate Of speed;
processing machines. 12y vield of wind said article test units operating with said articles at a
Operands: No operand means display yield of winder, relatively slow rate of speed, said plurality of test
hot stamp, servo writer and eight testers its bei h lurali . .
on system. units being greater than plurality said processing
The operand can take on the following units; and :
forms: . . . s s .
Ch - Yield of tester TU n (0-7) salc! test units being ‘dxstrlbu.ted eyenly in a co-exten-
H - Yield of hot stamp 11 sively with respect to said article storage and re-
S - Yield of servo wnter 12 .
W - Yield of winder (not shown) 65 trieval apparatus. .




