
 

June 8, 1981

Dear PPC Member,

I have enclosed information on assembly programming the HP-41C/V because
you have shown interest in this subject. The four page write up of what has
been accomplished to date was prepared for a Chicago Chapter meeting I at-
tended while visiting the CES show May 31 thru June 3. The four pages of ROM
zero listing is only the first of such listings to be pasted up.

Jim De Arras has made a major break through by designing and building an EPROM
box and computer interface to his HP-41C. The ROM listing was made using his
"DUMP" program modified to add the CHR - character - column. The choice of
what character to "match up" with a given eight bit byte was made based on
the work of Tom Cadwallader, Charles Close, Robert Groom, and John McGechee.
The "look up" table was based on the table found on page 57 of "PPC Technical
Notes", VIN6, February 1981.

This material is being sent to you so you can study it and add to the body of
knowledge that presently exists in the heads of a few users. Let's start a
series of articles for the June issue of PPC CJ.

ROM addressing is organized as four nibbles with the first nibble determing
a specific ROM (15 ROM's maximum?). Table 1 shows this.

TABLE 1.

0 - Internal ROM 8 - lower 4K of PORT 1.
1 - Internal ROM 9 - upper 4k of PORT 1.
2 - Internal ROM 10 - Tower 4K of PORT 2.
3 - Not scanned??? 11 - upper 4K of PORT 2.
4 - Service Module 12 - Tower 4K of PORT 3.
5 - Future ROM? 13 - upper 4K of PORT 3.
6 - 82143A Printer 14 - lower 4K of PORT 4.
7 - Future ROM? 15 - upper 4K of PORT 4.

Each 4K runs from NOOO thru NFFF where the first nibble is as described in table
1. The second nibble may be thought of as being a "page" of memory. Each ROM
is composed of 16 pages of 256 words. ROM words are not bytes because they are
10 BITS each. The DTA (Data) at each address is ten bits. The first HEX
character is the first two bits and wheather the following byte(s) is treated
as 41 language or Assembly Language. For this reason the left character of the
DTA column only runs from 0 to 3.

Read ROM contents from bottom up. When I get more time I will paste up other
ROM's and will send you a copy if you send a SASE marked "Send ROM listings".
Let's get these details on paper.
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Miereeode Assembly Language Programming the 41C

The HP-41C/V is a microprocessor based computational device that
uses three, 4K ROM's to make it a programmable scientific calculator.
The "memory" of the 41C/V consists of five, 16 register RAM's that
provide operating scratch registers (status registers) and program
memory. The interested reader may refer to the Hewlett-Packard
Journal, March 1980 issue for additional technical details.

The discovery of techniques to recall from and store into the 41C/V
system scratch registers has led to a level of programming called
Synthetic Programming. Synthetic Programming is the use of instructions
that are not normally keyable from the 41C/V keyboard. These
instructions are synthesized in memory and were not designed to be
executed. All the effort to date has been in exploring the 41C/V
on a systems level using synthetic programming. The 41C/V
microprocessor, however, executes an instruction set of its own.
The synthetic instructions discovered to date are part of the
higher level natural "RPN" language. The microprocessor instruction
set is a much simpler lower level language.

The ROM's that contain the alogrithms that compute the sin of an
angle, for example, are not programmed in the 41C/V natural language.
The user keys in "SIN" in his program, but the microprocessor computes
the sin using what is often called microcode instructions. Perhaps
a better term to use in describing the programming that is done in
the mainframe ROM's is Assembly Language Programming. Ultimately the
ROM is filled with machine language 1's and 0's. Humans can't think
efficiently in long strings of base 2 numbers and prefer a language
composed of mnemonics. This short discussion will provide a brief
description of recent work being done in Assembly Language Programming
on the HP-41C. This is the last Frontier for the user to cross to
achieve complete understanding of the marvelous box called an
HP-41C/V calculator.

Assembly Language is nothing more than a list of instructions that
are placed into memory and executed by the 41C microprocessor as
such. The roots of assembly language programming is found in techniques
developed by Bill Wickes (3735), Tom Cadwallader (3502), Charles
Close (3878), John MCGechie (3324), and others. It is possible to
write synthetic programs that display the contents of the internal
three ROM's. The analysis and clever speculation of the contents
of these ROM's provided increased understanding of the 41C/V system.
When PPC started designing its own custom ROM the knowledge and un-
derstanding of thResystem that HP provided to build the ROM image came
from 41C ROM decoding. Would HP's software systems that process the
ROM image accept these instructions? What can we do to obtain
maximum use of every ROM word? The answers to these questions are
now well known.
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Once the PPC ROM was completed a new form of ROM attracted our attention.
This ROM was called EPROM or Electrically Programmable Read Only
Memory. EPROM technology is well known and "burning" EPROM'Ss
is almost as easy as getting a flat tire fixed; you just have to
go to the right place. Could an EPROM be connected to the 41C/V?
HP demonstrated that the answer was yes, and it wasn't long before
a PPC member designed and built an EPROM interface using 16 standard
IC's. Hopefully this device, which is often called an EPROM box,
will be demonstrated here today. HP built the first HP-41C/V
EPROM box in a chassis measuring 2.75"x11.25"x9.25" HWD and weighing
3 1bs. 7 oz. American Micro Products is building a much smaller
version and will be offering it to the general public. Estimated
cost of an 8K EPROM BOX with Programmed EPROM's is $300 to PPC
Members (200 pieces ordered). The importance of EPROM is that it
provides a medium for assembly language programming on the HP-41C/V.
The first problem that had to be overcome was the understanding of the
41C/V addressing scheme that told the microprocesssor to read
certain bits as assembly language and not as 41C/V language. The
user community ranging from Australia to the U.S. East Coast is
accepting the challange to discover the microprocessor instruction
set, determine its characteristics and document it so others may
take advantage of this programming mode. When EPROM boxes become
readily available in a few months many users will be able to create
their own 8K programs at a cost of $300 rather than the HP Custom
ROM cost of $20,022.00.

The advantages of Assembly Language Programs in EPROM are many.
Here are a few.

1. Lowest cost for low quantities.

2. Easily changed or updated at very low cost.

3. Faster operation. The PPC ROM "NH" routine, for example,
takes 5-7 seconds to decode the X register. A similar
Assembly Language routine executes in % second.

4. Increased memory useage is obtained because the internal
microprocessor scratch registers can be used. The routine
described in 3. above doesn't disturbe the stack, the
synthetic version does.

5. Fewer bytes. The ROM version of "NH" uses 120 bytes, the
EPROM version uses 98 bytes.

6. Increased accuracy is possible because the microprocessor
operates at the bit level and the clever programmer may
take advantage of this.

For many users such as surveyors, Insurance salesmen, and those
involved in data aquisition EPROM offers the ability to place all
thier programs in EPROM and use their 2.2K of RAM for Data. (Using
switched QUAD's up to 16K of Data space is possible). The above is
obviously all the advantages. What are the disadvantages? There
are a few.
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1. HP does not support Assembly Language and has no plans to do so.

2. HP presently will not make custom ROMs from an EPROM image.
There is a slight chance that this may change in the future--
it's really easier for them.

3. Very few users have the skills and background to program
in Assembly Language unless PPC produces the necessary
documentation.

4. The EPROM box is an extra accessory that, although smaller
than the 41C/V printer, is inconvenient to carry around.
It has its own battery which must be recharged, etc.

The number of user community written, debugged, and tested assembly
language routines is less than twenty. This is most remarkable,
however, when you consider that the complexity of the task is
like trying to view a movie on a video disc with a magnifying glass.
Is it possible? Can it be done? What is the future prospects for
PPC members? The answers are Yes, Yes, and unlimited. Here is what
has been accomplished to date.

1. Complete listings of Mainframe ROM's 0, 1, and 2, card reader,
printer, and service module.

2. Obviously from 1. above any HP ROM may be "read", changed,
and transfered to EPROM to meet the needs of the user.

3. 95% of the single word microprocessor instructions have
been identified and explored.

4. A low cost, low power, small size EPROM box is being
designed and may be offered for sale. AMP is expected to
offer their model in a few weeks.

5. The following routines have been run in a prototype
EPROM box.

Label Bytes Remarks

1. X<>ROM 22 Bimary ROM address in X. Returns
10 BITS ROM data to X, Adds 1 to
address in last X.

2. Y<>T 13 Handy stack manipulation.
3. I<>T 13 Handy stack manipulation.
4. Y<>Z 13 Handy stack manipulation.
5. BCD BIN 17 Calls HP's routine. 3D in X

converted From BCD to Binary.
6. RXR 10 Rotate X right 1 digit.
7. RXL 10 Rotate X left 1 digit.

8. X+Y 14 Binary addition of X and Y.
(NNN Add).

9. SXL 10 Shift X left 1 bit, 0 shifted in.
10. NSTO 28 Non Normalized store relative to

ROO. If negative store is absolute
register.
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11. NRCL 31 (Reg. # in X, data in Y, RCL's

to X, Reg. # in last X). Non
Normalized recall relative to ROO.

12. TP -- PPCROM routine, programmable tone.
13. VP -- PPC ROM routine, variable Pause.
14. NS -- PPC ROM routine, Non-Normalized store.
15. NR -- PPC ROM routine, Non-Normalized

recall.
16. CODE 86 Alpha converted to X as NNN--no

stack change.
17. DECODE 98 X decoded to alpha.
18. GTO ROM 11 Address in X, resumes execution

in ROM assembly language. Will
be improved to address either
41C/V language.

This short report cannot be specific and detailed because the average
user isn't interested, and so far much of the details are in the
heads of half a dozen PPC members who are moving forward too fast to
document. A major report with technical details is planned for the June
issue of the PPC Calculator Journal. What is possible in the future?
What can PPC do to open new applications and solutions to an ever
expanding range of problems for its members? Here is one obvious
idea--A PPC EPROM. As more and better routines and programs are
developed a "never obsolete" EPROM collection could be assembled.
Increased alpha handling capability, an expanded unit management
system and a true programmable size are only a few ideas. New
languages such as BASIC or better, FORTH, is possible. The latter
is natural to the RPN user and Corvallis has shown very little
interest in FORTH. With EPROM the full power of the 41C/V may be
exploited and anything is possible.

Richard Nelson (1)

QUESTION: How many members here today would be interested in
buying an EPROM Box if the cost would be about $200 + $50. The
EPROM's and programming is estimated to be about $100 + $15.
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HP-41C STANDARD

AR40 062 B AAAS 191 @ ABOA 012 X RB6F 117
AR4L BF3 AARG 817 ABOB 145 eo £870 145
AR42 600 8 AAA? 1R9 ) ABAC 186 6 AB?1 187
M43 031 | AAAS #68 H ABAD 684 A872 829
AA44 830 0 AAAI IAC ABE 111 € A873 111
AR4S 1F2 b RARA 807 G ABOF 010 P AB74 019
AR46 831 1 AARB 1A8 ( AB1G 192 R AB?S 192
AR47 838 @ AARC 698 H fAB11 018 X AB7¢ 17
AR48 182 B ARAD 187 G AB12 106 F AB7? 109
AR49 194 7 AAAE 198 ( ABI3 1R9 AB78 112
AA4A 813 5 RRAF B13 S AB14 8687 G R879 911
AA4B 190 P| AABO 198 I ABS IAC RB7A 1A
AR4C 010 P| AARI O19 Y A616 868 H A878 015
AR4D 185 E AAB2 198 Z ABI7 1A8 ( AB7C 190
AME IC2 b ARB3 B19 VY AB18 887 GC AB7D 617
ARF 882 B RABY IF7 Ae19 1% Ff ABTE 145
ARSG 6F3 c ARGS 849 «1 ABIA 011 @ AB7F HE
AAS] 880 # AAB6 820 RBIB 13F ? RBBB OF2
AAS2 853 ¢ AAB7 853 ¢ ABIC IE! a ABB1 044
ARS3 848 I AABS 848 T ABID 826 ABB2 842
ARS4 IF9 a ARBY B4F « ABIE 094 ) AB83 199
ARSS 853 ¢ ARBA 857 ' ABIF IE ¢ AB84 718
AAS6 848 T ARBB 820 AB20 8F2 b BSS 141
ARS7 855 e AABC 198 [ RB21 044 d A886 167
ARSE B46 ARBD 019 ¥ AB22 648 I RB87 IE
ARS9 B46 ¢ ARBE I7E & AB23 IAC ABSS OF
AASA 84C » AABF 1A8 ( AB24 087 G AB89 858
AASB 849 4 ARCO #87 GC AB2S 1B8 8 ABBA 164
ARSC &4E ET ARCY 118 P AB26 OAD - ASB 148
RASD 047 AAC2 191 @ AB27 111 @ AB8C 886
ARSE 17 T AAC3 018 X A828 811 Q ABD 18a
ARSF 111 @ ARC4 IIE ¢ AB29 198 P ABSE 198
ARGO OIA Z AACS OF3 AB2A 817 W ABSF 814
ARe1 018 P AACE 843 AB2B 179 a AB9@ 1AC
AR62 011 @ AAC? 852 b AB2C 188 8 ABI1 806
AR63 013 § RAC3 R44 d AB2D OR6 AB92 154
AR64 183 C ARCS LIE t AB2E 112 R AB93 192
ARES 118 X AACA 8F2 b AB2F 611 4 ABY4 815
AR66 10F 0 AACB 858 + AB36 81A 2 ABYS IFE
Are? 191 Q AACC 848 T AB31 015 U ABY6 859
ARGS BF2 b AACD HIE ¢ AB32 191 @ ABI7 04F
AREY 196 V AACE OF3 ¢ ABI3 017 W ABI8 895
ARGA 872 b AACF 843 ¢ AB34 IFF « ABY9 852
AR6B IBF ? AADG 852 b AB3S 849 «a ABIA 928
ARGC 097 G AADL 844 d AB36 020 ABYB 842
AReD 111 @ AAD2 11E t AB37 848 T ABIC 841
ARGE 018 P AAD3 8F2 b AB38 841 a ABID B4E
ARGF 014 T RAD4 650 + AB39 856 ¢ ABSE B48
AR70 13 AADS 848 T AB3A 845 RBIF 020
AA? ITF « ARDG 198 P A838 620 ABRO 849
AR72 1R9 ) RAD? 018 X RB3C 842 b ABA 853
AA73 090 @ AADg 111 @ ABID 84C » ABRZ 28
AA74 (RY ) ARDY 018 P AB3E 841 2 ABR3 924
AA7S 091 A RADA 1AC AB3F 843 ¢ ABA4 198
AR76 1R9 ) ARDB 837 G AB4O 848 : ABAS 013
AA77 882 B AADC 177 ° AB41 04R 8 ABR 17E
AR78 1R9 ) ARDD 148 + AB42 841 a ABA? 183
AA79 08 C ARDE 112 R AB43 843 « ABAS 1C8
RA7A 1R9 ARDF B11 Q AB44 1F2 b ABA9 818
AA7B 084 D ARED 179 a AB4S O7F « ABAAR OF
AR7C 185 E ARET 1R8 ( fAB46 048 ABAB 900
RA7D 1CA 8 ARE2 009 | AB47 17E E ABAC 048
RATE 806 F AAE3 IRC AB48 188 8 ABAD 854
AATF OF3 ¢ ARE4 009 | AB49 088A J ABAE 11E
ARGO 600 @ ARES 185 E AB4A 187 G RBAF OF3
ARBI B44 d ARE6 112 R AB4B 11E ABBO 843
AAB2 04C » RAE? 611 @ ABAC OF3 ¢ ABI 052
ARB3 1R9 MAES @1R 2 RB4D 843 ABB2 844
ARB4 089 | AREY 815 U AB4E 852 b ABB3 I1E
AABS 1A8 ( AAER 191 0 AB4F 844 d ABB4 OF2
RABE 897 G AREB 018 X ABSG 11E t ABBS 858
ARB? 161 a AREC 111 Q ABS! OF2 b ABB6 048
AAg8 168 I RAED #1A C ABS2 844 4d ABB7 198
ARB IRA AREE 815 U ABS3 848 I A888 018
AABA 016 V AREF 194 T ABS4 188 H A889 112
ARgB 191 Q AAFG B14  T ABSS IAC ABBA 01!
ARSC 816 V ARFL IF9 « AB36 006 F A888 081A
ARSD 198 P ARF2 842 b ABS7 1BA : ABBC 813
ARSE 816 V AAF3 04C » ABSS 884 ¢ ABBD 143
ARGF 191 @ AAF4 841 a ABS9 1AD - ABBE 189
AR99 014  T RAFS 843 ¢ ABSA 009 I ABBF 1F4
RA91 1R8 ( RAF6 04B = ABSB 1B9 9 ABCA 842
AR92 886 F RAF? 64R ABSC 897 2 ABC! 85S
AA93 187 GC RAFB 841 a ABSD 190 P ABC2 853
AR94 198 2 RAF9 843 ABSE 817 W ABC3 654
AR9S 81R Z RAFA 848 ABSF 111 Q ABC4 17E
AR96 197 2 AAFB 17E I Agee 017 W RBCS 1B6
ARG? 819 ¥ RAFC 1C2 b AB61 146 ¢ ABC6 009
AR98 IIE ¢ AAFD 012 R AB62 189 9 ABC? 106
AR99 OF3 ¢ ARFE 8F2 b AB63 893 S ABCS 084
ARIA 843 ARFF 6688 ¢@ ABG4 IAC ABCY OF3
AR9B 852 b ABoa 653 ABES 887 G ABCA 690
ARC 044 d ABel 1R9 ) AB66 187 7 ABCB 844
ARID 12F / A802 806 F A867 OIE ¢ ABCC 842
ARIE 191 Q ABOZ IAC Ages 111 0 ABCD 1F4
ARYF 811 Q ABG4 0897 G ABE9 O11 0 ABCE 042
ARRG 11E ¢ ABS 1B6 6 ABER 198 P ABCF 855
ARAL OFT ¢ ABA6 888 K ABEB 817 W ABD 853
RAR2 843 ¢ ABO? 111 Q ABEC 145 e ABD1 854
AAR3 0852 b Ages 011 4 AB6D 187 7 ABD2 17E
RAR4 B44 d ABe9 192 P ABGE 825 % ABD3 118 
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ABD4 185 E
ABDS 100 +
ABdG 002 B
ABD? OF3
ABDS 0668 @
ABD? 859 F
ABDR 843 T
ABDB 192 R
ASDC 818 X
ABDD 187 G
ABDE 198 (
ABDF 81A Z
ABES 198 [
ABE! 813 §S
RBE2 190 Z
ABEJ 81R 2
ABE4 [F9 a
ABES 859 «
ABES 84F
ABE? 835 e
ABES 620
ABE9 848 TI
ABER 841 a
ABER 856
ABEC 845
RBED 820
RBEE 198 (
RBEF 018 2
ABFA 17E T
ABF1 185 E
ABF2 1C2 b
ABF3 094 J
ABF4 OF c
ABFS 008 @
ABF6 044 d
ABF7 848 T
ABF8 192 R
ABF9 617 W
ABFA 187 6
ABFB 198
ABFC 819 Y
ABFD 198 I
ABFE 0813 §

ACee 019 Y
Acet IF?
ACO2 049 a
ACA3 820
ACR4 048 T
ACES #41 a
ACO6 856 ¢
ACO? 045

Aces 82e

ACO9 198 (
ACoA 819  Y
ACeB 17E I
RCAC 185 E

ACAD ICC »

ACOE 083 ©
RCAF OF2 b
AC16 #8 @

AC11 #59 +
RC12 1F6
AC13 041 a
AC14 020
AC15 858 +
AC16 895 eo

AC17 853 «¢
ACIS 848 TI

ACI9 ITE I
ACIA 194 T
AC1B 014 T
ACIC 1C2 b

AC1D 082 8

ACIE 22F ~/
ACIF BR
AC20 001 A
AC21 831 |
AC22 #20
AC23 004 )
AC24 012 R
AC2S 814  T
Ac26 013 §
AC27 3E9 +
AC29 A08 @

AC29 Ad0 @
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PAGE 3

LISTING (PORT 2)

ADDITIONAL NOTES

The listing at the left is the second HP ROM to
be pasted up and printed (200 copies) for members
to study. The Standard ROM was used for the second
example because it is easier to see what is being
done. There are more recognizable 41 language
instructions. ROM's listed to date are Mainframe
ROM's 1 & 2, (both Rev. D) and the printer RCM.
ANY ROM can be listed. The characters used to
represent the byte may not be optimum and further
work is needed in this area. Having all ten BITS
available allows testing to determine the instr-
uction type. It may be more informative to print
the character differently if the byte is assembiy
language. A simple study of the frequency of
use of the characters and their ordering in the
"look up table" could speed up the listing pro-
cess. I don't think much could be done to reduce
the nearly full roll of paper that is needed.
The best idea to date is to run the paper through
again and print down the other column. This
would make it more difficult to cut??? The table
below shows the run times recorded to print the
ROM's printed to date.

ROM 0 - 6 hours.
ROM 1 - 3% hours.
ROM 2 - 4% hours.
STRD 1A - 5 hours including "zero" data.
Printer - Approximately 5 hours.

The program shown on page 4 of the ROM C listing
has an error. Line 02 should be a global label
and not the local label shown. The result is a
default line as illustrated by the line printed for
address 0C22 on page 3. This was noticed after
printing the program. [It was corrected for the
printer listing.

EPROM BOX The capability of the EPROM box to
tasks like this is amazing. Details of cost and
availability will be published as soon as available.
The limiting factor is HP because they can't
decide how to sell the printer port connector.
Maybe by the end of July they will figure out how
to sell them. They have decided that they will
sell them and that is a start. I suggest that
each chapter order an EPROM box so anyone who
needs to do something special they can have ore
to test with. [ expect a PPC EPROM to take shape
very soon. JIMROM 1F has 1 K of programs now.

Let me know what you think. rin Za

CATALOGS

HP STRD 1A PPC EPROM 1?

STRD 1A JIMROM 1F
TCLSTK X<>ROM

rz T+ 2<>T
v3 T= Y<>Z
v4 Mi BCDBIN
Ss id GTOROM
6 TRNDM RXR

Tv "FF RXL
rg THEX Kay
9 "FIN SxL
ve TROOT NSTOD
YSTRACK LIN NRCL
ET TEXP TP
*RDWN “LOG VP
*SWAP "POM CODE
*RUP YINIT DECODE

TPL rcsuB DISPLAY
"MI *CADD
*MU TCDIV
*DI TCMULT
*CLR Tuy
TCHSN "CRD
*ST Q
"RC "10
TLSTX "SH
TCLNDR *DL
"WORDS rs
TLTTR THT
*DESPEL "DB
*TERCH "PH
*AGN *DH
TTRY Tp


