2158! tgitorsAssembler User's Guide—(Chapter 4 Final Jraft

| Last Qevised 08/12/83
ungerlining in text {except heads) indicates a typestiyle otner than normal
text; single brackets indicates information to be typed; double prackets
indicates key to be pressed |
3ipna = pound sian; 4 = percent sign. siqgn;

¢ = at u = guestion mark

CHAPTER 4
THE LINE AND SCREZN SDITOR-

This chapter provides an overview of the editor and the two ways it is used.
Line-editing operation, screen editing operation, and editing command
descriptions arz discussed in detail.

The eaitor is the ALDS program which provides for the antry and storage of
text. The editor aczepts keystroke entry and modification of lines of text
which compose, For example, assembly language programs or linker commands,'and
it ssores the lines in internal random-access memory (RAM). The t2xt in |
memory can be written to a file on an external mass-storage device such as a .

wafertape M device. Conversely, a file from such a device can be read into
the CL-40 for 2diting.

~ The ecitor provides two methods of editing: line editing and screen eciling.
Line editing uses the 3l-cnaracter (D dispiay and ka2yboard in the (C-40 |

consoie, anc ‘t orovides singie-iine display for line-number oriented text
entry and display. Screen aditing uses a terminal or a CRT display adevice
connected 0 the HEA-EBUSTY intzrfice tnrcugn an RSZ22 device or a Video
interface perioneril %o provide curscr-orient2c screen editing, Screan

- eciting uses eitner the CL-40 Keyboarc or 2n externai full-size kzybcars Tor
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SYSTEM EJUTAEMENTZ

In 2 minima! CC-40 system configuration, line-ggiting operstion requires tnat

at“1ezst one méss-storace Jevice, such as a Wafzrmaoe ™ ﬂevig;. is connectad

{_ta*:he Cl-20. The mass-sterage device provices storage and retriavif for 2ny
“text which is stored in RAM.
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Line-editing cperaticn with a mianimal CC-20 configuration p2rmits Tully
functional assambiy-lancuage program deveiopment through tne usé or the
consale display. The portion of the taxt shown by the display, nowever, is
limited to a 3l-character segment of a single line. Alsd, because the display
shows only cne line at a time, line numbers are necessary for keeping track of

multiple lines in relation to each other.

More complete configurations, however, enhance editor performance by enabling
the screen editing option., Significant improvement in editor performance,
flexibility, and convenience results from including an RS232 device and a
terminal or an external display for screen egiting.

Screen editing with an external dispiay orovides ionger cdisplay lines = .
(typically 80 characfers), and it provides multiple-iine display (typicaiiy 2
lines). With screen editing, 1ine numobers are largely unnecgssary var
referencing lines curing text editing. Lines of taxt can be viawed in spatial
sequence and addressed grapnically on the display screen by a cursor. ine
logic of program statements is easily studied on the multipie lines
simultaneously displayed. Addih1una11y, if.a CRT terminal {display amn1nﬂ3

#ith xeyboard) is used, the fulli-sized xevboard sermiis more ripid, accurata,
and convenient entry of keystrokes than coes the compact kayboard of the C{l >0,

LY T.oom »

e e 3T | e
RONNING THE EDITOR ' R
After the ALDS is entarad from BASIC with 4 TRYM "ALDS® 1 commane, the ALDS

srogram menu 2ppears in the LCD dispiay as shown beicw,
£ldit Alssambiz Llink 3)asicu

The editor is sntered when [E1 is pressad. When Lhe editor degins <0 run, the
disolay shows =he ggitor menu as Foi.ows.
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The Tour functions wnich apoear in the Jisplay make up ¢niy a part of the
meny. © Two otner functions are scrciles into tne display when either the

- -

LSPACE BAR] or [u) is pressed, as shown below.
Clrunch Ulncrunchy

Line Editing: “L* QOption

Pressing (L] causes the editor to enter line-ecditing operation. The editor
prompts witn Copy file to determine if any file is to be copied from a
Mass-storage device into RAM for editing. Pressing [[EMTER1] in response io
the prompt indicatas that no file is %o be copiec. ivoing in a device number
and’ a mass-storage filename (separatec by 2 period, as in {1.FILE]) pefore
pressing [{ENTZR]] loads the file of that name from the device. After
([ENTZRTY s pressed (ancd a file is loaded if a name has been entered), the
eqitor places the command prompt "»>* in the otherwise oianked display.

. Screen Editing: “S*" Option

Pressing (5] causes tne editor to enter screen editing moce. The screen of

the CRT is cleared, an asterisk and tne anc-of-file zbbreviation (=tOF; appear’
it iné upper ieft of tne screen to indicate that no text is in RAM, ang a Looy
fils orompt 2ppears on the bottom line of the screen. A fila can be copied

into 2AM from a Mass-suorage device such as 2 Waferiape unit by entering a
agvice number, a peridc, and a.filename. Prassing [[ENTER]) aicne initializes .

tne écitor for kevboard entry of lines of text. Subsequently, the promot
gisappears, and the cursor appears in the upper 2ft corner Of “he screen,

Screen definition: “D* Qotion ’
e e e e it |
Pressing {D] causes :ne editor to enter e screen-cetiniticn cotien., In

ahtéén cefinition, a mass-storice file cin be usaed to jnss2l)'or customize the
editor for particu]ar characteristics =f the tarminzl or isplay to be used.

LW

e
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Screen editing relies on a number of CAT-~display characteristics, sSuch as
communication parametars (data-transfer speed, etc.), screen size (number ot
columns and lines), display-control commands (for cursor positioning, clearing
the screen, and so on). In addition, i screen editing is to use a terminal
keyboard instead of the CC-40 compact keyboard, particular terminal keys are
used to produce ¢ command codes (unprintable ASCII control characters or
characters following ASCIL "escape") for issuing aditing commands. Both
display and keyboard characteristics are defined during screen-definition
operations. Screen definition can (1) modify (or create) a taolie of display
and keyboard characteristics, (2) load a previously saved file of display and
keyboard characteristics for use during editing, or {3) save a tabie of
displayed keyboard characteristics to a Tile.

Two sets of default characteristics are stored in ALDS firmware. One set
_ contains screen and keyboard characteristics of the Televideo 920 terminal.
The other set contains screen definitions for a HEX-BUST™ video Interface
device and key definitions for the CC-30 keyboard.

Uncruncned Format Text: “U® Qotion " .
Prassing (U] causes the editor to operata in "uncrunched™ moce -he disnlay
then contains the message UNCRUNCHED MODE. Pressing any ey causes the ecit
menu Lo onca again be displayed, With the editor in uncruncned mode, any taxt

.- 1. typad into RAM or any File copied into RAM is represented in ASCII charactar

codes with aull bytes £o senarate iines. No end-of-line characters such as
carriage returns or line feeds are usad in the tax:t. (f a "crunched" (ses
below) file is copied iato 0AM wnile the editor is in uncrunched mode, text
srom *he File is automatically convers2d e uncrunched Lexc afsar it is reac
into memory. |

|

N
Tn uncrunched moce, no data-comoression technigues are.usad < consarve mamory
ana decrease 7ile-transmission time. Uncrunches moc2 is the gefaulz moda o7
tne aditor: therafora, pressing Ty1 nas no affect upen “nhe ,ﬂ=tnr Jnisses
scmpressed or “crunched" moge. [sa2 telow) nas grayisusiy 382n $2.2CT24.

N
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ction oFf uncruncheg text storage remains in effect until Cruncned storage

L)
D
—
ﬂ:

1M
L

elected wnile tne eoit menu is displayed. Text written to mass-siorage
files

wnilg uncrunchea mode is selected is written as it is stored in memcry.

Cruncned Format Text: "C" Ootion

Pressing {C} causes the editor to store text in RAM in compressed or
“cruncned® format. The aisplay then contains the message CRUNCHED MODE.

Pressing any key causes the edit menu to once again be displayed. In crunched
mocde multiple-character assembly—ianguage mnemcnic ccdes (keywords) are stored

as singie byte "tokans," spacas surrounding keywords are supprassed, and

multinie spaces within a line ere replaced with space suppression CCCes.

Other lire charactaristics are the same as in uncrunched format. The use of
crunched format results in a savings in file memory space and file

| wransnission time.

An unérunched-mode file copied into memory while the editor is in crunched

. mode is automatically converted o crunched text aTter it is read into memory.

cruncned format remains in effect until either {1) the mode of storage is
changed wnile the edic menu is displayed or {2) cperation of tne ALDS 1S
terminaced and the {C-20 returns o BASIC.

uitts ng the Editor: "Q" Opticn
”Prﬂss*nn Qﬁ causas an exit from the agitor menu. The ALDS menu returns to
the disapiay.

LINE-EQITCR JPERATICN
Af<ar line a¢iting is entarag by prassing [L) in eesponse 43 (n2 201 menyu anc
e g
Cepy file prompt receives & resoonse, the zommenc orompt ">' 2gpeirs N

the display to indic2ta that the aditor 1s rz20v to receive a commang.
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Text Lines and Line HumbDers |

The editor references 2ach line of text with a line number. The commang L9
entar a line in response to the ">* prompt is & line numoer followed oy &
space, the text of the line, and [[ENTER}]. The line number can be any five
digit number from 00001 through 32767; leading zeros are srovideg by the

editor if they are not entered at the keyboard. [f a line with the number
typed is already present, the old line 1is replaced by the new iine.

Entering a line number followed by no text inserts a blank line of téxt-jnta
memory.

‘£ditor line aumbers provide the means of accassing particular lines. With the
command prompt “>" in the display, lines of text are calied into the disaluj
by line number for editing, insertion, ana deletion.

Uine numbers are not storad with the text in memory. They are computed by the
aditor each time a line is displayed. The effect of entering [1000 This] as
tne initial line in the text area of memory is to store the iext (This] in
memory for dispiay as DOOOIHThis in any subsequent display. Typing in anctger_
1ine with the number 1000 procuces a text line numoerzd 0000Z. ‘A displaves
line number {always with a trailing space) indicates the sosition of a line
relative to the beginning of text. The numder o7 any line changes as the
number or lines between’ 1t and the first line of the taxt changes.

-.__. i.:

-~

Line. editing Commandgs .
Commands available for use in line editing are listad below, MWhere a
parenthesis sets off the last characters of a csmmand, anty the first
characzers need bSe typed to issue the command. Detailed dascriptions of
" commands appeiar on the pages noted in the list. , ) |

AUTO——Sets up the aditcr o produce a line aumber for the .1rst ii"e and
*5 oroduca 2 new line numper aftar 2acn ling 1s NTeEred.

e
el
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cIPVe-loads 2 ¥ile from mass-storage {Wafertace cevice, 2tc.}! into memory

Tor supsequent line 2aitinag,
L

DEL(ETE)-=Oeletes a line or rance of lines from the text in memory,
t{DIT)—~Displays a line of text for line editing.

F{IND)~-~Finds the next character string that matches the string specified
in the command.

FORMAT~—Initializes the mass-storage medium in the specified device,

LINE-——Sets the editor so that it aisplavs line numders with each i1ine 1in
. the dispiay. '

LIST-=Shows lines of text in memory in the display or transifers the lines
to an axtarnal unit such as a printer. |

MHOVE-—Moves a line or a range of lines to another location in the text.

NOLINE-—-Sets the editor so that it does not Jispiay line numbers with 2ach
‘ine in the display.

o QETvEsTerminates Tine 2diting and returns to the main edit menu.

R(EPLACE }——Replaces cne or more occurrences of a characte» stiring in the

£

text with another specified string.

a . ’4.. _ .
SAVE--Szves the taxt currently in memory to a rass-storage Zevicewitn the
specified device number ana filename. '
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UNDO--Cancais the effects of the last delets command, iine mocification,
or renlacement operation by reinserting into the taxt (ne lines-deleted or
changed.

YERIFY—-Compares character-for-character tne iext storad in memory with a
file present in an external storage device.

New Text Entry

when the AUTO command is typed in response to the “>" prompt, the editor is
set to number =acn line automatically. The LCD display shows the number 0Q001
£ollowed by a space and the blinking cursor. For normal kaystroke entry of 2

Tine, the line is typed and the cursor advances Lo the next pdsition to the
right after every keystroke. When [[ENTER]] is pressed, the line is moved~
from the display buffer into the text-storage area of memory.

The display buffer is then filled with spaces, and *he line number 00002 and a
space appear in the display. Successive lines are always numbered in
increments of 1. [In automatic line-numbering operaticn, Yor exampie, the line
aditor always displays a line following the entry of line 00002 with the .
aumber 0C003, a line following line 00053 with tne aumber 30024, 2nG SO forth.

The [[SREAK]] key tarminates AUTO and returns the nyt csmmand prompt to the

- GTSQJ;*.}&. |

¥

zditing Previously Entered Lines | |
when lines are already oresent in the text area of memory and the ">" gromol
is displayeg, the a2ditor displays any line upon eniry ¢f a cammand of The

Tt

format [Z] CNNMNN] C[ENTZIR1]. For example, the cotmmanc iine 2 e FrENTEall

F

. causas the 2citor to read the 12th iine of the t2xt into the display burrar,

%
when [TEZNTZR]] is pressad aftar the line is adited, the scited iine s Stored
in the tex: araa of memory and the ">" command srompt returns 20 she display.
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i¥, wniia 2 line is being 2ispliayed, the TUp arrow] key is pressea, the iine
curren:?y:in the aispley buvfer is transferred into the taxt arez ¢f memory.
Then the (ine with the next lower number is displayes. In effect, the text is
scrciled backward through the gisplay window by one line.

Similarly, if the [Down Arrow] key is pressed, the display-buffer line is
transferréd to the text area, and the text line with the next higher number is
disolayed: n effect, the text is scrolled forward through the display window.

!sing tne Jisolay Buffer
whenever & numbered iine is present in the display buffer after entering an
edIT - or LIST command, the butffer funciions as a scratchpad for entry of the
line into tne text area of memory. wWhen [[ENTER]], [Up Arrow], or [Down
CArrowl is pressed, the display-buffer line is transferred to memory and the
adjacent line is transferred from memory inte the display buffer. Whenever
LIBREAK]] is pressed while a numbered line is in the display buffer, the
~ butfer is cleared and the “>" command prompt returns, but the line from the
disalay 1s not stored in memory.

-

SN ~
If & line number {folicwed by 2 space) in the display buffer is altered, then
The new aumper determines the point of entry intd the taxt aree ¢f memory
aftter the line has been entered.

1€ the sPace fo11¢uin§ the Iiné;nunher is replaced by a {~] (minus sign), then
the line is inserted into the tsxt area as a new line oefore tne one currentiy
with that number. I7 a T+] (plus sien) repiaces the space, the line is
insartad into the text as z new line immeoiately after the line with the

The comtants of the display buffar ars clearsc when [[CLR]] i5 srzssac. A new
line can then be tysed into the display buffer.

o

Tallmban, .
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. The prompt “>" dces not appear in the cleared display, 2ithough the ciaarsd
line is used in exactly the same manner as the command line on which the
srompt appears. In command mode (where 2 line originating with the prompt has
been cleared), the lack of a prompt is the oniy result of pressing [[CLR]]
rather than [[3REAK]]. The display returns the command srompt "“>" when a new
line 1s entered.

In text entry during AUTO mode, however, the difference hetwesen [{CLR]] and
rrarcak]] has the added significance that [{CLR]] returns the editcr TO AUTO
moge after the new line is entered wnile [[BREAK]] causes the editor o
resnter command mode. A new numbered line of taxt entered during AUTO mode
causes the line-numbering saquence to be resel to the number of the new iine,
and the editor continues in AUTO mode. MHowever, if a command 1S enterad in
the cleared display and executed during AUTO mode, the editor exits AUTD and
reanters command mode upon completion of the command.

Using the Playback and Recover Buffers
Two buffers in the CC-40 save text for reneated sntry of commands Gr

cancellation of delete commands, text modification, or ranlacement performed
in arror. "

_ The nlayback buffer always contains the last command line entered into the

S -aaieoby Pressing [TSAIFTE] [Up Arrow] causes the contants of the piayback
buffer to ve transferred to the the display buffer. Through the use ¢t the
nlayback buffer, an editor command such as FIND can e 2xecutad numeraqus times
without being retyped. The command is enterad into the 2isclay nyffar only
ance througn the keyboard, aﬁd cherearier the commana is ~ransferred intd the

. display buffer from the playback buvfer.

L
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Similarly, tn2 recover puffer zlways contains the line or lines most recently
deletec from the texi area of memory, the original text of the line most
recently modiTied, or the line last replaced. The aditor, by referencing the
lines in the recover buffer, can cancel the most recent deietion or
line-editing operation. Nhen UNDO is entered, the iines in the recover buffer
are reinserted into the text area in their original position,

Line=Number Dispo) ay Comnands

The NOLINE command eliminates the dispiay of line numbers, providing a greatar
number of text characters to be viewed at the beginning of 2ach iine. The
NOLINE commana has the effect of shifting the characters of the display line
six character-positions to tne left (corresponding to 2 five-digit line number
Tollowea dy 3 spacz)., The line number, even thouah not in view, .s Jsabie for
line~-indexing operations. For example, setting the editor for NOLINE |
cperation and then typing in 2 command to edit line 15 still brings line 15
into the display; the only difierence is that the line number cannct be saen
without forcing the cursor against the left side of the display window into

tne Tine.

-

The LIME commind causes the 1ine aumbers to once acain automatically appear in .
the display.

Lursor Contrgl ‘ |

#hen’z Yine is in the cisplay,’ five Kays contrel cursor pesition in the
display. The cursor c2an be meved TOo the rignt or to the Jefi one character,
1t can be moved t2 preset tab stops, and it can be moved to the first positior

¢f tne tine {homa!.

ght DT -1t

-.-I

The..[Right Arrow] key moves tne cursor ons Characisr (o the r
curtent positicn. The [Laft Arrow] key positicns the cursor one charicter ¢

" the left. When z‘tner kev 1s held down, reneztad One-characisr Curso™ Tovemenst
betrins; when the Kzy ic pelezsed, ctrsor motion ctops. '

)
v
sl
(D
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The left- and right-arrow Xeys have no effact iT thg Cursor is at,
respectively, the the beginniﬁg or end of the 30-character line. [f the
cursor moves to a character position not in the dispiay, the display window s
shifted one character in the direction of the motion of the cursor.

The forward tab key [[CTL]] (Right Arrow] moves the cursor to the closest tab
stop to its right. [1f the cursor js to the left of character positicn 25,
pressing the key moves it to position 25. If the cursor is between character
positions 25 and 30, pressing the xey moves it to position 50. Pressing the
forward tab key when the cursor is beyond position 49 has no effect.

The back-tab key, E[CTL]]_[Le?t Arrow]l, moves the cursor to the closast tad
stop to its left. If the cursor js to the right of characiar cosition SO,
gressing the kay moves it to position 50. 1f the cursor js betwean characisr
nositions 25 and 50, pressing the key moves it tc position 25. Pressing the
back-tab key when the cursor ijs to the left of characuer ncsition 2€ moves it

to nosition 1.
Tne home key, [[CTL]] [Up Arrowl, -regardiess of the current cursor pasition,

moves the cursor to the first character of the line {the most signivicant -
digit of tne line number if a “axt line is being displaved).

Daeletion ov Teit'in the Jisolay

- rText fdn the dispiay can_bq—deleted character-dy-cnéracear, ar3sed from the

current cursor pesition to the end of the line, or compietaly cieared {as
described above). |

*he delete kay, [[SHIFT]] [Left Arrowl, deletes the singla character at lae
current cursor posiition and snifts &l subsajuent sharacsars sne gosition 20
the left. \ T

~na srase-to-end-cf-line key, C[CTLI1 {Down Arrow], ceiatas 311 ¢narzciars
i Tine.

“:

crom the One AT the current cursor gositicn £ the 2nc 37 N6 4icaia

ey -
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hone of the deiete displav-conirol keys has anv immediate effect on 2 line
h:re=cy storeg in the text area of memcry. For examplz, if there 15 2 line 30
which has been moved from memory into the display ouffer and [[CLR]}] is
pressec, iine 30 remains in the text area of memory exactly zs it was hefore
its being copied into tne display buffer. Line 30 in the text area of memory
is repiaced by a line in the display buffer numbered 30 cnly after [Down
Arrow], [Up Arrow], or [[ENTER]] is pressed.

insertion of Characters into Dispiaved Text

insertion of characters into the display ouffer occurs after tne insert
C(SRIFT]] [Right Arrow] key is pressed. The editor is set to insert
Characters at the current curscr position, moving all characters irom the one
é. tne cursor position tdO the end of the line {o the right. Insertion of
charactaers continues until a subseguent line-e2diting control key
(Cursor-position key or delete key) or line entry key ([[ENTER]], [Up Arrow],

or [Down Arrow]) is pressed.

if the numpber of characters in the display buffer (including the line rumber
ana trailing space; axceeas 80 during insertiosn of characters, the line is
truncated ~itn the 30tn character. In effact, characters in excess of the
30tn “Tall off the eng of the line."

_*nseru1on o7 Single Lines o7 Text -

From the dtmeng seomoT, a line can be entered before or a‘te* a line

presently in memory by typing, respectively, a *-" {minus sign) or 2 *+* {plus
sign) in 1ieu of the space between the line number and the text of the line.
envering [10<%] cresates a new 1ine 00010 which contains an asterisk, and the

C

‘ine 00010 becomes iine 00CL1. Entering T10-LABELl] creases a new 11ne 11 -
cont2ining tne word "_A3ELLI", line $0CI0 vemaf ins as it wes Devore Ine eniry.
_and*tne orevious line 30011 is reaumoeres o decome Sine uCO--.

LN

L ¥
o
uy
n
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; :
Using "+" and "-" in the column following the line numbar wnile a line is

being displayed in AUTO mode, -is being edited after an 01T command is given,

or is baing listad after a LIST command is given nas the sime effact that it
doas from command mdde. Autcmatic entry, editing, and listing, however,
continue until AUTO mode is terminated with [[3REAK]], editing is terminated
with [[ENTER]], and listing is terminated with [[3REAK]] or the end of the
text.

Insertion of Multinle Lines of Text

With lines of text in memory, AUTO mode effectively produces line insertion.
Entaring AUTO mode with the number of a line already present in memory Causes
‘he number of the line followed by a trailing "+* (plus sign) Lo automatically
appear in the display. When the lext far the line is entered, the 1ine is

'‘assigned the next higher number, and that number followed by “+" appears in
the display.

With four lines of text already in memory, Tor example, entering [AUTO 3]
causes 00003+ to appear in the display. Text entered becomes part of a new
line numbered “00C04," and after entry 00004+ apoears in the display for
additional insertion of lines. Tne original fcurinh line remains the naxt line
of the taxt: its line number is incrementad with each new inserted line.

AT AU'U ‘mcde is entered at the last line of text, tne display 1lings are
M::sI1qht13 different. Again with four lifies of text in memory, if AUTO mode is
entered with AUTO &, the display contains 00004+. ‘'dhen the taxt fcr the new
1ine is entered, the line {s stored aﬁ 1ine CQQQ0S. 'The display then contains
DDOUE followed hy a space, indicating that new lines entared ars being
appended rather than inserted.

b ' 11
Tax: Line R[eslication

W

A line of text currsntly in the display can 2¢ renlicatad into a line above or

{

pelow it by dackspacing the cursor g the soacz “oliowing the line numper 3inc

- L 1

prﬂsainc L =1 Qr L=y,
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tnigring a line in wnich [+} replaces the space trailing the !ine number
causes twu:Changes.ta the text, First, the text of the previously dispiayed
1ine zocoears in the zisplay with the next higner line number: it has become |
the second line with that text in memory. Second, numbers of lines following
the replicatad line are incremented. Using tnis process, & line can be

replicated “after itselv any number of times by moving the cursor to thne
space trailing the line number, pressing {+], and entering the line.

The =] kéy performs the same function, exceot that the replicated line
becomes tha line previous td the one which has been displayed. The replicate
nas ine same number as the original line, and the original line appears in the
text as the line with tne nex: higher number. A line can be replicated before
itself any number of times by repeatecly moving the cursor into the space
tré1ﬂﬁng the 1ire number, pressing [-], and entering the iine.

SCREEN-EDITOR OPEQHTION

".in screen ed1ting, an extarnal terminal or display becomes a muiti~line
"window" for viewing the text storec in CC-30 memory. All lines {rows) on ine
screen except the last one are availaoie Tor display of text lines. The last
iine is reserved Yor Jisolay of editor commands entered through the Keybcard.

.z;;crﬁen ada*esa1ng (for bSoth ‘1nes and columns) is performed by a

kayoozracintrolied ¢ursor. The cursor mark§ either the nosition at which
tharactiers are entered by kaysiroke or the aosition at #which the next
zursor-raiative command or display-conirsi function (deiete character, for
exampie) Takas e‘Fe:t. The cursor can be moved, tc any line or column of taxz
oOn Ine screen. For text in wnich the num&er OFf lines exc2eds the number cr

- TIWs 7n the ”1svl_y, ae lines of text dis;:ayec,cn the screen are selectec oy
aitnaF tine numper cr 2age screlling vmoving the sisolay w~indow $0 the .
ﬁkavicus or sybsecuent “screani 57 iines).

v
n
T&
fu
§ -2
i3
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Any RS222-compatinle terminal or external display tarminzl can o2 connected £
sne £C-40 consale through an RS232 device For screen agising. Tarminal Or
dispiay characteristics, however, must he gefineqa for tne scitor. nese
characteristics include tne column and line format of tha dispiay scresan, tne
transmission characteristics used for RS232 communicaticn, and the
display—cunhro1 characters used to determine operations such as Iursor
pasitioning., The characteristics are stored into memory for use by the screen

editor with the D)efine cption in the'main edit menu.

- The %eyboard used for screen editing can be either the C{-20 compact xesboard
or anather keyboard which is part of the tarminal providing L ﬂisplay. The
0)efine option also specifies which keyooard is used and def ines the kays
which are to be used to issue editor commands. Saving text as 3 mass~sisrage
file, for axample, can te chasen to be the segquence [fere)l osl, £fescll [si,
or some other kev or xey sequence, depending dn useér prafarenca.

The O)efine cption must be used befcre she Slcreen option fs used each ¢ ime
the ALDS is entered from SASIC. Screen and kevboard default values for the
Televideo 920 terminal and the internal «eyooard ang 2 HEX-BUS ' Vides
rntarfaca dispiay gevice are included in firmware, and thraugh 5)efine thay "
can be selected for use as they are or tney can te medifiec sor other
devices. Alternataly, previously saved sets of characiaristics can be idaded
Spem a mass-storage device. [¥ neither 07 these steps is sakaen Zefere tne

oI S¥eseen option is salectad from the main adit menu, the scre2n editor cannot

se used and the No screen parametar t3ble message accears i{n the consoie
display.

ScreanZditing Cammancs
_ika line 2qiting, screen aditing uses 2isplay-runction <ays3. Thesg «ays ars
arassaa during taxt entry {0 J3use curscer movement in coiumns and 'ines,
vertical paging {scralling page-by-pace), fnsartiicn ana daiation oFf taxt

- iy

#i=hin 1‘nes, ana Jther similar sperations. Alsg a3 in line agiting, sCreen
sqiting uses ¢ommangs. |

e - ——

Paga .
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In Streen'eaiting, however, the t2xi remaing on the screen wnile the cocmmands
are typed. in general, a {wo-kaystroke seguence initiates command =ntry. The
editor then prints out the Full worg or phrase Tor the command in the lass
iine of tne display and places the cursor after the word or phrase.

Additional command information (containing line numbers, device numbers, and

Tilenames, for example) is then typed into the command line.

ine camménd line can be edited using keys previouslyv defined for clear-line,
delete-cnaracter, insert-character, left-and right-arrow, forward- and
Dack-iab, and erase-field keys. All orintable characters can be entered.
Pressing [[ENTZIR]] begins execution of the command. Pressing [{[COMMAND EXiT]]
clears the command line and returns the cursor o5 the taxt display area of the
screan.

Mosi of the commands and functions available in line editing are available in

screen editing. Some additional commands are also available to make ful} use
. of the greater speed and convenience of the screen display. |

Entry of streen eciting ccmmands is, in the default commang set for the .
ielevideo 220 terminal, initiated by ascepe sequences. The nonprintadble ASCII
character “ESCY is entered tnrouch the keyboard, followed by a character whicn
is ceneraily tne first letter of the Full word or ohrase which names the
command. Command keys in the CU-40 <eyboard default set are simiiarly defined
for use Following the [[FN1] Key. For examgie, entry of the delete-line

-

commanc requires ihe sequence [ I5C}) LD on the Televiceo 920 end [IFN;1 [3]

=

on the Cl-30 keyboara.

Screen e¢iting zommands are listea below, Detajied Zescriptions 97 ccmmancs

ir¢ refarenced n cages notad with 2ach ~ommang. *

wiP?——0piss 2 Filz from nass-sTorige [z watartzpeT™ zevice, “ar
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DELETE--Jelatas a line or range of lines from the Laxt in memory.

FIND-~Finds the next string of characters that matches the stiring
specified in the command.

T

FORMAT—Initializes the mass-storage medium in the cevice specified.

HELP--Displays a list of screen-editor commands and cursor-control
xeystrokes on the screaen.

-

JUMP T0 LINE--Placas the cursor on the line with the number specified in
the command. |

LIST-—Qutputs the text in memory to 3 HEX-BUSTM device such as a printer.
MOVE--Moves a line or a block of lines to another iocation in the taxt.

QUIT--Leaves the scrsen editor and raturns to the main editor menu.

.

REPLACE--Renlacas one Or more OCTUrrencsas af a charac.ar string in the
caxt with another specified string.

- SAVE——Saves the iaxt currentiy in memory to a specifies mass-5iorace

cevica,

TAB CEFINE—Redefines ihe display ta2b stoos to be other than those setl JYy
getault

INGC=~cancals the 2ffacts oF the last deigts :mmana, line medification,

ar regiacement aperaticn Dy reinsarting into +he text the iines delaize oF
cnangedg.
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nm

f
file present in an external storage device.

RIFY--Lompares character-for-cnaracter tne text storea in memory with a

Text Entry

Text is entered by tyning a line and pressing [[ENTER]]. After the line is
entered, the cursor moves to the first column of the text area of the
following line.

A special AUTO provision in the screen editor inserts a new blank line of text
each time [{ENTER]] is pressed. Lines from the new blank one to the end of
text have their line numbers incremented by one. AUTC mode permits new lines
to be insarted into text as easily as if they were being appendec to the end
of text.

When the editor is first entered, automatic line~entry mode is in effect.
Pressing [{CTL]] [A] tne first time turns it off, and pressing the key a

~ second time turns it on again. Throughout editing, pressing the key toecgles
insertion mece on wnenever it is off and toggles it off whenever it is on.

rext is dispiayec after {ive-gigit line numders and a space, as in line
2ai1ting. The line number and space in screen editing, nowever, are
inaccessibie to the cursor.

Curser Pdsitioni ng . -

the cursor is stepped inrough the columas of the zurrant {cursor) iine with

-
'

tne Right Arrow] 2no [Left Arrow] keys. The rignt-arrow key [Right Arrcw]
J0sitions the cursor one character *o ne right of its currant position, anc
the left-grrow key [left Arrow] positions the cursor one character to tne ief:.

E ' ' i
%
w .

)
L
vl
n
[ A
‘o
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If [Right Arrow] moves tae cursor past the last character typed in the line
without a displayabie character being typed, tne charactleér positions belwesan
the last character and the cursor are ignored when the line is stored into the
text area of memory. Mo trailing spaces are gntzred into the text. if,
howevar, a printable character is typed after the skipped character positions,
then the positions are entared as spaces into the text.

The [Up Arrow] and [Down Arrow] keys perform similar functions in moving the
cursor one line up and one line down on the screen.

The nome key ([HOME] on the terminal keyboard, [LT7L]] {Up Arrow] on the CC~4U
keyboard) positions the cursor ta the first character of the first line in the
display.

The forward %ab key ([TAR] on the terminal kevboard, [fCTL]] [Right Arrow] on
the CC-40 kevboard) moves the cursor to the closest tab stop to its right.
The tab stops are those sat either by the screen-editing definition file or by
the TAB DESINE command during screen editing. Pressing the forward tab key
wnen the cursor is to the right of the last tab stop moves the cursor to the
first column of the same display line. |

The back-tab key {[[CTL]] [U] on the tesrminal xeytoard, [[CTL]] [Left Arrow:
c..en uﬂe HH—40 keyboard) ﬂoves the cursor o the closast tap step O its left.

| nPress:ng the back-tab key wnen the curéor is to the ieft of the first Tab stop.
in 2 line moves the cursor to the last column of the same d15play_1ine.k'
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Display Paging Zontrol

'_The page;férward ey {([[ESC]] [Down Arrow] for the terminal and [[CTL]] [+]
for the C0-30) and the page-dback key ({{ESC}] [UYp Aarrow] for the tarminal and
LLCTL]] £~] for the CC-40) scroll the taxt lines up and down one screen page
at a time. When the page-7orward key is pressed, the tex:t line following the
one in the last_line of the text area becomes the first line of the new page,

- The display is effectively moved up *“a page" (1.e., the number of lines within
the texi~display area of the screen). Similarly, the page-back key scrolls

the lines of th2 text one page downward.

Screen Refresh (View)

The [ECTLI] [V] (view) key rewrites taxt lines to the current dispizy. If a
terminal or display is clezred locally througn keystroke or power
.in;erruption, view can rewrite the text display to the screen.

Lihe-Number On/0ff Togqle

The: Yine~-number display key [[CTL]] [T] controls the position of text lines on
~ the display screen. If no line numbers are 0 be displayed, the line is
affe;:#wely shivtad to the lefimost six columns—five )ine-number digits and 2

sdace--in either display so that only the ‘vped-in portion of the iine is
displayed. (whether displayed or not, the six line-number c¢columns count
toward the maximum B0 cnaracters parmitted in sach line.)

Ihi?i#il}?ﬁﬁﬁé editor; displays line numbers. DJuring 2diting, pressing [[CTLI]
LT] the Tirst time causes the line-number columns 1o be shifted from view,
Pressing ine kay z sacong time causes them to again be shivited into view., The

—_—

KBy Operztas as 2 toggi2 whicn ciuses the line numbers zo aiternata’y

disappesr ang appe:r.

i - . L4 ] .

L - J}

Ly

2XT Jeieticn | .
e T T Se——
wisolasea characters czn Se gdaleted by (i) sirgig cnaracler, (2 30}

Cnaric=sr
cnarzctae

F)

’
[+ 40

h
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o

Trom tne furscr sesition 1o the end af the inE, ENG
in the 'ine.
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*ne delate key ([[DEL]] for the tarminai, ({SAlFT]]
2C-40) deletes the single character at ine current cursor position and shifis
all subsequent characters gne position o the left.

*he erase-to-end-of-field key ({{CTL]] [E] for the terminal, [{CTL]] {Oown
Arrow] .for the CC-40) deletes all charactars from the one at the current
cursor position to the end of the display line.

‘The clear key ([{CTL]} [C] for the terminal, [{sLR]] for the CT-40) 2rases all
characters, except the line number and space trailing 1it, from the line.

S;reen editing enters lines into the text areaas? memory diffarently from line
editing. Lines displayed on the screen are not operated on as if they were
iline-by-line scratchpads. Pressing [[CLR]] during line editing for example;
‘clears the line number and results in only the display being cleared; the
current text lTine is notl affacted. when the clear key ({[cTL]] [C] for the
terminal or [[CLR]] for the CC-40 kewvboard) is pressed during screen editing,

a blank line remains on the screen (with the line number anless it has been
toggled off).

The screen a2ditor, like the line editor, has a provisicn for recovef} from
arronecus entrias through the usée of the recover buffar and the JNCGQ ccmmand
([{esC]] (U] for the terminel, [[FNT] (U] for the CC-20). If the text of a

'1;H11ngfi§;a¢cidentaily cleared, for axampie, regardless of awnether the cursor

ramaing an ihe line or is ﬁaved toc scme other taxt line, the clearad taxt is
restored'to the line with UNCO. In screen aditing, as in line egiting, the
recover buffer stores the original taxt of the last line modified or replaced,
ar it stores the last line or dlock of lines deletac.
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2xt Tnsertion

Characters typed into the text area of memory atter the charactier-insert Koy
(LL€TL]] (Q] for the terminal, [[SHIFT]? {Right Arrow] for the CL-30 keyboard)
disptace ail other characters from the cursor to the end of line. When the
character-insert xey is initially pressed, the editor is set to insert any

characters at the current cursor position, moving all following characters to
the right. [f the text in the line reaches 74 characters, no further

characters are accepted into the line (they do not “fall off the end of the
ine" as in line editing). Character-insartion continues until a subsequent
display-contrel key {cursor-position or delete key or [[ENTZR]]) is pressed.

Screen~cgiting Keyboard and Disolav Definition

Particular Keyboard and terminal characteristics are defined by a table of

v&lues stored in memory for use during screen editing. The screen-definition

menu provides for selecticn of particular values used during editing with
three options.

. Pressing [D] in response o0 the main edit menu causes the 2ditor %o display
the screen-definition menu shown below.

Miodifv Slave Lipad Qluit

-%_m

. Pressing [M] in response to the screen editor menu causes the egitor o begin

*1salay1ﬁc a ser1=s af prompts for modificazion of current table values by use
Of lin2 editing and the consple kayboard and display. Nnrﬂa11y, the values
displayed are the "gefault" velues available in e<ditor firmware: they zre
values which werk with a Tel ev1deqﬂ?20 tarming! or with the console kevboard
3G the AEY-ZUSTM Yiceo Interface device. With 2ach orompt, orevious or
cefzglt selections can te retained by pressing [[INTERII, or they can.c¢

-"E'q - . du - ] 1 ] - :
06 TTies carougn the us2 97 iine 2citing Functions.

v}
1
L)
14

')

Le)
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M

Prassing [ip Arrow] or {Jown Arrow], respectively, causas the display to
“scroll" to the brevious or following prompt. Pressing [L3REAKT] in response
$0 any prompt returns the definition menu to the display (with characteristics
already modified retained in the screen parameter table in memory).

All moaifications made to the table during screen definition are in effect in
the screen editor as long as the ALDS is running. The editor can be tested by
exiting the screen-definition menu with [Q] in crder to return to the main
edit menu. Selecting SYcrean from the main edit menu by pressing {S] starts
screen-edit gperation with all new characteristics Trom the table in effact.

 After new screen-aditor characteristics have been tested, they can be saved IC
a mass-storage file. They can be conveniently reentered from the File instaad
of the kayboard 2t a later time. Pressing (Si, 2nd entering the mass-scorage
device number and filename saves the file,

Prassing [L] and entering a mass-storage device number and filename resultis in

the loading of gny-previausly stored definition file for use or further
modification,

Notz carefuily that until the Define option is selected ang sither 2 File has

heen loaded or the M)odify option has Zesn salectad to specify at least the
xeyooard and screen default values, no t2ble is present in AAM. Attemoting €O

o gheer the screen editor from the main edit menu results in a No scresn

parameter table message.

The table of values for screen 2diting raguires the following information.

L ]
%)
i -

Salaczion of intarnal [CT-23) or tarmingl keyccara use

¥

{.h
3

b
in
Al
{5

‘0% The devics number and cata-tringmission charactiarisTics {such

serametars) of whe HEA-3uST™ gevice zonneczed $2 20 =xTarn:l

carminai or disslay

-
TPk,

%,

kY
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:C. The specification of whicn kays on the keyboarc {usually control
characters or escane sequencesJ are useg Tor scresn-editor tunctions
and commands |

0. The specification of terminal display characteristics {(such as screen
$ize and display-control coaes)

Keyboard 'Selection | |

Tne ecitor first displays the prompt Interna)l xeyboard (Y/N}u. Pressing'{?]
salects the CC-40 keyboard and the associated default values for taple entry.
Pressing [N selects the externa1 terminal kevboard with associated defauls
values. The defaul: values are loaded on‘y if nc screen parameter table
resiges in memory.

Selection of Device and Data-Transmission Characteristics

The editor displays the prompt Screen Device for entry of display and any
terminal keyboard device cdata-transmission characteristics, such as the RS8232
device code end transmission cnaractieristics. Device number, baud rate, no
carriage reiturn with lines (ReN), wait mode {T=W), no echo {E=N} and no data .
averrun regorting {J=N} must Se orovided. Eatry of other characteristics
cepends on terminal regquirements. Shown below is zn axampla entry setting up
RSE_E Characierics throuch device 20 to communicase with a terminai or

- exierngi "splay cevice set for a baud rate of 4300, seven-bit gata transier,
one stod Eah, and even paritj.' Pressing I ZNTIR ) with these cdefault values
dispiaved stcores them intp tha AM taple From ea: itor firmware. At this promot
or any subsequent one, pressing [F3RE Ah]] stores values previcusly modifiec
Ny tne tanle alsng witn tne remaining default values. The screen—ceinizis ol
Tenu returns Lo Ine z2isplav. “or informagian on Now ¢ us& Ine 3lreen aciter

¥ith the HEX-3LS™™ Yideo Intar<ace device, see apoenaix J ¢f e Reference

\J
o
iy
D
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10t
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command Keysiroke Definitian

A sarias of prompts following the entry of the rerminal characteristics.
srovides for dafinition of command and Function Keys. 1nesa definitions._
differ according to terminal design and user preference. The codas oroduced
by special terminal keys are usually listed in the user documentaticn for each
terminal.

The prompts for the command keys contain the names of edit commands and
functions {copy, delete, and the like) and the default values assigned to
them. Entry in response to each of the promptis is the value of the byte or
bytes originating from the keyboard wnen the key 1S srassed. The values of
" hytes can be expressed {n either decimal or hexadecimal notation (for example,
[[ESC]] = 27 or »13). Alphabetic characters can 0e axoressed directly
(without referencing their ASCII values) for entry in two cases: (1) wheﬁ!they
ara surrounded by double guotas, as in “Q, and (2) wnen they are preﬂeded by
‘the letters CTL to convert them to equivaient control-code values.. Typing in_
wq* stores the ASCII value of the letter (>51 or 81), and typing in cTL:A 
stores the value of CTL-A (501 or 1).

£itner one or two values can be typed in for each command or fuaction )
definiticn. If one value is typed, Zero is assigned to the sacond value in
+the tabie. If rwo values, saparated by & comma, ars tyoed, both va]qes are

*iﬂlﬂﬁmﬂ tnto the table,

+

The specific commands for «hich keystrokes aust de defined ares as the

following.
Sopy Helo quit unac
Jelete Juma Jep’aca lerify
. . ' Y
*1ind List Save

sormat - #ove Tah zJerine
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text; singie brackets indicates information to be typed; douole brackets
1ﬁu1cat=s Key TO De presses

2ipha = pound sizn; 4 = percent siﬂn;

2 = 27 $igN: u = EUES&‘O“ mark

Fressing’[iEﬂTER]} T0 store v2lugs for the screen device aumper and |
:ransmission characteristics, for example, Srings the prompt shown be?ow into
the console dispiay., The pairs of vaiues shown are the defayit values for the
twC Keys wnicn initiate the COPY commanc from 2ither keyboard selected: they
are the oecimal representation of the ASCIi characters "ESC* and “C“.

copyv key: 27, 67

If these values are 3o b. modified, tne first keystroke for the new value(s)
entered clears the dispiay and show the charactér entered. Changing the
vaiues to the single value of {TL-C (>0 or 3) requires that one of the
antries shown below apprear in the display before [ ENTER]] is ﬁressed.

CTL € | |

. >3

Function-Kay Definition

“oiiowing the prompts for ano entry of screen-editor commands are promoss fer

cefining display~function keys. Display-function keys, like keys which can de
,:eie"teﬁ far. commands, are dependent On ue*mina: desicn, anc the user '

"“decuwentatian For Fien ;-rm1na. lists the codes wnicn they produce.

“unction-key cefiniticns are modified From zne sefault vilues in exactiy the
$aMe wiy conmand-«3y datiniticns are, Tne specifiZ gisplay-Ffunciions wnig

ST pe cetines are isled delcw. \, .
) . X
AUTO Jeiate ‘ine Insart char 230€ “Oorwarg
2acik <zb “oan curser .nsart ing ignt cursor
Clear iing Zazar ~ Le¥T cursor Tas
SIMmErd 2xcs irise “izta-e lipe 3%:27zy lo surscr
teiets cnar -ome Ja¢e cack 5 aw
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2158L =ditor/Assembler User's Guice-—-Chapter 4

Jefault values for Command and Display-Function Reys
Nnataul: values for commands and functions are represanted in the foliowing
table by the keys which procucs them on both Televideo 920 and CC-40 kevyooaras.

EDITOR DEFAULT XEVBOARD DEFINITION ENTRIES

+ FUNCTIONS KEYS USED

JCWn

T e i

[[ENTI211 (DICTLIT Iwl

LibaLiT oeeds

OF EXTERNAL XEYBOARD INTERNAL KEYBOARD
KEYS (Talevideo 920) CL-40)
Copy (fescl] (€} ((Ful1l CC]
Delate (resci] £ol (Fu]1 (0]
Find [{esc]] (F] [(FN]] [F]
Format [{escl] N1 C{FNTT ON]
Help ({gsc]] (H] COFNTY (W]
Jump ({esC]] 4] (IFN1T (Y]
List [fesc]] fLl [OENTT L]
Move [[£5C1] [M] LEFN]Y M)
Quit (fescli (a] [reN]l (Ql .
Replace [{esc]] {R] ({Fn1] LR]
Save [[esC]] {S] CLFn3] (S}
Tap Zefine [{escly (7] LrFN]l 7]
CoinieURdo (Lgscll (vl | (ienld (U]
Varify riesenl o1 (IFN]y (V]
Auto rLcTil] £A] L{CTLil fA]
Sack tad [rCcTL]] ful [T2TLID (Laft Arrow]
Claar (fcTLil [€] TOLRE
command sxit FIOTLIT DX TTITLIE LR
Jelete char (LOELTY {>7F) CLSH 737 (iaft Arvow;
Jeiets iine (Lot D01 TIITLIE T
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2lphz = DOUNG 3ign: 3 = percent sian: c = at sfgn: = = cuestion mark |

Home o [AOME} (>1E) L[CTLIT [Up Arrow]
Insert char  \ C[2TL]] (Q) | [[SHIFT3] [Right Arrow]
nsert line LIeTL)] IN] | - {IeTL)Y N

Left [Left Arrow] ({TCTL]] {H]) [Left Arrow]

Line display LLCTLI] [T]) (LCTL]] [T]

Page back - [[ESC]] {Up Arrowl [lcT1] [-]

Page forward  [[ESC]] {!] (lcTt]] [+]

Right [Right Arrow] ({{CTL]] [L)) [Right Arrow]

Tab | LTA8) (LfcTiyy 11y [[CTL]] [Right Arrow]
p ~ [Y Arrow] (LLCTLI] [X]) [Up Arrcw]

View - [eTL1) V) (LCTL]] [v]

- Definition of Required Diﬁp]ay—tantro1 Information
Following function-key definitions, the editor provides prompts for entry of
terminal or display screen size and display-contral codes. Like control and
_function key definitions, screen size and display-control codes are particular
- 10 each terminal. User documentation on each terminal Tists the parameters to
be entered. Values for some tzrminals are listeo in appendix 8 of the CC-40

cditor/Assembler Reference Manyal.
M

The prompts for screen size ang dispiay control zoces, and the «n¥ormaticn
- wnigh s eniered in resocnse to tnem, are listeg beiow.

T

. .o ‘l.-
‘.-‘* hi‘.!l." B

Screen size--The number oF rows (*ines! 2vailable on <ae display anc the
numder of columns (charactar sostions) in 2acn line mus: be entersg in
the Following Format: columns,rows {without a space fo)iowing the comma.

. -\.1., . L] | ‘-

© Liear 3Cresn--The characsar coee or COCeS Useq TJ Cledr tae soreen o7
ol ) :

.

the terminal must be antered.

D

L)
(yY
tr)
e

AR

')
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indicates key to be pressed -
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Move cursor-.he first charactsr code Oor cddes used L0 1nit1a fze the
sequence which positions (addresses) the cursor on the herm1na1 aust be

- entered. Following this byte or bytes in the sequence are two bytes
which specify the cursor addresses (row and column).

Rgg first, Offset --Specification of two format elements for the
cursor-address dytes ‘must be entered here. For the first element, a

numeric non-zero response to fow first element indicates that the row 18
_Aaddressed by the first byte and the column is addressed by the second. A
| ,fﬁ zero response indicates that the column is addressed by the first byte.
ﬂ - For the saccnd 2lement, the numeric resoonse indicates the value of the
fﬂfkff/ﬁ " Offset used in both address bytes (this value is usually »20 to make the
addresses more sasily “printabie” in oicer high-level languages). -

Definition of Optionai Display-Control Information

Five other prompts 1i¢t the definitions of display-control codes which can be
modified or accepted for default values. When a terminal or display does not -
support features descrihed in a prompt, the corresponding value must de. set ta
sarg. When & terminal or display can perform the functions snecified in the
srompts, faster and more convenient operaticn results from =ntering the
codes. The prompts, in tne order in which the aditor presents Chem, are
listed below.

' - -

! T w taon .,..d- “

- Lo I }
=TT

Bell-—*he code usad .o achivate che bell or benner inside the te*ﬁina}

if a value of 0 is antered, the CC-40 uses she internal beeper.

nrasa to end of line--The Code usad 0 erasa 1]l displayed characiers from
the current cursor position &3 .ne eng of the current iine.

ﬂ o

e’ ] ¥
Zrase td and of screen--ihe code used 9 2rase ail displayed characiars

from “he current cursor sosition L3 the 2nd AT the 3CresEn,

453“* Timga-The c2Ce-usad - =9 =nt=F a stank iine aJn the screen,

‘x

\

J3ga 20
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18D _steos--The column or character positions of the default tab stops. Up
<0 ten cclumn numbers can de entered in pairs sacarated by commas in
response to the five appearances of inis prompt.

Default Values for Display-Contro) Characteristics

Default values for screen size and display-control codes are represented in
the following table.

UEFAULTS FOR  DISPLAY-COHNTROL CODES, DISPLAY SIZE, AND OPTIONAL CODES

JISPLAY cXTERNAL KEYBOARD NTZIRNAL KEYBOARD

rUNCTION (Televideo 920} | (CC-20) ’
5Creen size 80,2¢ 40,24
Clear screen £3C 31
dove cursor  ESC = ESC =
Row first, 1 {ves) ! {yes)
of £set 32 0 ” )
3e 1} 7L S 0 (CC-40 interna})
Zrase 0 EOL £SC T ESC T |
srase 5 £0S <3C Vv ESCY
.. insery tine ESCE ESC E
‘fa0 stoos o 2,8,15,25 2,8,18,25,32
' 32,44,60,79
Jsing or lavinc the Cefinition Tapie \

|

W8T Tne resconse to the final Tab stops orompt s given, thé screen 2aifcr

T geTiniiion menu returas to ine aisdiay. Pressing [3) for Qluit causes 3 retura
"

LT tne mzin egdit menu d4soir for salaction If tne $icreen s0ticn “or tasting

'

¥
b
i
|
D

J

Ll

ae Z.
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afear che table values are tested and she main adit menu reappears, prassing
(0] tc select D)efine once more displays the screen-definition menu, Pressing
[§] for S)ave and entering a mass-suorage device number and filename saves the
table in a file for later use.

LINE "AND SCREEN-EDITOR COMMANO DESCRIPTIONS |

Editor commands, in general, perform identical functions in both line and
scraen editing. Complete dascriptions of these commands follow. Any
differgnces between command use in 1ine editing and command use in screen
editing are noted in the descriptions. For clarity, only the default keys for
. the =arminal are listed: defaull keys for the CC-30 keyboard can De | |
referenced above in the table of keyboard default values. Syntax requirements
and options available for each command are §ﬂmmarized at the end of this_f'
chapter.

aUTO: Automatic Line Number Commanc |

The AUTO command provides new line numbers autdmatita11y”during line &d%ting: .
collowed by an. optional line aumber (which defaults %9 00001) in resnoﬁse Lo
the command cursor “>*, AUTO displays the taxt line with the number antared. ° .
1§ there is no line with that number, the line number and a trailing space are o
displayed for entry of & new line at the end of text. IV 2 line with the

Ly

‘number is already in the taxt, AUTO provides a line number followed QY ’

o 2 - .
e b

*fndi%iting“that?upon-entﬂ& it is insarted into the text afier the line nf.that
aumber. When [[SNTER]] is gressed, the line number is incrementad by. ane, and
she next 1ine number (followed Dy & space or “su “denending cn whether the
1ine is to je appended or inserted) is ?1splaged.

Tnitial entry into automatic 1ine-numper coeration requires that the eaitor e
in command mcde with the “>" being aisplayed. “ne word TAUTO] is typed,
falilowea by an cotional line aumber and [[ENTZIR]]. Pressing r{3REAKT]

spandons the currant ¢ispiay iine without ssoring it In *ne taxt ared o
nemory and returns the 2ditor to command wcae with the "> promot being

-

cfsplaved. T e «
W ."""-.._..

N

Jaqe 32
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Z258L

e TOTMS 0T tne AUTO command ere snown in the Tollowing examples.

AUTO: AUTOMATIC LINE NUMBIRING

LINZ ECITING ONLY
K57 Segin avic operation with line i
AUT0 100  Begin auto operation with line 100

<OPY: Coby (Load) a File inte Text Area of Memory _
The COPY command loads a file for edi;ing from a2 mass-storage dev1ce, such as
2 Wafertapel™ device, into the tex:t area of memory.

in 1iﬁé editing, i¥ other text is already in memory and no 1ine number is
included in the command, the file is loaded at the beginning of the text

area. IT 2 line number corresponding to 2 1ine in the text area of memory is
speciviad, the fiie is loaded {inserted) before the line in memory. In screen
editing; the file is always loaoed before the line containing the cursor. -

I¥ crunched mode has been specifiec in response to the main edit menu, then
the lines in memory contain commanc-representative tokens and suppressed

Iﬁ73;;ysaaces.. Qtherwise tne 1ines are ASCIl-character representations of the lines

“ﬁur1g1na11y entered.” If the file being copied into memory has been saved in a
moge different from the one currently in effect, the editor performs the
necessary conversion.

At the outset of COPY execution, when the editor attemotis to open a f11e, an

e“ror results in an Open error NN [file name},ﬂe*rxL pronp..t_Cnanges in media

- are permitteg before a [Y) response is given. With a [N] response, the COPY
- Commanc is terminates.

e o
F =
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[7 an error occurs wnile file lines are being loaded 1ato memory or i¥ Lnere
is not enougn space in memory to load the compiete fiia, Inading terminates

~ with the record being loaded when the errgr occurs. An errqor message is
disolayed. All file lines successfully loaded into memory defore the racord
during wnich termination occurs are retained in memory Tor editing, saviag, or
other operations.

The forms of the COPY command are shown in the following examples.

LINE EDITING

CoPY 1.XYL Load filenamed "XYZ" from device i into'empty text area
2* of RAM '
CoPY L.XYZ Insert filenamed "XYZ* from device 1 into RAM before the .

text now in RAM

COPY 1.XYZ 12 Insert filenamed “XYZ" from device L into the curreant
memory text defore line 12

;.ﬁi;“g}gfigfgﬂPfiiTXYZ-1006 Append f1lenamed “XYL® from device 1 afier the current
memory text of less than 1000 lines

SCREEN ZI1704G

'25CY3 001 1.4YZ Loag Filenamed (X¥ZI" from gevice I inTe Laxt irea of AAM

- at line before cursor - x



2158l EZgitor/Assemoier User's Guide—inadzer 4 | - Final Drafe
. Last Revised 08/12/83
underiining in tex: {except heacs) indicates 2 tvpestvie ciher Inan norma:
._x., single brackers incicates information to be {ypen; ooubie brackets
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-.-,f -#--ll

DZLTTE: Delete ine or 3%o7k of Lines

The DILI™I commenc removes specitiad lines from tne text arez of memory. A
5 ng:a line is deietaec wnen the commang is foliowed vy {ne number of the “ine

(z.g. DELETE S). A range o7 lines to be deieteqa is specified by 1ine numbders

separasec by & nyphen. For example, D7t 2-5 causes lines 2, 3, 4, and 5 %o

be deisted, Tne first Tine in the range defeuits to 1 (DELETI -5 oeletes
lines 1 through 5). The last line number defaults to the last line in the.

ot 1
-

text (DSLETS 1- removes 211 lines from the text).

When DELETE removes lines from the text area of memory, the deleted lines ére
moved to 2nother arsa of memory called the recover buffer., The lines remain
in the recover puffer until some action is taken tc change the text area of
RAM-or until & MOVE, VERIFY, LIST, COPY, or SAYE command {s issued. The
contents of the recover buffer are lost if & line is modified, a line is
insertac, or a2 line is deleted. If no action has been taken which alters the

contents of tne recover buffer and an UNDO command is entered, the lines in
the buffer are inserted into the text once more. The recover buffer and the

—

. UNDO command minimize the possibility of accidentally destroying text.

A special form of DELETE causes the editor to remove all lines from the tex:t -
arez of PAM without the delay necessary in first copying the text into the
recover buffer. OELETE ALL performs very rapid text deletion, but it provides
vor no subsequent recovery of the deletec tex: from the recover buffer.

TR e 4 gl hi‘ l...
. ‘1:. L omt - "
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*he forms of the DELETE command are shown in the following examples.

A BLOCK OF LINES FRGM THE TEXT

NDELETE: REMOVE A LINE OR

DELETE 25 Delete 1line 25

DELETE 25-30 Delete lines 25 through 20

DELETE 25~ Delate line 25 and all foilowing lines

DELETE -25 Delete all lines up to and including line 25
' DELETE ALL ; Delete text without copying Lo recover buffer

SCREEN SDITING

fresCi] {0] 25 Delete line 25
[{ESC]] (0] 25-30 Delete lines 235 through 30
{[esc]] (2] 25- Dejete line 25 and all following lines

tssCll] 10] <25 Nelata all lines up to, and including iine 25
[fescil (9] ALL Deleta text without copying to recover bufier

1.

... EDIT: Disolay a tine for Editing _
T el 2e1T command, used in line editing- only, transfers & line *rom the text

area. of memory into the display buffer. If the line editor nas nrotl been given
a NQLIHE command to eliminate the display of line numbers, the dispiay
contains a five-aigit 1ine numder, a Spacs, ana the %axt oF the line. If a
NCLINE command is in efiect, the first column ﬁf the disaolay contains the
firss charatter of text ia (he line. "

ﬂ L]

x
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_-_____________..__.—_.————-——l-———-——n—————--————_m

The Torms 07 The ID:T commanc are showr in the Foiiowing exampies.

EDIT: DISPLAY LINE FOR EDITINE

LINE ESITING

tDIv 38 Dispiay line 38 for line editing
t 36 Display line 38 for iine editing

ZIND |

~ The FIND commanc is used .to display the next line in the text area of memory. .
which contains a specified string (sequence) of characters. In both line and
screegfediting, the search for the string begins at ‘the current line (with

line editing) or the cursor {with screen editing) and continues until either
11} the string is found or (2) the end of the text is reached.

One option can be specified in the search: W. With the W option, no - T

dgistinction is made in the ssarch between uppercase and lowercase characters.

Also, with *ne W option, the search is carried for an exact word match |
(incluging word boundaries); ABC does not match XABC or ABLY. For the string

;”3‘-.,A§c;§g:pgymatched bxgthe idengical sequence in the tex:t, a string must be both

preceded and f01)owed by a nonwordg character. A nonword cnaracter is any
character other than an ASCi! alphabetic character, numeric character, or "3".

i the W option is not specified, a1phabetic;charatter case is significant:
ABC, does not match AbC. The string is found in text regardiess of the contexti
inwnich it occurs or the delimiters surrounding it: ABC does*match XABC and

- RBCY,
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-

han 3 match occurs during the text saarch, the iine in wnich the match occurs

is displayed and the cursor appears over the first character in the matchea
siring. |

In the FIND command, any nenwﬁéd character axcent “space® can oe used to mark
the beginning and end of the string to be found. Any printable character or a
Spac% can be used inside the string, except for the character used as the
beginning and end marker. The second occufrence af the marker signals the end
of the string. In other words, the marker should be selected Trom among
punctuation characters which are not part of the string to be searched for.

' In 1ine editing, the FIND command is transferred to the playback buffer each
time [[ENTER]] is pressed. For repeated searches for the same string,
prassing [[SHIFT1] [Up Arrowl_;ranﬁfers the FIND command back into the display
buffer for re-execution_(5ub§§guent_search for the next occurrence of the
string in the text area of memory).  in screen editing, the string to be found
defaults to the string previously used: pressing the command initiation key
followed by [[ENTER]] continues the search. | | *
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n2 forms of the FIND command arz shown in tne following sxamples,

FING: DIS2LLy NEXY LINE CONVAINING STRING iN TOMMAND

LINE EDITING

rIND XY, Find YXY" in the current line or in a line following
‘ it and display the stiring |
FoIXYS Cinc "X.Y* in the current line or in 2 ling ¥oliowing
it and dispiay the siring

FIND W LXY. Find "XY", "Xy", *x¥", or “xy* in the current or
€0ilowing lines and display the string

F W XY, Find “XY¥, "Xy*, "xY¥, or “xy" in the current or
) following lines and display the string
SCREEN EDITING

[[ESC]} fF1 .xy, Find *XY* in the current line or in a line foliowing -
it and display the string

(rescl? 7FY w .XY. Find XY™, "Xy®, "xY¥, or "xy* im the current or
following lines and ¢isnlay the string

rORMAT: ?regar& New Mass-Storage Medium |
The FORMAT command followed by 2 mass-storage device number causes the media

in the devic2 to be initialized for use.  ror example, FORMAT causes a |
H Ngfn*taa device tc write a2 blank “tape header® onto the tapa-currﬂnt1y in the
. unit, erfactively setting the tape up to réceive files “saved" to 1L,
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Ne g = AL

-l

The medium must be placad in the device baefore the command ig issued. Al
files praviously stored on the medium are arased. |

The forms of the FORMAT command are,sﬁnun in the following exampies.

N =ORMAT: INITIALIZE MEDIUM IN MASS-STORAGE DEVICE
LINE EDITING
FORMAT 2 | Initialize new medium in device 2

- SCREEN EDITING

 [[ESC]] [N] 2  Initialize the new medium in device 2

_HELP: Show Ccmmand§ and Oisolay Fﬁnctiqns .
The HELP command, used 1n_scrten'ed1t1ng only, displays a iist ofr;he cammqugl_

and functions used in editing. The commands are displayed one at a time.
While a command or function is being displayed, pressing keys on tne xaytoard
indicates &the key sequence defined for it. A1l kev sequences excent the

LT eowrect T one -Causa the_teﬂminaI-aracansale to emit & besp.

Prassing [Up Arrow] displays the previously displayed command cr function,
pressing {Down Arrow] displays the subsequent one. Prassing [Eﬁoﬂﬁaﬂn =71}
rerminates the HELP aisplay and returns ‘the cursor to the text.

:\-'n

3
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Tne form OF the HELD command is shown in the folliowing example.

SCREEN EDRITING

[[£5C)] [A] Display commands and functions

JUMP: Move the Cursor (or Screen) to Arother Point in the Text

The JUMP command causes the cursor to be placed in the line of the text which
corresponds to 2 line number specifie¢ in tne command. If the iine is
currently being displayed on the screen, the cursor moves to the ling withous-
any paging. If the line is not on the screen, the dispIay is paged so that
the specified line appears on the screen with the cursor,

~ Tne line numder specified in the JUMP command can be writien in iwo ways:

absolutely or relahiver. An absplute 1ine number simply specifies the number
of the line to next appear with the cursor (e.u.-“JUHP 10% causes the cursor _
to move to line 10). A relative line number (a number prefaced by (-] or [+1)
specifies the number of lines before or after the current line that the line
to next 2ppear with the cursor occurs (e.g., “JUMP +1% with the cursor

"+ currently on line 10 causes the cursor to move t0 line 11, and *Jump -1*

eauses it to move té line 9). Ed

Two spectal forms of the JUMP command cause the cursor (and screen) to be
moved to the top (beginning) and bottom {end) of text. The form “JUMP T*
causes the first page of text to be dispTeyed with the cursﬁf;in-the'firgt

| 1ibe, "JUMP BY" causes the last page of tﬂx to be displayed gjth the cursor in
 the last line. |
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-text; single brackets indicates information to be typed; double brackats

ind1cates kay to he pressad
s w oercent sign; o = at sicn: u = quesiion imark

alpha = nound sicn; , AUES, QN Mef R

."'.

wh

17 a ralative line number calls for curscr placement in a iine wilh & number
of less than 1 or greatér than the number of the last line of the text, the
cursor appears, respectively, at the first line or tast line of the text.

Tne Tour forms of the JUMP command are shown in the following examples.

. JUMP: MOVE THE CURSOR (AND SCREEN) 7O ANOQTHER LIMNE
[{esc]] (J] 100  be?e the cursor to line 100

o,

[[ESC]] [J] +3 . If tne:cursor is on line 100, move it to line 103, if
it 1s on 5, move it to 8; and so on. | |

[EESCI] (U] T " Move to the top (first) line of the text

({esc]] (J] & | Mo#e_to the botiom (Tast) line of the text

LIST: 0152131 or Print Lines of Text

" Ei@§;~-¢h€ LIST cmmmand causas 5pec1find lines in the taxt ares af memory ta be

displiayed or printed. Davice parameters for *his command must be encliosad in
doudle quotss. If no 11ne—number range is speﬂif1ed the sntire text is
1isted. When no firet gr last line number is specified in the command, 1ins
numbers aefault (respective!y) td> line 00001 2and tne iast line in the %taxt {as

-

in the_DEL.:,_comnanu). \

.&_M""'

"
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indicaies kev 1o be pressed |
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in line-eciting, the Tirst line appears in tne LCD cisplay if the LIST zommand
containg no gdevice perameters. it can be edited as i¢ the [£) command hac

peen pressed in response <o the commanc-mode promp: “>". Subsequent Jines
appesr ssguentially eacn time [[ENTER]) is pressed. If 2 device numoer o¢ &
printer, for exampie, or 2 uéyice number and filename for e mass~storage

device are specified in the LIST command, the file lines are printed or
- transferred t0 the specified device or file rather than displayed.

Lines arz printed either with or without numbers in accordance with the
LINZ/NDLINE commend in effect ouring line eaiting or the [{CTL]] {T) togols in
effect during screen editing.

in-screen editing, the LIST command must contain device parameters. There is
no provision for listing to the screen device., The device number must not
specify the terminal or dispiay device being used for screen editing.

At the outset of LIST execution, when the editor attempts to open a device an

error results in an Open error NN [devicel,Retryu prompt. With an [N)]

response, the LIST command is terminated. If an error occurs while file lines
are being output, listing terminztes with the record being listed when the .
error occurs. An error message is displayed.

pl—
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A = percent sign;

L,

The forms of the LIST command are shown in the foilowing exampias.

LIST: DISPLAY OR PRINT LINES OF TEXT

- LINE EDITING

L{ST List memory text line-by-line to display

LIST 250~ Liét text lines 250 and Foliowing

LIST -250 List text lines througn line 250

LIST *20" B List ﬁext.to device numter 20 %
LIST *1.0ATA" List all lines to a file named "DATA" on

mass-storage device number i

LIST "20% 50- List lines 50 and following to cevica 20 )
LIST “1.A* =30 t jst lines through 50 <o a file named "A" on device
1

SCREEH EDITING
.[[ESC]1 (L] "20° L{st text to device number 20

CPESCII (L] "1.0ATA"  List all ifmes to a fiie name2 "JAIA" of
mass-stor&ge 4ayice numter 1 |

H L]

*

w20 50— List lines 50 and foiidwing = Jevice 20

N
IR |
m
n
)
(-
(-
LI
r!
B #

TTE3CT1 CLY il.Av 50 List iines sarouch 20 3 2 File agmed "3" an

nass—<udrage devica !
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MOVZ: Move 2 Line or Eiock of Text

The MOVEI commanc copias & specifiec line or c¢roup {block) of lines From one
point in the text are: of memory to 2ndther and deletes the ofigﬁna1 1ines.
The dlock to be movec is specified by 1ine number as in the list and dslete

comnands: if no iast aodress is specified Tor & dlock, only one line which
corresponds to the Tirst line number is moved., 7Tne lTine of the text before
which the-iine or bicck is to be moved is also specified by line number. The
- command MO¥E 1-10,20 moves lines 1 through 10 to 2 position in the text just
hefore 1ine 2C.

the default for the iine that begins the block of lines is i, and tne default
for the line that ends the biock is the last line in the text.

- The forms of the MOVE comhand are shown in the following examples,

MOVE: MOVE LINE OR LINES TO ANOTHER POINY IN TEXT

LINE EDITING

MOVE 3,6 '_ Move the third line so that it becomes the ¥ifth

MOVE 1-10,21 . Move the first 10 lines of the text so that they
B B become the second 10

o a a
RN "1""_1,':

SCREEN EDITING

LIESC]] [M] 3,6 Move the third Tine so that it becomes the fifth

\'1.

o S

r- . ) . X |
“frzscl) (M} 1-10,21 Move the first.l0 lines of the.text so that they
become the second 10
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QUIT: Return to the ALDS Menu
The QUIT command causes the CC-40 to exit the editor ard ratura 2 the ALDS

menu. Sefors the editor is exited, however, the prompt Are you sure {7/N)u
appears in the console display or in the last line of the screan display.
Pressing (Y] for YES permits the exit to occur. Prassing [N], causes a return

to the editor.
Once [¥] is pressed in response to the prompt, all text in memory is lost.

The forms of the QUIT command are shown in the following examples.

QUIT: RETURN TO EDIT MENU -

| LINE EDITING o

QUIT 7Lea§a line editing and return to edit menu
SCREEN EDITING

({esCl] [q) Leave screen edfting and return to edil menu

| uﬁEﬁCﬁéé: Find Cne Stri -aﬁd Reolace ['t with Another

Tne REPLACE command searches for the next occurrence of 3 specivied string
(saquence of cnaracters) in the text area of memory and replaces it with
another Epecified string. All alphabetic and numeric characters and $paces
ara sicnificant in the search. There ars three options wnich can De, aither
alone or in comgination, selected with the REPLACEI command: =he sord W cpeica,
the verify 't option, 2nd *he all A option. N
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n, ¢ = 3l

The in) Optior *ollowing 2 RIPLACZ commans indicates tha: the ssarch is Tor @

"word" oounged by nonword characters. individual characters of the worc can
be eitner lowercase or uppercase. The W option in the REPLACE commanc
opereies just as im the FIND commanc.

With V option in effect when & string is Tound during line editing, the
display shows 19 characters of the line beginning with the string. Following
the siring is the prompt Replacey A Y] response to the prompt causes
replacement to occur; an [H} response Causes the siring to be skippec over
without repiecement. 'Hnile the edizor awaits 2 (Y/N) response, & line can pe
scrolled right or lefi within the 19-character window by the use of [Left
ArTOwW | &NG [Right~ﬁrrow]. If option A is in effect, the search is continued;
if not, the search is terminated.

. Hith the verify opticn in effect when a string is found during screen editing;
the cursor is placed over the first character of the string. The prompt

Replace: Yies N}n S)tng'tppears in the command line. A [Y)] response'to.the

prompt causes replacement to occur; an [N] response causes replacement to be
- skipped over. A {S] response terminates the REPLACE command.

The REPLACE command fcllowed by [A] indicates that all occurrences of the
searched-for string in the text are o be replaced. Wwhen the verify option is
also specified, the replacement operation stops each time the searched-for
string is found to query about replacement, After replacement of the string

;'?1':f35~#fﬁﬁﬁféﬁ*ﬁr skipped over by 2 {Y] or an [N] response, the search continues

s "enﬁacennnts « NN when the ALL option is in effect.

through subsequent lines. 1If a [S] response instead of a yes-or-ﬁb response
is givenjto the prompt, no replacement occurs and the REPLACE ALL command is
terminated. : If the verify option is not specified in a REPLACE ALL command,
every occurrence of the searchec-for string is —epiaced The display repor+s
the. number of times that replacement has occurred with the message Number of

%

| ﬁ | Pﬂge 47 b
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when a string is replaced, the criginal text of the line is saved in the
recover buffer. If, before the recover buffer is overwritten in another
operation (such as another repiace operation, line modification, or 1ine
deletion), [UNDO] is pressed, the last replacement is voided: the arigin$1
text line is restored. -

I the string whicn 1s tnhrinlace the searched-for string is null (that is, no
characters are typed bgtwaen'deiimiters). rhe effact of the replacement is to

delete the searched-for string from the taxt area of memory.

The forms of the REPLACE command are shown in the following-examples;*

rey

REPLACE: FIND ONE STRING AND REPLACE {7 WITH AMOTHER

LINE EDITING

REPLACT .XX.YY. “Replace the next occurrence of “XX" with “YY". .
RESLACE W uX.XuXXu Repiaee ‘he next occurrence of "x.x*;h'x;xﬂ;
“x K", or “x.x" with “XX* | |

;7f*-};;;:¢;;T{$§?Lacs,? LYY ri; 'REplace the naxt occurrance af "AX* with "YY*

l afger d{iplaying the line, srompting with
*Replaces”, anc receiving a Ly] or (Y] response

REPLACE A XX.YY. ~ Replace all subsesuent occurrencas of *XX* with
. sy
B \
v | o ' % a
XA JXLLTY. Same as "“QEPLACT 3 LYY
AWV JXKLYY, ~ genlace as ascve with ali cpiions sgacifisg
\
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SCREZR EDITING

R:i -x.xq'f‘f. | Reﬂllace the ngx_ OCCUrrence ﬂ- HXx“ h"'ith "YY- ;

~i
e~y
Ll ;
v
4 |
L.at
o

Kl

-
M
"
L

L4

TRT W OLRXLYY, Replace the next occurrence of XX, MXxM, YxX®,
| or "xx" with “yy~

.

i[ESC1T (R] v .xx.yv. Replace the next occurrance of "XX" with *YY*"

| after placing the cursor at the string, prompting
with "Replace: Y)es N)o S)top®, and receiving a
[y} or {Y] response

AL XX YY. nepiace all subsequent occurrences of “XX* with
-\:‘*YII

r-

| B |
En
V)
L |

e

| -

-
x

| -

"™~
"t
"
N
<
L S
L W

(R] AWV .XX.YY. Replace 2s above with all options specified

- SAVE: Write the Text t0 a Mass-Storage File

The SAVE command causes the text in memory to be transferred to a file on 2

mass-storage device. The text is saved with lines separated from each: other
by single-byte nulls, If the text is in crunched format, it {s'saved to the
file in crunched format. Line numbers are not saved.

;"ﬂiiiiThe SAVE. command permi ts ootiona] specification of record size. If no record

size is specifiad, the text is saved as one record. If a size of less than 80
dytes is specified, the text is saved in 80-byte records. If a size greater
than 80 is specified (1024, for example), records written auring SAVE command
execution zre of that length. o

A ) _ . g

b

rage 49
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At the oﬁtset af SAYE axecution, when the editcr atcempts 0 apgn a {iie. an
srror cesults in an Open error } vy prompt. Changes in media
are oerailbted defore & ty] response is given. dith an M} response, ‘the SAVE

~omaad is terminated. [If an error oécurs while text is being nrittgn;to the
file, the output operation terminates with the record being listed when the
ermor occurs. An errorimgssage-is displayed.

The forms of the SAYE tommand'lre ¢shown in the following sexamples.

. GAYE: SAVE THE TEXT IN FILE ON MASS-STORAGE OEVICE .

LIME EDITING - | -
SAVE 2.TABLE Save the current memory text tb-devicﬁ 2

Wwith the filename "TA3LI" in a Single record

SAVE 2.TABLE Re70 ? Save “TABLE" to device 2 1in BO“Cﬁéfﬁétefi
L records RN
SAVE ZqTABLE R‘)FF Lo sa‘e the text as “TABLE“ to dé?égé 2 w1th a

record size of >fF {25%)
SCREEN £DITING

[{ESC]] (S} 2.TABLE - Save the currant memory text {o device 2
«ith the filename “TABLE" 2 singie reccrd

T7£SC1] (5] 2.TABLE R=70 cava "TABLZ* to vevice 2 im 30 characiar
records |
r7esC]] (8] 2.TA8LE 2m>FF Saya <nma oaxi 15 "TABLZY on devica 2 witn 2
e, recOrd sizz OF >TF {253} |
N,
b}
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TAS DEFE'=:'Set Disziev Tat Stoos Other Thar 25 Detined

The TAD DEFINZ commanc, uses oniy in screen editing, redefines video-dispiay
tab steps Quring editing., The cotumn positions of ud to 10 sto0s, separatec
from each otner by commzs, are e2ntered on the last line of the dispiay before

™= " .

FTENTER]T is pressed. {The leftmost calqmm is column O, and the rightmost 1s
column 79.) | |

The form7qf the TAE DIFINE command is shown in the following example.

SIT TABS: TO POSITIONS QTHER THAN THOSE SET IN DEFINE
SCREEN EDITING

© f{esc}y [1) 5,10,15,20,25,30,35,40 Set tabs after every five columns

.- UNDQ: Cancel the Last Modification, Deletion. or Reolacement _

- Tne UNDO command transfers'a tine ar_plock of lines from the recover buffer
into tne text area of memory. The régaver buffer always contains the most N
recently deleted 1ine or block or the most recently modified line of the |
text. Through UNDO, deleted lines are reinserted into the text or a modified

~line is replaced by the original text of the line.

.
. r, -
] - . . .-
LI R L. ) 1 .
' .1,
' -
t.-""i

i
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. = at sign: u = quession mark

e forms of the UNDG. command afe shown in tne foilawing examples.
UNDO: RESTORE TEXT TO STATE BEFORE MOD1F ICATION OR DELETION

UNDO After line modification, repiace tne ~odified line with the
ariginal;:afttr deletion, resiore deleted lines Lo the text

SCREEN EDITING
[[ESC] (U] After line modification, replace the modified line with the
) original; after deletion, restore deleted lines to the text

VERIFY: Compare the Text with i ﬂass-Sturace £i{le

The VERIFY command compares chqracter-for—character the text in memory with a°

specified file on a mass-storage device. Ir one or more of the respsctive ~  °.

characters in the text and the file differ, the message 10 errer 24, filaname
is displayed. (Qtner errors, sucn as £i{le-not-Found and davyice arrors, can

Lo <.alsq pegur during verify operation). The primary use of VERIFY is o ensurs

that fiie transfer batween mass-storige and memory (through LOPY oF SAYE

commnands) introduces %0 arrors.

No record size is specified in the verify command.
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a3 DIFINZ: Set Disciav Tab Stoos Other Thar es Defined _

ThE_TAE DZ¥INT commang, usea'oniy in screen editing, redevines video-dispiay
tab sicps ouring eciting., The column positione of ud to 10 ﬁ:aﬁs, separetec'
from each other bv commas, are entered on the last line of tne dispiay before
-

LLENTER]) is pressed. {The leftmost colqmm 1s ¢column 0, and the rightmost is
column 79.)

The formﬁéf the TAE DIFINE command is shown in the following exampie.

SIT TABS: 7O POSITIONS OTHER THAN THOSE SET IN DEFINE
SCREEN E£DITING

" [(esc33 (7] 5,10,15,20,25,30,35,40 Set tabs after every five columns

- UNDO: Cance] the Last Modification, Deletion., or Replacement |
Tne UNDO command transfers 2 line ar_piock of lines from the recover buffer

into the text area of memory. The rég;ver buffer always contains the most .
recentiy deleted line or block or the most recently modified line of the |
text. Through UNDO, deleted lines 2re reinserted into the text or a modified

~ line is replaced by the original text of the line.

- r R
- - P . -
T ] I .
.":q‘i - -

-
L

:.".*'l‘\-“"'-
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he forms of the UNDO cammang are shown in the toilowing examplias.

UNDO: RESTORE TEXT TO STATE BEFORE MODIFICATION OR DELETION

~odified 1ine with the

UNGO Aftar line modification, repliace the
+q the text

original; after deletion, rastore deleted iines

SCREEN EDITING

[{ESCI] (VU1 Htér line modifjcaticn, replace the modifiec 1ine with the
original; after deletion, restore deleted linas to the text

JER[FY: Comoare the Text with a Mass-Storage File
The VERIFY command compares ch;ractar-for-character

specified file on a mass-storage device.
characters in the teéxt and the file differ, the message 1/0 errer 24, f1lgname
zound and device errﬁrs; can

is displayed. (Otner errors, cuch as file-not-7
The primary use of yeERIFY {5 to ensure

enrough COPY or SAVE

the text in memory with 2~

hat fiie transfer between mass-storage and memory (

commands) introduces 70 errors.

No record size is specified in the verify command.

L | i
kll.

[f one or more of the respective ~ o o
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The forms of the VIRIFY command are snown in the following examples.

K

| VERIFY: COMPART MEMORY AND MASS-STORAGE FILES
LINE EDITING
VERIFY 1.ASC Compare the memory text with the f1ilenamed “ABC"

~on device 1; issue message if text and the file
are different o

SCREEN EDITING
[[ESC]] [v] 1.ABC  Compare the memory text with the filenamed “ABC™

on device 1; issue message if text and the file
are different |

e

* SUMMARY. COMMAND DESCRIPTIONS
The following tables list sumnary command descriptions for 1ine-editfﬂ9; .

LINE EDITING TABLE

st e 0
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THE ASSfM2.:ir

Tnjc chap.-r oesiribes the wey the assembier is used to produce otject Files
from.saurte—fiIE text. It aisc describes, in overview and in ae:ailed
aiscusSioﬁ,.the assemi:ler instructions called pseudo operations ang
dire:tfves,.and.it ciscusses assemdliv errors.

The 2ssemdler is an ALDS program wnich converrs an assembly-language source -
program siorac on & mass-storage device such as a Nafertape ™ device into a
macning-language program. It translates the 23sily rememberad (mnemonic
axpressions for processor commands, program addresses, and prdgram-related
values {(source code) into machine language {opject code}. The object code, ©

when suitably linkad with other programs and loaded into CL-40 system RAM or

CC-40 cartridge RAM, can be executed by the TMS7000-family processor.

b

PR -k
TN

SOURCE AND 0BJECT FILES .
The assemblar sauéce vile is an assembly-language text file which has been
written 10 a mass—-storage device such as a wafertape™ device. The object'
file, also written to a mass-storage device; contains machine-~language
commands, references to variables in other programs, and information rnuu1red

““;: _'fnr 11nking and running THS7000-ftmiiy.mtch1na-1&ﬁguage programs.

-.---.Hn.....i- 'li } -

source riles | |
The astemb1y-1anguage program, stored as 2 file on & mass-storage device by
the ALDS editor, can be in either crunched or uncrunched format. In crunched

1;"53

format, keywords (assembly-language op codes and assémbler instructions) are

réﬁrasen ed by single-byte toksns and multiple spaces are suppressed.
Crunche: format tnus saves storage space. The input file can be stored ac
gither 2 single- or multiple-recorc file a¢ specified in the aditor SAVE
commanc. Single aull {>00) bytes separaze the 1ines of text in thz file.
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Odject Files

The assembler ogutput (object) file consists of an absolute cr relocatable
machine-language program wnich Can ‘subsaquently bte processed for execution
from-CC-40 memory. The object file can be saved on a mass-siorage device in a
single record or in multiple racords of a specified length, Relocatable object
code flags address values in object code produced by direct addressing
commands such as LDA, STA, CALL, end BR. These addresses are subsequently
evaluated by the linker relative to the start of the machine-language program.

The format of the object-code program is tagged-object format. [n this
format, assembly-language labels which have been convertad into absoiute or
relocatable values within a single object file can be resolved from other
tagged-object files being linked with it for execution. Linking resolves
references external to the assembler-gutput file by transferring labeled
addressing and vaiue information among files to be linked. '

" Tagged object format stores object code in a series of variable-iength |
fields. Each field begins with a single alphabetic label or tag. The label - .
or tag for each field uniquely identifies the format, the contents, and the"
type of data in the field. A complete cescription of CC-40 tagged-uhjeﬂt‘coﬂe?_“

appears in Apoendix E of the CC-40 Editor/Assembler Reference Manual.

RUNNING THE ASSEMBLER o :
. ATter the ALDS s entered from BASIC with a [RUN “ALDS"] command, the ALDS
| :;;yk“;i?b¥békam;menu_aﬁpearS'ih the display ‘&s shown below.

) . | . . | *_ .. ";# \
E[dit Alssemble innk Blasicu | |

The assemdler 1is entarad whnen [A] is pressad. The assambler dispiays a series
_ R "
* of prompts which request the names of mass=storage filas,and the desianaticns
~  of peripheral devices which are to be ‘used during assembly, /

Moo

Page’ 2
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Hoor. ertvy, the zssembier prompls Tor {1, spurce “ile, (2} object fiie, [3)
Tyoe oF 23semby, ang (&) 1isting gevice number or Filename,. Tnese Drompus,
edlonc with tydical regponses, are shown below,

Sourze fite [1.SRC)
Object Tile [Z2.0BJ R=lD24)
In memory assemble (Y/N)u IN]
rist file [21.5«300,RaN]
The abject File is optiona’. No object Tile is produced if [[ENTZIR]] is
sresses, Assembly without an object File is useful for displaying or printing
assembly errors in minimal time,

~ When an object-filename is entered, it can de Tollowec by spates and a .
specification for record length {of the form Rennn, with nnn being the numbef_
of bytes in a record). Specifving no record lengih with the fi1ename-
indicates that the object file is to be written as 2 single record). In the
example above, the object file is given the name “0BJ"; the file is writteﬁ to
device 2 in 1024-byte records. -

‘r -

e

Tne In memory assembley prompt does not alwzys appear: it appears only if an
object file 1s to be proviged by assembly. An answer to the prompt deoeﬁds on
the iength of text being assembled and cc-20 system configuration, An [N}
answer to the prompt, when mass-storage devices such as Wafertape™ units

o {whithepermit onlyone file €0 be ooen at a time) are used, requires that

separate devices be used for source file and object files A [Y] answer
indicates that the object code is stored in memory until the source file can
be ciosed and the object file writien to the storage device., Fror an in-memoty
assemdle, memorv must be la2roe 2nouch to coﬁtain'source code, object code,'and'
assembiy :ab1es'at the same cime, k -

" | x

. ?age 3 Yoammms
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Much iarger files can be assemblad when an [4] answer is given tc'theilg
memor y assambley prompt than when 3 [v] answer is given, hut the mass-siorage
device configuration of the CC~40 system must support two files being open
simuitaneously, either with two devicas such as wafertape''! devices or with
some other single device which permits multiple open files.

If no listing device or filename is entered, no listing. is produced and
'assembiy errors are displayed on the console. hen the List file prompt is

~ answered with a device number, as with the 5232 device specified in the
example above, the listing can be orinted or displayed on an extaernal device.

SOURCE FILE STATEMENTS

. The assembler source file contains three kinds of single-line statements: (1}
assembly-language instructions for the assembler to translate into machine
commands, (2) pséudo—operation instructions {called “"pseudo-ops” for,shcrt)'
which result in storage of data into the object-code output of the assemdler, *
and (3) assembler directives. |

.

Assembly-Languace Instructions ) |
Assemhly—languaggfihstrutticns consist of mnemonic (memory-2iding) labels and

op codes, mnemonic or numeric operands, and comments (see chapter 2 of this
- manual_and chapter § of the CC-40 Editor’/Assembler Reference Hanuai for more

L t:;Tfr;&éiikiéﬁ iﬁ?&ﬁhiffﬂﬁT-'37hé as;emnlerftranslates thase instructicns

]ine-by-1ine into machine-language commands in the object code.
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2¢2udd JoeratTions

Pseuot-operetion inyiructions direct the essemdier te store date other than
Drocesser commands into ocject code. Pseudo-ops are placed in the op-code
fieic of source lines, ang tne ogata is piaced in tne gperand field, 7This data
can consist cf binary bytes'drv#ords for use in cata tabiss, strings of ASCI!
characters to be used as messages, app1icit1ons-progrnm menuy keywords, or
other such data. The assembler recognizes two pseudo-ops for writing numeric
date inio the object file and two pseudo-ops for writing ASCII
{charazidr-stiring) data into the ooject file, as described below. More
cetalied informetion about pseudo-ops is given in the following discussion.

Numaric-Data Pseudo Operations |

Two. instructions cause the assembler to store numeric data into the object
file. One is for storing singie~byte values in the range from 0 through 255,
anc¢ the cther is for storing double-dyte (“word") values in the range from 0
through 65535. The instructions are as follows.

BYTE: Write one or more single~byte values specified by the operand inte
the object file,

DATA: Write one or more two-byte (word) values specified by tnezéperinﬁ
| intd the object file.

o ASCIT (Charactnr-String) Data-Storage Pseudo~Ops
- Two iAstrlictions cause the assembler to store bytes representative of ASCI]

text characters into the object file. One instruction stores characters of a
string in “normal order” ang the other instruction stores characters in
"reverse order." These two string pseudo-ops are as follows.
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TZXT:  Write the ASCII representations of characters in tae string
specified by the operand into the object €ila in normal order
(first character at the lowest object-file address, last characuér
at highest object-file address). A iabel praeceding the 71 =XT
instruction is evaluated ta the address of the Tirst oyte of the

string (lowest address).

RTEXT: Write the ASCI! representations of characters 1in the string
specified by the operand into the object fila in reverse order
(last character at lowest object-file address, first character at
highest object-file aadress. This instruction is particularly
useful because the TMS7000-family processor has a memory-pointgr
decrementing {nstruction (DECD) but no pointar incrementing
instruction. A label preceding the RTEXT instruction is evaluated
to the address of the last byte of the string (nighest address).

Assamblier Directives

Assembler directives specify the manner in which program assembly is uarried |
out. Although they do not produce cbject code, %hesa instructions are also
typed into the op-code field, and any values used with them ars placed in the
operand field. |

ST aessmbler directives cause, for example, assemoly of object code Yor usa &t

aarticular locations in memory (relative or absoiute), and they cause listing
or suppression of listing of assembly source and object code.

“ne assembler directives include the follcwing 3roups af instructions.

1‘ [
i _

' I F : e gt e 1 X7 . 1 i~y o ;- ‘e ' e -
‘ot Four instructions for specifying the locaticn at which sudsaduent code
and ~“ata are to dDe written inte the coject fite

1aY An instruction ‘or equating symoois witn values zZuring asszmbiy
T o m— .....:-_",,p-‘

5
N\
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.C: AR instruction Yor specitying the ens of coge for & proaram

0, Two instructions for producing object-code symbois which enable
- multipte osject-file linking

0% An instruction for including another source file within the current
one during assembly

‘ol Pive instructions for printing and formatting assembly-output listing
Tages

01 An instruction for setting assembler optfons, such 2s producing
cross—reference (symboi/location) listings an¢ truncating the listing
of 1ines of object code for byte, data, and text lines Ea

The instructions within each group of directives are describes below.

- Code and Data Location Instructions

Four instructions contro} program memory locations in which code and data can
be stored during program execution. Two instructions directly set the
assembler “program counter,* and the other two cause the assembler prdéram-
counter {0 increment past memory lﬁcations where data is to be stored.

ADRG:  Absolute origin: Szt the absolute-address origin of subsequent
2ULTIC R object.code to the' value specified in the operand.

_RDRG: Reiocatable origihﬁ Set tne relative-address origin of the object
code to an 2ddress displaced from relative address O by the value
specified ir the operana, |

\

-4 b ’ g .

S : _ o L
T BSS: Block starting with symbol: Skip past object-code locations For
«nhe number of Dyies specified in the operand and assion any labe}

for <he skipped bytgs to the 2ddress of the first bviz skipped.

e e mm e N .. - T #“......i.. g = m——— . - e mm— -~ =
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BES: Block ending witn symboi: 5kip past object-ccde locazions for the
number of bytes specified in the operand and assign any laoel for
the skipped bytes to the address of the first hyte after the Hlock
sk ipped.

Symbdl Value Zquating Directive
The EQU directive assigns values to symbols which precede it in the label
column of the line.

EQU: cquate: Assign the value in rhe gperand to the lavel.

End of Source: Statement
The SMD directive marks the end of the assambler source code. Any sourceﬁtcde
instructions following an END directive are ignored dy the assemblier.

END: znd source ccde: Terminate assembly at this line.

Linking Information Directives

Two directives grovide the ALDS linker with information making prggram -~
_vﬁriables accassible to linked grograms ana permit the use of similar
variables in the ather grograms. fAlso, ses "IOT,” below. )

| aé?i""néfine symbol: Include the symool specifies in “he gperand 23S 1

| “oublic" symbol in the object fiie with a value made availabie %0
the linker for use in other srograms -being Tinked to the current
cne. -

REF: Jafarence symbol: Inciude the symbol specified in the operand as
an “axtarnal® symdol 1n the cbject file with a yaiue to e

saarched for by the linkar among ather oragrams Jeing Tinkag £2
the current one.
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F

ile Copy (Inciude’ Dire=tive
The FOP Sirective enabins the 2ssemdlar {0 produce odject Tiles from multisie
SOUTLSE ‘11&5.

LOPY: Eopylfiie* Copy or incluoe another source fiie named in tne
operand into the current £ile during assembly only {source .11&5
remain separate fo11owing assembly).

Assenbiy-iisting Control Directives
Five cirectives control the listing of the assembly (and 1dent17y the program
in the object Tile for access by the linker). :

107: ldentify program: identify the program by the string in the
operand both for the listing page heading and for access by the -
linker. |

TITL:  Title the following pages: Provide 2 page title for the next Ppage
and subsequent pages from the string in the operand.

LIST:  List lines: List the lines of the assembled program following this
directive and set the number of lines %o be printed on each page
prior to avtomatic end-of-page eject.

PAGE: Eject page: Eject a2 page in IiSting.
Rt N o ' '
UNL Tist 11nes Do not 1ist uhe lines of asseaned program f0110w1ng

this direct1ve.
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Assembler Option Directive
The OPTION directive turns on and off the listing of multiple lines of object
code following DATA and TeXT instructions, and it turns on &nd off the 1isting

of & cross-refarence map of assembly variables. When OPTION is placed in a
line in the position of an op code, the following option specifications

(separated by commas if more than one is required) can be listed in the
operang fisld.

B8: Truncate byte lines: Print only the first line of object code
generated by each BYTE pseudo-op.

0: Truncate data lines: Print only the first'line of ubje&t coae
generated by each DATA pseudo-op.

T: Truncate text lines: Print only the first line of object code
generated by each TEXT pseudo op or the last line of each RTEXT
pseudo-0p.

F: Finish line truncatibn: Print full object code generated by SYiE, -
DATA, TEXT, and RTEXT pseudo-ops.

X: Produce a Cross-reference table: Produce a detailed cross-reference
;d},iﬁgﬁ{}i;able,lisging the‘vg1ue of aach symbol, the source-Fiie line on which

" 777 the valiie definition occurs, and the source-file lines containing
'refareﬁces to the symbol (in operands}. |

R: ?Produca a Reduced cross-referance table: Produce a cross-refarence as
above, except that only symbols From Copied filas which are refarancec
are listed in the :table. | - X o

Psaudo Qoerations in DJetail |

All psauco operations wnich produce binary data in the sbjact code 3re aritizn
into source ifnes in the opcode.fjelc. The expressions ta e evaliates inig
© Dinary data-are writtan into the operand Fiald of tThe iine,

‘H-l'-n-—-

2age C
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taCtn InsIruction can de precedec by 2 iabel which, for 3YTZ, DATA, ane TIXT,
is evaluated during assembiy to the location at wnich the first byte
~epr2senting tne operand is stored. A label for the STIXT instruction,
however, is evalyated t5 the loze=ion at which the jas* byce representing tné
operanc is storec, | ”

Numeric Data-Storage Instructions: BYTE ang DATA

The EYiZ.instruction causes one or more single-byte values specified by the
operand vC De writien into the object file. If one byte is to be written, the
instructfon has tne following form, |

3¥YTz »D

Multiple bytes can be written with 2 single instruction by entering'multi§13 "
vglues seoaracec by commes into the operand field of the line, as in ¢the |
following.

BYTE 13,5D

The DATE instruction causes one or mere two-byte values (words) specified by
the operanc to be written into the object file. If on2 word is to be written,
the instruction has the following form. ‘

DATA D
IRE R S . : , |
itiple words can be written with 2 singie instruction by entering multiple.
va1ues'séparated by commas into the operand field of the line, 25 in the

fcllowing.

[
-y
p &
-
Pasd
o)
g
)
!
put
[ %
(sl
-
]
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ine assempler evaluates negative values into binary form according to two’s
complement convention., The hexadecimal representation for the evaluation of

-1 is >FFFF, for example, and the hexadecimal reprasentation of -65335 fis
>0001.

Striqg characters can be used in expressions in BYTE or DATA instruction
operands. The instruction 8YTE 'A'-»>40 writes >01 or CTL-A into the object
file. Similarly, the instructfon DATA 'AS' writes >4142 into the object file.

ASCII Data.Storage Instructions: TEXT AHD RTeAT |
The TEXT instruction causes a quoted string of ASCI! characters specified in

‘the operand to be written into the object file in normal order: the first

~ character in the operand s written at the lowest object-file location, and

the last charactaer is written at the highest object-file address. If the
initial quotation mark in the operand is preceded by [-], the highest bit (bit
7) of the last byte of text stored is set to ONE to mark the end of the string.

The RTEXT instruction, like the TEXT 1nstructicn,_causes da quoted siring of

ASCII characters specified in the operand to be written into the object file. - o

Tne order in which the characters are written, however, differs with the RIEXT

instruction: the last character in the operand is writtan at the lowest

"

object-file location, and the first character is written at the hi chesh

~ :~,§_0Qje¢§-fi1e adaress. A label ysed with RTEXT is assigned the vaiue of *he
" “{ocation of tné first character (at the highes: location). Decremeating a

memory pointer set to this label with a DECD instruction during program
exacution scans through the reversed taxt in norma} order. If the initial
quotation mark in the operand is preceded dv {=], tne highest bit {9it 7) of
the Towesi-addrassed byte of taext stored is set to CNE o mark thn end of the
« String. - Y



[ e Bt B

2163L Ecditor/Assembier User's Guide—Chapter 5 rinal Draft

| Last Revised 08/17/83
underlining in text (except heads) indicates a typestyle other than normal
text; single brackets indicates information to be typed: doudble brackats
ngicates key to be pressec |
dloh2 = pound sign: 2 = percent siaon: = guestion mark.

0= at'siuﬁ-

Assemoier Directives in Detail

Assembler direciives can be c¢ivioed into several classifications. Zach o7
these claSsifications is discussed below.

~ode- ang Data-Location Instruciions: AORG, RORG, BSS, and BES

When translating assemb1y-1anuuage instructions and data into object code, the
assembler progressively maintains a two-byte counter which points to the

“locatiop of each byte of a machine command or data block in the object code.
AS each.uyte of the obaﬂct code 1s written, the pointer is incremented to the
next location in memory. |

In genera1 wnen the assembler reads a label in the source code (during “pass
1," the initial assamdbler scan of the source code), it stores the l2bel and
the value of tne corresponding location counter in a table called the symbol
tab1e. After the table is camplate. the assembler scans the source code again
(during “pass 2* in which the object code is written). During pass 2, when a
symbolic (non-numeric) operand is found the assembler searches the symbol'-
tabie 1n order to find a numeric vaiue corresponding to the operand. The }
numeric vaTue from the table is then incorporated into the object code for the
assembd ly-language or data tnstruction currently being processed. "

rour assgmblef'directives provide control over the assembler location counter
from statements in the source program. The AORG (absolute origin) ahd:RORG,_
(relocatable origin) instruttions determine both the value of the location
_.counter and the actjon taken by the 11nk¢r in processing the object code for
execution at speci‘ic memory addresses. The AORG ano RORS instructions are
mutually exclusive during the assembly of any program. Assemb1§ set by AORS
to produce absolute code canno: 2lso produce relocatable code. Likewise,
re1ocatable—?ode assembly set by RORG cannot produce absolute code. The
‘assemblier produces 2 Mixed module errorxmgssage and disregards any orig1n
statement that is not of the same Lype 2s the first origin statement.
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Wnen the AORG instruction is encountared, he two-5yte location counter is sat
immediately to the value specified in the'operand. Subsequent
assemdly-language and data instructions increment the counter from this

value. If this value is >4567, for example, then any label on the AQRG
instruction itself or on the instruction following it is stored in the
assembler symbol table along with the value. If the label appears in an
instruction operand, the assembler uses 3557 appropriately in the object code
for the instruction during pass 2 of the assembly.

The RORG instruction performs essentiaily the same task as the AORG
instruction, except that it flags the abject ccde following it for subsequent
-relocation by the linker. The linker subsequently “"biases" address-related
words in the object code following an RORG instruction by the address at which
the object code is léter to be lcaded. An RORG tnstruclion assigning the
location counter a value »567, when the linkar is sat to relocate the orig1n

of the program to location >40C0, results in an address of >8567 for the next
instruction. |

If no AORG instruction occurs before the first object-code groducing -
instruction or memory-biock skip instruction in 2 program (see 8E> and_BSS
below), the origin for the program defaults ta RORG 0. If an AORG directive
is subsagquently ancountered, a Mixed medule error occurs.

~5 1 The “object tédafﬁn'a grogram can be stored discontinuously: the assambier

iocation countar can be incremented past a suef1fiea numder of adaresses L0
resarve the skipped block of memory for data storage during prncessing. 'Two_
diractives cause such blocks of memorv t3 be ski pped: 3SS (9lock skipped

definecd by Start1nu symbol) and 8€S (block 541sped def inag by =nding symtol).
" The operand of each instruction saec;}ins ‘the number of :xtes idded 9 :the
lgcation counter during both passes of assemolv.
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“he only cifverence oetween tne 2S5 anc the BES instruct ions lies in the va?ue
wiizh tne assembler assigns to & 1ape? inciuded with tne instrucztion auring
Tirst pass. wWith & BST instruction, the value assignec is the value in the
location countar when the instruction is encountered in the source code. With
2 Bz instruction, the veiue 2$signed is that of the lozetion counter artter
the length of tnhe block skippec has been added to it. The value is the acddress
of tne next byte of object code to be stored.

value-Assignment Instrustion: EQU | |
When the assembler encounters an equate instruction in the source cogde during
the first assemply pass, it stores the value specified in the operand of tne
instruction in the sym20! table 2s the value assigned to the label of the
instruction, !f the operanc is itself a symbol, it mus: be 2 Symbol
previousl} evaivated to a number and stored in the swvmbol table.

Registers can be given mnemon ic names through the use of equate statements.

C QU RZ2, for example, can enable pfogrammiﬁg with another register ﬂastgnttcﬂ
by ltetter. Equate statements which define registers should, however, be
encountered in the source code before the assembler scans any instructions
using the register'ﬁﬁﬁe. beCause register instructions vary in length
accoraing to the registers be1ng used. Designating the symbolic name of a -
register after the assembler has incremented the location counter past a
stalement with the name in.an- operand.can result in an erroneous value in the
Tocation counter during assembly pass 1; all svmbols stored in the symbol

;ﬂjg ¢;;tab1e thereafter can be in error. The assembler detects and reports this
””**errar wfth an Invalid. registér value mes!nue. The error can be avcided by
piacing equate statements which rensme registers at the beginning of a source -

file.

T

3
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Linking Directives: DEF anc REF

The define-symbol! (DEF) instruction causes the assembler to include a symbol
and its value 1n the tagged-object file within a table used for resolving
symbolic references from other files. The JEF instruction declares the value
of a symbol in the operand to be the valye substituted while linking with
other files in which the symbol occurs undefined {provided the symbol is in

- the 5p¢rand of a REF instruction within the other fiies: see below). The
symbol is “public* and available for use by other files being linked for
memory execution with the current file. |

The external-reference (REF) instruction directs the assembler tg put a symbol
'in the operand into a list of tagged-object code symbols with values to be
determined from other files during the linking process. Upon linking, symEais
tagaed as REF symbols in one file are searched for among svmbols tagged with
JEF in other flles being linked: values in OEF tables corresponding with
entries in a program's REF list are returned to the program for use in
producing executable object code. |

cnc-of-Assembly Instruction: END ) - S .
The END instruction causes any succeeding lines in a source file to be ignored
during both passes eof the assembly. The SND dirzsctive is opticnal at the
physical end of a file being assembled.

" MuTeiple SourceFile Directive: COPY , _ _
The COPY instruction directs the assembler to include 2 source Tile other than
the one specified at the outset of assembly. Tnis instruction does not
actualiy'copy source code between mass-storage Tiies. [t Joes, however, at
the ocint of inclusicn in the scurce file originaily specified For asszemdiy,
;:topy':he file named in the operang ints memory For continuation of assembly
during doth passaes. When the copied file is completelr scanned during gither
Dass of assembly, the assembler resumes its scan o7 the primary file soacifiag -
in raspeonse td the assemoier Source File arompt with zhe instruction foliawing
the COPY dirsctive. N

N
\
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Fijes inciuced in 2ssemdly by & COPY instruction zar not contein COPY
instrucstions: only one lavel of source-fiie nesting is permittec.

If the filename in the JOPY directive is precegec by the ietter "P" ang &
:omma, The assembler issues & prompt vor insertion of media containing the
file to De copied during all passes of the assembly. For axample, the
cirective COPY P 2.COPYFILE produces an Insert: Z.C0PYriif message in the
display: g

Tne COPY Iinstruction aisc requires that both the originzl file anc the file
being copied into it be open simuitaneously.” Therefore, two mass-storage
devices such as Wafertape'™ devices, which permit oniy one file to be open
ac. ¢ time2, must be used. A third device is required if In memory assemble
~(Y/N): has besn answered with [N]l. o .

Listing Directives: IDT, TITL, PAGE, LIST, and UNL

1f a device number or filenams is entered in response to the List file prompt
at the beginning of assembly, an assembly listing is printed during the second
assemdbly pass. 7This iisting, an examplie of which is shown in figure 5-1,
consists primarily of the cbject code generated during assembly 2gainst the
left margin of the paper in'torrttpandenc¢ with the source-code line from
which it is generated to fts right. (Note that the listing has been edited to
align the elements of each line into columns so that they can be labeled; the

iy

.n*ﬁxjiﬁactua: 115 1ng has feuer ‘spaces betwesen elements of each line.}

. -
ST T
- t t
B T =

- -
.

Figure 5-1. Listing of an Assembled Program

rollowing assemb’y, the assembler can bé*direC¢eu 0 pe-form a third pass to
pifoduce a cross-reference table, an example of nh1ch is shown in figure 5.2,
L The cross-referance table correlates the namc of eacn sympoi used in the
~ assembled procram, the vaiue a551gned to the symbol during assembly, the
numper 0f the Source-coge +ine on which the vaiue is 2ssigned, ang the numbers
~ of lines on wn1cn the symboi 15 re?eréh ced (in operands).
\

Page i/ #—
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The pane-2iect instruction PAGE causes an ASIi form-TeecC characier (500 or
cTioY e pe sant to the printer, An ASCII form-feec characters can 2is0 be
" cap: autometically efter a prese: number of lines are printec on & page, &S

specities in & LIST cirective {see pelow).

Directives to List or Not List Lines

An entire program need not be printed in a 1i§ting. Selected lines can be
Tisted by preceding them witn a LIST instruction, Selacted lines can be
suppres$sec by preceding them with an uniist, UNL, instruction. Lines
coniaining either the LI3T or the UN.L instruction are not printed in the
listing.

Tne LIST instruction can, in addition, be used with a numeric operand TO sel
the number of iines to be printec on 2 page before a page is automatically
~ejacted. The instruction LIST 45, for example, causes 45 lines of text |
(including the heading and blank line following it} to be printed before a new
page is begun. A LIST {instruction with the number 0 in the operand, however,
has 2 special purpose: LIST O suppresses the heading and all form feeds. A
LIST 0 diractive is in effect when 1isting begins. '

A LIST directive without an oberand causes printing to resume with the numbéf
¢f lines on each page set at the same value as in the most recent LIST
directive with an operand.

' ppEien Directive:: OPTION - -

The OPTION directive provides for automatic deletion of 1isting 1ines which
consist of only object code produced by BYTE, DATA, and TEXT instructions. [t
also provides for printing a cross-reference table of assembly variables,
Like other directives, OPTION is pia:ed in the op code field'of an
“4nstruction, and lettiers representinu'kelecued options are placed.in the
“operan? field, Multiple selection of options in the operand field requires
thet commas separzte each letter, 28 in the following exampie.

OPTION T,R

Page 19—



. e B L m R S—

2103L Editor/Assembier User's Guide—Chapter 5 Final Draft
_ Last Revised 08/17/83
underlining in text (except heads) indicates z typestyle other than normal

text; single brackets indicates 1nfonma~1on to be typed; double brackets
1nd1cates key to be pressed .

2loha = pound sion: 5 = percent siuﬂ. o = A8t sjun; y = guestion mark

Figuré 5>-2. A fypica1 Crstwaeference Taple

‘Both listings and cross-reference tables are controlled by assembler
directives. . Some directives control listing format, including page headings,
title Yines, and page length. Other listing-control directives control
whether selected parts of 2 listing are to be suppressec ang whether 2
crosserefereance table is produced.

‘Listing Format Directives

The file-igentifier (name) instructibn JOT specifies in the operand the name
of the file being assembled. This name appears, along with & page titieftnd?#
page number, in a heading at the top of each page. The IDT directive aiso
causes the name of the program to dbe included in the assembler output file,
-thusvproviﬂing the linker with the program name. The name is also stored in
the odject file for use by the linker in reporting on files successfully.

" linked. It can contain as many as eight characters and must be surrounded by

singlie quotation marks. I nc IDT fnstruction 1s;pres¢nt, the default name
"NO$IDT* is printec in the heading. -

The pape-titile instrUCt?ﬂn~TITL'causes additional text to appear in the

R heading line beside the program identifier.. The content of the line, typed
- L inta theoperanc of (the instruction and surrounded by single guotation marks,

can contain up to 40 characters. For a page title to appear on the first page
of the listing, the TITL instruction for it must precede any line which is to

be printed in an assembly listing. After a page title is specified, it
éppears at the too of every page following the TITL instruction until it is
subsequently changed to the text in a subsequeﬂt TITL instruction., .ithe line

containing the TITL directive is not printed in the listing. If no TITL
“"ins truction is present to specify the title to appear in the heeding, the
default title "CC-40 TMS7000 Assembler Version 1.0" is printad,

Page 16 « -
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The 3YTE, OATA, TEAT, and RTEXT pseudo ops sometimes result in the printing of
many unwantad lines of object code., Zach byte of object code produced by
BYTE, TeXT, and RTEAT (edch word of oojesct code producad by DATA) is lisied on

& separate line beginning with the line on which the instruction occurs. A
30-character string in a TEXT statement therefore produces 30 lines of

listing. To eliminate such long segments of listing, four directives are
used. The OPTION 8, OPTION 0, and OPTION T directives cause only the initial

line of object code generated respectively by 8YTE, DATA, and TEXT (or RTEXT)
statements to pe listed. Listing of all object-code lines following the first

is supprassed. The OPTIONM F option cancels the effect of any and all OPTION
8, OPTION D, or OPTION T directives issued in the source codg_preceding it.

An X or an R option in the operand field of an QPTICN directive causes the
assempler to perform a third assamoly nass to generate a cross-rererence tabie.

Both X and R produce identical tables if no file is being copied (included)
during assembly. If one or more files are copied, however, the two directives
- aroduce different tables. The X instructiom causas all symbols defined in "
botn the primary file and copied files to be 1isted. The % instruction al3o T
causes aill primary file symbols to be included in the table,lbp; itﬁreduces
the symbols included from the copied files to those winich are referenced.

L Tahemcopied files are assembled and cross-referenced, line-numbers 1n
crass-reference listings for symbols ‘within them are keyed with alphabefic
characters. The letter “A" precedes line numbers-in the first copied file
ancountered during assembly, the letter "3" precades numbers in the sacond
copied file, and so on. The cross-reference table in figure 5-2, above,

.. shows an assembly which includes two copied files,

" ' p)
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ASSIMALY ERROAS uh.-?ROP MESSABES

Derinc passes @ and 2, the assembler screens tne source filza for errors in-
instruction entry. 17 & iisting is being printec during pass 2. the assembler

prints 2 message identifying any error on an unnumbered liéd;nu Tine
immeciezely following tas instruction line on whicn the error occurs. If no
listing is beinc printec, the assembler outputs the assembly~listing of the
line ¢nntaining the error to the display. Pressing any key brings any
subseﬁugn: lines of object code produced by the source line or the erfbr

meSsage:jnte the dispiay.

- assemb1y error'messages go not necessarily indicate that the object code
oroduced by corresponding instructionslis incorrect. ELrror messages do mean
that the chject code can be in error and should be examined. Likewise;'tha“
absence of assembly errors coes not indicate that “error-free programs can be
- executed as expected. The absence of assembly errors indicates the .
dccﬂptab111ty of source-code instructions to the assembler on an
instruction-by-instruction basis: the togical flow of the program remains
unchecked until the program 1s executed and debugged. (See chapter 8, “The
DEBUG Monisor."). |

The threze tables shown below 11st error messages and expiain the errors which-
correspond to each message. The first table lists warning messages. The
object code preduced by a warning can be usable, but it should be inspected
carefully, The second taole lists errors classified as “severe errors.”

;”:?f'¢_5e$gre errors indicate 2 very high probability that incorrect object code has
‘been proGUFed. The third table lists errors classified as “fatal errors.”

Fatal errors cause immediate and unrecoverable termination of assembly.
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WARNING MESSAGES

MESSAGE EXPLANAT [ON

Value truncated A numeric value is too great. For example >LFFFF has
been evaluated to a word expression as >FFFF

Symbal truncated A symbdl string contains more than eight characters
(only the first eight are significant)

Trailing operands Too many expressions in the operand field: extra
expressions ignored .

Pzga 22
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SIVERE ERROP. MISSABIS

 MZSSAGE ZxD: ANAT ION
invaiic op Coge Tne commancd field does not contain & vaiid
| instruction mnemonic, pseudo operation, or
directive '
Undefined symdol , An expression in an operand fielid has not been

cefineg bv a lape)! or a REF operand, and it
cannot be evaluated

Multiply defined A symbol is defined more than ence symbol

o

invatlig symbol | A symbol cont2ins characters other than 'A"-"Z‘.
"i"—"l', non_ngu' f}u' and usl

Invalid constant A string constant contains an invalid delimiter

or 2 numeric constant contains an invalid .
character
Invalid expression Expression contzins illegal Gperations or invalid
symbols
:.f’1-g;@af;ﬁmf%§¥ﬁ§ operand ; An operandfrequired with this op code is not
present
Invalid operands Operand(s) present are not valid for op code
» invaiid use of A symbol was REFed and DEFed, or 2 REfed symbo1l
T symbol is used as a label :




' a
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RESETUEd SYMDU] “5“,“A“,"3“,“RD“-“Rlz?“,“R)O“—"R)FF".
"POM-MP255", "P>Q"-"P>FF" or “STY, ail predefined
symbols, are being redefined

Invalid registar A register value exceeds 255, is not absolute, or
value | contains an undefined value (external or forward
, | | referenced symbol)

Jivide by O Expression contains division by O

Too many nested expression has too many nested parentheses |

parentheses parentheses (normally five levelslf simplify the
expression | |

“Missing )* Expression lacks closing parenthesis of pair
Sy/mtax error Invalid syntax in an operand
Displacament %00 Dig 0ffset generated Sy che jump instruction cut of

-128 to +127 value range

Mixed moduia The source cantains toih adsaiuta and ralocatahle
cade (AORqrand RORG)
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FATAL ERRDA MIS3ABES

MZSSAGE | EXPLANAT 0N
Memory fui: The source, object, and/or copy files ang the symbe:

~able do not fit simultaneously in memory \requsing
record sizes can remedy the difficulty)

PASS1/PASS2 A symbol is defined oniy in pass 2 or it has & value
confiict different in pass 2 from in pass 1, usudilyv because
" of undetectec file error or & different file being
used during the Seconc pass. This 1$ also 8 severe
error if a symbol is defined recursively.[as in X EQU
X+1, .

Nested copy files £ copied file contains a COPY directive

=

I - I:_Fi. ﬂ.. .IJ'
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-nis cnapter describes the way the linker is usec 1o convert tagoed-object
coge ints machine janguage 9dj2ct files 2ng 10 ink m:1siple essembler-output
£ii2¢ together into a single maching language program.

AssembYEr;outpu: £iles must be processed oy the linker before the object
oragram can be exesutec. Assembler-output files are in tagged-object formatl
‘322 shapter S and appendix £ of the CC-40 rditor/Assembler Refarence
4a1u8l). Tnese files must De converted into TMS7000-Family mechinexlanguage
commandgs.

 in addition to converting file format, the linker resolves {asiigns values to)
refereaces wnizh nave been produced by assembler REF and DEF directives. It

; hpr0dJCE5 eitner (1) relocatable-code programs or sduprograms which can be
. loaded and run under BASIC or (2) reiocatable~ or absoluta~code programs which

_can be ioaded and run in 0C-40 system or cartridge RAM. Programs output by
the linker contain aither absolute code or relocatable machine code (the
assembler does not produce an output file from a mixture of both). .
Lige assed vy, 1inking raquires twn passes. The first pass determines the
Yoigth 9f the object file ang builds a symbol tabie for referaences among

:?Qi- 1i{f1}e;ﬁhi;‘ second pess ﬂruauces 2 memory image of the object code (and 2

relocation table if the object code is relocatable).

RUNNING THE LINKER
~fier the ALDS is entered from BASIC with a [RUN *ALDS"] command, tne ALDS
Arosram menu appears in the console display 2s shown below., oo

Ticit Alssemole L)ink Blasicy

- oy m ak e B ey W el O A e R A . A
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Pressing [L] when the menu appears causes the linker ta,begih axecuticn.

Linking is controlled by commands stored in CC-30 memory. The commands can be
entered directly on the keyboard at the time of link{ng, or they can be read
in from mass-storage after they have been created and saved by the ALDS editor,

Upon“entry, a linker prompt asks if there is a contrgl file on a mass-siorage
device which is to control the linking process. The prompt [s there a control
file (Y/N)u appears in the displiay. The control file contains linking
commands entered tnrough the ALDS editor.

-1f [N] is pressed, the display clears and the linker prumpts with Eater line
for keyboard entry of commands to control linking. Each command is entered on

i

it

a2 single line. The last line entered is an £ command which signals the end of
the commands list. As each command is_entered..the linker checks it for
errors and displays any appropriate error message.

If (Y] is pressed in response to the prompt, the linker then arompts for the .

control-filaname. When the control-filename is antered, the linker opens tge
file and scans it for any incorrect linker commands. The scanning continues
until an £ command code is found or until the end of the control file is

reached. [f the end of the file 1s reached befors an € command is found, a

BN ._warniqg_@essage is displayed and an £ command code is appenu=+ to “he file.
“-Any ‘other errors’ found ark printed on"a "link man,* a comprehensive listing

which records the rasult of the linking procass.

After the linker receives commands from the keybcard or reads from the contro!
Tile, it prompis for an cutput ¥ilename with the prompt Linked outout Tile.

» . . A f . ..
':¥ no name is given, no object code i$ cutput. The code is nevertheiess

generataq iniernaliy so that srrors can be determined.
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, . | e . . .. . ., -
Nasi, Thé iinka» prompis far wne d:k-BﬂS'H gevice wnhich is to print the iInk
man. & listing can be printec regardiess of whether an object-code £ile s
weitten., If no lis:t filename is enter2d, no 1ink map is printed.

i INKING COMMANDS | |

£ive commands conirol linker operation. These commands identiTy the
assempler-guiput files to be linked, the type of machine code t0 be produced
{ansoluig or relocatable), and the format of the linker-output file. £ach
command Consists af_a singie~character code followed by any appropriate
grgumans Or parameter,

Scaces are alloweo—but not requirec——betwsen a command code and an argument.
Only one command can appear in each line., Lines preceded by an asterisk {w)
 permit comments within a link-control file., Comments appear in the link map,

Input-File Commands |

an input file is 1ncludad in the linking process if it is named in an include
.. command code {1 or J). The ergument for eftner include command is the name of
the fila to pe incluyded. The J comnanc code is identical to I, except that J
prompts tne user to mount a mass-storage medium (Wafertape’™ medium, for .
example) with the file on it. From 2 ¢ code, 2 message such as Insert:
2.PROG2 2ppears in the conscle display.

;J;?_ f;&?,EPﬂ¥}§$‘255~jHPUt files can be processed in a single link operation.

”~

.....
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sbsoiuta-Nutnut Command

LTSN SHINANG

The absolute-address command A results in the outhut code uh1C“ is absaiutely
addressed deginning with the value in the argument. If no A command code is

found by the linker (and an AQRG instruction from the assembler is not found
before any code-producing assembler-output command is found, the cutput code

defaults to relocatablie code. [f the linker is processing both ralocatable

and absoifute files and the first file specifiea in an I or J command is a

relocatable file, an A command must precede the command specifying the file,

ihe linker can process combfnations of absolute and relocatable input files

into an absolute output file, but it cannot process such combinatiscns intc a
reiocatable output file,

AS in assembler AQRG ingtructions, linker A commands mus: have arguments’ in

which subsequently specified absolute addresses are higher than any address
previously'assigned'in the linking process. The file currentily being linked
cannot produce code with memory addrasses lower than or the same as addresseS.
used by code from a previous file.

.

Outout-rile Format Command
The multiplawrecord outpul command code M sets the quknr 0 progucs an dutput
file containing more than one record of code. The arguwent for the M command
is the record length. The M command must pracede the Specificaticn of anv

.__,:asaena‘ler—aut::ut fﬂenams (see the I command, above}. If an M command is not
| “*prESEﬂt the Tinked file is accumulated in memory for subsequent writing %o

mass-storace at the end cf linking, eifther as a singla-recore relocatapis-cods
fila or as a two-record 20solute-code fils.

Only one M command can be issued in 3 single linking coeraticn. when.
_‘muitin1e-recuﬁd Qutput ¥i.es 2re to be produced ina mass-sicrage jevices 3uch
as Wafertace™ units (which permit only one open file tg he coen at ane

time) are being usad, the qur o ¥ b aev1c= RUEL Je sanaraita Zram che innut cevics

73qe 4
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Tne IND Lommang

e

The © commano cod2 signifies the end of thé commencs issuec t0 the linker,

LINKER COMMAND TEXT AND LISTING
The foliowing figure shows & series of commands provided (o the linker Dy 2
contral file. Zach vaiid command is represented, and one invalid commanc 1S

1ﬁCiudEd:

A >9000

= START THE CODE AT THE SEGIMNING OF A 18K CARTRIDGE

M 255 - |

* NOTZ THAT THE FOLLOWING ARE FILE {NOT PROGRAM) NAMES
] 1.CARTHEAD -

I 1.PROG1

J 1.PROG2

* NOTE THAT THE FOLLOWING COMMAND IS INVALID

2

3

Ahen & 1ink map 1ishing 1; produced, the first item in the map is a list of

o - the :nmm§nﬁs. Errors in the uont'oi ‘iIe are documented in the map, 2s shaﬂﬂ

" §n the figure beloW, Note .ha* the commands in this figure must have been
issued in a contro) Tile, because the bad command code Z would not have been
accepted in keyboard entry of commanc text by the linker. Also note that if
he‘e*tane'” devices are being usec, & device other than device 1 must have
been specified in response to the Linked output file prompt because of the M

H L]

cammanu - X

O
~
Wl
m

N
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n 2 link map, the H command is always movaed t3 the top of the command
iisting, and the value of the argument it contains is zlways expressed in a
decimal number.

M- 255

A >9000

* START THE CODE AT THE BEGINNING OF A 16K CARTRIDGE

* NOTE THAT THE FOLLOWING ARE FILE {NOT PROGRAM) NAMES

[ L.CARTHEAD
{ 1.PROGL
J 1.PROG2

* NOTE THRAT THE FOLLOWING COMMAND IS INVALID

8ad command code: Z
E

LINK MAP FORMAT

In a tink map, the beginning addresses and lengths of each module < .
(assemoler-output file) code ars listed in hexadecimal values weside the names
assigned in assambler ID7 instructions for each file. For identification in
error messages and the symbol (def*nitian) table in the Iink map, the linker
aumbers moduies uith decimal numbers in the order in Nhich vhey are linked.

~53;35ne“‘bllouing £igure shows a typfcal Vnk map with one errcr identified. A

public symbol called “SuAH' has mult1pte definitions: it is cefined or “DErfed"
in two mcdules, once in the mocule with the 10T name HOSIJ. and a sacong time
in the module with the 19T name 01234367,
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CL-40 TMSTD00 LINKER Version 1.0

COMTR0L FILE

M 64 |

* PUT CUT 64 B3YTI RECORDS
I 1.FILE) '
Bac command code: TYYYY
I 1.FILE2 o
I 1.FILE3
- MODULE MAP
NUMBE MODULE ~ ADDRESS LENGTH
1 NOSIDT =~ 0000 0034
2 01234567 0034 0072
3 XY 00AS 18E
0233 0234 T
*** Warning SCAN in a2 2lready defined ine 1
DEF INITIONS
ASTART  0000' 1 BLOOP  0049' 2 0L.00P  0023' 1” “
FLOOD 0043 2 80 0093 2 HGG 0045' 2
*INPUT  0190* 3 METER  0069' 2 *NEXT ~ 00A6' 3
*ONLY 0234 3 SCAN  o00la' 1 *SCAN 0053 2
3 AN _

- . - |‘|,F‘-
R § - f
: RS M

ek 2 : UNRESOLVED REFZRENCES

NAME KO NAME ND NAME NO NAME NO
2 2 ENTRYPT 3
© LINK COMPLETE . b . v
ﬁ} Page 7
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‘n the module map poriion of the link map, relocatabie values ars marked wif%h
single quote marks follcwing the assigned value! I[n the example, all symbois
except “FLOOD" and "GO are address-reléteﬂ in the three files which nave been
assembled to produce relocatable code. Symbols precaded by asterisks are
“0EFed” in the numbered files, but they are not referencea or “REFed" in other
files.

When symbols are defined more than once, the vailue assigned to the symbol is
 the value associated witn the first DEF instructicn found. Occurrences of the

symbol after the first DEF instruction appear in the listing, but they dre
- marked with asterisks because they are not RErFed.

Following the symbol table, unresolved references are lisiad. ihers are no
DEfeq symbols to correspond to the listed REred symbois. |

LINKER INPUT AND OUTPUT FORMATS

Assembler output filas—input files for the linker-—contain cagged-cbject
code, are described in appendix £ of the CC-40 cditor/Assembler Refsreace.
Manual.

Qutput from the linker is a file which is a memory image of the program TQ Je

,5,;_axe$;;£ﬂ. I the File uontains relocatable object code, memcry-imace coce is
CTL TR e L L

" 'foliowed by a relocation table contdining offsets td words cf coce whicn must

LA

be relocated prior to program execution.

AEADEAS, MEMORY-IMAGES, AND RELOCAi;UH-TAQLE RECURIS |
niess an M command is in effact, relocataoie cada is oytput if a singla Jata
racora for loading, reiocating, and running under 3ASIC. Tne singie reccrad

nas no senarate heager recard, as shown deicw.
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Beginning of riie - o tnd of riise

e e W A il S S Al
L

: Rejocataplie co6s ¢ Felocazion
. : Table !

One record

Atsolute code which is output with no M command in effect is saved in a file
which coptains two records. £As shown below, the first recorc contains 2
header and the seconc contains & memory image of the absolute code., The
memory image 07 the 2bsolute code is filled with NOP commands {>00) betwean
segments of coade set with AORG instructions not to be contiguous. When a
relocatadie coae:modu1e"ollows"abso1ute caode, the relocztable module becomes

absolute ang machine code fram the module 1med1a...ely follows the last bvte af
the previous module, |

Beginning of File tnd of File

L
¥

L

!Absolute code with addresses for
lexecution already calculated

¥ _ A 4 -

‘Header
+Record

L I | A= L
& - W -

Recora O Record 1

With an M command in e‘fecf ab501ute code is output as a memory image

;_:;5_¥;mu1t1p1ern&cord file with a heauer record, as shown below. The length of the

records is specified in the M {21though the Jast record can be less than the
record length specified 1f fewer bytes remain to be writ ten). |
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Seginning of File tad or File
L] ' B g gTm———————— pTTEETETTT S
‘header ! !record . !record ! lrecord .
record : lwith ! lwith ! wwith
. ! 'lowest ! lhigher ! lhighest.

' ' taddress ! laddress ! ‘address.
' ‘ ‘ '

e

Record 0 Record 1} Record 2 Record 3

Aith an M cammand in effect, relocatable code is alsq output as a memory-image
following a header. Additionally, a relocation table is written as the last
‘recard of the file, as shown below. The relocation table is saved as a single
record, regardless of the length specified in the M command. :

3eginning of rile | - End of File
) ’ ’ ¥ ' T » t IO ’ ¥ E——
‘header ! 'record ! !record ! irecord ! !relocation .
irecord  ‘with t twith L twith ! ! table :
! ' ‘lowest ! ‘higher ! thighest! : ! .
. ! laddress ! ‘address . .address. . .
i f ] ] L

[

Record 0 Record 1  Record 2 Record 3 Recora ¢

P . S
.- . -
L e oo g - }
. . - 'l R oa
' [
L T

HEAQER RECORDS

An ll-byte header record contains the six fieids of information used in
subsaquent loading of linked Files.

\ .,
1. A file~type werd, set to >0F0S o indicat2 a linksr-guibut 1.2

2. A flag byte, indicating wnether the Fiie containg relocatadi2 or
apsoluta code and a singla- cr multipie-reccrd memcry image ! :ina
ralccation zable) . _ __

,
h
LY
o

fags iC
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3. A wOrg specifying tne maximum memory space regquirec for writing the
reiocation tasie into memory

-

4. F word specifying record length for multisie-recorc Files

t"

£ worc specifving memory-image code length

6.. A uorﬁ’spécffy1ng either absolute ioad address or minimum
- v relocation-table length for multiple-record files

" The function of each of the header-record fields is as fnllqws.

rile-Tvoe word |

Theifile-type wor¢, stored in memory at the highest address of the header
block, has the value »0F05. This word uniquely identifies linker output_fiﬁes
‘which contzin absolute~code or multiple records of relocateble code so that
thgﬁ'cannot be erroneously read by BASIC and loader programs for which they
are not gdesigned. '

Flag Byte

The flag byze indicates whether a file is written in mulitiple records and

oy

whether the file contains relocatable or apsolute code. The individual flags
in the byte are set in accordance with the hexadecimal values shown in the

rrrrrr

PERRERECEE LI

FLAG-BYTE VALUES

TYPE OF CODE OUTPUT

.. RECORD QUTPUT Relocatable ~Absolute .
e | ' x . | ,
Single 06 >00
Multipie Y >80
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Maximum-ﬂelﬂcation Tabla Langth

the maximum length (in bytes) of a reigcation table is two more than twice the
number of relocatable words and extarnal referencas (REF's) in the program,

alqck Size

The block size provides a loader with information required to load

muitiple-record images into memory (from high to low address) for the correct .
load address, |

Length of HEmmrx Iimage

Tne Tength of the memary image (without relocation table) permits a loader to
verify that a program can fit into available memory, |

Absolute Load Address or Minimum Relocation 1able Length o
this dual-purpose header word contains different information about absolute
. images and relocatable images. |

For absolute images, it provides the load address for the star: of absolute
code, - ~ _—

For relocatable images, this word and the maximum relocation table lencgth

permits.alinader to verify that sufficient memory 1s presant for loading the
file. The minimum reilccation-table length is calculated to be two more :han

: ?1'-fl;?kiithéiﬁﬁhber*qf;relncatablé oytas in the program.

ZRROR MESSAGES

The Failowing tables ?tigts error messages resuiling Tram controi-file arrsrs

| . o AY R .
- and errors occurring during Tinking, | . .



71 /4L tditor/Assemoier User's Guioce--Chapier & Final Draft

25t Revised 07/22/E3
i Tax: {excep: heacs) incicates & +typestyie otner ihan normial
caxT: $inzle prackeis indicetes informasion to be iypec¢; coud'e brackets
indicates key to De oressed |
aiohé = pounz sian: & = percent sign; o = 2t sign; u = guestion mark

e e

ol
- |
L
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|
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-
.
=
L |

—
-3

2ONTROL-FILE ZRRONS

Mo lvipye ¥ Coae Sarcond M command code found in contrg!l fite.
Second one is ignorec.

M code atter M code found after first I or J command.

inciude Seconc M code has been ignored.
3&d va2lue {ncorrect or missing number found in contro:

file. Commana is ignored.

Bad Tilenama I?1éga1 filename found in control file. Command
has been jgnored.

Bag commang code X - *X* is not 2 legal linker comm2nd

';Hissing £ No £ command code found before end of
cormand code linker control fila, Appears in display. -
| . |
700 many Tiles | More than 255 1 and J control codes are
to be linked used in a single control file. ) -
Bad Tile type - Control file is of the wrong type (not 2 text

file without special characters).
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ungeriining in taxt (sxcept heads) indicates a typestyle ather than normal
taxt; singie brackets indicates information to be typed; double brackats
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ARCR MESSAGES CCCIRRING DURING LINKING

4y

-

Code wraps around Code generated rfor bayond address >FFFr.
address space A warning only for absolute code, but 2is0 causes
fatal memory-full error for relocatabie code.

Memory full More RAM needed than available

TQO many errors Too many errors (multipiy defined symbols) and
extra module ([DT-specified} names

Missing EOR tag End-of -record tag in assembler odject code
ina N | missing.

Missing module Module name tag not the first item found
name in a N in tagged-object file,

Bad program type File of incorrect type specified in
type in a N control file. Not an assembler-output

e

tagged-object file with »>0F04 in the header.

Missing load No load address tagq in object code founc

acdress in e N before tag generating memory image code Tound.
-::"I" o : " " |

Mixed code in 3oth absolute code and relocatziple coae in

‘module in a N a module |

24551 /Pass2 data Jata in the Tirst pass and the secend pass

contiiet in a N is diffdrent (possibly two fiias of.same name or

p |
mass-storage read arror), |

Lode overiaps 2xisting L<ad address tag less than the currant
code in a N  address being iinkea.

--'?'4.....__'- .
‘--'

TV W

Page 14
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Jnderiining in text (axceoi heeads) indicates & typesiyle other than normed
text:; singie bBrackeis ingicates intormeiion {2 be tvped; oouble brackets
incicztes ksy < be pressed
2.0hi = pounc sign; ¢ = oercent sign; c = &t sien; v = guestion mark =

ADS aggress < Address irn £ commans s 12t¢s than the

currens agoress current 2bsclute adoress of the ¢oc6e beine

it ¢ N iinkegs. MNumper is oFf last moaoule linked.

Zxira moduie - A Secong moduie name tag found in a

name in o N singie tagged-object Tile. The sscond name 1S
ignored,

**i‘uarning XXXXX The pudlic symbol “XXXXX* has been "DIFed"

in o K2 already - in two files and is 2 multipiy defined

defined in a N2 - symbol,

I111egal tag I1legal assemblar tag has been

XX XX XX XX XX encountered, Bad tag and the 4 following

ine N | ~ bytes are displayed or printed.

Checksum error File checksum caiculated by the linker

in a N does not agree with the checksum generated by the
assembler,

Absolute in Absolute code found 2fter relocatable code .

relocatabie link (possibly RORG after RORG in &csemdbly).

in a N
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gngeriining In Taxt {except nsans) indicztes 2 typestyie other inan NOT™E |

text: sincis orackets incicetes informetion 10 be Typed; coubie brackets

indizates ksv 10 D2 pressec

:inne « O0UNC Sion: ¢ = pevsent sion: ¢ = 2 Sicn: U = ou2stion marg

M

N

cic

 CAAPTSR 7
ALDS UTILITY PROGRAMS

Trhis charter aescribes the use of ALDS programs which provide suppert for tne
development 07 programs writzen in assemoly language {2nd BASIC as weil).

These utility programs work with the files which are inputi 10 and outpui from
+ne ecitor, assempier, and linker during 2ssemb’y-i2ngcuage drogram development.,
The fcitor/Assembier cartrioge contains ALDS vtility programs whizh are used
=5 orint or display files, to convert files to various Tormets useg by the
°C-40 and cther compuiers, anc to transfer files. Tna utility programs

incluge the foilowing. |

101 A hexadecimei file-dump utility to permit output of the contents oF
any ALDS file. | .

‘ol A cariridoe loager and an absolute-code loader which lgad—for
subsequent exescution--linked object files into CC-40 cartridge RAM or
internal RAM, | :

0% & cartridge-save utility which writes the contents of 2 RAY cartridge
into a mass-storage file.

e et ; _ -
©<1gt ‘Several file-conversion and -transfer utilities: programs which
| - convert petween AtNS.format files and files from external computers,
~from the T1-990 assembier or linker, and CT-40 8ASI{; and programs
wnich provide for RS232 data transmission <o transfer these files.

. \,

Minmm—

Dage I
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HEXADECIMAL DUMP UTILITY (HEXDUMP) o

ine hexadecimal dump utility (HEXDUMP) outoputs each byta in 2very record of a
file as both a nexadecimal number and an ASCII character. Files which are
output by thne editor, the assambler, the linker, and other utility orograms
can be examined in detail.

A

Runhing whe Hexdump Program

When [RUN “ALOS"] is entered in resgonse to the BASIC cursor, a nartial
display of the ALDS menu appears in the display as shcwn below.

Eldit A)lssembie L)ink B)asicu

Pressing the {[SPACE BAR]] shifts the window to show the three remaining ALDS
commands, as shown below.

-

H)ex dumo D)ownlaad T)ransfgru

Prassing [H] while either part of tne menu is dispiayed causes tine {C-40) ;o-i'
run HEXDUMP. An input file message orompts for entry of the name of the file ©
to be dumped. After the source of tne file is entared, an OQutout file sromot
appears. After the destination is anterec and the cuiput device i3 ogened,

the orompt Memory image file (Y/N)u appears.

A [?] response o the memory-image brumpt ciuses the gump o be output in gre
order in winich it appears in memory {(from lower talhigher addressas}, 2&n (47
responsa causas the dump 0 Je output in the orcer in winich it is read inta
Temery Trom the mass-stcrage device {from higner td lcwer addrassas;.

1‘ [

H -

x
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T8X%; s1ﬂnle brackets incicates information tc be tyred; daan?: bracikets
indicates k8y LC D€ p"esseo

2ione = pDound s$ign: £ = Darceni sign; c = 2t sign: » = Question mark

Ui
£t

-1

l\.'.lr

roliowing tne TV or _N_ resoonss IO the memory image promg, the dump

Degcins. :t continues until {[SREAK}] i¢ presses Or untis the 1ast byte of the
izet recort in th2 inout Tile is printag or sent <0 an output Tile., IT
CTBRIAKTI is peing nela cown when an input/output operation occurs, HEXDUM®D
operation ig interruptec with the prompt BREAK, Continuz (Y/Niu Pressing (Y]
causes tne cump 0 continue. Pressing [N} causes the ALDS menu to appear oncs
more.

tigg of nexcumd
W
The Memory imane Tile fY/N}u option prov1des for aumping both text fit2s and

xmacnine-hoae files in tne mos:t readanle order.

Zach text- arez created by the ALDS, to make most powerful use of the
7000~family DECD (decrement ogoubie register) instruction, has text ang okens
stored from the top of the area downwarg in memory. (Mass-storage of an arg

hasfnc_effec: on the order of bytes in text; bytes read back into meamory are

in the same order in memory as when they were written to a mass-storage
device.) The result is that a text file, 1f it is viewed in The order of
ascencing memnry locations, 2ppears to be "backwards." An answer of [ﬂ} to

the Memory image file (Y/N)u prompt causes tne bytes to appear in “correct® |
order Sb that tex:t cisplayec in the ASCii portion of the display is freaaable.“

0 memory-image sequence, tytes from 2 machine-language record a2re output in
the bottom-to-ipp orcer in wnich they are executed in memory. HEXDUMP outputs

S . bytes storeo at lower memory addresses first.
: e e T N | :

:
-

gach recurd output by HEXDUMP s p*ecnded by &2 heading which lists the record
number. The location of each byte in the recerd is referenced by column ang
row AUMSErs respectively at the top and left of the hexadecimal zrez of the
output., |

-

-\'I

- 1 : L | o,
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21650 Editor/Assembler User's Guide-=Chapter 7 | Final Jraft

Last Revised 07/22/83
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Sixtesn bytas of a recora appear in each line of HEXOUMP output. The bytes
ara first nutput in two-digit hexadecimal values sanarated by $pacas.
Following the hexadecimal representations of the bytas, 16 ASCII
representatidns'of the wytes are output. When a byte cannot be renrasented dy
a printabie ASCII character, a dot (period) is printed in its pl&cé.

A HEXDUIMP output of the first and last four lines in a text file which
contains the source code for the “BEEP" program appears in the following
figure.

L. . - - r . - L I F v 7 T e R

{ OPENED FILE: 1.SRC . :
t RECORD 1 . ~ o

NUMBER 0 1 2 3 4 56 7 8 9 ABCDEE
0000 OF 00 ' .

b ., » == & dn |

RECORD 2 R "

MMBER C 1 2 3 4 56 7 39 A3 CDEF :
0000 43 4F 55 4 54 45 32 20 20 20 45 51 55 20 20 3E COUNTER EQU > T
0010 35 34 20 20 20 20 20 20 20 20 20 20 20 20 43 4F 5D €9

s g a - - A gw sgm 4= =

- A AN A wl A 4B A o ul S w4y S A W sk al WEE wk o mir Sy A SN B R B EE WS sk amk O wmi Ay W W W

0330 46 53 45 54 20 54 4F 20 4€ 41 40 345 00 20 20 20 FSET TO MAME. !

t 0340 . 20 20 20 20 20 29 20 42 59 34 45 20 30 2C IE 14 YT 0,54 ¢
' 035C 34 20 20 20 20 20 20 20 20 2020 43°45 41 44 &5 4 | 4EADE ¢
' 0360  S§2 20 49 4E 46 3F 52 4D AL 54 49 4F 2F CC R INFCRMATION.

. e ————————-‘3———.—-—__...._-—____._— )

The »>JF byta wnich pegins rocord 1 indicatas that tne racord is 3 header
recsrd. The header contains the 3ingie byta [a 20 file-type Flag) which
identitTies tha Fila as an uUncruncieg text fila,

,
bt
LY

Jage <
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e ctner tnan normal
. Ooubleé Drackecls

~- 5 fgito-,Assemsler User's Guics—Cnapier
unaﬂ“ ining ir TexXT (2xcedu heads: ingileias 2 1ype

ext: singig brackais incizztas inTormaTion o «
1ndi:a:es Kay -0 D2 :'esseﬁ

:1gnz = pouns §i0N. = Davrcent sien: - 2% g . = QuesTion mark

the 1ex: Cf tne SOurce cCogje. hotg the null byie [>00) whicn

+ne -eoresentaticn of the null bvie

2 contiing
ra2tes each 1ing within the recoOrl ang

: gco, beczuse it s an unorintabie cnaracter. )

- chenter 5 for comparison of tne dump with the assembler-output listing of
source coge for tnis Tile.

The following figure shows a complete REXDUMP output oT the taoged-object file
output from the assembler when 1.3RC is assembled.

A -a-ale sl Sl

!
%

! OPINES FILZ:  1.08J :
! RICORD 1 :
! NUMBER 071 2 3 4 5 8§ 7 8 9 A B C DEF :
' 802G OF 04 41 00 00 4E 4F 24 49 44 54 20 20 44 00 00  ..A..NOSIDT D.. &
: 001G 43 88 49 04 00 49 5D A2 49 01 15 49 52 1D 49 CA  H.I..1]J.i..IR.1. ¢
' 0020  FE 49 A2 00 49 15 52 49 206 CA 49 Ft DB 46 50 £3  .I..I.RI .I..I1}. ¢
{0030 49 EF OA 49 50 45 49 45 42 48 04 4A 00 90 49 00  I..IPEIEBH.J..L. !
: 0040 00 49 FF FC 49 99 44 4C EA AB 4F i

o igTes  dontaining 41V (absolate oata)

y WMWMI

~ Note thal the taggec-cbjec. oumod shows most of the code to be made up of
tags followed by two-byle words

containing commands and data for the header. The initial >OF byte is a header
jdentifier, and the >04 byte following it indicates that the file contains

compressed ' tacged object code. The single-byte 0" tag identifies the end of
The Tile. |
b | -1"‘\

ne CC=40 ’*4tartAss=mb1=r Referencs Manual ‘or a complete

________-—__—_——h—-—-—_——_ﬂ_—-

e taggeu-obsecz coge shown in this dump,

H&...T.._—-
d
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‘ne following Tigure shows a cump oF the tinkar outpul file as a singla-
record relocatanle code file for Ioad1na as a subprogram under SASIC's CALl

LOAD subprogram,

—-——-—-—-——-——_—-—-——-——-' i il - S-S

OPENED FILE:  1.BEEP Memory image file

RECORD 1

NUMBER 0. 1 2 3 4 5 6 7 8 9 A 3 C D EF
0000 00 04 00 1D 88 04 00 50 A2 01 15 52 1D CA FE A2 .......1...9....
0010 €O 15 52 20 CA FE 0B 5D €3 EE 0A 50 45 25 42 04 .. ...]...PE€8,
0020 CO 00 00 00 FF FC 00 44

a == )t e & ™ - e . - > - (¥

The ASCII columns of tne dump show with significance only the subprogram nanﬁ
(stored "in reverse" by the RTEXT directive from the assembler). The
hexadecimal columns show the most significant information: a four-byts
~relocation table at the start of the record and the machine code ¢f the
program. The relocation table begins with a two-byte word specifying the
length of the table (including the length word itse1f) and contains a single
offset to the only relogatable word-—the program eniry noint in tha header--in

-

L

uexdumo Error ﬁ
A recorg output by HEXDUMP must reside completeiy in memory. If not enough
memery is avaiiaole for loading the recora, a Memory full error messace is

Cispiayed. 7The ALJS menu returns affer any ey is sressad.

>

) .

b = B > - i
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GBOSl =1L LOADIRS

Twd io20er programé arg prasent in ALDS ROM: an gasolute—code loader ca’leo
AZS.OAD and & cartrioge-rRAN igader cailed CARTLIAL. !uading ansolute prog-ams
anvwnere in sysier or carividoe RAV requires ARSLOAZ. Lloadinc relocatabpie
nragrams intC RAM Cariricges s¢ thet they can de run unger BASIC reguire: ine
use of CARTLOAD. '
Saving, ang Loascing AZSLDAD and CA27L0AD

The CARTLOAD utility cannot be run wnile the Ecitor/Assembler cartridge is
peing usec, ana ine ABSLOAD utility cannot be used to lcad RAM cartridges
while the fditor/Acsemblzr cariridee is in place. Th2 fcitor/Assembler
cartriage overlaps mucn of the arez of memory inlo which programs might be
logded. Therefore, \oaders mus: be "downloaded” (saved from the cartiridoe) to
mess-storage mecia Tor later lcacding under BASIC when the cditor/issembler
caretridge can be replaced by a RAM cariridge.

The D)ownload option in the ALDS menu provides the means for saving the
lozcers (and alsy the MEIMSAVE utility described below), The loaders are saved

as single-record subprograms containing relocatable object code for ioading by
SASIC with the [ALL LDOAD subprogram. - <

From the ALDS menu, [D] is pressed (&s prompted by the second part of the ALDS
menu). The downloader menu, shown below, then appears,

Lo R

't'_“*. R s | - .
M)emsave A)bsload C)artload

The lozger to be saved to a mass-storage file is selected from the downloader
menu. The Qutput file prompt then requests the name of the file in which the
loacer is to be storec. \

b
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Aith the loader code in a mass-storage file, CC-d40 cartridge XM can reslace
the ALJS ROM cartridge, and the loaders can be loaded into LL-+0 internal AM
by a BASIC CALL LOAD subprogram, as in the tollowing axampiss,

CALL LOAD("1.ABSLOAD™)

or

CALL LOAD("1.CARTLOAD")

Absolute-Code Loader |
Programs produced by the linker in absolute coce are loadec iazo internal RAM
or cartridge RAM by the absolute loader.

After the absolute loader is copled from mass-storage by the CALL LOAD

subprogram, {t is run from BASIC with the CALL command, exempliified by the.
following. |

CALL ABSLCAD("1.PRCG™)

ahen the BASIC curscer returns (provided that there ars nc [/Q arrors reaortad
and that {nhe 3ASIC environment has not besen aitared by the i10zded program),

*J[{Hh,55§g§b5013tE-qﬂde nr0§ram 1s prasant in memory at the addrass cat during
7 assambly or Tinking., The program can then be axecutad fram. 2A5:C by a EXEC

Subprogram such as the following, in wnich the antrv acdress {the decimal
_équivq}ent e¥ >2C00 is given as tne argument For the command.

Ld ] .

L
‘ne “Tglicwing tabie expliains error méssages wnich may appeir in the Jispiay

Aangn 33SL0AD 75 sxecutaq.
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ungeriining in tex1 {exczept nzags) indicates & typesityle other tnan normal.

text; singie brackets incicates information to b€ typed; double brackets

ingicates key to be pressec | | N

diohaz = oound sign; : = Devctent Sign; ¢ = &L tian: u « cuestior mark

ABSLOAD ZPROR, MESSAGES
syntex Bac syntax in the assemcly ianquage call

Can't 30 tnat An absolute aaaress of the program conflicts witn the
memory Space usec by ABSLOAD.

tad program tyse  The input file is not in absolute format

',ar+*1dg Lcader

The cartrioge loader lcads relocatable 2ssembly laﬁguage proaraﬁs ang
subprograms into cartridge RAM o resige within »>5000 through >CFFF.

Tne cariringe ioader initializes {C-40 RAM cariridges and loads relocatable
code developec by assembly-language programs &nd subprograms into cartridge
RAM: The curtricge loader consists of two subprograms, CAKTINIT and CARTLOAD.

The CARTINIT Supprogram '

The CARTINIT subprogram is czlied from BASIC with the name of the Tile to be _
loadec inside of oouble quotes which are inside of parentheses, as in the
following.

CALL CARTINIT( 1 EXAHPL‘“)

‘ - - - }
] -l-
At |
[

- -

The file must be in multiple-record, relocatadble format.

ihe primary purpose of CARTINIT is to l1oad and relocate a machine-code
cartridge header into cariridge RAM at >9000. This header enables BASIC to
access programs and subprograms in a car*ridge by pointing to the first of the

‘ P"cg“ams the Cﬂfuf?ﬂﬂ& contains.
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The ¥ile loadea by CARTINIT can also coatain ong or more pregrams | inrkad
tégather dy orfsets in'their individual zrogram neacers. In the cartridge
header,'the'painter to the first program must be initialized with the
program-eader address, and the offset in the header of the last Arogrim nust
be initializea with >0000. I[f noc programs ars included in the file, the
pointer in tne header is initialized with >0000. |

The following source program illustrates the relationship of cartridge and
program headers. A comolete explanation of headers is included in chaptar 1
of the CC-40 Editor/Assembler Referencs Manual. |

-
.

u
o
)
D
' »
N ]
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upgerlining in taexi (excert neacs) incicates a types:yle Ohnnr tnar norma)

Taxt; singie bratkels incicates information t0 be tynec; doudie Draske:s

indicazes key T0 be presses

ginohg = DOURC SioN; 2 = Dercent sion:

I'J'I

c o= 2% S9O0R: 4 = Juestiorn mark

ool pYTs »A3,»0A4 - Yet]l BASIC that & cariricse i¢ prosent

Geoz SYTE >&1 26K car=tridge; version 1

Gery o BYTE >it varirigdge access spesc sat to I microsesonds
Gocwf ORTE SUE: Pointer to hesader of “irst suborogram

oo JRTA v Reservead

Gooy ODETA TOPCART Pointer to next RAM locztion for ioading

Yoo b 'DRT:R >5000 Pointer to lower next RAM location for lozding

* ASSEMELY LANGUAGE PROGRAM (SUSROUTINE)

=NTRY

MOV A, 3 Sotrivias program for iilustration
RETS Return to celling statement

* ASSTMBLY LANGUAGE PROGRAM HEADSR

NAML Ow
RTEXT TSOMINAME Subprogram name
SYTE NAMHGH-NAMLD®  Length of the sucprogram name
NAMHGH QU $-1 ” )
DATA ENTRY - Pointer to entry point
DATA 0000 Offset to next program/subprogram header
DATA NAMHGH-$+1 Offset to name
e _LB“TE - 0,>34  ;" Program-type information
sl U $-1 g '
TOPCART - QU3 First. free byte in cartridge

’,

Tne name of the program in 2ach program peager must be assemn1ed ‘rom
unQEF-case (e1l-capitals: letriere for BnSIC e find it. X |
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Cartridgé RAM addressing is dependent on the type of cartridge dDaing used and
the size of the memory chips used ia it, The iilustration zelsw shows the
address blocks corresponding to RAM chips currently availadble in cartridges.

>0000 . >0000 —,

! 2nd 8K . :lst &K .

. chip : ! chip :
| ! repeated ' repeated !
>»3000 ! . 8000 !wmmmme—e

t 2ng 8K ¢ ' Ist 8K

. chip : ! ¢hip :

. : ! repeated .
>9000 ¢ ' >9000 ! —— !

' 1st 8K ' 1st 8K

! ¢hip : : chip .

. repeated | ! repeated :
>7000 = ‘- ' >7000 ¢ T

+ 1st 8K : ! 1st 8K ¢

! chip : * chip ! “
»5000 ' ' »3000 '
. 16K CARTRIDGE RAM oK CONSTANT MEMCRY™ CARTRIDGE

- -
.

Hiﬁh a 16K cartridge, RAM is available in two 3K biocks pejinning at >3J00 2anc
>3000. With a Constant MemoryT™ cartridge, a single 3K bicck at >%000 is

avaiiable. .
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21

(‘h

Tne CARTLOAD Subprogram

Loading prcorams into a caririoge after tne certricdge heager {anc perhaps
stner srograms) have peen loaded. reGuires CARTLOAD. InTtormation in the
cartrigoe nezoer ang in the header of any last program aiready lc2oed i$
upcated by cARTLOAJ. The subprogram is c2lleo from BASIZ as in tne foiiowing

example.
CALL CASTLOAD( "1 PROGS*)

The pcinter at 9004 in the cartridge hezoer points to the header of the first
nrogram Or subprocram in the cartridge. The program header for the Tirst
program, in turn, contains an offse: which points to the hzader for the next

| orogram. The program header for the last program in the cariridge contains
»3000 in the oTvsel word. in th1s manner, the cartridge header and prouram-T
headers taken together contain a linked 1ist of programs siored in the
carzridee. CARTLOAD loads in any new program or programs, relocates them
appropriately for execution at their current addresses, and patches the offset
of the (first) header in the new program(s) to replace the »0000 offset in the
header of the program which had been the last one in the list. The new '
program{s) must contain >0000 in the offset of tne {last) neader to indicate
zhe new end of the list. .

)

A1l files lozdel by the car*ridgeﬂioader must be in relocatadble

-WTF';h mu]tip]e-rec0rd format produced by the linker M command., An attempt to load

"LVan absbiute file or a sinn1earecnrd re]oeatabln file causes a Bad program t!ne
error.

If memory is unavailable %or loading a program into cartridge RAM from >9000
throuan >CFFF, tne loader attempts to load the program in RAM from >5000
carough >2000. N .

i ' L3

In zocition to 1/0 errors, five other types oF errors arz icentiviad by
messages from CARTLOAD anc CARTINIT, as shown in tne following table,
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CARTLOAD AND CAETIRIT ZRROR MISSAGES
_—_—.—_——————-—-—-ﬂ—-—_ﬂ'—_——

"lieze: syniax 3ed syntax in the zssemdly language cal)

Can't dp thatl Missing carti~icge neader

Bag program The input file is not a multivpie-record

tjpe relocatacle file |

No RaM in Tharg is no RAM in the cartiricos

cariridoe

Memorv fuil insusficient space in system RAM for the relocation

tanle or in ine cartridge for the program

CARTRIDGE-SAVE PROGRAM (MEMSAVE) |

The cartrigdge-save utility MIMSAVE saves 2 block of memory as 2
multinie-record absolute €ile for lzt2r 1oading by the absolute loader. Al}
of the programs which are loaded intd & RAM cartridge can be saved 2s 2 Di0oGK
with beginning and enaing aodresses provided in tihe MEMSAVE command., 3)0CKsS
containing coce from R0OM or the register-file area cannot be saved by MEMSAVE.

.,{Qu L“.A$SEGAD and CARTLOAD MEZMSAVE cannot be used to save adata from cartridge
 RAM while the fdiuorlhssembler cartridge is in the CC-40. Downloading MIMSAVL
follows tne procedures used in downlcading the iwo loaders {see "Saving anc

Loaaing ABSLOAD and CARTLOAD," above).
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Jnhen MEMSAVI has oear 1020ed DY SLSIC with tne CALL L0AD subprogram, inhe

orogram is run witn & {ALL commanc which specifies 2 filename, 2 dbeginning
agdress, an ending acdress, and & recerd lenctn, IT a record length s nos
inciucag, the Tiie 1S saveoc &5 2 singie record. Tne a1lowing commang, Tor

exampte, 53ves Ing §-kiloby:e diock from >2000 through >AFFF in records of 25¢

bytes.
ca'L MEMSAVE ("1.%ICART®,*>9000, >RFFF*,256)

tégress values are entered Dy hexadecimal numbers witnin quotes and seperaied

py commas. The “>* sign is optional. Record lengihs are in decimai.

In addition to 1/0 errors, four other types of errors are jidentifTied by
' messages from MZMSAVE, &s shown in the Tollowing table.

S . " -~ - N T S ap— - '.'-iﬂﬁ-i nraft
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taxt; sing]e brackets indicates information to be typed; double brackats
ina1cates key to be prassed |
alona = pound sicn; 4 = gercent sign: o = at sian: o = suastion mark

MEMSAVE £3R0R MESSAGES
il1lecal syntax g8ad syntax in the assembly language call

Can't do that Atctempt tO save block from ROM memory or the
register-¥ile arsa (>0000 to »>0200) t9 a mass-storage
file; also attempt to save nlock which does not
contain RAM

gad value . 1. Racord langth specified in filename is either
negative or grsater than 32767
2. Mon-hex characters were used in acdresses provided
with the MEMSAYZ command i
3. Hexadecimal value in an address is greater than
>FFFF

3ad argument Tne starting addrass is greater than the ending address

FILZ CONVERSION AND TRANSFER UTILITIES

‘The foilowing utility programs are provided to convert betwesn files with ALDS

format and files of other formats (BASIC, 390) and to transfer files o the
-uO frﬂm =xterna1 cumputers.

-~

. 208 Multiple~record to single-record ralocztebie Files

0! List file to ALDS text fila -,

£

4 i
o
) .
(o)

i

-1

-, }

4

i-ccmputar taxi files %2 ALDS czx: riieg

2. 290 tagged-object o ALDS tagges-abject Filas
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ynderiining in text (except heads} indicetes a typestyle other than normal
text; singl2 brackels indicates informaiion to be typed; double brackets
incicates key to be pressed .

alohe = pound sign; & = percent sign; c¢ = a% sign:; u « ouestion mark

'g! BASIC program image to ALDS text file
15! ALES test file to BASIC procram image

Muitiple- To Sincle-Recors File Conversion Utility (CONVERT)

The utility program called CONVERT reformats a file saved as multiple records
of relocatadie object cooe into a single-record relocatadblie file,
Multiple-record fiies can, after this conversion, be 1oaded and run directly
under 8ASIC.

The conversion programn is accesseg from the ALDS menu by typing [C3. No
prompt apnears in the ALDS menu for CONVZRT.

~Tne promp: Input file requests the name of the multiple-record relocatabie -
ooject fils to be converted., The prompt Quitput file then requests the name of
the singie-record object file to be written,

In addition to 1/0 errors, CONVERT identifies two other itvpes of errors by the
m2ssages shown in tne table below. |

CONVERT ERROR McSSAGES
LUoTBad Brogram type  The input file is- not a multiple-record relocatable
object-code file

Langth error The input fiie is of incorrect type or it contains 2

header with incorrect block size
\ |

N rcowerw e b -l
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Fite Transer Jtilicy (TRANSFER) |
The utiiicy program c3alied TRANSFER permits the CC-20 to ;efform-thrae fiie
transfer operitions. t can input a list'File Aitn recoras of 30 or Tawer
oytes frcm one HEX-BUS T mass-storage cevice and write it t2 a file on
another HEX-BUS device. A list file contains lines of printabie ASCII text
without end-of-line bytes.

tThe TRANSFER utility can also input a file from an external ccmputer and
convert it to an ALDS text file on a mass-storage cevice. In addition, it can
input files containing TI-990 tagged-object ccde and convert them to ALDS
vaggeg-object format.

Taxt TransFer from One Device to Another | "
The transfer utility program is accessed by pressing tT1 in response L0
T)ransfer from the ALOS menu, |

e A RS Sl RsSaeriet
text or 990 tagged-object code fs to de received.

The message S)ource O)bjiect prompts for input to determine whether 2 standard

Next, TRANSFER issues the nrompt C)}runch Ulncrunch. 17 tC] i3 orasseaq, tﬁe;¢d
file %0 be outsut is set to be in crunched (tokenized) form, If (Ul is
sressed, the file is gutput in the same form in which it is inpuc.

Yiien the Inout file promot appeanrs, the name of the fiie 1o oe transiarrad 13
antared.

~he Handshake (Y/Mlu prompt appears to permit using communications protoco’
~ith computars axtarnal to the CC-40., #For CC-40 devic2-td-~aevics transtar,

‘N7 §s pressad o use incernal HeX-3Nns ™ aratocai. .
‘ *

Next TRANSFIR displays an OQuisut File orompt. The name of the Fila 1J recsive
-he =axt i3 entarad. An optignal recard l3ngth zan he specitiac f31iawing ine

name By Typing 3 5Dace and A=NNNH.

..—.,‘h "
oy

kX

\

\
TR

L)
(¥
T
[y ]
.- | |
is)
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text; singie b*acke*' ingiceies information ¢ be typed; Soutisz Dracrets

incicates key 1o D& pressed

:1=na = J0und Sign: : = percent sign: ¢ = 2t sian: | = QugsSTiOrn mark

1)
g
4 X%
i3+

-

I'.:

bl

The megs2gs Transfervinc... appears In the cisplay unti’ tneg ¥ile conyving 1is
ramrle*e and tne ALSS meny returns io the dispiay.

Text Transfer from an Ixternai Compute

II.’I'l

The computer from which the Tile is be1ng transferrec must be programmec ¢
send the file with tne format anc protocol required by TRANSFER. Tne listing
snown below provides an exampie of such @ program written in BASIT. The
orogram uses handsnaking (1ine 150 to determine when 1o send the next line;
no eche is provided to the display. An asterisk (*) is sent by TRANSFER each
time it }s ready to receive 2n 80-charzcter line., An enc of the file is
~2200r 1280 2V TRANSFZR wner it receives an ASCIl »77 or 127 (DEL).

100 OPEN a2:"RSZ232.BA-4300.2C" . Cpen RS232, nec echo
110 INPUT “File downioad utiiity Enter file name: “:NAMES

130 LINPUT al:TXTS . 5et line from source file -
140 PRINT a2:SESS{TXTS,1,80); . Transfer first B0 characters
180 INPUT a2:HSKS . Get clear to send character (handshake)
180 IF EOF(1)=0 ’HFN 136 . If not end of'file, continue |
170 PRINT oZ:CHRE(127) . Signa! endg of trensmission

180 CLOSE ol . Close source |

190 CLCSE a2 . Close RS232 ) .

For transfer of files external to the CC-40, the prompts through C)runch
U)ncruncn are answered as tney are for CC-40 internal file-to-file copying.
. When the prompt lnnut file appears, however , the number of the device {and

" tharsts erisuics such as RS237 t*ansmnssiﬁh speed) through which the text is to

be trans‘erred must be provided.

The promp: Handshake gY!HIH appears., When [Y] is pressed, TRANSFER is sei to
send & "*" character ic the external computer when it is ready 1o re:eive
t€xt. Without handshexking, cataz is 1051 during transfer npera*ions" .

e
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underlining in text (except heads) indicates a tvpestyle other than normal

vext; singia brackets indicates informat on ta be typed; dcuble brackets

indicates xey to be pressed |

alpha = pound sign; 4 = percent sign; ¢ = at sign:; 4 « question mark

lext, the premot Schouw (Y/N)y appears. Qesponcing (Y] t2 the prompt causes

- tha CC-d0 to expect the extarnal computar to echo the hanashaki ng cnaracler

upen recaipt,

Ahen TRANSFER displays an Qutput file prompt, the name of the fiie in which
received texi is to be stored is entered.

With TRANSFEZR running, the message Redady... must apgear in the display before
the extarnal computer begins to transmit. With reception of the first
character from the external computer, the message Transferrinag... closes the
file and the ALDS menu returns to the display.

17i-990 Tagged-Object File Transfer b
When TRANSFER is to receive TI-990 tagged-objec* code files from an exuarna1
computer, all prompts except one are answeread as above. The EIEEEEE_QlEiEEE.

.- prompt is answered by pressing [0].

After 990 code is received and befaora TRANSFER writes it to the output Fi!q,r
the code is converted to ALDS format tagged-objact code. |

e

-

The table below shows the corresgondence between $90 tagged-object Format and
the tagged-abject format output oy the ALDS assembier,

'1i5t;ﬁ1fﬁé35%imary;Qifferencé Between 990 and ALOS format is that the 930 assemdler

..-F'.

always outputs uncompressed taoged-object code wnile the ALDS assemolar aiways
outputs compressed tagged-abject code. Code in ALDS format has dytas and

words 'raaresanted directly in dinary vaiues, winila code in 990 format nas

bytas and words represanteag in ASCIil charac ars. In ALDS f2 rmas, a byta of
data witn a value ¢f 32 is representad in a two-dyte Fiald conjaining an ASCIJ
“S% £ag and a binary >20 vaiue. In 99C fcrmat, the samé Syte i3 ragrasent
in a three-dyte fiela contaiaing an ASCII “** Tag, an ASCIi "Z," ang an A
s
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Moss tags, 2ithough designatec by different charactiers, have similar functions
in potr formats. Tags wnith go net have tne sam:2 fun**‘nns a2 noted with 2

Woo® e Thne ©aDis.

nifTerenc2s in the content of files are primarily in the expressicn of ;vmno S
expressing assemslec DEF and REF directives. Both DEFed anc REFed symdols
from the 990 linker 2re fixed-length six-character symbols with spaces to the
right o7 symdois containing Tewer than six characters. The ALDS assemdler |
produces ,symbois which are one to eight characters long with a iength byte
precesing the symbol. The length byte nas 2 value of one i€s$S than the number
cf characters in the symoei. ‘The 990 REFs aisc contain an unusec werd that is
not stered in CC—43 linker format. |

-

A— L
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underiining in taxt {(except heads) indicates a typestyle other than normal

text; single brackets indicates information to be typed; double bracksets

indicates kay to be pressed |

alona = nound sian; A = oercent sion; 4 = at sian: 4 = question mark

CORRESFONDENCE 990 AND ALDS TAGGED OBJECT L20E

;
Value ! Pescription

+
+

& & il & = 4 = & = - & = o

Cartridge indentitier-Compressed

Word = Hignest relocatable address
Cartridge indentifier-iUncompressed
Word = Highest ralocatable addrass
Cartridge indqntifier—ﬁndﬂmpressed
Word = Hignest relocatadle address

&>

word Program [0

. - & - & -

-

r - L ¢ - & - - . - &
i = - .- & i A= -

- . -

'
«+ + Word Program ID
o

4o

.. + B ! Reserved ! Reserved tag

|
»
i
L]
'
-
'
L
o e -t P ittt s i iy e i g P S P A e - :
'
-,
'
’
|
a
|
»
)

g .C ¢ dard + Absolute load address
e + +
A 0 ! Word . Re!qgazable ioad address
P + + _
€ ! 8yta Symbol REFed symbol

byta = symbol lengtn - 1 .

Aw Am Bm gm s gwm fwm A e gm pm S e g e pea g g

: 1
A : :
I 1 .. ! Word 990-symbol ! REFed symbol (Ignore Word) .
4 1 .. ! Worg 990-symbol ! REFed symbol (Ignore %ord) :
oy ,.+ +# . E | - | . :
.. Y F ! 8yte Word Symbol ! Absoluta 0EFad symbol :
| : 4 ! Word = svmbol value, :
. . . Byta = symool length - 1 -
§ ¢+ .. ! Word 990-symboi ! Absolute JEFed symbol. =
: . ! Word = symbol value w .
i T atm———— T L J-. | X 1
|

9zge 7
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incicates key t0 bs pressec - |
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1 099 . ALDS: . :

! Tag ! Tag : Vaiue ¢ Description :

| SR + N S :

‘ s RN Byte word Symool ! Relocatadbie Difed symdol .

. . : ! Word = symbol value, !

: : ‘ ! Byte « symbol length - 1 .

!5 ! .. ¢ Word 990-symbol ! Relocatable DEFed symbol :

. c ., . ! Nord = symbo] value .

' b e P e * s

w1 W ! Byte . Absolute byte of deta .

d e P N :

'8 11 & Word ~ + Absolute data .

T S ' |
tC '3 ¢ wWord , ' Relocatable data . :
' — S — '

'E 'K ! Wordl Word2 ! External reference :

. .. . ! Wordl = Reference number .

. : : ! WordZ = Value added to reference .
et _ . _ —!

$7 YL ! vord ! Checksum . .
| PR + + !

: 8 oM Word | - ¢ lgnore checksum :
e . :
R IR T S . ! End of record | :
S SO _ !

. 0 2 + End of file . .

- Yalue definitions \
. Worg = 16 pit value | Symbo ‘= 1..8 ASCI] characters
Byte = & bit velue Program 1D = 8 ASCI! characters

000-symbol = 6 ASCI! characters
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-+ The SAVEA utiiity cannot Se cailed from within a 3ASIC program., The name 37
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underlining in taxt (exceot neads) indicates a typesiyle other than normal
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.21ona = gound sicn: 4 = rercant sign; o = at §ign{ u = gquestion mark

Transfer Utility Trrors
{n acdicion %o [/0 errors, TRANSFEZR identifies four otner sgrrors with messages
listed in the follcwing tabie.

TRANSFER ERROR MESSAGES

“invalid module The first tag in a 990 file is not a "K* or "0 (10T}

tag
Duplicata module A second IDT tag has been found

Invalid value An ASCI! character ﬁhicu is not a valid nexadecimal
digit is present in a data field

invalid tag An ASCII charactar which is not a valid 990 tag
appears where a vaiid one should appear

dasic to ALDS Text Utiiities SAYEA and COPYA

Two utility programs called SAVEA and COPYA nermit using the ALOS screen
editor to edit BASIC program files. =

iy

For saving a orocram currently in BASIC program memory in ALDS format, SAYEA

e s used. From BASIC, with the ALDS caftéidge in the CC-40, SAYEA praocuces i
21U FfTe' Hamed “SASPROG" on gevice 1 in 128-byte records when the folliowing

command is entared.
CALL SAVEA("1,8ASPRCG",128)
the {ile must be fyped in Joudie quutas,'and the fijenams |

i -
length must be anclosed in parentheses. [f no record iength is speciried
IAYES salects a length as great as frs2-memory Zermils.
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2igsL

unge r.inxng in text (2xrept neacs; _
bracksts indicates InTOrmetiorn o be Twp
De prassel

& = Darsent

TeXT, =1ﬂﬂi
in:icates_key oo’
z1pne = POUNd Sian:

“ne COPYA utility permits 3A

L ] — *
TOTNIAL .

ints program memory by

CALL CJOPYAI"LI.EBA

e
parentheseas,

Seitor/ASsamoier Usar's

Tre ALDS-format

ine COPYA utility cannot be cailec from within a BASIL program,
file must be entered instae doudle quotes which are

Sdigs=="heote" singl pravz

.28t Reviseg $7 /22183

in2izaT2s a typesiyie otner than norma’
ec: gouple brackzts

fan: = = 2% €3an:

1)

y = QU2ST 1GP mﬂ“L

SPROZ" !

310 %2 cooy ar ALDS tax:t fiiz into memory in 34317
MIASPROET Tils Trom Zevice i, for example, is reac
SAS:Z with Lhe fC:icwing command.,
The name ¢F

enclosed in

In asgition 0 I/0 errors, errors oczurring duning SAVEA and COPY2 cause the
messages listed in the following tadis to appzar,

ii1lega: syntax

Protection
vipiation

iliegai in
program

Bag vaiue

Bad‘program
type

ALDS FILZ-TRANSTER AND

SAVZA AND COPYA TRROR MESSAGES

gad syntax in the 2ssembly language cal?

tiempt to save & protected BASIC program
{SAYEA only)

SAVZA or COPYA is calied from within
2 program

The specified record length is either negative or
greater than 327§7

trempt to load other than an uncrunched
ALDS text file

CONVERSION SUMMARY

)

The following figure summarizes the transfer of files among various ALDS

2rograms and external computers.



» - . LT .
LI (. |
RTINS w0
* oo

21650 Editeor/Assembisr yser's Guige--~Chapter 7 Final Qraft

. Last Revised 07/22/83
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text; singla brackets indicates information to be typed; double Drackats
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3ipnad = pound siaon: 4 = percent sian: 7 = 3t siand = = quastion mark

ALDS text format consists of cne or mere iines per record with a maximum of 74
characters in a iine andg 2ach line terminatad by a zero.

External text format consists of singie-line racords with the length of record
length fixed at S0 characters (using trailing spaces as necassary).

FLOWCHART

o_— .



CEaPTTR 7: UTILITY PROGAAMS

- L
[y -h...l

1-?
'-“_ﬂ-._. '-u *‘“r 'l-—l—ln-——-----'
I Exverrs! ! ! SASIC } ! Zidivor : ~
1 Tex~ ilie : 1 propram ! . <Jine S)creen! ‘
} e e L N e L | P a———— i
' ' y {
!' J H
l-—‘_'_mr ’ '-_-_-l l
H - JpTipnet = ! ! BASIT => ALDS - -
I e PSS . ! I ut!tity (SAVEA}! } §
T-——-—-' 1 t - ' } .1
] ! !
| ' R
: 1 :
.—-—_—l-—-ﬂ—-——-. .-'-.'l_'-—_-' ’ ’ tg
t TRANSFER l ! ALDS ] t ALDS => BASIC |
| 3iource fmmm—!  rexT fillg l--—---l ut!itry ['CDF\‘M:
~ 1 i [
. . '--—-1---_. '-—-——--' ’
’ ! 990 ~agoec | 1 Alssembdler | I BASIC i
| odjecT ¢lla ! i ! ! program ! .
'-——-—-—-l-'--—-q-' l—--—-—'-—“' 1 i:
| } 1
] .m’ ’ 'ﬂ_--—. -
i TRANSFER ! ! ALDS Tagqped |
! C)siesT lemencece] objecT ftlle | ]
) 1 : l---—' h
! i
«Inker } ! &) inker !
! eontral tiie | memeewna] ! ?
! or neysoarg | H ! $
i ¥ |_-‘-'---_'l - '
!
‘. a i g
-—---_. g ' 1 . -
I Single=recors | ! Myitiple-—record l
! Mesory image tile ! E Memory Imege file E y
T f - f
.m'-ﬂ-—' '.-:_—-__i_-__- ‘ i
i ! ! | . >
-——-—'-—--— “—-'-—-—_—' '--_-'—_-' ----' ' . -
l Re locstadie I ! Absolute | : Absclute } : Re locatabise ! o [*
’ r » [ 4
! ! ! | i '
| ' . ' ! |
} ¢ ’ } ] } 'L
: . i ' |
— " I . : 3 ,'I I - l-
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CHAFTEX B
DEBUS MONITOR

Tnis chapier cescribes tne DEBUG Monitor and gives ean example o7 tne use of
+he monitTor to eiter ang run & macnins.language progranm.

The DEBUE Monitor allows examination, modifiZation, anc controlled exaczution
of machipe-language programs wnich have peen developed by the ALDS. |

The menitor permits displaying ang modifying data in memory, moving blocks of
data in memory, executing programs until preset breakpoints are reacned, ang
executing programs in steps of singie machine~code commands.

'The BASIT ancd DEBUS Monitor operating environments (RAN locetions) are
empa.1b1e. An ALDS-developed program called from a BASIC program, for
example, can nave breskpoints set by DEBUG; when the BASIC program is run and
cC-40 control {5 transferred to the machine-language subroutine, the
breakpcints cause the monitor to be entered. A11 elements supporting BASIC
_program execution remain intact, and the machine-lancuage and BASIC programs
can resume when use of the monitor is complete. . .

RUNNING THZ DEBUG MONITOR

L;The Dfaup-ﬂeniter 15 ertered by a CALL D‘BJG BASIC interpreter command or a
CALL DEBUG statemerh 1ine in a BASIC preuram. The monitor prompts with 2
colon (i) for single-letter commands and appropriate values.

HUNT:DR COMMANDS
Keyboarc-entered commend lines which contre? DEBUG Monitor operetien consist

N,

. of a sincle-character unpercase or lowercise 2lphabetic commang followed Dy

any reauired numeric vziues and LLENTERIT or [LSPACZ BAR:]. Multiple values
are separaisd Oy 3 singie space.
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underlining in text (except heads) indicates 2 typestyie other han normal
text; singie brackets indicates information to he typed; double orackets
indicates ey %0 be pressed | |

iloha = pound sign; s = at sizn:; 4 = cuestion mark

A = percent sign;

rommand values are expressed in hexadecimal or dacimal numbers. Zecimai
values must ce preceded oy a period; numbers without 2 period in {ront of them
ara evalyated as hexadecimal values. The symool tor hexadecimal v2lue 1s notl
ysed in the DEBUG Monitor. Values greater than §5535 or >FFFF are truncaved
to the lefi. All displayed values are in hexadecimal Torm.

For’ ccmmana-1ine editing, the [Left Arrow] and [Right Arrowl kays position the
cursor over any character entered excest a period. At any time during
command-line entry, the [[3REAK]] key can be pressed to clear the line and
return to monitor command level (with the ":" prompt displayed}. when the
OE3US Moniter encounters an error in & cormand line, it clears the display ang
prompts again with WHAT:.

Displav-Memory Command: D
The display-memory command causes the content of aight bytes of memory

~beginning at the starting address expressed in the command o appear in the
disptay. Display of the contentis of subsequent eight-bytE'blhcks of mamoryTis
causad by pressing {+] or {[SPACE BAR]]. Oisplay of the contents of previous
eignt-byte blocks of memnry'is caused by {~]. Further display terminates when
FTENTER]] is pressed. o | | .

Secause 7000-family data registers are in memory, the disclay-memory command
SR can be used to display registers in he general purpcse File {>000C trrough
AT SB0TF) or the:peripheral file {>0100 tnrcugh >JLFF).

“L3
(4
oI -
{D
(Y |
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25 & typesiyle Other thén aormel

n

ungerlining in text {extept hzacs;
§ to be typed; doudie Drackers

text; singie Drackaets incdicais
INGicetes rey 10 De pressed

zipna = POUNC SI1QN:; & = pe~cent sicn; = « 3% ¢ion: v = QUESTIOn mark

The svnizx €7 the gisplayv memory COommane IS snown Delow.

ey

commangd: o

Enter: U NKNA

NOTE: Values may be enterec in either decimal or haxadecimai. Entering D
without 2 vzlue is equivalent to O 000C.

Mamorv-MOGiTy Commanc: M
The m0ry=-mdcity comnanc psrinits cisplay and «eyboard eniry of singi-Dyts
memory contents,

The vaiue stored at the address specified in the command is diSplayed. {The
gefault for the modify-memory command starting address is >0000, the A -
register.) If a new vaiue is entered, the value replaces the value |
¢isplaved. I [+] or [[SPACE BAR]] is pressed following display of the memory
contents or foliowing entry of & replacement value, the contents of the
subsequert 2odress are displayed. If [-] is preSSed_at either time, the
corntents of the previous address are displayed. ‘Tne command terminates when
(LENTER]] is pressed at either time. . | | B «

. r -
= - . ™
*m . L e - L ]

. "SI
. 'l.. Loy -
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underlining in text [exceot heads) indicates a typestyle other than normai
text; single brackets indicates inTormation to be typed; double brackets
indicates key to be pressed |
aloha = pound sign: a = percent sign; u = Cuastian mark

s = At sian:

Contants of the registars can ve 2asily axamined ind modified by the
memory-mnodify commana oecausa they are adaressed Aas méhory regqiscars.
Generil-purposa file registers 0 tnrough 127 are addressed as memory !0Cations
>0C00 through >007F, and peripheral File registers O through 253 are :zdcrassad
as locations >C1Q0 through >01FF. |

Th-e syntax of the memory-modify command is shown below.

Cocmmand: M

Enter

M dNNN

NOTE: Values can be entered in cdecimal and hexadecimal. Entariag M without a
valye is equivalent to M 0000. ~ |

.‘.l

Processor-Register Modify Command: P a
The processor register modify commana permits the three registers in the

processor, the program counter (PC), status register (ST}, and stack pointer
(SP), to be displayed and modified in much the same manner in wnich the °
contants memory locations are modified. The modification is effective with
the next £ (execute) or S (singie-sisp) command.
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r¥ter [P has Deen pressesd, the vaiue stored in the current DZBUG Monitor
waarar counzer (Pl is displavec. 17 2 v2lue is then iyped in al the

: arc, it becomes the naw DIBUS Monitor PC, whicn Spétifiez the peint in
ine program 2t which the program begins execution with the next execute (£) or
single-ssep (S} command., if [[SPACZ BAR]) is pressed ir response to the PC
gisplay or in termination of the new P value, the contents of the status
register (ST) ere displayes. [T @ value is tvped, it becomes the new ST aftier
+ha next £ or S command; pressing {[SPACE BAR]] or terminating the new ST
value w%;h [TSPACZ BAR]] causes the stack pointer (SP) to be cisplayed. I

vatue is enterec it becomes the new SP witn the next = commanc.

Ny
th
‘<
v,
O

v

in

“1)
-'1

1Y

e5

¢ [[ENTER]] or terminzting any new value witn [{ENTER]] at any time
t

terminates the commanc {(out retains any values entered),

-

’ - - . ",
. e L T oo E ' -
. - L J.'- , h “.t‘ - - .

ot
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underlinin? in taxt (except heads) indicatas a typestyle other than normal

text; single brackets indicates information to be tyned; doucle Hrackets

indicates key to be pressed

dloha = 20und sion; a = percent sian;

n: Rary

7 = 3t §i w = guestign

ne modify-register commang can dispiay and aromot For 2il three register
vaiues, as shown pelow.

Command: P
Prass: - P
Disptays: PCaMMMM
ST=PP
SP=RR

NOTE: Proceed from one display to the next by pressing [[SPACE 84R1] or exit
from the P ccmmand by pressing [[ENTER1]. To aiter any of the values in the
~displayed registers, type the new value and press sither [[ENTZR]] or
- ([ SPACERBAR]]. Values may be entared in either decimal or hexadecimal,

Cooy-Memary Command: C

The copy-memory command causes the contents of one block of memory to be moved
to 2nother block. One byte is moved and the source and destinaticn addressééi*g
are incrementad Dy one. Tne single-byte moves continue for the length "
specivied in the command. If the destination address is Tess than or equal %o
the source address plus the length of the move, blocks can overiap.

.-

2aqge 9
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text; singie Drackets ingicetes informatiorn to de typed; QDubi& braCkels
indicetes key o DE pressed
alona = pound sign; & ertent 530

n: ¢ = at s$ian;

L = QUSSTIONR MArk

=ne syerlsn fzature oF tne Copy-memory commana Zan efvect & "Viij memor v
operation. Wnern an jnitial #£i11" characier is storss DY & MOSiTy-memoTy
~ommand M) &t tne peginning of & source -dlock anc¢ the start of the

dese ingtion block for the move iS set one Dyie nigner, Ine willsS lock 1%

sijlen witn tne characler.
Tne syntax 07 the cCODy memory comaand is shown below,

Command: C

Tnter: - NNNN MMM PPPP

- N3z NH&N—?PPP'may re entered in either decimal or naexadecimal. NNHNN

specivies the address of tne first byte to move. MMMM specifies the aodress
into which tne first byte i3 moved, PPPP specifies the number of Lytes to move.

Execute Command: E

The ‘execute command transfers processor control to the program location
specified by the DEBUS Monitor program counter (sei by the P.command,
- Jescribed above),

o

The © command must be followed by [{ENTER]1]. If [E] is pressec &Cﬁid§“t311¥

and TIENTER]Y has not been pressed, pressing [TBREAK!] causes the command 10
be ignorecs. | o
e e T

ARy fiew System- af*cartridgeimtmury*pagg*se1ection (see R command, below) or
new stalus register or stack-pointer value takes effect with thz the E command.

S, ——



2166L Sditor/Assambler User s Guide--Chapter 8 Final Draft
Last Revised 07/22/82
underlining in taxt (except heads) indicates a *jﬂFSujle other than normal -
taxt; single brackats indicates information to be typeg; doubie drackats -
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aloha = pound sign; 4 = percent sign: y = quastion mark

g = at sion;:

The syntax of the execute cormand is shown belaw.

m

fommand:
Enter: t

NGfE: No parameters are used with the execute command. The address at which

q

execution begins is the address in the GEBUG Monitor program counter.

Breakpoint-Modifv Command: B

The breakpoint-modify command, in a manner like the memory-mcdify and
register-modify commands, displays the current braakpoints and perm1ts the
assignment of new addresses to them. Breakpoiats are addres=es at wnich
program execution t¢ halted sa that the DE3UG Monitor commands can oe ysad to
examine memory and register contents at that point in the program.

" Breakpoints can only be used with programs which are stored in 1AH, and hhﬂy
should not be set at the current program-counter value,

When the DEBUG Monitor is reentered arter & program reaches a dreakpoint, soth
hreakpoints are turned off. . o

Sreakpoints are set for particular addresses by the braakpeint-modify
command. After deing-sat, aither of ithe Two braakpoints can be turned off DYy

-1..,_ -,.1_': - :‘ f

S enteriﬂu 50000 for an address in tine creakpoint-meaify commandg.

A Breakpoint rema1ns in effact until it is *leareﬂ with a braakpoint-modiry
commana cr until the processcr “exesutes" it.

2xqe 3
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Tne Svniax an¢ proceaure usac witn the bre2kpoini-mosify command are shown

DE 10w,

Commang: 5

’ress: 8
ﬁ‘ Displays: B MMMM
PPPP

NGTE: MMMM and PPPP are addresses 2t which program execution is to dDe haltec
for memcry and register examination and modification. Proceed Trom one display
0 the next by pressing [[SPACE B8AR]] or exit from the B command by pressing
CLENTER]]. To alter any of the cisplayved brezkpoints, type the new value ang 3

press eitner LL_QTER]J or [fSPAE:BARJl Values may be entered. .in either

uecimal or hexadec1ma1

- ROM-Pace Mogify Command: R
The ROM-page.macify command permits setting the cartricge {addresses >5000
through »>CFFF) page and the systiem ROM (adoresses »>D000 through >FFrf} page to-

any page from 0 through 3.

Pressing {[SPACE 8AR] ] after display or modification of the caririoge page

;“fF;fgcauses the.system-aﬂﬂ paaing nromp 10 be d15p1ayed' Pressing [[ENTER]Y

”‘uerminates the paﬂe-m0d1fy commanc without display of the system-ROM
page-mpdify promps. |
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‘alpha = pound sign; 4 = percent sign; ¢ = at siagn:

., = guestion marx

The cartridge page-modify command takes sffec: immediately., The DE3UG Menitor
commands used to display RCM or RAA, modify RAi, set treakpoints in RAM, and -
other functions use the page which has been sat. The system-_0M page-mcdiTy
command takes place only after an execute (2) command is enterec. Ali
commands Except = pafarence the page from which the DESUG Monitor runs, page
3. Displays of system Q0M, are, for example, always from page 3. An address
in-%ystem.RGM at which execution is to begin, however, is on the page last
salected.

The syntax and procedures used with the sage-modify command are shown ;eiaw.

Command: R

Press: i R

Displays: CARTRIDGE PAGE=M
SYSTEM PAGEsP

NOTZ: Proceed from one display to the next by pressing [ESPACE'BﬂR]] or Exii‘:;:
from the R command by pressing [[ENTER]]. To alter any of the dispiayed page
numbers, type the new page numoer and press either [(NTER]] or C{SPACEZAR]].

Pagﬁknumbg;s<are within the range 0-3;dfhe cartridee page number displayea (M)

09 currently-dn affect, ‘but the system page numoer disp?@}ed (P) is only in
effect upon axit from the DEZUG Monitor. | .



41tcriAssembEEf User's Guice--Chnapter B “inal Dra‘t
Last Revised (7/22/33

undariining in text {ax:ep. neads) indicates 2 typesivie other than norma? - |

texT; tingle brackets indiceies inTormation to b2 *yne:; goudle Jraﬂkeh_

inzicztes key 10 De pressen

sinnz = DOUNG sian: & = pevcent sien:

N

~ooL

Iu

c = at sign: u = uu&s*iﬂr mark

Ths $inCiE~518D COMmEnC CiUSEs only ne £ingie Drocessor command a: tne

iocEricn in the Drogmas counter (PLL to be executze. Afier commang execusion,
IrICrES ConTroi returns L0 the moniter for subsaguent examination or
mocitization of registers anslm&mury, single-51e2ping, and sy on. Tns 5f:étt
¥ tne singla-ster commang 1s as i¥ & breakpoint were set st the command
fci1cwinc the one pointed':n oy ine DzBUS Monitor program counter. One
ccnsscugnce 07 the way the single-step commana operates is that an instruction
waich Jumps or branches to itself cannot be singie-~-stepped. Andther effect is
-neT single-step cperation cannot be used with programs in ROM or ouring ca11s
e sJbroutines in ROM,

SXe2ution of ¢ single-ciep command turns off both breakpoinis.
S1ngie-~-sT2p command svntax is shown below.
Commang: S

Enter: §

NOTZ: No parazmeters are used with the singie-step command. The address c¢f the
instruction executed is the address in the DEBUG Monitor program counter.

The Ouit Command:

:he qnt*Itammanu cayses th- CE-40 to exit_the DEBUS Monitor ang reenter BASIC
in one of two ways., The BASIC program being executed when the CALL 0236
instruction was encounteres can be resumed with a8 QB instruction, or BASIC-cah
Of resiaried al the command-interpreter level with 2 0] fnstruction.
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The syntax of the guit command is shown delow.

Command: Q
Enteredﬁ Ql or Q8

NOTE: QI returns the CC-40 to the command level of the BASIC intarpreter, and
Q8 returns the CC-40 to any program running under B8ASIC.

~ The Help Command: v |
The help command displays all of the command codes used by the DEBUG Monitcr.

. Use the help command as Shown below.
Command: u
Entered: u
Displayed: COMMANDSs %,3,E,M,C,S,0,P,R

NOTZ: The help command dispiays the codes until [[ENTER]] is preassed.

S .-BEBUG“HOHITDR OPERATION CONCEPTS |

ST e e DEBUS Monitor is called fram BASIC by a CALL 0EBUG command or program
statement, 1t sats up the last 80 Bytas of tha 2ASIC program-1ine crunch
buffer (>0900 through »(J94F) for temporary siorage: anything stored in this
area s therefore overwritten. The eolon (:) is the display prompt while the
monitor is active. B |

e | \

Setting a breakpoint in a program location causas the DE3UG Monitor to save

the command and to place a single—byﬁa TRAP il command {command code ‘»rd) at

the location specified. (The bytes repiaced CY TRAP? 11 commands for bOtH

sreakpoints and their addressas are storad in >08F4 thraugh >08F3. ]

“-",

kN

N
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———-F——-—_—-ﬁ—“-*——_———'-_'——_-—_l—h—:—-———————-__ﬂ_

ThE Drograr LOnIIinine the Dre2xdoint executes al. machine-language commancs
Jntil ine TRAF 11 iz read. Tne TRA® 11 cOmmanc causes tha DIBUS Monitor to be

Y

L

rzentsrec 2t & point 2T whiilh DOoth Dreakpoints are Ciszared ang the original
CommAns is vesiorac o its mamory iocation,

Storing & TRAF 11 in memory through & modify-memory instruction has the same
erfect as settling & breakpoint, with one very useful difference: the
directly—storeu TRAP 11 is not clearad upon return to the monitor. The
nreaupo1n; remains set for fu-u*e use afta“ control is transferred to the

I'!'IOﬂ'ft.OT'.

The following events occur when & breakpoint is encountered.

i. The program counter, current status, registers A and B, current RﬁM
page, and 2 reserved bytes are pushed onto the stack. The stack used
! Tor saving these vzlues is the stack set by the program peing
execuled; therefore, the design of programs to be debugged with
breakpoinis or single stepped must account for eight'additionaT bytes
being pushed onto the stack.

2. RO-R53 and R83-R102 are saved in the crunth buffer {along with five -
cther bytes of temporary data).

3. Both breakpoints are cleared.

.',:,..:'...‘.:1 } ] : L - . -
40 The program'counter status regisfer, and stack pointer are displayed

(followed by a colan as the prampt which 1ndicates return to the DEBUG
Monitﬂr) |
Breanneints remain active (as long as ei: wher or both are not equal to 0) when
SASIC is reenterec from the DE3UG Honitor. When the machine-ﬂanuuage program

| is exscuted by cailing it from. BASIC and 2’ breakpo1nt is reached, the monitor
is ca?‘ea.
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a-&tSi

n-

y = question mark

dreakpoints ars not cleared when the DEBUG Monitor is reenterad Trom BASIC

with a CALL DEBUG. Breaupaints are, however, cleared when the s1nqle-step

command is entered. When the CC-40 is jnitialized, oreakpoints are cleared.

DEBUG MONITOR USE WITH AN ALDS-DEVELOPED PROGRAM

The “EEEP' program developed in chapter 1 of this guide contains no
re1ncatab1e addresses in the executable code. It can therefore be entered for
execution at any memory location that does notl destroy BASIC or OEBUG Monitor
RAM. The figure below shows a memory image of the executable code in “BEEP"

with addresses beginning at >1000.

l-—-—-——————-———_—-—-_-__———_--i .
ADDRESS 0 1 2 3 4 5 6 7 8 9 A B C D E F.
1000 88 04 00 SD A2 OL 15 52 1D CA FE A2 00 15 52 20 .

., 1010 CA FE 08 5D E3 EE OA .

e ———————————————————

Entering the Machine-Lanquaae Program

The following steps show how to use the DEBUG Manitor to enter and” diSp1ay the .

“QEEPY machine-ianguage program.

- §TER 1‘:"' In re-sp_cnsé to the BA_S_IC command prompt, type in [CALL DEBUGT.

STEP 2: ‘When the MUNITOR prompt appears type in the medirj-namory
| command [M 1000] (the monitor 1nserts the space ar*nr ey

TeP 3: Type in each of the 23 bytes of the mach ine-l1angyage oragram
exactly as they appear}above. After each byte unti] the Iast
is typed, press [[SPACE BAR]]. Afler *he last byte 1s{t/ped
oress [[ENTER]] %o return to the DE3UG monitor ccmmand iaval
with the “:* grompt to the aisaley.
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s7z? Iy ?yﬁe'in ‘D 10007 to disniay the first eignt Dyses of “BEID »*
ang verify each tyte witn the commands 1is512C 2Dove NOie the
viiues anc memory locetions of any incorrectly-enterec bytes.

3TZP 3:  Prass {+] to cisplay the second eight bytes for verificaion.
Again note the locations of incorrect bytes,

ﬁiTE? 6: Press [+]'agaip, and verify the first seven of the third
- sight-byte aisplay.

STEP 7:  aith verification done, prese [[ENTER]] tc return to *he uy
prompt.

STE?P 8: IT amy incafrect bytes have been found, use the addresses of
+hese bytes witn the M command to correct them.,

-,

The machine code "BEEP™ pfogrm is now en_t_er'éc_liinto memory.

- Jestinc the "BEEP" Program o

The “BEEP“ program is exacuted by setting the program counter in the n
7000-family processor to¢ the en+ry point of the program {>1009) f unen the B
orogram executes the return from subrouting (RE*S) command (>04 in the
nemory-image dump). program cnntrol is returned to BAS:C ‘When a b*eakpoint

is set at >1016 control returns o the oE3UG Monitor. The following st-ps

‘“;EJLTShgﬁtho” “0.execus e 1the 'BEEP“ program-and return control to both BASIC and
'“uhe’ﬁfBUG Mcnftor, |

STEP 1:1"Pres§-{Pj £¢ mod1fy the program counter in the processor. The
| dispiay shows the current value of the counter in th§ form: :

| PLufNNN. . _
we | * o
STEP 2 Type 1000 t0 set the prouram counter to >100C, the eniry poin:
of "BEZ |
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underlin1ng in text (excant heads) indicates a typestyle ather than normal
taxt; single brackets indicates information to be typed; double brackets
indicates key to be pressad

aloha = pound sign; 4 = percent sign; o¢ = at sign; u = guestion mark

STeP 3: Press [E] to execute the program and return to SASIC.

STEP 4: After the beeper has sounded and the BASIC cursor appears, type
in the [CALL DEBUG] command to once more enter the menitor.

STEP §: When the MONITOR: prompt appears, press (P] and enter 1000, as
in step 2, to onca again set the program counter to the start of

the "8LEPY program.
STEP 6: Type (B8] and 1016 to set a single breakpoint at »>1016.
STEP 7: Execute the program by pressing [E].

STEP 8: After the beener snﬁnds, the breakpoint address, the value in
the status register,_and the value in the stack pointer appear
in the display followed by the ":" prompt.

Modifzing “BEEP" Program Machine Code

The sound emitted by the beeper is controlled by values entered into regjsigrs
(Review figure 5-1 for exact details of how the program works).” The registEEsLﬂ
are decremented to zero to establish the duration of the sound and the period h
of the electrical impulses sent %o or ﬂithheld from the beeper to astablish
the frequancy of the sound produced. ' *

In the "BEEP'-pragram.machine language commands listed above, the value
'appearing in >1001 and >1002 is the immediata value loaded into the two

- ragistars that control the duration af the sound. The value at >1008 controls
the period alectrical current is sant to the neeper, and the falue at >10CF
controls the pericd in which no current is sent. .

Hﬂ'h-"'-

Paée ig
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ynger ining in T2xT (ExCEDT heacs) ingicates & typesiyie other tnan normai
-zy=: 3inci2 Lrackels INGIZATES informztior T2 pe types; couble Drackets
ncieaTES KEY TC DE Dressec

sisng = DOURE 3iOR: L e Dercent sion: c = 3T SI2N; u = CLESTION MarK

-ransing the sontent of >10C and >100Z 1o lower veiugs shoriens tne 1one of
cne “sees.Y  Changing ther Lo higher velues isnginens ths sound, Lhanging tne
JaL00 veive in tnese Locetions to »0080 produces & shori, crisp deep. |

-r.anging ine viiues o >FFFF ceuses the TOng productec ¢ last ignger than 30

s2Tencs.,

:hanging the contants of tne immecdiate valuas 2% >1008 and >100F o lower
velues raises “he tone of the sound, and increasing tha values lowers the

zone. A vzlue of >1C at each location provides a noviceabie higher pitch, anc
a vaiue of >80 in 2ach register provides a noticeadly iower pitch.

[l . - ' ) LT ¢ _
' Tk th o e i . .
PN -.J'---i--'!"‘



