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AN INTELLIGENT CAMAC I/0 MODULE BASED ON THE SIGNETICS 8X300 MICROCONTROLLER

G. W. Turner® and R. W. Hendricks**

O0ak Ridge National Laboratory
O0ak Ridge, Tennessee 37830

ABSTRACT

An intelligent CAMAC 1/0 module based on the Signetics 8X300 micro-
controller has been developed. Sixteen 8-bit I/0 ports have been utilized;
eight are dedicated for data transfers with external devices and/or pro-
cesses and eight are dedicated to communication with the CAMAC dataway.-
Separate status and data registers are provided. The input status port (SIN)
canvfeceive up to seven individual signé]s from external devices or the host
computer while the output status port (SOUT) can be used to provide up to
seven internally graded LAMs and one bit can be used to generate a Q-response
for terminatidn of block transfers. Diagnostic software has been developed
to operate on the host computer which fully tests all implemented instruc-
tions. In our application the(device is used in a high-speed memory mapping
scheme for data acquisition with a two-dimensional position-sensitive detec-

tor system.

*Instrumentation and Controls Division'

* % .
Metals and Ceramics Division
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I.  INTRODUCTION

The past decade has brought rapid and profound changes to digital
electronics and as a result to the p;ocedures and techniques of data
acquisition and maﬁipu]ation in experimental research. The instrument
described in this report, an intelligent CAMAC I/0 module based on the
Signetics 8X300 microcontroller, was developed for use in mapping two-
parameter data gathered with a two-dimensional. position-sensitive neitron
proportional counter into the memory space of a general purpose 16-bit
minicomputer. However, we have attempted to -keep the design of the module
compietely general in order that it be able-to serve as wide a range of-
applications as possible.

The Signetics1 8X300 microcontroller is the only 8-bit micropro-
cessor built from bipolar technology, .and allows 16-bit instructions to be
. fetched, decoded and executed in 250 ns. It has a repertoire of 8 instruc-
t?ons which are designed for. testing status .lines, setting o} resetting
control lines and performing high-speed 1/0. With some of its 8-bit I/0
. ports dedicated to -external use and some utilized for interfacing the
CAMAC dataway, this unit is ideally suited for high speed, programmable
bit-oriented data manipulation.

» Our initial experience with the 8X300 was in the development of the

ORNL 10-m small-angle x-ray scattering camera as described by Hendricks .2»3

Here the microcontroller, as implemented by Scientific MicroSystems4 in
their SMS 300 series microcontrollers, was interfaced directly to the 1/0
bus of a ModComp II 16-bit general purpose minicomputer using sténdard
model 4801 general purpose controllers. Details of the interface are given

elsewhere.5:6 In this application, the 8X300 microcontroller serves
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several functions. First, it assumes control of all data flow from the
ADE'S of a two-dimensional position-sensitive detector system to the com-
puter memory by monitoring a variety of flags such as ADC DATA READY,
MODCOMP BUSY, HALT DATA AQUISITION, etc. Second, it performs the neCegsary
manipulations to take various bit patterns presented by the ADC's, map
them into a linear memory space, and add an origin offset to account for
the fact that the origin of the data acquisition array may be at various
absolute memory locations of the host computer depending on expefiménta]
conditions. With such an arrangement, it is easy to code various software
routines in the 8X300 to map different data acquisition arrays
(e.g., 64x64, 128x128, 128x32, 256x16, etc.). Al handsﬁaking between the
MODCOMP and the 8X300 is performed interactively via a 4801 controller.
‘High speed transfers of the assembled address to the ModComp for memory
~increment are handled via a second 4801 controller which is coupled to a
custom memory increment instruction loop which has been installed in the
ModComp. °»6

The‘present application, which arose during the development of the NSF-
ORNL 30-meter small-angle neutron scattering facility, is almost identical
Lu Lhat of the 10-m x-ray facility. However, with the availability of a
fast-response CAMAC crate controller for the ModComp computer’ it was
desirable to interface the 8X300 microcontroller status and control func-
tions to the host &omputer via the CAMAC dataway instead of through a
general purpose qontro]]er as was done earlier. The problem was thus to
develop hardware which would serve as the interface between the standard-
ized CAMAC bus (dataway) and the input/output ports of the 8x300. The

dataway contains a 24 bit read bus and a 24 bit write bus as well as
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various control Tines. A means of accessing all of these lines by the
8X300 was needed, both for input as well as output. As will be seen, we
have dedicated eight 8-bit 8X300 I/0 ports to this task; three for data
input on the CAMAC write lines (24 bits); three for data output on the
CAMAC read lines (24 bits); one for status and control input (8 bits); and
oné for status and control output (8 bits). The stétus in (SIN) and status
out (SOUT) control allow a wide -variety of connections to the dataway look-
at-me (LAM), Q-response, and I/0 lines as well as to external devices such
as ADC's and ModComp transfer initjate lines. Finally, packaging had to be
considered. The 8X300 is a very high-speed (250 nsec cycle time) processor
and thus cable lengths had to be minimized. The fbl]oang'paragraphs
described our development of a general purpose CAMAC module which meets

these needs.
1. THE 8X300 MICROCONTROLLER

The Signetics 8X300 microcontroller is an 8-bit microprocessor
built from bipolar technology. The device hds sepdrale instructfon
address, instruction, and I/0 buses. Sixteen bif instructions can be
addressed in up to 8192 words of program storage (13 bits), fetched,
decoded and executed in only 250 nsec. A block diagram of a typical system
is shown in Figure 1. The device used in our application, an SMS 306-140
microcontroller, has 4K of program storage, 1K of read/write data storage,
and 16 1/0 ports or Interface Vector (IV) bytes.

The 8X300 processor chip has-eight internal 8-bit registers and two
address registers. The theory applied thch makes such a fast instruction
cyéle time possible is to access program memory and data on the same machine

cycle. Normally an instruction is decoded, data read, manipulated and stored
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and the next instruction address generated in one machine cycle. The 16
bit instruction word contains the operation code, source, destination and
bit fier length or rotation of data.

The 8X300 has a repertoire of eight instructions. These include bit
manipulation (MOVE, ADD, AND, XOR), control (XEC, NZT, JMP) and data
transfer (XMIT). A summary of each instruction is given in Table I. A
unique feature is that data on the various IV bytes are treated the same as
data in the internal registers.

Data I/0 is handled over the Interface Vector (IV) bus. These IV
bytes are organized as 8-bit wide bidirectional ports with latch tristate
outputs. (Signetics 8732 I/0 ports). FEach I/0 port has an on-board 8 bit
address burned in and a byte input and byte output control (BIC and BOC).h’
The select control/write control (SC/WC) lines are used to determine
whether the data on the I/0 bus are an I/0 port select address (SC high; WC
low) or are data address to the lasl selected port (SC Tow; WC high). Tn
the 1/0 port select mode, the port whose internal address matches the
address on the I/0 bus is enabled and remains enabled until the next I1/0
select command. All other ports are disabled. The I/0 ports ﬁave the
option of being bidirectional if BIC and BOC are under program control from
a different output IV byte. However, in our application we have chosen to
dedicate certain I/0 ports to input and others to output by hard-wiring BIC
and BOC. This procedure eliminates instructions and thusvreduces'the exe-
cution time of certain very fast loops which.are necessary for our data
handling software.

For further details concerning the 8X300 the reader is referred to

the review by Lau,9 the 8X300 ReferencelO and Programmingll Manuals, the
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Table |

SUMMARY .

8X300 INSTRUCTION SET8

INSTRUCTION CODE DESCRIPTION

MOVE 0 " Data from the source register or IV bus Is
moved to the destination register or |V bus.
‘The data may be rotated any number of places
and/or masked to any length during the MOVE
operation. The source data fileld remains
unchanged after the operation.

ADD 1 . Data from the source register or |V bus Is

added to the contents of the AUX register in
ALU and the result is placed in the destina-
tion register or !V bus. The data may be

. rotated and/or masked during the operation.

N The source data field and the AUX register
remain unchanged unless one is also the
destination.

AND 2 Data from the source register or |V bus is
ANDed with the contents of the AUX register
and the result is placed in the destination
register or IV bus. The data may be rotated.
and/or masked during the operation. " The
source data field and AUX register remain
unchanged unless one of those is also the
destination:

XOR . -3 ‘ Data from the source register or IV bus
undergoes an EXCLUSIVE OR comparison with
the contents of the AUX register. The result
is placed in the destination register or 1V
bus. Data may he rotated and/or masked

- during the operation. The source data field
and AUX reglister remain unchanged unless one
of those is also the destination.

XEC 4 Causes execution of the instruction at the .
address formed by replacing the least signi-
ficant bits of the last address with the sum
of the | field and the data In the source
register or IV byte. After execution of the
instruction at the speclfied address, instruc-
tion execution continues at the address
following the XEC instruction, unless the
executed Instruction caused a jump.

NZT 5 ) The lwast signiticant bits of the instruction
address are replaced by the | field data Iif
the register or |1V bus specified by the
source fleld has nonzero contents.  The
tested data field remalns unchanged.

XMIT 6 The data in the | field is placed in the
: register or IV bus specified as the
destination.

JMP ) 7 The address of the next instruction to be
executed is changed to that specified by the
13-bit A field of the Instruction.
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SMS 300 data sheetsl2 and the Microcontroller Application Guide 13 and
System Description.14 To assist the user with 8X300 applications there
are also available an SMS microcontroller monitorld which provides display
and control of the SMS 300 implementations of the 8X300, and an SMS micro-
controller simulatorl® which provides capability for in situ development
and testing of microcontroller softwaré before the instruction ROMs are
burned. We have found the latter device tao be indispensible in our proto-
type work. Finally, there is a FORTRAN IV cross assembler program17 which
executes on a large computer and which generates symbolic listings and
object modules. The resulting object modules can then be loaded and tested

with the simulator before committing the program to ROM coder.

III. INTRODUCTION TO CAMAC

CAMAC (Computer Automated Measurement and Control) is an inter-
nationally defined system by which various modu]es,‘manufactured by dif-
ferent firms and designed to perform a wide variety 6f data acquisition
and control functions, can be interfaced to general-purpose digital com-
puters. An excellent overview of the CAMAC system is given in
Reference 18, whjle the actual standards are given in Reference 19. The
standard includes the definition of a crate, which is the box into which
all the modules fit, and a backplane dataway which contains all power,
control, and data lines. A crate contains 25 physically identical slots
or stations. However only 24 can be used for general purpose modules;
the twenty-fifth is the master or crate controller position. Modules
may occupy any integral member of stations. The module described in

this report occupies four stations. Each station has identical access
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to the dataway whose signals are described below. Two lines in the dataway,
the address (N)'1ine and the look-at-me (LAM) or interrupt line, are unique
to each station and are connected from a given station directly to the
master control station (N = 25). All other dataway signals are available

to every station. Thus modules can be uniquely addressed by sloi and
generate interrupts to the crate controller independent of the typé of
module in the slot, and there is no need for on-board address decoding or
source identification generation within the modules.

Control and status signals are genérated by the crate coﬁtro]]er to
provide the necessary communications between it and a given station. These
include N (station number), Ag-Ajs (subaddress within a module), Fg-F3j
(function code), B (dataway busy), Z (initia]ize, set all modules to a
defined state), C (clear all modules), and I (inhibit operation). Module
responses to various dataway operatiohs are Q (indicates module status and
depends on NAF command) and X (instruction accepted). Of the 32 function
(F) codes, 18 are used for defined operations (read, write, test LAM,
clear, etc.). An additional 6 are reserved for future expansion of the
system and the remainder are nonstandard. for the designer to implement his
own functions. All data communication is via a 24 bit read bus and a
separate 24 bit write bus. Two strobe clocks (S1, S2) are geherated by the

crate controller for synchronization.
IV. QVERVIEW OF THE MODULE

We set three criteria for our implementation of the 8X300 in a

CAMAC module: (i) the device must be self-contained and occupy a minimum
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number of CAMAC stations; (ii) it must meet all of the specifications of the
IEEE-583 and following standards,l9 and (iii) it should be as general pur-
pose a hodu]e as possible and yet perform our primary mission without
compromise. The Scientific MicroSystems SMS 300-140 module contains the
8X300 microprocessor, 4K of program storage, 1K of RAM data storage and 16
IV bytes on a sing]é board which will fit in a single CAMAC slot. Of the

16 I/0 ports, it was determined that one each should be dedicated to a stat-
us in (SIN) and a status out (SUUT) word. These control words provide the
necessary signals for the 8X300 software fd handle akvariety of handshaking
tasks between externaf devices aﬁd the CAMAC dataway. In addition, we
decided that the CAMAC read and write lines should be interf&ced to the
8X300 through separate IV bytes.* We thus‘utilize a total of six bytes for
data I/0 and two more for status and control. Thé remaining eight IV bytes
may be used for connections to external devices.

A block diagram of our implementation is given.in Figure 2, and
photographs of the comp]eted assembly are shown in Figure 3. The CAMAC
functions for which there is a\module résponse are given in lable II. The
module produces an X-response to every N which addresses the stafion in
which theAinterface card is mounted. Thé addresses of the 8X300 inter-
face vector I/O'purLs and their corrcsponding dataway connections are
given in Table III. |

Our module occupies four CAMAC stations (N through N+3) and has Llwo

card connectors to the dataway. One of these (N+1) is used exclusively to

*1t is possible to use only three IV bytes for I/0 by using an SOUT bit to
control the I/0 BIC and BOC lines. However, such a procedure forces the
programmer to use two instructions to address an IV byte; one for IV byte
select and a second for I/0 direction. We choose to use an additional
three IV bytes to gain speed and flexibility.
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TABLE 11

CAMAC FUNCTION CODES

Function
Command Mnemonic Q Action
F(0)+A(0) RD1 0 Strobe 1V2, IV5, and |V4 to R1-R24
F(1)+A(0) RD2 0 Strobe SOUT (IV6) to R1-R8 and
SIN (IV7) to R9-R16
F(1)sA(1) RD2 0 Strobe LAM status to R1-R8
F(2)+ A(0) RC1 0 Strobe V2, 1V5, and |V4 to R1-R24; clear
SOUT(3)
F(8)*A(0) LM I Tes| LAM, Q=1 if set
F(8)*A(1) TLM 1 Test block transfer response SOUT (8);
Q=1 if set
F(10)*A(n) CLM 0 Selective clear SOUT(n); n=1,2ee.7
F(10)*A(8) CLM 0 Selective clear SOUT(8) for Q response
F(16)*A(0) WT1 0 Latch W1-W24 to IV1, IV3, and 1V20
F(17)=A(0) WT2 0 Latch W1-W7 to SIN (IV7)
FC17)A(1) WT2 0 Latch W1-W7 to select external device or
computer for input to SIN (IV7) register;
0 selects computer, 1 selects external
device,
F(19)e A(n) SS2 0 Selective set SIN(n) lateh; n=1,2,...7
F(20)=A(0) Mz 0 MODULE ZERU. Disable LAM's; clear individual
LAM's; disable all SOUT bits far |AM; perform
all functions of F(20)A(1), F(20)eA(2),
and F(20)°A(3).
F(20)«A(1) WZ 0 WRITE ZERO. Clear SIN register and SIN control
register; perform all functions of F(20)«A(2)
and F(20) *A(3).
F(20)=A(2) DZ 0 DATA ZERQ, Clear input write registers; perform
functions of F(20)*A(3).
F(20)+A(3) PZ 0 PROCESSOR ZERO. Reset microcontroller program
counter to zeroe.
F(23)= A(n) G2 0 Selective clear SIN(n); n=1,2,...7
F(24)+A(n) DIS 0 Selective Disable SOUT(n) for LAM; n=1,2,.e.7
F(24)*A(8) DIS 0 Selective disable SOUT(8) for Q-response
F(24)* A(9) DIS 0 Disablo LAM
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TABLE Il (Cont'd)

] Function
Command Mnemonic Q Action
F(26) *A(n) ENB 0 éelecﬂve enable SOUT(n) for LAM
F(26)+A(8)" ENB 0 Selective enable SOUT(8) for Q-respbngé'
F(26) °A(§) ENB 0 Enable LAM
z 0 A MODULE ZERO [same as F(20).A(0))
| 0 NO ACTION
c 0 MODULE ZERO [same as F(20) +A(0]
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TABLE III

8X300 INTERFACE VECTOR CONNECTIONS

INPUT INPUT

CAMAC IV Byte CAMAC IV Byte
W1-W8 20g _ R1-R8 1
WI-W16 5 . R9-R16 3
W17-W24 4 ' R17-R24 2
SIN 7 SOuUT 6
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obtain power for the SMS 300 microconfrol]er (2.0 A; 5V). All of the CAMAC
dataway interface is on a single Standard Engineering20 wire-wrap kludge
card (WW04) which is mountd in slot N+2. For ease of servicing, we have
mounted the microcontroller on hinges in such a manner that it can be
easily swung open to gain access to the component sides of both boards
(Fig. 3c).

Throughout we have used low power Schottky (LS) TTL logic wherever
possible in order to minimize power consumption. Still the interface board
draws 2.0 amps at 5 volts, thus making the total module power requirement
4.0 amps at' 5 volts. A layout of the various integrated circuit chips is
given in Appendix A.

Several features of the module should be pointed out. Each SIN bit
may be externally selected to be connected either to latches on the data-
way or to an external device. The choice is determined by loading a 7_bit
word onto W1-W7 with a 0 implying computer control and a 1 external control.
Thus, it is possible to have status fnformation available to thé micro-
controller from both the computer or an external device and to be sure that
a given bit is connected to only one device at a time. Note also that this
arrangement allows an external device to be connected but be ineffective by
setting its control bit to zero. Finally, bit 8 of SIN is connected
directly to the dataway N line in order to make that signal available tb
the 8X300. The mode in which a given SIN bit is utilized is displayed on

the front panel as Stétus in Control (see Fig. 3a); an illuminat LED indi-

cates external source while a dark LED indicates computer source. The
state of each SIN bit is displayed in the second column of LED's (Status In
Data) and can be read directly on to the dataway R-lines (R9-R16). This

gives the host computer access to the external device status lines. There
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is no LED display for the standard read/write lines as this information is
~readﬂy available with commercial dataway display modules.

The SOUT IV byte is more complex. First, each bit can be read
directly to the dataway R-lines (R1-R8). More importantly, bits 1-7 can-
be used to generate structured LAM's, with the enable and disable for each
bit under selective control. Bit 8 can be used to generate a Q-response.
This is essential to implement certain modes of CAMAC block data transfers.2l
The status of the individual LAMs can be determined from the response to a
test LAM command. Front panel LED's indicate the state of the SOUT IV byte,
whether a given bit is selected for LAM,-and whether that LAM is set.

The various sub-LAM's described above are OR'ed to produce a single
module LAM which may also be separately enabled or disabled. Front panel
LED's indicate whether or not the module LAM is enabled and whether or not

it is set. In addition, N, X, and Q are displayed.

V. DETAILED DESCRIPTION

_A. Block .Diagram
| The following descrfption provides details for which the reader should
reference the schematic drawings found in Appendix D. In this §ection.
reference is made to drawing Q5693-11A Funciiona] Bluck Diagram
Microprocéssof Comﬁuniéations Module. |

The.dataway write lines (W1-W24) are strobed at S1 into a 24 bit
.iatch register with N<A(0)+F(16) and may be accessed by three 8X300 IV bytes
(Table 3). .This register (ca]]ed the group 1 write latch) can be cleared
with the data zéro:(DZ), the crate qlear~(C), or the crate zero (Z) coh—

mands.
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The status in (SIN) register consists of 7 bits of user controllable
information plus the module select (Nj which is tied to bit 8. The status
information may come either from the CAMAC write lines (W1-W7) or from‘
external inputs. In order that a SIN bit can be USEd.hﬁth either source
without the need for removing cables, a 7 bit steering register was
installed to select one or the other input. This register, the group 2
status input control, is loaded from W1-W7 with an N-A(1)*F(17) comménd.

A zero on write Tine n selects SIN(n) for CAMAC input; a one selects it

for external input. The virtue bf this control is that it can be latched
and then not reset until it is necessary to change data paths. The group

2 status control register is cleared with a write zero (WZ), C, or Z. Once
the status control register has been loaded, the status bits connected fo
the dataway can be latched from W1-W7 into the group 2 status input data
register with an N-A(0)°F(17).- In addition, this register has a network of
discrete flip-flops which allows any bit to be individually cleared or set
with the commands N<A(n) *F(19) or N-A(n) *F(23) respectively. In addition,
the WZ, C, and Z commands also é]ear the group 2 status input data
register. The purpose of the individual clear/set opefations is to provide
the programmer with the capability of operating on a single bit during
handshaking operations. (Single bit operations are implemented in the
8X300 instructions as described in Section II.) The status input data,
regardless of the data path through which it enters the module, can be

read back {nto the dataﬁay as will be described below. ‘

The final input signal to be described is processor zero (PZ). This
signal resets the 8X300 program counter (PC) to zero, and is derived from

N-A(3)-F(20).
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The data from the microcontroller out to the dataway read lines (R1-R24)
are set up in a 24 bit wide bus. Since the 8X300 IV bytes are tristate
latched output, it was necessary only to gate these signals with the
appropriate CAMAC command and put them through open collector drivers. The
data on R1-R24 can represent numerous microcontroller functions: N-A(0)<F(0)
or N+A(0) -F(2) (group 1 read) place the data in the three dedicated IV
bytes (Table III)} on R1-R24; N-+A(1)-F(0) is a group 2 status read and places
the SOUT IV byte on R1-R8 and the SIN IV byte on RY-R16; and N-A(1)-F(1) is
a LAM status poll. These functions will be discussed in detail.

The group 1 read [N-A(0Q) -F(0)] is a simple read which strobes the data
IV bytes onto R1-R24. The group 1 read and clear [N<A(0)-F(2)] performs as
N-A(0)-F(0) but in addition automatically clears SOUT(3). This operation
is equivalent to N-A(0).F(0) followed by N-A(3)-F(23), and increases the
speed of I1/0 mode CAMAC-host computer data trahsfers by eliminating the
need for the second instruction. _

The LASL fast-response CAMAC crate contro]]er7 is capable of performing
hardware controlled UMP block transfers to the host cumputer in which the Q-

response is used as the block terminator.®s18 It was therefore decided to

implement one status control bit [SOUT(8)] such that the 8X300 could generate

a Q-response during high speed data transfers out of its own working storage
ROMS. The remaining SOUT bits can be used to generate LAM's or be routed to
external devices for control purposes. When setting up the logic surrounding
the LAM interrupts, we wanted the ability to selectively enable or diﬁab]e

each bit for LAM (or Q) generation individually as well as the ability to

clear the entire register simultaneously in order to have the greatest ver-

satility and dataway contol. Thus, the_edge triggered group 2 LAM register
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is cleared with N+A(1)s F(10) through N-A(8)+F(10). The output of this
register is ANDed with the .outputs of the selective enable/disable rggister;
an operation which deterhines if the output of the group 2 LAM register is
allowed to advance to the LAM request circuit. Each bit of the selective
enable register is enabled with N<A(1)<F(26) through N-A(8)-F(26) and
se]ectivé]y disabled with N-A(1)-F(24) through N-A(8)-F(24). Module Zero
(MZ) disables all bits simultaneously. The seven enabled LAM requests are
ORed onto a single line which is then gated with the module LAM enable
[N-A(9).F(26)] or disable [N-A(9)-F(24)] signal and N. The eighth bit is
connected directly to the Q line and has no additional control. The pres-
ence of a LAM may be tested with N-A(0)-F(8) which produces Q=1 (LAM) or
Q=0 (no LAM). The Q-response bit can be tested with N-A(1). F(8) which
results in Q=1 if SOUT(8) is both enabled and set. Otherwise Q=0.

B. LAM/Status Logic |

This section describes the logic on drawing Q5693-11B. The basic
block is the status out registers, the LAM enable registers, the LAM bus,
and fhe logic associated with L, Q, and X. |

The status out (SOUT) bits 1-8 are paralleled off the inputs to the
74LS153's 14D; 8E, 14E, and 8F (Group 1/group 2 read and function decode).
These inpﬁts are used as the clock input to a bank of eight D flip-flops
(10A, 11A, 11B, 11C, 11D) which make up the status out register. The D
input is tied to Vgc; thus any positive transition will be latched in these
regisfers. The Q outpufs of these registers are called SOUT(1-8) and are
displayed on the f}ont panel. The signals are run through a Hex inverfer

and a 360 current 1imiting resistor and then to the LED. The status out
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\ : .
registers may be cleared as a group or individually. The signal that

clears all of them is MZ (module zero).* The registers may be individually
cleared with N*A(1) *F(10) through N°*A(8)°F(10). This is accomplished by
taking the AND of N-<F(10) and S1 thén ANDing this with the appropriate A
signal. For reasons associated with our particular application, we chose
SOUT(3) to be the status flag for a SMS-ModComp data transfer request.
Because of this, SOUT(3) can be é]eared with one additional'signa1;
N°A(0)+F(2). The N-A(0)-F(2) is NOR'ed with the standard clearing signal
N*A(3)*F(24) only on bit 3.

The other major regfster on this sheet is the LAM enable register which
is also implemented yﬁth D flip-flops. The individual bits of the register
are cleared with N°A(1)°F(24) to N°A(8)*F(24). N-F(24) is ANDed with Sl
and this signal is ANDed with the appropriate A signal. These are then
NORed with MZ which is used to clear all registers. To set a bit in the
LAM register, N-A(1)-F(26) to N-A(8)+F(26) are used. The AND of N-F(24)
and S1 is NANDed with the appropriate A signal. Thus, when the output of
one of these gates (10A, 10B, 10C, 10D, 5B) goes low the corresponding
register FF is preset (set Q=1). .These functions enable the programmer to
choose any combination of SOUT bits to be seen on the CAMAC dataway as LAMs.

The output of these L enahle registers is displayed on the front
panel through the samé type circuitry as the SOUT signals. These two
latched outputs are ANDed to give read LAM (RL1-RL8). This eight bil group
of signals is then put back into the input of the read se]éctors (74LS153's
on group 1/group 2 read and function decode), and are displayed on the front

panel on LED's. The RL signals are also all ORed to one signal at 13D(6).

*This signal also clears all registers in this module.
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Thus when any LAM goes high 13D(6) goes high. This signal is gated with a
latched L enable flag. L is enabled with N-A(9)+F(26) which is obtained by
ANDing N+F(26), A(9) and S1. When this signal goes low we preset the enable
flip-flop, priming the gate 13E(12) and enable the signal at 13D(6) to be
transmitted to the L 1ine on the dataway. N-A(9)-F(24), gated with S1, is
used to clear the enable flip-flop. As can be seen in Fig. 3(a), L and L
ENAELE are displayed on the front panel. To produce X we simply turn N
around and also display it on the front panel.

The Q response is used to indicate the. status of two functions. In
- testing the L status N-A(0)<F(8) is used to gate L at 13D(6) onto the Q
line. Q is, of course, ANDed with N'. The Q response is also used during
a block transfer control (BTC) operation. To initialize the BTC N-A(1)F(8)
is gated with SOUT(8) which is used as a BTC request. SOUT(8) is derived
just as the other SOQUT signals excépt that it cannot generate an L. When a
BTC operation is desired SOUT(8) 1s<set to 1, and N-A(1)-F(8) is generated
to enable the Q output and then Q is monitored by the crate controller.
Since Q is not latched, a one shot 27KQ/19uF (70 ms) pulse stretcher is

used to display it on the front panel.

C.‘ Read Group 1/Group 2 and Function Decode

This section describes the logic referenced tovdfawing Q5693-11C.
First, consider the decode logic at the 1eft"side of the drawing. Since
the CAMAC dataway is a negative true bus, while positive true logic is used
throughout our module, all signals are inverted as fhey are either buffered
or gated onto the interface. Inhibit (I) and busy (B) are}bkought onto the
board but are not used. The two bus strobes S1 and S2 are inverted and put

through a 1009/100uF filter network. Initialize (Z) and clear (C) are
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individually ANDed with S2 to give Z S2 and C S2 and are ORed to produce
(Z+C)+S2. The module select (N) is used to strobe the function and
subaddress inputs into the 74154 4-to-16 line decoder/muitiplexer chips.
Two chips are used to decode the dataway signals Fl1, F2, F4, F8 and F16
into N-F(0) to N-F(31), while a third is used to decode Al, A2, A4, and A8
into A(0) to A(15).

The remaining sections of this drawing show the logic for access to
the dataway Eontro] and read lines (R1-R24) as shown schematically in
quadrants G6/G7 of Q5693-11A. RD1-RD24 are the "read data" lines from the
three SMS IV data bytes. Each byte has a unique 3M* cable connector to the
interface board, the Tocation of which may be found from Appendix A and
Table III. The BOC signal is grounded on these bytes to make them output
only bytes. The RS1-RS16 lines are the 16-bit "read status" bus. R$1-R58
are the lines from the SOUT byte while RS9-RS16 are the lines from the SIN
byte. In this case the SOUT IV byte has BOC grounded while SIN has BIC
grounded. RL1-RL8 are the "read LAM" lines and éome from the LAM logic.
They are used in addition to the master LAM (L) line to allow the programmer
to set up a priority interrupt scheme for servicing of the LAM.

The hardware used ‘to implement these operations is a series of 74L5153
and 74LS157 two- and three-input multiplexers. The control for selecting
which enable is decoded is a 74LS148 priority encoder. Follow now the
operation of accessing RD1-RD24. The 24 data lines are already latched on
the 8X300 IV byte so it is unnecessary to latch them again. RD1-RD8 are
made available to the four 74LS153 chips in 14D, 8E, 14E and 8F. These

'LS153's are dual four-to-one line data selectors. RD9-RD16 are available

*3M Company, St. Paul, MN.
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at the inputs of the 74LS157's in 14F and 8G. These 'LS157's are

quadruple two-to-one data selectors. Since RD17-RD24 are not multiplexed
they simply §o through a bank of open collector NAND gates to the dataway.
The signals are inverted fof the negative true CAMAC 1ogfc and open collec-
tors are used to prevent loading of the bus. These gates are strobed with
[NeF(O)+N<F(2)]-A(0). This signal is also OR'ed with N.A(1)-F(1) and, when
Tow, is used to strobe 14F and 8G. [N<F(0) + N-F(2)]-A(0) is used as the 0
input to a 74LS148 eight-to-three line priority encoder in 14C which is util-
ized as a three-to-two line encoder. Thus, a low signal on 0 with 1 and 2
high gives a high on both A(0) and A(1). These signals are used as the A
and B inputs respectively to the data selectors 14D, 8E, 14E, and 8F and
allow the RD inputs (CO) to . appear on the Y output when pins 1 and 15 are
strobed Tow. This signal is a&so used to take select low on 14F and 8G
thus allowing the RD input (A) to appear on the Y output. All the Y out-
puts of the 'LS153's and 'LS157's go through 7405 inverters to get to a
negative true state and open collector output before going to the dataway '
bus.

RS1-RS16 access is handled in the same manner as the RD lines. Here,
an N-A(O)-F(i) is generated by ANDing N<F(1) and A(0). This signal is used
as the "1" input for the 'LS148. When this input goes Tow the oQtput on
A(0) and A(1) will be 0 and 1 respeétively. These data are put on the A
and B inputs of the 'LS153's (14D, 8E, 14E, 8F) allowing the RS signals
through the multiplexer to the Y outputs. It should be noted that these
chips are strobed by any of the functions which are OR'ed at 13G(6) to go
Tow when [N.F(0) + N.F(2)1-A(0) + N-F(1)-A(1) is present. The 'LS157's
carrying RS9-RS16 (14F and 8G) are strobed from 4F(13) going low because
N.F(1).A(0) is OR'ed with [N-F(0) + N.F(2)]J-A(0). If the select line is high

the RS inputs (B input) will appear on the Y outputs.
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RL1-RL8, the read LAM lines, are accessed with an NeA(1):F(1). This
signal is derived by ANDing N<F(1) and A(1). When this signal goes Tow it
puts a low on the (2) input of the 'LS148 which gives an output code of 1
and ‘0 on A(0) and A(1) respectively. This code, when applied to the A and
B inputs 6f the 'LS153's, enables the RS inputs (C2) to appear on the Y
outputs.

The circuit in 1G is a pulse stretcher to display the read data on an
LED indicator. The 27 KQ/10uF arrangement on this one-shot produces a
70 ms delay. These pulse stretchers are used everywhere an indicator is
desired on a pulsed output. This particular circuit is active with a high

on pin 10 from a [N-F(0) + N-F(2)]-A(0).

D. Write Group 1/Group 2 and Status Control Logic
" This section describes the logic on drawing Q5693-11D. The main

parts of the logic are the group 1 write buffer register, the status input
select and control logic, and the module initialization and zero logic.

The write buffer is the logic used to control Lhe input of the 24
CAMAC write lines W1-W24. These lines are negative true and are inverted
for our positive true logic. They are then put into the group one write
registers (74LS174's in SB, 8C, 8D and 148). These chips contain six D
f]ip;f1op§ to a package and have a common clear and common clock. Only the Q
output is available. Thésevregisters are needed as a buffer between the
CAMAC dataway and the 8X300 because W1-W24 are available for only 600 nsec
(during one dataway cycle) and because the 8X3OO operates asynchronously
with the dataway and thus méy hot be ready to accept the data at the time
they are available directly from the dataway. The data from ﬂl-w24 are

latched with the command N+A(0)-F(16) and are strobed with S1. When a high,
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obtained by ANDing N.F(16), A(0), and S1, is asserted on pih Q of the
'LS174's the data bfesent on the inputs will appear on the outputs. This
write command (WT1) is also displayed on‘the front panel via a pulse
strefcher. The output data go directly to the 8X300 input IV bytes (see
Table 3 and Appendix A for detailed connections). However, the 24 data
lines are not displayed (because of power consumption and an already high
chip count). To clear the registers, a data zero (DZ) may be generated.
This signal, when 1ow‘and applied on pin 1 of the 'LS174's, will clear the
register. How the zero pulses are derived will be discussed at the end of
this section.

The status input select and control Togic performs two functions. The
first is to present the seven bits df status information to the SIN'%nput
IV byte. The second is to provide, under program control, the ability to
select whether a bit comes from outside the module system or from the dataway.

Consider first the status select operation. The command N-<A(1)°-F(17),
when strobed with S1, gives a high on pin 9 of the 74LS174 control registers
in 8A and 14B and their iﬁput is transferred to the Q output. A zerb on
this output. will enable the gate at 9C(9), for example, and because of the
inverter 7G will disable the gate at 9C(4). Thus, the 8X300 SIN byte sees
the input from the CAMAC dataway line W1' at 3E(2). However, we see that
the inputs to the status select registers (8A, 14A) are also derived from
W1'-W7'. Thus, a 0 on W1'-W7' selects dataway input to SIN while a 1
selects external sources of data SSIl;SSI7. Since the registers in 8A, 14A
are latched, the entjre status bus is set up with a single N-<A(1)+F(17)
command in which the choice of input source is determined by the bit pat-
tern on the W1-W7 Tines. The front panel LED's for STATUS IN CONTROL are

illuminated if the CAMAC dataway‘fs selected for input, while the STATUS IN

~
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DATA LED's are illuminated if the source (either dataway or external source)
is high,

The discussion above indicates how the sources of the SIN data are
selected in a single CAMAC dataway cycle; However, in the bit manipula-
tion, handshaking kind of software operations for which the 8X300 is so
powerful, it is essential to be able to set or clear a given status bit
without. affecting any of the other status lines. This was accomplished
with the registers in 4A, 4B, 5A, 5B. These are 'LS74 RS flip-flops. To
set the flip-flop, the commands N-A(1)-F(19) through N.A(7)-F(19) were used.
Each "A" is gated to the appropriate logic. In the case of W1, when
N<A(1)-F(19).S1 is asserted 6A(8) goes low presetting the flip-flop and
gives a one on 4A(5). Note that this bit has been set to a one without dis-
turbing or checking the other bits. These bits‘are.cleared in the same man-
ner with N.A(1)-F(23) to N'A(7)°F(23); In the case of W1, N.F(23)+A(1)-S1'
is ORed with WZ to give a low at 4A(1) to clear the flip-flop. WZ is OR'ed
with the discrete clear Tines so that the entire register can be cleared with
a single command (WZ also clears the status input control group 2 regiéter).

The zero or clear logic is the other function'imp1Emeﬁted or Q5693-11D.
The basic concept is to generate a controlled clearing signal which would,
(i) respond to crate clear; (ii) clear only the registers and logic on our
module; or (iii) clear discrete segments with specified signals. The logic
is shown at the bottom of the drawing. A dataway £ or C clear the entire
module and resets the 8X300 program counter (PC) to zero. These signals may
also he generated exc]usively in this module with a module zero (MZ) command
N-A(0)-F(20). MZ is OR'ed with Z and C. A less drastic operation is the
write zero (WZ) command N<A(1)+F(20) which clears the dataway group 1 write
buffers (88, 8C, 8D, 14B), the group 2 status register (4A, 4B, 5A, 5B) -
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and’ the group 2 status control register (8A, '14A). - In addition, the 8x300
PC is reset. The-data zero command N-A(2).F(20) clears only the group 1
write:buffer and the PC, while the program counter zero (PZ) command
N-A(3)-F(20)-resets'on1y the PC. WZ is obtained by ANDing [N-A(1)-F(20)].S1
~and-ORing ‘it with MZ. Thus, at 10H(8) the signal is WZ=MZ+[N-A(1):F(20)]-S1.
‘Data zero (DZ) is produced with a [N-F(20)-A(2)]-S1. The sigrnal at 9E(11)
- is DZ=MZ+WZ+ [N°F(20)-A(2)]-S1. Program counter zero (PZ) is derived with
a [N*F(20)-A(3)1S1 to produce at 10H(11) PZ=MZ+WZ+DZ+ [N-F(23)-A(30]-S1.
This command sequence provides a very versatile clearing arrangement which
‘allows certain. segments or COmbinatioos thereof to be asserted without

clearing others.

VI. DIAGNOSTIC SOFTWARE
Early in the dev]opment of the modu]e tt became clear that it wou1d
not be possible to manua]ly verify the correct operat1on of a]] functions
under all cond1t1ons because of the very 1arge number of allowable opera-
tions. Therefore we have developed d1agnost1c software for both the host
computer and the 8X300 module which test all of the implemented functions
under all possible combinations of input data and control functions.

' The concept of the diagnostic procedure is simple. A code for the
8X300 was written (Appendtx B) wh1ch s1mu1ates a direct connect1on of the
1nput data and status IV bytes to their correspond1ng output Iv bytes The
code is written in 8X300 mach1ne 1anguage described e]sewhere 11513 and
can be imp]emented using the SMS3000 microcontroller simulator.16 The Toop
contains 17 instructions and executes'in 4.25 psec. This time is suf-
ficiently short compared to the execution time of our register I/0 CAMAC
subroutine CFSA so that the 8X300 input and output IV bytes can be con-

sidered to be hardwired together on a bit by bit basis.

-
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The host computer diagnostic program (Appendix C), written in top-down
structured FORTRANZZ and compiled with the SFORTRAN precompiler,23 tests
for correct operation of the module by setting up appropriate CAMAC func-

" tions (NAF) and outputing known data patterns to the various IV bytes. All
CAMAC I/0 is performed through the subroutine CFSA which has been written
in assembly language specifically for our fast-response crate controllers
which were obtained from Los Alamos Scientific Laboratory.7 This routine
meets the proposed specifications for CAMAC FORTRAN subroutines.24 The
8X300 code (Appendix B) transfers the data from thé four input IV bytes
to their corresponding output IV bite and the resultant data are read back
into the host. The expected pattern and the pattern received are compared;
. disagreement indicates a module fault. ’

Logically, the implemented CAMAC functiong are tested in an order such
that each operation which relies on another CAMAC function is tested only
~after the prerequisite function has been tested. The order of testing is:
Read/Write lines; Status In/Status out data lines; LAM enable/dfsab]e; and

Q-response.
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APPENDIX A
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vL57. i8I, 1081, vos1., t0s1. 2081,
H401J3NNOD
v0s1. vos1. v0s7, $0s. vosT, 1N0/NI
SNLVIS
(X433
X437
4373
< a &) ()] Ll w O I




~ THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



-37-

APPENDIX B

8X300 MICROCONTROLLER DIAGNOSTIC SOFTWARE



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK



pC
00
01
02
03
04
05
06
07
10
11
12
13
14
15
16
17
20

CODE
607007

027001
607006
001027
607020
027001
607001
001027
607005
027001
607003
001027
607004
027001
607002

002027

700000
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APPENDIX B

8X300 DIAGNOSTICS HANDLER

SELECT SIN (IV7)
(IV7)>R1

SELECT SOUT (IV6)
(R1)>1V6

SELECT W1-W8 (I1V20)
(1V20)-R1

SELECT R1-R8 (IV1)
(R1)-IV1

SELECT W9-W16 (IV5)
(IV5)+R1

SELECT R9-R16 (IV3)

| (R1)~IV3

SELECT W17-W24 (IV4)
(IV4}pR1

SELECT R17-R24 (IV2)
(R1)-1V2

BRU START
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PROGRAN SHS
VERSION B.00 $%% FEB 19,1975

DIHENSION JDATA(2),KDATA(2),LDATA(2)

LOGICAL ID,IS,BIT,TESTH,REPEAT,BITY

INTEGER CDREGF ,B0DL,LAM,ANS, YES

INTEGER RDS,RD2,RCH,TLK,CLN,UT4,WT2,552 ,F20,5C2,DIS, ENB
DATA RD1/0/,RD2/8/ ,RC4/72/, TLK/8/,CLN/10/ HT4/16/ WT2/17/,
§  552/19/,F20/20/,5C2/23/,D15/24/ ,ENB/26/

DATA YES/?YE?/

DATA LDATA/280/

12 C... INNITIALLIZE CRATE

r
3

ID=.FALSE,

16=.FALSE.
REPEAT=.TRUE,

1B=0

WRITE(6,8801)
READ(S,8002) N

CALL CHCFNCC'Z’,1D,15)

TEST READ/WRITE LINES

=0
LREG=CDREGF (IB,N,1A)
WHILE(REPEAT) DO
TERR=0
TDATA(1)=0
IDATA(2)=-32767
WHILE(JDATA(2) .LE.32766) DD
IF (JDATACL) ,GE.256) JDATA()=t
CALL CFSA(WT1,LREG,JDATA, ISTAT,JERR)
IF(JERR.NE.O) WRITE(5,8000) ISTAT
CALL CFSACRDY ,LREG,KDATA, ISTAT, JERR)
IF(JERR.NE.0) WRITE(5,8000) ISTAT
TF((IDATACS) . NE.KDATACE)) . OR,

{ (JDATA(2) .NE.KDATA(2))) THEN
WRITE(6,8010) J,JDATA,KDATA
IEKR=IERR+1

ENDIF
TDATACE)=TDATA(1)+4
IDATA(2)=TDATA(2)+{
ENDDO
IF (IERR.EQ.0) THEN
WRITE(6,8015)
ELSE
HRITE(6,8020) TERR
ENDIF
HRITE(6,8005)
READ(S,B005) ANS
IF(ANS.E.YES) THEN
REPEAT=, TRUE,
ELSE
REPEAT=,FALSE.
ENDIF
ENDDO

TEST STATHS CONTROL FUNCTIONS (PHASE {)
LOAD SIN REGISTER



61 C...

b2
63

103
104
05
10h
107
e
10¢
110
114
{12
113
114
115
{16
117
18
11y
{20
it
122
123

{24
125
126

C.
€.
C!!
c.

44

IA=t
LREG2=CDREGF (IB,N,1A)
WHILE(REPEAT) DO
JDATA(1)=0
JDATA(2)=0
CALL CFSA(HT2,LREG2;JDATA,ISTAT,JERR)
IFCJERR,NE.0) WRITE(6,8000) ISTAT
1ERR=0
J=i
WHILE(J,LE,128) DO
CALL CFSA(WT2,LREG,JDATA,ISTAT,JERR)
IF(JERR.NE.0) WRITE(6,8000) ISTAT
CALL CFSA(RD2,LREG,KDATA,ISTAT,JERR)
© IF(JERR.NE.0) WRITE(6,8000) ISTAT
UALL BETBTI(KDATA(2),1)
CALL SETBT(KDATA(2),9)
ITﬂhHG’]GHFT(KDATﬂ(Q))'3)
¥=2
YRILE(K.LE.8) DO
CALL SETBT(KDATA(2),X)
K=K+i
ENDDO
IREC=KDATA(2)
IF (ITRANS . NE, IREC,OR, IREC,NE, JDATA(2)) THEN
. WRITE(H,8030) JDATA(2),ITRANS, IREC
IERR=IERR+{
ENDIF
JDATA(2)=JDATA(2) +{
J=J4
ENDDO
IF(IERR.EQ.0) THEN
WRITE(6,8035)
ELSE
WRITE(S,8020) IERK
ENDIF
WRITE(6,8005)
READ(S,8006) ANS
IT(ANG,EQ. YEE) THEM
REPEAT=,TRUE,
ELSE.
REPEAT=,FALSE.
ENDIF
ENDDO
REPEAT=,TRUE,

. TEST STATUS CONTRUL tUNLIUNS (PHASE 2)

SELECTIVE INPUT FUNCTIONS

WHILE(REPEAT) DO
IDATA(2)=0
CALL CFSA(WT2,LREG,JDATA,ISTAT,JERR)
IF(JERR.NE.8) WRLILLL,BOUY) LISTAT
TERR=0
I=4
WHILE(J.LE.127) DO
k=1
WHILE(K.LE.7) DO
LREG4=CDREGF (1B, N,K)
KT57=47-K
BIT=TESTB(J,KTST)
IF(BIT) THEN
CALL CFSA(SC2,LREGY,JDATA,ISTAT,JERR)
IF(JERR.NE,0) WRITE(6,B000) ISTAT
ELSE
CALL CFSA(SS2,LREGS,JDATA,ISTAT,JERR)
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127
128
129
130
134
132
133
134
135
136
137
138
12

140
141
142
143
144
145
146
147
148
149
150
154
152

153

154
£55
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
17§
180
181
182
163
164
165
186
167
168
189

90 -

i
{92
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IF(JERR.NE.0) WRITE(6,B000) ISTAT
ENDIF
K=K+i
ENDDO
CALL CFSA(RDZ2,LREG,KDATA,ISTAT,JERR)
IF(JERR.NE.0) WRITE(6,8000) ISTAT
CALL SETBT(KDATA(2),1)
CALL SETBT(XDATA(2),9)
TTRANS=ISHFT(KDATA(2) ,-8)
L=2
WHILE(L.LE.8) DO
CALL SETRT(KDATA(2),L)
L=LH-
ENDDO
IREC=KDATA(2) .
IF(J.NE.IREC.OR.J.NE.ITRANS) THEN
1ERR=IERR+{
WRITE(6,B040) J,ITRANS,IREC
ENDIF
I=]+
ENDDO
IF(TERR.ER.0) THEN
WRITE(6,8049)
ELSE
HRITE(6,8020) IERR
ENDIF
WRITE(6,8005)
READ(S,8006) ANS
IF(ANS.EQ.YES) THEN
REPEAT=,TRUE.
ELSE
REPEAT=,FALSE,
ENDIF

ENDDO
REPEAT=, TRUE.

TEST LAKS (PHASE 1)
SELECTIVE LAK ENABLES

WHILE(REPEAT) DO

1ERR=0
JDATA(2)=0
I=0
WHILE(].LE.127) DO
K=i
WHILE(K,.LE.7) DO
LREG=CDREGF (IB,N,K)
KTST=17-K
BIT=TESTB(J,KTST)
IF(BIT) THEN
CALL CFSA(DIS,LREGE,JDATA,ISTAT,JERR)
IF(JERR.NE.0) WRITE(H,8000) ISTAT
ELSE
CALL CFSACENB,LREGY,JDATA,ISTAT,JERR)
" IF(JERR.NE.0) MRITE{6,8000) ISTAT
ENDIF
K=K+4
ENDDO
JDATA()=0
K=0
WHILE(K,LE.127) DO
CALL CFSA(KT2,LREG,JDATA,ISTAT,JERR)
IF(JERR.NE.0) WRITE(4,B8000) 'ISTAT
CALL CFSA(RD2,LREG2,KDATA,ISTAT,JERR)
IF(JERR,NE.0) WRITE(H,B8000) ISTAT
1COHP=BOOL(J,K,8,16)



193
194
195
196
197
198
199
200
204
202
203
204
205
206
207
0y
20y
A
284
212
213
214
215
216
217
218
219
220
224
222
223
224
22%
226
227
och
22

234
232
233
234
235
236
237
238
2489
240
241
242
243
244
245
246
247
248
249
250
254
252
253
254
255
25b
257
258
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IFCICOMP NE.KDATAL2)) THEN
WRITE(,B050) J,TDATALR) KDATA(R}, TCOMP
TERR=TERR+4

ENDIF

CALL CFSA(WT2,LREG,LDATA,ISTAT, JERR)

IF(JERR.NE.D) WRITE(6,8000) ISTAT

L=1

WHILE(L.LE:7) DO
LREG=CDREGF (1B, N,L}

CALL CFSA(CLM,LREGS,LDATA, ISTAT, JERR)
IF(JCRRNC.0) WRITE(6,B000). ISTAT
L=L#t

ENDDO

JDATA(R)=IDATA(2)+1

K=K+4

FHTRN
* J=l4
ENDRO
IF(IERR EQ.0) THFN
WRITE(6,8055)
ELSE
WRITE(H,8020) IERR
ENDIF
WRITE(6,8005)
READ(S,B006) ANS
IF (ANS.EY.YES) THEN
REPEAT=, TRUE,
FLSE
REPEAT=.FALSE.
ENDIF
ENDDD
REPEAT=,TRUE,

. TEST LAMS (PHASE 2)

SELECTIVE CLEAR 50UT

WHILE(REPEAT) DO
IDATA(2) -0
3=t
WHILE (J.LE.7) DO
LREG1=CDREGF (IB,N,1)
CALL CFSACENR,LREGY,JDATA, ISTAT, JERR)
TF(JERR.NE.0) WRITE(6,8000) ISTAT
J=I4
ENDDO
TERR=0
3=0
WHILE(J.LE.127) DO
TDATA(2)=0
CALL CFSA(WTZ,LREG, JDATA, ISTAT, JERR)
IF(JERR.NE.0) WRITE(6,8000) ISTAT
K=t
WIHLLECR.LE:7) DU
LREG4=CDREGF (IB,N,K)
CALL CFSA(CLH,LREGY ,JDATA, ISTAT, JERR)
IF(JERR,NE.0) WRITE(6,8000) ISTAT
K=K+t
ENDDO
o IDATA(2)-127
CALL CFSA(WT2,LREG,JDATA, ISTAT,JERR)
IFCJERR.NE.0) WRITE(6,B000) ISTAT
K=t
WHILE(K,LE.7) DO
LREG4=CDREGF (IB,N,K)
KTST=47-K
BIT=TESTB(J KTST)
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259 IF(BIT) THEN
240 CALL CFSA(CLH,LREGH,JDATA, ISTAT,JERR)
264 IF{JERR.NE.0) WRITE(6,8000) ISTAT
262 ENDIF

263 K=K+

264 ENDDO

265 CALL CFSA(RD2,LREG2,KDATA,ISTAT,JERR)
264 IF(JERR.NE.0) WRITE(,8000) ISTAT

267 CALL SETBT(KDATA(2),9)

268 IF(J.NE.KDATA(2)) THEN

249 TERR=1ERR+1

270 HRITE(6,8060) J,KDATA(2)

274 ENDIF

272 J=14

273 ENDDO

274 IF(IERR.EQ.0) THEN

275 HRITE(5,8065)

276 ELSE

277 HRITE(6,8020) IERR

278 ENDIF

279 HRITE(6,8005)

280 READ(G,B008) ANS .

284 IF (ANS.EQ,YES) THEN

282 REPEAT=, TRUE.

283 ELSE

284 REPEAT=, FALSE,

28% ENDIF

266 ENDDO

287 REPEAT=, TRUE.

288 C...

289 C... TEST LAMS (PHASE 3)

290 C... G-RESPONSE MODE

2% C..,

292 CALL CHCFNC(’RI?,ID,ISY

293 WHILE (REPEAT) DD

294 1ERR=0

295 IDATA(2)=0

296 I=0

257 HILE(J,LE.127) DO

298 K=1

299 WHILE(K,LE,7) DO

300 LREG{=CDREGF (IB,N,K)

304 KT51=47-K

02 BIT=TESTR(J,KTST)

303 IF(BIT) THEN

308 LALL LFSALDIS,LREGL,JDAIA, LSIAT, JERR)
305 IF(JERR.NE.0) WRITE(6,8000) ISTAT
306 ELSE

307 CALL CFSACENB,LREG1,JDATA, ISTAT, JERR)
308 IF(JERR.NE.0) WRITE(6,8000) TSTAT
309 ENDIF

310 K=K+i

34 ENDDO

32 JDATA(2)=D

313 K=0

314 WHILE(K.LE,127) DO

315 CALL CFSA(WT2,LREGC,JDATA,ISTAT,JERR)
3 IF(JERR.NE. D) WRITE(5,8000) ISTAT
17 . CALL CFSACTLMLREG,KDATA,ISTAT,JERR)
318 TF(JERR,NE.0) WRITE(6,8000) ISTAT
319 BIT=TESTB(ISTAT, 41) .

320 ICOMP=BOOL(J K ,8,16)

321 IF(((ICONP.EQ. D). AND.BIT).OR.

322 { ((ICOMP NE.0).AND. NOT.BIT)) THEN
323 WRITE(5,8070) J,K,ISTAT,ICONP

324 TERR=IERR+1



325
326
327
328
329
330
334
332
333
334
335
336
337

336 .

339
340

348 .

a2
343
344
345
346
347
348
349
350
354
352
353
354
355
356
357
358
359
360
364
362
363
364
365
3bb
367
368
e

Ly

3
Ine
373
374
37%
378
77
378
379
380
381
382
363

365
386
367

388
389
390

ENDIF
CALL CFSA(NT2,LREG,LDATA, ISTAT, JERR)
IF (JERR.NE.0) WRITE(6,8000) ISTAT
L=t
WHILE(L.LE.7) DO
LREG$=CDREGF (IB,N,L)
CALL CFSA(CLM,LREGS,LDATA, ISTAT, JERR)
IF(JERR.NE.0) WRITE(6,8000) ISTAT
T
ENDDO
IDATA(2)=TDATA(2)+4
K=K+
ENDDO
=1+
ENDDO
IF(IERR,EG.0) THEN
WRITE(6,8075)
ELSE
WETTFOR,ANPDY TPRR
ENDIF
WRITE (6,8005)
READ(S,8005) ANS
IF(ANS EQ.YES) THEN
REPEAT=, TRUE,
ELSE
REPEAT=.FALSE,
ENDIF
ENDDO
REPEAT=, TRUE.

TEST S0UT Q-RESPONSE

1A=8
LREGS=CDREGF (IB,N,1A)
WHILE(REPEAT) DO
TDATA(2)=0
CALL CFSA(ENB,LREGH,JDATA,ISTAT ,JERR)
TF(JERR,NE.0) WRITE(6,8000) ISTAT
TERR=0
I=0
WHILE(J .LE,255) DO
CALL CFSA(WT2,LREG,JDATA,ISTAT, JERR)
IF(JERR.NE.0) WRITE(6,8000) ISTAT
CALL CFSACTLM,LREG2, JDATA, ISTAT, JERR)
IFCJERR.NE.§) WRITE(,8000) ISTAT
BIT=TESTBLISTAT, 11)
PITE=TESTB, D) . -
TF((BIT,AND.BIT4) . OR, (,NOT.BIT,AND. .NOT.BIT)) THEN
WRITE(6,8080) J,KDATA(?),TSTAT
TERR=TERR+4
ENDIF
IDATA(2)=IDATA(R) 11
I=14
ENDDO
IF(IERR.EQ.0) THEN
WRITE(,8075)
ELSE
WRITE(5,8020) IERR
ENDIF
WRITE(5,B005)
READ(S,8006) ANS
TF(ANS,EQ.YES) THEN
. REPEAT=,TRUE.
ELSE
REPEAT=,FALSE.
ENDIF
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I
352
393
394
395
396
397
398
399
400
404
402
403
404
405
406
407
408
409
410
A4
412
43
414
415
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ENDDO
REPEAT=, TRUE.
sTop
B00) FORMAT(iH ,’CAMAC STATUS ERROR’/iH ,214)
8001 FORMAT(SH ,’WHERE IS SH5? (I12)7)
8002 FORMAT(12)
8005 FORMAT(SH ,’REPEAT??)
8006 FORMAT(A2)
8010 FORMAT(4H ,?1/0 ERROR’/1H ,3(274,2X))
8045 FORMAT(IH ,’1/0 PHASE ERROR FREE?)
8020 FORMAT(iH ,15,2X,’ERRORS DETECTED?)
8025 FORMAT(1H ,’SIN CONTROL ERROR’,iH ,274)
8030 FORMAT(1H ,?SIN LOAD ERROR’/SH ,3(214,2X))
8035 FORMAT(H ,’STATUS CONTROL FUNCTIONS (PHASE 1) ERROR FREE!)
8040 FORMAT(iH ,?STATUS SELECTIVL. SET ERROR’/fH ,3(214,2X))
8045 FORMAT(4H ,?STATUS CONTROL FUNCTIONS (PHASE 2) ERROR-FREE?)
8050 FORMAT(1H ,’LAN ERROR (PHASE 1)!/iH ,4(274,2X))
B0OSS FORMAT(LH ,’LAN TEST (PHASE 1) ERROR-FREE’)
8060 FORMAT(1H ,?SOUT SELECTIVE CLEAR ERROR’/iH ,2(224,2X))
8065 FORMAT(1H ,?LAK TEST (PHASE 2) ERROR-FREE')
8070 FORMAT(1H ,’LAN ERROR (PHASE 3)!/iH ,4(274,2X))
8075 FORMAT(1H ,’LAN TEST (PHASE 3) ERROR-FREE’)
8080 FORMAT({H ,’SOUT Q-RESPONSE ERROR’/iH ,3(224,2X))
8085 FORMAT(LH ,’SQUT @-RESPONSE ERROR-FREE')
END
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