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e 196~. F . C . Odds 

PROBE is a disassembler program specially written ~or the 
Sharp PC 1500/Tandy PC2 for the purpose of explorin9 the computer's 
operating sy s tem. The program reads machine code rout i n es and 
automatica11y translates them into assembly language. The package 
can be operated in two modes: in one a sequential list of assembly 
language instructions is printed, in the second the program auto­
matically makes subroutine jumps when it encounters them , to 
produce a flowsheet of assembly 1anguage matching the order in 
whi c h the subroutines are read by the operating system in pract i ce. 
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Background 

for the computer to understand and react to the commands that 
its user expects it to obey to requires an operat i ng system, in the 
form OT a ROM , that runs t o some 16 00 0 indi vidu ally numbered 
addresses. Each address contains a number that is interpretable by 
the CPU (central processing unit) as part of a machine code 
inst ruction. The organization of the operating system is exceed-
ingly complex. Its d esign i nvolved creation of commonly used 
machine code s ub r outines, most of which are acce ssed by ·vec tor 
jump instructions for speed , and an enormous set of other sub­
routines, each related to specific computer functions such as 
mathematical operations. reading keyboard input. dLsplaying output. 
etc. etc. 

For people interested in seeing how the manufacturer has 
achieved particular functions in machinQ code, it is necessary to 
peek each address in the appropriate subroutine CTound either by 
trial and error or with he l p from the Sharp or Tandy Technical 
Manuals> and back interpret the machine code into compre hensib1e 
assembly language i nstruction s. again by reference to the iechnical 
Manuals. In practice, this process is tedious and highly 
vulnerable to human e rrors. It is also complicated by the fact 
that simple PEE KS into the ROH give dec imal numbers that have to be 
converted to hexadec imal (hex) code to match the data in the 
Technical Manuals. Prelimi nary explorations o f t he operating 
system soo n rovoal that the whole process is compo~nded by the way 
subroutines are piled within subroutines within s ubroutlnes and so 
on. In theory it should be possible to make a 1isting of the 
assembl y code , say, for a CLOAD operation. In practice it is 
almost impossible to do by hand . 

PROBE was developed to overcome these difficulties. It is 
useful to have clear assembly language sequences (with address 
numbers and data i n hex code) that simply follow operating system 
addresses in ascending numerical order. I t is also useful to be 
~ble to follow the sequences of conditional and uncond i t i onal 
subroutine jumps, instead of simple ascending numerical order of 
c omm ands. The two modes o f PROBE make these desirable goals a 
reality. 
retrieve 
Basic. 

The program conta i ns a short machine code sequence to 
data from memory addresses; everything else is written in 

Hardware n ecessary for PROBE 

Operation of PROBE requires a PC 15 00 or Pcz computer pius 
printer, and a memory extension of 8k or more. The package has 
been designed to give a clear printed output on the pocket computer 
pr i nter, but the program can be readily run to give output on an 
alternative printer via the serial in terface. On1y a single pen 
co l our is used . Access to the computer Teehnica1 Manua l is an 
essential adjunct for in telligent operation of the package. 

Operation of the PROBE package 

Load the program from cassette with the comma nd 
The program is a iong one and takes about 11 minutes 
program i s initiated by the command RUN <ENTER>. 
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The computer f irst reQ v ires a few inputs to determine its 
operating requiremun ts. fhc first prompt l~ f or a c t1oico o f MUOt 
OR 2?. An i nput of 1 o r 2 is aii that is necessary: anything else 
wili be i gnored. In Mode 1 the output will be a simple sequential 
listing of assembly languag~ from a selected start addrQSS. In 
Hod€ 2 the program recognizes unconditional jump instructions fJMP . 
SJP. VEJ, VMJ) and jumps to the address specified , retu rn~ng to tho 
previous address when it meets the RTN instruction (except after a 
JHP i nstruction, of course! J. PROBE allows for 15 levels of sub ­
routine jumps within subroutine jumps , which should be more than 
adequate for operating system code . 

I~ yov have selected Mode 2 operation, you will be asked to 
choose Conditionai jumps (Y/N)?. If you input Y <ENTER> t he 
program wili make conditionai vector subroutine jumps (VCS, VCA, 
VHS, VHR, VZS, VZR and VVS J i n the same way as it m"kes uncon­
ditionai j umps. Any other i nput means t h e conditional vector j ump s 
will be listed but ignored. 

The next prompt is for HEO or HE1 (0/1)? The memory addresse s 
in the pocket computers are stored in two banks. HEO and ME1, so 
you must first speciTy wh i c h memory ba nk is to be searched . The 
bulk of the operating system and user memory is within MEO. Inputs 
other than O, or I wiil be ignored. Please note that in the unmod i­
fied computer as manufactured. even with all acce ssorie s attached, 
the ME 1 bank appears to be used only in very small blocks that are 
concerned with i nput/output constants. There are no machine code 
routines as such within ME1, so the provision to scan it w ith PROB E 
is really only an academic nicety. 

Th e n e~t promp t is for PU SET (0) or RESET [I)?. l'h i $ prompt 
relates oniy to probes in the CE-158 interface ROM area {~8000 to 
&999 9 in MEO). For probes not involving this area simply key 
<ENTER>. If you wish to probe the CE-158 ROH you need to specify 
which subbank oT memory is i nvolved - PU set or reset - cons ult 
page 95 in the Sharp Technica l Hanua i for details. 

Nex t you will be asked for a Start address?. Here you shovld 
key in the number of the firs~ address of your chosen subroutine. 
If you have c hose n Mode 2 operation the routine will now commence 
operation, stopping automati~ally when it meets the final RTN 
instruction in the sequence where i t started. 

In Mode 1 operation you will be asked to inpu t an End 
address?. This allows you to c hoose your own f inish ing point, by 
entering an address number. I~ yo u enter 0 or &FFFF in response to 
this prompt, t he program will s to p oper ation automatically when i t 
first encounters a RTN instruction. 

Detaiied points about PROOE 

All numbers ou tput during the operat ion of PROBE are in hex 
code, not decimal. The ampersand (&) i s omitted in the interests 
of brevity ~nd clarity. But do remember that if you enter start 
and end addresses in hex code, you ~ include the ampersand. 
Thu s &BC04 will be accepted as an input, BCD4 will cause an ERROR 
message . 
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The star t address chosen mus t be t h e start of a proper machine 
code subrout ine . The Technical Manual s ind icate the start 
addresses o f many subroutines: others can be found by peeking VE J 
addresses lsee Technical Hanua i for detaiis). ano in practice many 
new start addresses w i ll be turned up by jump instructions that 
appear within a chosen subroutine . I f ~n improper st3rt address i s 
chosen. the machine ~ode will be read with a frame shift error. It 
is. perhaps remark~ bly, possible t hat an entire but spurious 
routine can be output in PROBE by frameshift reading of the 
addr9sses: usually the program will cra sh with an error message 
after a f ew apparently normal comm ands . Because some ROH addresses 
appear to contain ~o data or reference numbers on l y the mach ine 
code reading frame varies in diffe rent areas of the operat i ng 
system . It is therefore not pos~iblP. to use PROBE to Obtain a 
continuous readout oT the entire operating system. 

Unconditiona l and conditionai bran c h i nstructions are listed 
but not r eacted to in Mode 2 operatio~ . Yhis i s because most 
branch instructions are associated with program loops, and the 
output would get stuck in a loop of endless repetitions if it 
attempted to follow branches . Some subroutine jumps are a1so 
involved i n loop sequences. so that Mode 2 operation may still 
sometimes become caught in a loop. Judicious use of Mode 1 and 
Mode 2 operat i on , with t h e optional use of condit i ona l vector 
jump s , i s usually adequate for rapid reso l ution o f t he design of 
most operating syste~ sub r outines. It is advisable to keep an eye 
on the output, in Mode 2 operation, so the program can be inter­
rupted with the <BREAK> key i f it seems to have encountered a loop . 

Address numbers, set to the left of the assemb1y language 
output, ar e provided intermittently Tor or i entation in both 
o pera ting modes. In Mode 2, address numbers are also provided at 
the start of each subroutine jump or return. 

A few i nformal po i nts 

Calculations with hexadecimal numbers. for e xample to 
d etermine the point to which a branch is made within a routine. can 
be awkwa r d. From the keyboard of a computer loaded with PROBE it 
is possible to convert d e cimal number s to h ex by the fo llowing 
operations: CLEAR, Mo[ decimal number]. GOSUB GlOO , GOSUB G2 1 0, 
PRINT A$. 

Although PROBE was designed to i nt e rpret machine code routines 
in the operating system, i t can, of course , be used to interpret 
ones own routines. providing they are contained in spaces not us e d 
by PROBE itself . The most obvious space i s the RESERVE MEMORY 
area. The value of PROBE in this situation is that it will p rovide 
a neatly printed assembly language version of a user's machine code 
routines for future reference. Jus t for fun, if PROBE is run with 
~7750 as s tart address , it wi l l output its own short machine code 
rout i ne for peek i ng memory addresses - a rare example o f computer 
self-reference! 

Caution 

Whil. e 
reliability 
d amage arising 

every c are has Qe~n ~~ken to ensure the accuracy and 
of PROSE, no liabi lity can be assumed for any loss or 
from its use. 
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APPENDIX 

Explanations and glossary for terms used in tnese instructiorts 

Comput~rs do everything by numbers. Imagine e matc hboxes , 
each individually numbered so that its contents can be examined. 
In boxes t . 4 . 6 and 8 there is a bead~ the remaining b o>ees are 
e mpty. Suppose now that you handle the boxes accord ing to a small, 
unambiguous set o f instruction s • here are some examples. 

I: l ook at the content s of box 5. 
II: if th~re is a bead. do nothing . if not. place one in box 1. 
Ill: look it the contents of box 7. 
IV: if there is a bead, do nothing . if not, place one in box 5. 

Already we have a smali but useful instruction set . If the 
i nstructions are acte d on in the seque n ce I, II. III~ IV. we end up 
with a be~d in boxes 1, 4, 6 , 1 and 8 . However, i~ we ac ted on 
them i n the seQuen co III. IV, I, II. w9 end up with bead s in boxes 
1, 4, s , 6 and 8 . This may be of no consequence t o the beads or 
the matchboxes, but if the number of boxes were increased to 
several thousand , and t he eQuivalent of a bead or no bead is 
t r a ns1ated to lighting up o r not light1n9 up a particula r dot on • 
computer displ~y. or storing a part icular number in an eloctronic 
memory, then we have created a sys t em with some power. 

In pract ice. memory addresses in the PC 1500 function a s the 
equiva lent of gro u ps of 8 matchbo~e s, so tha t each can represent a 
b i nary number from O to 255 t~OO to ~FF in hex code) , and sequences 
of ins tructions are stored as numbers (machine code ) withi n the 
numt>~i"ed -a-daros.so s a~ well a-s t-ne data 0 11 wfl-icri ti\e iri"struction·s 
opera te . To peek i nto a memory therefore doesn 't te1l y ou whether 
the numbe r in the memory is an instru c t ion or a datum . Ho st of the 
ins tructions have been placed in addresses that can b e read. but 
not altered ( g luod-up ma tchboxes with windows?!). a nd they comprise 
the operating sys t em o f t he computer. The remainder have been le~t 
free f o r the user to fill with inst ructions and data . The sole 
complication i s t hat because memory addresses are so l ong they need 
numbers of 4 hex dig its , e ach memory can hold only 2 h&M d~gits, so 
to stgre the reference address oT a memory , f or examplo &A0 6 4, 
within the memory requires two memo ry addresses - one fo r &AO, one 
for ~64. 

Thus, in any small sequence of addresses. it is possible to 
pack a few instru ctions followed by one or two boxes of data , o r 
unrelated instructions. Any given se t of machine code instruction s 
can contain commands t o skip forwards or b a ckwards pa s t a c ertain 
number of memory boxes ( BRANCH ) , t o J UHP to a new memor y address. 
o r t o jump to a subrout ine t hat begins somewhere e l se thon return 
to the original pla ce in the sequence (SJP). Sometimes s uch 
i n s tructions are made conditional, that is they are carri ed ou t 
only if certa in conditions - the setting of various flags for 
machine code rout ines - ~re met . Oecau se a maximum of two hex 
d ig its can be st ored in a single memor y, the branch in struc tions 
are limited to ~ 255 addresses . where a s tne jump instru c tions 
speci fy a full 4-digit new address number (and there~ore take up an 
extra memo ry themselv~s). 
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The PC 1500 operating system uses a lot of clever trick s to 
pack the maximum power and fle~ibility into the mi nimum n umber of 
memory addresses. One important trick is to save the number of 
command codes neces sa ry to initiate jumps to subroutines t h at are 
used very commonly. This is known as VECTOR JUHPing . The memory 
addresses from ~FFOO to &FFF6 have been fi l led , 1n pairs, with the 
addre~s numbers of commonly used subroutines. Normally, a command 
to m~ke the system jump to a subroutine at address. say, ~BCD£ . 
would raQuire three memory addresses, containing the codes for 
<JUMP to subroutine at> <~BC> <&DE>. respective l y. Sut if ~BC and 
~DE have been stored . let us say in addresses &FFCO and ~FFC1, the 
vector jump command makes i t po5sibl e to say <JUHP to subroutine 
indicated by numbers stored in the pair of memories starting at 
&Ff> <~CO> - i.e. it takes two commands. This is a VHJ comm3nd 
format, and vector jumps of this type can be conditiona1 or 
unconditional. An even snorter version of the same idea is 
embodied in the VEJ command. There are 28 commands. all o~ which 
mean VEJ, but the reference number is also embodied in tne command. 
Thus <~CO> is interpreted as <JUMP to subroutine indicated by 
numbers stored in the pa ir of memories starting at &FFCO> - the 
jump can now be mpde in response to a single command. For all 
v e cto r jumps it is t he built-in assumption that th~ r e ference 
address aiways begins ~FF __ that allows for the shortening. 

By now, 
addresses are 
of a machine 

it should be clea r that the operating system memory 
filled with different numbe rs , each o~ which is part 
code command - e i ther the command itself or reiated 

address references. If a program like PROBE is to b e used to 
0.1.s~ntangle th& comma nd sequence intel.lig~ntl. y. i t i~ ~~s ·.:!nt.iai 

that e ach routine - related set of machine code commands - should 
be read properly from the intended start point. that is. in the 
correct READING FRAHE. Consider this seQuence of machine code 
instructions: ~4A ~•8 ~AS ~A7 ~8A ~oz ~AE ~62 ~59 ~9A. 

If we disassemble this sequence from the first code 
read <LOI XL, 48> <LOA (A76AI> <AOC XL> <STA (6259)> 

(&.4A) we 
<RTN> . 

This is a routine that reads a number stored in &A7DA, adds it t o 
&48 and stores the result in address &6259. Suppose, now , we 
started to interpret the code from the second number {~48). Th i s 
time we would r ead <LOI XH AS> <CPA (BAOZ)> <STA (6259)> <RTN>. 
The first two i nstructions are valid, but will not achieve the 
intended result of the subroutine. Suppose we started to 
disassemble from the &BA command. We would read <JMP (02AE)> <DEC 
UL> <ANI 9A> . Once again. each i nst r uction makes sense, but 
because the reading frame is wrong the resultant routin~ is 
nonsens e. Such frameshift errors usually come t~ grief wheD a code 
is encou ntered that cannot be interpreted as a command, but it is 
often possible to misread a long section of machine code before 
this happens. 

The final point worth elaborating in this appendix concerns 
the use of e l ectron i c flip-flops called PU and PV, wn ich the 
designers of the PC 1500 have used to help pack Quarts of some 
memory sections - related to the printer and the interface units -
into a pint pot of address 1ocations . The CE 150 operating system 
is read properly only when PV is set: PROBE can hand l e this 
automatic ally. But the interface operating system is read slightly 
different l y when PU is set or reset: the PROBE user therefore has 
the option to choose the s e tting of PU. 
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