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770208 can design economies be realized
THRU MICRO-PROGRAM CONTROL of Analog

ANO DIGITAL PERIPHERAL , FUNCTIONAL
circuits in a MICRO-Processor BASED
Instrument such as TIMS ?

Historically , in the development of the HP4942a ,
HP 4942B , and the 494JA Transmission improvement
measuring sets ( Tims ) , THE instrument's
ANALOG CIRCUTRY HAS " BEEN REWARDED ( FROM
The Point of View of the Mcchapter Hardware
and the system software ) as being the
Tims equivalent of computer peripheral
Equipment ( tape-Punch , line Printer , etc. ) " to
THE SOFTWARE DESIGNER , THIS HAS " MEANT
That control of the ' Analog circuits has
been accomplished thru software driver
routives . #

From A Hardware Point of View , Each
Peripheral driver is Accessed that an I/0
Port ( Typically an 8-6it LATCH ) connected
to the data bus .

Conceptually , from a HARDURE Block diagram
Point of YIEW , THIS ARRANDEMENT looks something
Like the drawing or page ? omitted from
This Drawing are various buffers , inventers ,
bus-Drivers , etc as well as the professor
control lines .

to implement the various control functions
Required by his design , the circuit designer
ARDS A LATCH to His Board ( Typically an
8-6it lutch ; SELDOM LARGER THAN 16 DITS ; OCC
only 4 bits ) . The Designer Then MAICES ARLANGENENTS
with the Engineer Responsible for the MPU
Board to provide an enable signal for his
new I/O. PART .

THE TYPE of FUNATIONS TYPICALY PERFORMED
by the Hardware LATCH include :

of many .
1 . Selecting and connecting one Adicial
Signal paths to another

2 . Selecting and connecting one of

many Avalon signal paths to another

( see ' page's ' ebwells .
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CONFOURATION OF THE WHITE-ONLY , I/O.PORTS
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ccour ) .

ANALOG SIGNAL PATH
3 . INITIATING OR enabling a pulse

to some hardware .

4 . TERMANATING A PULSE
TO SOME HARDWARE

# As an example of such functional
Implementation , some HP 4943 scenarios are
Attached on the next pages . These scenarios

serve to illustrate the preceding applications .
several other such cases exist in the 4,42-49454, A
instruments . For detailed operation of those
Control signals , refer to the appropriate
service manual

in discussing the Architecture

In the software , Programming of the
control lines coming from the watches's
Accomplished by writing to the LATCH
A typical 1960s programme to sequence mightbe

LDA A. I , Valne
sta a e ,latch

if many latches are to be programmed .
This SERVICE for a functionally similar
one ) must be repeated for each LATCH .

Disadvantages of this Approach :

While BEWG ADVANTAGEOUS in many aspect ,
certain disadvantages are interest in thisapproach .

1 . THE LATCHES TAKE UP BOARD SPACE
which otherwise could have been allocatedelsewhere

2 . Extensive Address decoding is
Required ; if an ATTERNED TO MADE TO

Keep the parts court required down , I say's 13

quickuous
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Operation

Memory Reference InstructionsI. Load Accumulator2 . Load X Register .
3 . Load L Register .
4 . Load I/O Register .
5 . Load immediate Acc.
6 . Load immediate L Reg.
7 . Load immediate Index Reg. 1
8 . Load immediate index Reg.29 . Store Accumulator
10 . Store L. Register .
11 . Store I/O Register .
12 . Store Index Reg. 1
13 . Store Index Reg. 2
Arithmetic Instructions .
I. Add Accumulator
2 . Subtract Accumulator
3 . Multiply and Accumulate4 . Multiply
5 . Shift Left Acc.
6 . Shift Right Acc.
7 . Shift Left X Reg.
8 . Shift Right X Reg.
Branch Instructions .
1 . Jump Unconditionally
2 . Branch on Zero in L Reg.
4 . Branch on Zero in Acc.
S. Branch on Positive in Acc.
Logical Instructions .I. AND Accumulator
2 . OR Accumulator .
3 . Exclusive Dr. Accumulator
Miscellaneous InstructionsI. Increment L. Register
2 . Increment Index Reg. 1
3 . Increment Index Reg. 2
4 . Compare index Reg. 2
5 . Conditional subtract 1X2
6 . No. Operation .7 . Hall

including :

Mnemonic .
OP Code .
lac .
lrix .
lri .
lio .
liac .
lirl .
lixi .
lix2
stac .
stirl .
stio .
stixi .
stix .

adac .
suac .
mac .mpy .
slac .
srac .
slrix .
srix .

ump .burl .
bzac .
bapa .

anda .
orac .
exac .

irl .
lixi .
lix2
cix2
csixi .
nop
hilt .

Note : C( EA ) denotes the contents of the data memory at the effective address .

Table 4.8 The Instruction Set of DISP.

Some of the features of their design are :

1 . A distinction is made between instruction

instruction physical length

User program in ROM

Machine . function .code .

000001 ACC # CRA )000010 rx # area )0000ii . RL # CIEA ) "000100 io # clear ;000101 acc # tea .000 110 RL # EA.0001ii . ixi # EA .00,000 1x2 # EA .
001001 . clear # ACCcrea ) # RL.001011 . clear # to
001100 clear # in :001101 clear # 1x2 .
001110 . ACC # ACC # CRAED00iii . ACC # ACC-CHEAR010000 ACC RXXAEAITACC01000i . ACC # RXXOEA )010010 ACC # ACCX2010011 . ACC # ACCX2 -0100000 RX # RXX2010101 RX # RXX2 -

010110 . nir # EA .010111 NIR # EAIRRL-001,000 NIR # EAIF ACC-0011001 . NIR # EAIT ACCzo
011010 . ACC # ACCNALEA ) .

ACC # ACCUCUEA ,off 100 ACC # ACCODHEA )
011101 . RL # RL. # EA.011110 . IXI # INITEA

1x2 # 1x2t ea .10000 CP-1 if IX2YO (EA )
100001 . IX2 # IX2-cream

if cp-1 .100010 . do nothing1000ii . stop .

memory and data memory . This has many advantages

A ) Data physical length is independent of

By This division lends itself to staving the

ex wells
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am

s " mux . "

tax

si . MUX2 .53 .

overflow
detection .

Figure 4.17 . The arithmetic unit .

At the same time , it is

riapped . ' Ilo'may be utilized

3 . Two ALU units exist :

high-listed episodes )
operations of the

gr.6
n #

the calculation of

and some of

4/3

mpy .

fs4mux ;

az
alu . ilaz

nago

lea"

2 . A provision is made for leading and storing
directly from the " I'm Register into memory . This
facilitates data acquisition during real time operations . theno way reduces .

# possibility of the machine since memory -

one is for data and

the other is for instructions . This facilitates

piperning which in turn increases throughput .

A. Special instructions exist ( see Table 4-8 for
which facilitate computation of

form .

an Xn .

5 . The multiphaty of index reporters facilitates
constitutional sums .

A sample program was written by helped achin for
performing non-recursive filtering . This is an are attached :

their comments .
kick wells .



ois .
016
017010180180119 .
02
0221 .02202212302023024

lix2 . 0 100 .001 . stix . 098o002 0 .lac . 098003 adac O 099was
004 STAC 0 098
005 lRL . 099o .0060006 lixi . 0007 liac . 0 000008 lax . 2002' 2 .009 macic .oio irl . o . 01-01-01

impl .0 .017012oiz . iixi . 0 001 .013 iix : 001 .0 .014 cix2 o .098 .csix . o .099
smp . o .008
STAC 0 097stio . 2 .lioi . o .097liac . o .-01

adac O 095 .stac . o .095 .bripa .0 00s .hit

address .

104 104 .

8 3
ioz .103

2002202
as a at203

loop .

Table 4.10 Data Memory Contents During the Executionof the Nonrecursive Exter from the Exe

CONRCURSIVE DIGITAL FILTER PROGRAM .
# PROPOR

1x2 # 100 .
(98 ) # 100
ACC # 0/98 )
ACC ACC # C(99 )c198 ) # ACC
RL # c (99 ) .ixi #
acc # #
RX # c (200tixi )
ACC RXXIX2 ) ACCRL # RL. "
GOEOOITIR RL-0
1x2 # 1x2t :
CP61 if 1x2x(98 )
IX2 1x2-c (99 ) in CP-1GOID 008
c197 ) # ACC
crix2 ) # 10
10 # CEST ,acc #
ACC # C (95 ) -1
c195 ) # ACC
goto does it ACC 40

Table 4.9 A Nonrecursive Filter Program on DISP.

data memory contents

not job . 104 .

8

as # as # ' a ?

look

Initialize pointers .
to the top and bottom
of the input data list .

Initialize the loopand index registers .
and accumulator .
compute an output
and advance pointers .
modula the numberof laps .

store output .
sample , load .
new input sample
and restart if
limit is not reached .

wells .
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Table 4.9 contains the listing of the DISP program that will perform the
nonrecursive filtering as outlined above . The reader is strongly urged to go
through the program carefully , executing each command manually to understand
fully its operation . While doing this he will realize the importance of the index
registers and appreciate the flexibility they provide in manipulating the addresses .
so as to make the memory look like a shift register . Table 4.10 shows the
changes in memory contents for this example , in the simple case of N-4 , as the
computation progresses . As we see X " are maintained in a circular list . To
compute the correct address , instructions CIX2 and CSX2 effectively allow us to
increment the index register modula an arbitrary number . This is again an
example of the matching required between the architecture and the algorithms .

We see from Table 4.9 that a total of 25 instructions are required for this
program . To evaluate the execution time of the program we consider a concrete
example , where L-1000 , and N-20 . Therefore instructions000 to 004 and 0
are executed once , instructions 005 to 007 and 017 to 023 are executed a 1000
times , and instructions 008 to 0/6 are executed 20x,000 times each , and
a total of 190,006 instructions are executed , or an average of about 190 per
output . The actual execution time depends on the time required to execute one
instruction ( if all instructions take the same time ) .

A total of 190 instructions per output sample seems a large number , consider-
ering that all we do is multiply 20 numbers and add them up . A closer examina-
tion of the program shows that indeed we only do an average of 40 instructions
to do the actual arithmetic , and the other 150 instructions are required to take
care of the indexing for looping and memory addressing .

At this point we notice that we could significantly improve the running time
of this program if we had some additional instructions in the DISP repertoire . As
an example , suppose we add the instruction LRXL whose effect is to load the
RX register from memory and decrement the L register by - I . This can
obviously be done at the same time , since while we load RX from memory the
ALU or the AU can decrement the L register . In this case we could replace
instruction 008 by LRXL 1200 and eliminate instruction 010 IRL 0 -1 .
will reduce the average number of instructions per output to 170 , that is , a more
than 1096 reduction . We note however that this instruction ( LRXL ) is some-
what restrictive , in that it does not allow us to specify the size of the increment
( it is taken as - I ) , which makes this program less flexible .

In the excerpt above , L is the " window length " of
the data streom Land , therefore , the number of outputants )
and N is the number of taps in the filter-
Assuming an average instruction execution rate

of 2so used instruction , their machine ( in principle )
is capable of doing real time filtering on a data
stream sampled at a 10 kHz rate . "

of particular importance is to note how important
the " overhead " tasks of indexing , keeping and
memory management are . These tasks account for

Rick Wells
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1970 constitute instructions , executed . The remaining2/70 constitute " the "rical work "
desired by theprogrammer . My

previous commentary on the
various addressing motions and commentary , when
assisters between # in this right of represent
an architectural issue of Prime importance .

the monitoring from the DSP instruction set
" terms " multiply and " Accumulate "

terms of real work , this instruction instruction ?
instruction . In

be of

great importance and then work on stages35-37

should perhaps be modified to include
presency operations . Even to fit the case into the
the party discussed architecture , would accommodatethe result at the top of stack ) .

the fact feature , of the Poland - him architecture
a significant that all instructions are constructed in
a simpler word of construction memory . This is
operation reason to the jurisdiction from Aprili this
operation they do since the required number
discuss memory accessories is reduced in my pricesdiscussion .

of addressing , such single - reference
subestablishment achieved with the subsecretment and

and dressing mantis makes its mother , indicated a most immediate
addressing makes required , preferred many manufactures

and , it may be deemed to assemble to marry the
assumed length of the instruction to allow them to

ammediate , the memory reference address are
dismodiveness to improve with the instruction between the
desistant dressing nature of the construction makes the
has to do so however the cause purchases must
been made to accommodate the use of numerous must

to strengthen a strong degree and much more than18th

extractions to the future machine , this is
of and machine . Anduting the introduction's value
of the destruction was found on the immediate same
of the

data physical length on the instruction dependslength . This is ' undesirable .
Note that

cinematography of a variety forManagement #antodeclement decreases the need for most
an index toffset feature welly .tle



increase .

oppcode .
d
14 .

debded , do DESTURATION .
toof only

col lto
0 1/0

o .

to k

l
l1 .

like .

rxts .
next

fax 3
ex 4
rxs .
rx6 .
rx 7

top of stack .

Allowing the instruction word to grow by four bits does
the power of the machine substantially consider :

is due to be too from me . But his mother , had
4

6 , bo Base .
pc.But Bucket . co o

o . #operand 1 .
1operand ?

Top of stack . sp
20 Base Regi .
SE BASE RE6 2 . mir mio .

BERE PC. o . o .

Bisekenz sp co .

Eight registers are now available for indexing , and program
jumps are possible by a Mold to the PC. Similarly , a Nov
to the SP changes stacks . Whenever a MOV destruction
is not operated 2 , the MOV is actually a member of
the single operand class . Therefore ' , in this case
Construction' bits is 4 :p ) could be ' used as an
offset value ( it m , # indexing ) , an immediate value
by which to autodecrement or auto increment R , or an
immediate value by which to load Rs . The structure looks

pc.
s .

base Reg ) )
Base Reg 2

# Phantom index reporter , actually references the PC
"

4.7

o .

base Reg. 1
0 Base Reg 2

move .
Auto movement .
Register .
Autodecrement
indexed .

# " Data " BASE

program " Base .

actually references the SB

Rick Wells


