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applied to nearly all multi master bus systems, with introduc-—
tion of a few additional lines, 1if necessary.) The effect of
NES is to cease system bus operations in all other modules.
With NES line activated, BUS CONTROL can inspect all other
module=zs. The system bus is also equipped with special lines
for error signalization (ERROR, SLAVE ERROR), but a local
error handling within each module and cyclic inspection of
errorr latches wvia the system bus has shown to be the more
cost—effective solution. An other important featwe 1s the
capability to reset each module selectively. For this purpose,
the system bus protocol provides a selective reset sequence:
BUS CONTROL issues & slave access to the module to be reset
and energizes a SELECTIVE RESET bus line. Immediately after
this reset, parameter bytes (e. g. for test routine selection)
will be transferred into dedicated RAM locations of the corre-
sponding module. Thus BUS CONTROL is capable of initiating
test routines even in presence of severe failures . (in con-
trast, test ipitiation by a software protocol would require
more hardware of the module under test to be free of fai-
luresd.

During the error—free operation of the system, BUS CONTROL is
loaded only with the cyclic inspection of the error latches in
the other modules. Hence some additional workload could be
assigned to it. A good example is the control of low-speed 1/0
devices, like printer, keyboard, some special keys, lamp indi-
cators, and acoustic signalization. These devices are also
useful for malfunction indication, test seguence control, and
error lagout. ,

An  other recommendation is to make provisions for easy module
interchangeability and module removal so that a service engi-
neer can quickly locate suspected modules by a simple "inter-
change and +try again" or "remove and try again” procedure.
Some key points: application specific software should be kept
in RAM, with initial program loading from diskette, from a
centralized ROM module etc.3; programs should be able to iden-—
tify the own module and the system configuration; the system
bus should be operable in spite of removed modules.

Microcomputer modules should be equipped with sufficient ROM-
resident diagnostic software and with some simple means for
test selection and indication. . (One example is a diagnostic
adapter with a few switches and L.E.D. indicators ({(Fig. 2)..
All microcomputer modules of the system have a special connec-
tor to accept this adapter. After hardware reset, ROM-resident

test software checks the cause of the resset {(power on, selec-
tive reset from BUS CONTROL, manual reset from diagnostic
adapteri. In case of a selective reset, sequence control

information will be taken from dedicated RAM locationsg in
caszse of a diagnostic adapter reset, the program will read its
switch positions and branch to the appropriate test routine.

In zome systems ervror detection circuitry is necessary {(e. 3.
FAMs  with parity or ECC, watchdog hardware, memory protect
circuitry etc.). It is stirongly recommended to provide means


wupp
Rechteck

wupp
Schreibmaschinentext
3.


test/error display

&

- CHALT
O | indic
| 2 special

~/ndic. s
(e.g. WA/T)

[0

Q

° /lo

)

—— | test selection

o ial ol

|

o Wy L W N A

)

— K | RESET

7] | sensor
key

connector

]
NO OP inject

Figure 2.
Diagnostic adapter

JHALT

LED

LOPLY 1

N

e

DATA 7-0

~WRITE DIAGN
sl

i

mE
H

2DP

~ READ DIAGN

rﬁr%q__i

NO 0P~
Sw code
I 22 "|ICE
/NOOP ll\éECT 5
RESET
= | == It i /PRESENCE )
N _L ~




for the gself-test of this hardware (examples: provide for
write—in of inverted parity, make ECC RAM bits directly acces-
sible for write and read, make watchdog circuitry diagnosable
etc.). Such diagnostic modes can be controlled by a loadable
DIAGNOSTIC MODE register {(see [21, [71).

Signature analysis and oscilloscopic tracing have found to be
useful 1in field troubleshooting. These principles require to
follow some hardware design recommendations ([L3]): provide
test loops in ROM; provide at least one programmable sowce of
SYNC~ resp. start/stop— pulses; provide a source of cyclic
reset pulses with known clock count between the resets; follow
the known recommendations for S.A. loop testing (e. g. accaor-
ding teo [1@3).

Large DRAM memories are susceptible to soft errors. Known ECC
provisions require many additional bit positions and may be
too costly in some systems {(e. g. in 8-bit~ modules, where at
least 4 additional bits must be provided). @An alternate ap*
proach uses only a single parity bit and an inexpensive hard-
ware sequencer to achieve a redundant -{duplicated) storage
without software intervention (Fig. 3; £41, ([81). A good
application example is the modernization of older microcompu-
ter modules, where the effective Z-fold increase in  memory
capacity instead of a 4-fold increase is guite acceptable. A
disadvantage is, however, that the CFU must be kept in wait
states at least dwing the read cycles.
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AN inexpensive approach to hardware address compare sﬁmp or
instruction step requirements may be based on an additional
RAM bit position in the memory. During the normal operation of
the system, this position may be used for parity checking. In
case of a memory with ECC provisions, at least one of the ECC
bit positions may be used for that special purpose. Also
needed are means to activate NMI {(or & similar highest-priori-
ty interrupt) and a program—loadable control register (Fig. 4;
£21, (413, [53). This register should provide code positions
for the following modes: "

a) Conventional mode. Farity resp. ECC is enabled. According
to Fig. 4, EMABLE FARITY CHECE and ENABLE ERROR SIGMALIZATION
are active. In all write cycles, the parity bit will be writ-
ten. In all read cycles, the memory parity will be evaluated.

b)) Compare stop mode. Write access to the additional biti(s) is
inhibited. A "1" read out of the corresponding bit will acti-—
vate NMI. EMABLE CHMP STOP is active. Additional control regi-
ster bits may be set to specify the stop condition (STOFP ON
READ, STOP OGN WRITE). :

c} Compare stop setup mode. Neither compare stop nor parity
resp. ECC are enabled. EMABLE INJECT is active. In write
cycles, the value of the INJECT HI position of the control
register will be written into the compare stop bit RAM posi-
tion. A simple block move {read and write again) of all RAM
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locations <{(with ENABLE INJECT set and INJECT HI cleared) 1is
sufficient to leave the conventional mode. A particular stop

condition can be set resp. removed by a read — write access
with ENABLE INJECT set and INJECT HI set resp. cleared.

d) Conventional setup mode. Parity resp. ECC bits are written,
but in read cycles error signalization is inhibited. Only
ENABLE PARITY is set in the control reqgister. A simple block
move (read and write again) of all RAM locations will estab-
lish the conventional mode. :

e) No-effect mode. The control register is cleared completely.
The additional memory bits are neither affected nor evaluated.
This mode is used by the diagnostic software.

The hardware rrequires only a few MSI parts, but a very flexib-
le and elegant program tracing is possible. Stop conditions
can be set not only for a single address, but for arbitrary
areas in programs or data segments.

S. Performance_augmentations_of_microcomputer modules
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In many real-time applications the performance of microcompu-
ter modules is quite sufficient, with exception of a few time-
critical operations, especially with respect to the control of
real-world interfaces. Dedicated hardware modules are hardly
to design and to debug. Hence it is useful to have some design
options to improve the performance of microprocessors for such
operations. :
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The user of a microprocessor CFU  cannot modify its instruc-
tion set. Hence all additional effects require some circuitry
outside of the CPU. For some applications, coprocessors are
available which extend the performance for a class of opera-—
tions. The following suggestions are not concerned with copro-
cessor-like delegation of software loops to dedicated autono-
mous hardware, but with the extension of the effects of s=some
CPU  instructions. The typical speedup is in the range
1:2...1:20.

In some configuwrations, special effects can be controlled by
high~order address bits which are not used for memory addres-
sing. Appropriate suggestions can be found in [43,

Fig. 9 i1llustrates an other principle. Additional memory (cal-
led control memory) is addressed parallel to the instruction
memory during CPU instruction fetch. Its content is loaded
into a control register. In this way the width and hence the
effect of some CFU instructions can be extended. -

AN instruction fetch within a special address range (e. g
with some high—order address bits set) will cause the control
register to be loaded and the special mode of extended effects
(called CONTROL MODE) to be set. Each instruction fetch within
an other address range will cause CONTROL MODE to be reset and
the contrel register to be cleared. It is not necessary but



possible to provide conventional access to the control memory
by the CPU. A cleared control register should cause no special
effects, therefore instructions fetched within the said spe~
cial address range will have no special effects if the corres—
ponding control memory locations contain zeroes. This allows
instructions with and without special effects to be intermixed
freely, without any performance degradation which would other-—
ways be inevitable due to the necessary mode switching.

In the following sectionzs, a few application examples will be
described. Fig. & shows some details. For more details, cir-—
cuit diagrams, and discussiop of intricacies, refer to [41.

In CONTROL MODE, the CFU address and data lines can be used
together for output pwposes {(e. g. an 8-bit— CPU can drive
outbound interfaces with up to 24 data lines). The execution
of a register—to-memory move instruction (e. g. 2 8@ LD
(HL) ,A)  is modified. All memory write pulse and chip enable
lines are deactivated. Instead of being written into memory,
the information on the CFU address and data lines will be
moved to the interface.

Farts of the control word (e. g. an EMIT field) can be direct—
1y deliversd to interface lines {other parts of the control

word can contain a destination code, if reguired). The immedi-
ate part of the control word can be augmented by immediates of

appropriate "Load Immediate”"- instructions (e. g. Z 8@ LD

HL,nm}. The width of the interface can be extended to a great

number of bits (e. g. 16 out of the immediates m, n of a LD

HL,nm instruction and 24 out of the EMIT fields of the 3
control words accompanying the I bytes of the instruction,

thus the good old 2 8@ can deliver 4@ bits in 11 machine

cycles). , :
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Bit strings exceeding the CPU word size can be read by data
substitution on the CPU data bus. Most CPUs have leoad instruc—
tions which load an immediate twice as long as word size into
a CRU register {e. g. 2 80 LD HL,nm). In CONTROL MODE, the
fetch of the ist part of the immediate is accompanied by a 1ist
control word. This causes the immediate to be removed from CFU
data bus {(e. g. by disabling the memory bus driver) and a bus
driver for the first part of the inbound interface to be
enabled. The fetch of the 2nd part of the immediate has a
similar efftect. Thus the CPU will receive the information from
the inbound interface instead of the immediate. :

S.4._Conditioned_branches

The principle of substitution on the CFPU data bus can be used
to provide conditioned branches or subroutine calls resp.
conditioned shipping of instructions according to external



conditions. An unconditioned branch, call, or other instruc-
tion to be skipped conditionally is accompanied by control
words which select the external condition. The control hard-’
ware decides whether to execute or to skip the instruction. In
the latter case, the instruction is removed from CPU data bus
and substituted by the NO OP code according to the CPU in-
struction 1list. The hardware must make the decision in the
first cycle of the instruction and keep the result until ' the
last cycle has been executed. If necessary, wait states must
be inserted during the decision interval. The hardware must
suppress all interrupts during the substitution (the  substi-
tuted NO OP sequence may never be interrupted). " With such
provisions it is possible to inspect many external conditions
directly (e. g. 284 or even more) wich would otherwise require
"a longer instruction sequence {output to select the condition
—%» input of the selected information -* bit test - branch).
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In many critical software loops, much time is spent for the
analysis of abnormal and ‘ending conditions. This code could be
substituted by hardware. The detection is done with external
circuitry under control of contirol words. Examples are: parity
checks at external interface lines, occurrence of special bit
patterns on interface lines (2. g. escape characters), access
to the last position in the corresponding memory area etc. The
condition could be-signalized by an interrupt with sufficient-
ly high priocrity {(e. g. a NMI).
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