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PART 1 PAPER TAPE AND CASSETTE TAPE INSTRUCTIONS

Figure A—1 is a photograph of a@ Wang 3315 Teletype terminal.
The paper tape reader and punch units are located to the left of
the keyboard; the rotary power switch is located on the lower
right-hand edge of the terminal.

START

J ! STOP

" FIGURE A.1: WANG 3315 TELETYPE TERMINAL

Step #1. POWERING UP THE
SYSTEM

Make sure the rotary power switch on all Teletype terminats is
OFF. On the rear of the 3300 chassis {Figure 1-2), turn the power
ON/OFF switch to the ON position.

-3 -



Step #2. INITIALIZING THE
SYSTEM.

1. The Console Registers.

2. The Control Buttons.

3. tnitializing the
System.

The front panel of the 3300 computer (Fig. 1—1} contains five
8-bit registers labeled 2,A,B,C, and MEMORY. The bit locations
in each register are labeled 80, 40, 20, 10, 8, 4, 2, 1, respectively.
There is also a 7-bit STATUS register whose bit locations are
labeled Ca, P,Z,D,V,1 &digitzero, respectively. All bit locations
on the panel are indicator lights which are ON when a bit has been
set and OFF when a bit has been cleared.

Along the bottom of the control panel are four groups of square
buttons. The left-most group contains seven selector buttons
labeled B, C, Z, A, S, M, and CORE, respectively. The first six
are used to store information into any of the six registers shown
on the panel; the button marked CORE is used to store or display
the location in memory whose address appears in the B and C
registers. The next group contains eight buttons, called Data Bit
Entry Switches, labeled 80, 40, 20, 10, 8, 4, 2, 1. All addresses and
instruction codes are keyed into the computer using these switches.
When an entry switch is in the ““in" position {depressed), it is ON
and represents a 1-bit. When a switch is in the “'out” position (not
depressed), it is OFF and represents a O-bit. The next group to the
right consists of three buttons labeled RUN, DISPLAY, and
ENTER. These switches specify what mode of operation the
computer is in (i.e., about to RUN a program, DISPLAY the
contents of a register or of a memory location, or about to
ENTER an instruction code or an address). The last group con-
tains four switches, labeled LOAD, STEP, EXQ, and GO. These
are generally used for stopping and starting programs while the
computer is in the RUN mode (i.e., the RUN switch is depressed).

To initialize the computer console, all the Data Bit Entry Switches
must be placed in the OFF or “out” position, and the ENTER
switch should be depressed placing the computer in the Data
Entry mode. Following this, the B and C buttons should be
pressed (they will automatically return to their “out” positions).
If this has been done correctly, all bits in the B and C registers will
be cleared. This, in effect, sets the computer memory address to
location 0000.

To initialize the Wang 3315 Teletype terminal, the OFF button
on the paper tape punch unit should be depressed, and the three-
way switch on the tape reader should be placed in the STOP posi-
tion {Fig. A—1). The rotary power switch should be set to its
OFF position,
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Step #3. LOADING THE
BOOTSTRAP.

1. Placing Information
Into the Registers.

2. Notation Used in the
BOOTSTRAP Instruction
Codes.

The BOOTSTRAP program is a sequence of instruction codes
and memory addresses which must be manually keyed into core
memory using the buttons along the bottom of the 3300 control
pane! {Fig. 1—1). The code for each instruction and address in the
BOOTSTRAP must be set up on the Data Bit Entry Switches.

To enter data into registers or memory, the computer is set to
Enter mode; i.e., the ENTER button is depressed and feft in this
position. Then, suppose the Entry Switches labeled 8, 4, and 1
were depressed (each switch will remain depressed until pushed a
second time). Pushing the B button would place that bit configura-
tion in the B register; i.e., the 8, 4, and 1 bits of the B register
would go ON. Simitarly, pushing the C, Z, A, S, and M buttons
would place the 8, 4, 1 configuration in the C, Z, A, S, and
MEMORY registers, respectively. The action caused by pushing
the CORE button is less direct. When CORE is pressed, the com-
puter interprets the contents of the B and C registers as the
address of a location in core memory. It first moves the present
contents of that location into the MEMORY register. It then
places the bit configuration which is set on the Entry Switches
into that location and increments the address in the B and C
registers by one. The noticeable changes on the console when
CORE is depressed occur in the C (and possibly the B} register
and in the MEMORY register.

All instruction codes and addresses in the BOOTSTRAP are ex-
pressed in hexadecimal notation. The hexadecimal number sys-
tem contains sixteen digits }abeled O through 9 and A through F.
Some codes in the BOOTSTRAP have familiar representations
such as 31 {read as “‘three-one,” not thirty-one}; others may be
unfamiliar such as 0D {read as '‘zero-D""}, or FE (read as “F-E"}.
The following table may be helpful in setting up codes on the
Entry Switches. Darkened blocks represent switches or indicator
lights in the ON position.



Hexadecimal Entry Switch Configuration

Digit
o
1 O OO0 m
2 oo . o
3 OO m=m =
4 O m O O
5 o m 0O =
6 O = m J
7 O =" = =
8 m O O 4
9 - ) ] w=a
N A - o mm [
B m O m -
c | [ e Ry |
D - N ] .
E | wm O
F - EEmw

FIGURE A-2: ENTRY SWITCH CONFIGURATIONS

3. Setting Up Codes On
the Entry Switches.

All instruction codes in the BOOTSTRAP, 3C for example, are

set on the Entry Switches in the following manner:

i} the switch configuration (Fig. A—2) for the left-hand digit,
3, is set on the leftmost four Entry Switches by depressing
the 20 and the 10 switches;

i) the configuration for the right-hand digit, C, is set on the
rightmost four Entry Switches by depressing the 8 and the
4 switches.

The Entry Switches will then have the following configuration:

3 [o}

e
80 40 20 10 8 4 2 1
OO s m = m (OO

To reinitialize the Entry Switches, simply push each depressed
switch and it will return to its OUT position.



4. Keying the BOOTSTRAP
Program [nto the
Computer,

5. Reviewing the
BOOTSTRAP Instruction
Codes.

* 61 for TTYLOAD; 44 for

The teletype BOOTSTRAP program is listed on pages 157
16 et the end of this section. Column one shows the
core locations for the instruction codes and addresses
in column two. The last column gives the corresponding
Entry Switeh configurations.

The first instruction must be placed into core at location 0000.
After initializing the system, this address will appear in the B and
C registers and the computer will be in Data Entry mode. The
BOOTSTRAP can be loaded by carrying out the following simple
procedure:

a) set up the first two digits {OD} in column 2 on the Entry
Switches by depressing the 8, 4, and 1 switches (see steps i
and ii).

b} press CORE; the code OD will be placed in core at location
0000, and the C register will be incremented to read 01.

80 40 20 10 8 4 2 1
o Y s R Y s [ s [ v Ry wmn

c) set up the next two digits (00} on the Entry Switches by
returning the previously set switches to their OUT positions.

d) press CORE; the code (00) will be placed in core at location
0001 and the C register will be incremented to 02.

80 40 20 10 8 4 2 1

o N s N s [ e R e R e B [
Repeat Steps C and D for each of the remaining instructions in the
BOOTSTRAP program. When the final instruction code (B1)*has
been entered, the C register should read 23.

g0 40 20 10 &8 4 2 1
0D O M O 0O O = -

It is a good idea to review the instructions which have just been

entered, and to reenter those which are not correct.

€]  With the ENTER button depressed, return ail Entry Switches
to their OUT positions, and press the B button and then the
C button to clear the B and C registers, This will reset the
memory address back to 0000.

f) Depress the DISPLAY button, placing the computer in
Display mode.

g)  Press CORE once. The contents of location 0000 (i.e., oD}
will be displayed in the MEMORY register, and the C
register will be incremented to 01.

h) Continua pressing CORE, checking the instruction codes
displayed in MEMORY against the list in Fig. 3. If an
erroneous instruction code is discovered, that code must
be reentered according to the following procedure:

TTLOAD -8-



6. Correcting Erroneous

Instructions.

i} Return all Data Entry Switches to their OUT positions.
j) Depress the ENTER button.

k) Check the listing in the BOOTSTRAP to determine the core
location of the instruction to be corrected, this focation must
be placed in the B and C registers according to step
Fig. A—2 {page 7 ) may be helpful here.

1)  Set up the first two digits (00} of the location on the Entry
Switches, and press the B button. Set up the last two digits
of the location on the Entry Switches and press the C button.
The B and C registers should now contain the correct
location.

m} Set up the correct instruction code on the Entry Switches
and press CORE.

n}  Return all Entry Switches to their OUT positions. To con-
tinue reviewing the BOOTSTRAP instructions, press DIS-
PLAY and continue pressing CORE as in Step g, page 8.

[pagrT 2:

PAPER TAPE LOADING INSTRUCTIONSW

[step #. LOADING THE TELETYPE IOADER

Clearing the B and C
Registers.

Mounting the TTY
LOADER Tape.

If the TCBOOT program is resident in the 3300
computer, then TTYLOAD can be loaded directly
from cassette by following the instructions in
PART 3, Step #5.

When the BOOTSTRAP has been successfully checked
the B and C registers must be reset to location
0000 by performing steps & and b below,
a) Depress ENTER.
b) Return all Entry Switches to their OUT
positions, and press the E and then the
C buttens.

On the Teletype to be used in loading the system,
turn the rotary switch to LINE (Fig. A-1)}. The
three-way switch on the tape reader should be
moved to FREE. The short TELETYPE LOADER tape
should be placed in the paper tape reader unit.
The plastie cap on the reader unit (Fig. A-1)
should be reised, and the tape placed beneath

it with the label facing upward and pointing
toward the front of the terminal. The small
sprocket holes directly behind the tape label
should catch on the sprocket teeth beneath the
plastic cap. Finally, the cap should be lowered
and locked in its original position, and the
three-way switch returned to the STOP position.

_9_>



3. Executing the
BOOTSTRAP Program.

4. Correcting a Faulty
Load.

On the 3300 computer console:

¢} Depress the RUN button.

d Press the CLEAR button.

e) Press the GO button,

Of

f)  Move the three-way switch from STOP to START. The
TELETYPE LOADER tape will be read by the computer.
When the trailer code at the end of the tape reaches the
plastic cap on the reader, the computer will stop automati-
cally, but the reader must be halted manually, according to
step g.

3

the Teletype tape reader unit:

g} Move the three-way switch to FREE.

If the tape is not read, or if it stops before the trailer code near
the end of the tape is reached, then the BOOTSTRAP should be
rechecked (Steps e-h, page B )} and another attempt made to load
the TELETYPE LOADER. Normally, only the contents of the
last three core locations in the BOOTSTRAP (0020 — 0022) will
have been altered.

Step #6. LOADING A
PAPER TAPE.

3300 OBJECT PROGRAM

1. Mounting an Object
Tape

2. Keying In the Starting
Location of the Loader.

In order to load an object program paper tape, the
TTYLOAD program must be resident in the 3300 camputer.
TTYIOAD can be loaded by following the instructions
given in Step #4 above or by loading file #5, #6, or #7.
from the-Software User's System Cassette.

The object program tepe should be placed in the tape

reader in the same manner as the TELETYPE LOADER tape.
(See page 9, step 2.) Make sure the teletype reader
switch is in the "STOP" position.

Before the 3300 object program tape can be loaded
into the computer, the starting location of the LOADER program
must be placed in the B and C registers; i.e,location  2F40. On
the computer console:

a}  Depress the ENTER button.
b} Set upﬁF on the Entry Switches, i.e.,
¥ 80 40 20 10 8 4 2 1
O O O - N - -
and press the B button,

* The loader is gemerally loaded in the last page of
available computer memory although it may be loaded
in any page by the Bootstrap. The starting address of
the loader will be XX40. Generally XX = OF for a 4K system

N XX = IF for an 8K system
-1~ XX = 2F for a 12K system.



c}  Setup 40 on the Entry Switches, i.e.,

80 40 20 10 8 4 2 1
OO M O OO B &
and press the C button.

d}  Return al! Eniry Switches to their QUT prsitions,

The TTY LOADER program wili autoinaiically start the tape
reader. |f the reader stops before reaching the t:ailer code at the
end of the tape, a loading error has occurred ang *
be repeated. When the entire tape is read, iz sh
beginning of the blank trailer code, and al!
A register should be off. This indicates a goovd foad.

1f the lead does
not terminate in this manner, then repeat Step #5,

When the BOOTSTRAP has been successfully cherked, the
B end C registers must be reset to location ACH. by
performing steps a end b below.

b) Return ell Entry Switches to their OUT position,
and press the B and then the C buttous.

3. Executing the
Loader Program.
e)  Depress the RUN bution.
f}  Press CLEAR.
@) Press GO.
page 10,
'PART 3: CASSETTE TAPE IOADING INSTRUCTIONS!
TStep #4: IOADING THE TAPE CASSETTE!
BOQTSTRAP )
1. Clearing the B and C
Registers
a) Depress ENTER
2. Mounting a TCBOOT

Tape

Turn the rotery switch on the Teletype to LINE {Fig. a-1).
The three-way switch on the tape reader should bte set to
FREE. The TCBOOT#1 or TCBOOT#2 tape for your system
should be placed in the paper tape reader unit. 'The
plastic cap on the reader should be raised and the tepe
placed beneath it with the label facing upward and pointing
toward the front of the terminal. The sm21l sprocket holes
should catch on the sprocket teeth beneath the plastic

cap. Finally, the cap should be lowered snd locked jinto
position, and the three-uay switch returned to the STOP
poaition.

- 11 -



3. Executing the BOOTSTRAP

Program

4, Correcting a Faulty

On the 3300 computer console:
c¢) Press RUN, CLEAR, and GO

On the Teletype tape reader unit:

d) Move the three-way switch from STOP to
START. The TCBOOT tape will be reed by
the computer. When the trailer code at
the end of the tape reaches the plastic
cap on the reader, the computer will
stop automatically, but the reader must
be halted manually according to step e.

e) Move the three-way switch to FREE.

Load

If the tape is not read or if it stops before
the trailer code is reached, then the

BOOTSTRAP should be rechecked (Steps e - h
page B8 ).

Step #5 LOADING A 3300
OBJECT PROGRAM

CASSETTE

j

1. Loading The TCLOAD
Progream

a. Place the Operating System cassette into
either the LEFT-HAND or the RIGHT-HAND port
(depending on which TC BOOT has been loaded)
of the unit directly comnected to the 3300
camputer. The LEFT-HAND port is considered
to hold the NO. 1 CASSETTE, the RIGHT-HAND
port holds the NO. 2 CASSETTE.

b. On the 3300 computer console,
Depress ENTER.
80 4 20 10 8 L4 2 1
c. setwpor (DO MONEBEW)
on the entry switches.
d. Press B { 2F appeers in B).
80 Lo 20 10 8 L 2 1
e. Setupho (l:] . JLJDD)
£. 'Press C (40 appears in C).
g. Return all entry switches to their OUT position.

h. Press RUN, CLEAR, and GO

- 12 -



The computer will read the TCLOAD progrem from
the first file on the Software User's
Operating System cassette. It will halt with
the execution address of TCLOAD (i.e. XYO00 15)
in the B end C registers, and the file number
0316 in the A register.

2. The Software User's
System Cassette
The Software User's system cassette contains
seven program files:

i. files #01,¢ and #0216 contain the TCLOAD
program (execution address = XY00,5) and
the tape parameters.

ii. file #0316 contains the TCEDIT program
{execution address = 0200 ).

iii. file #0l,g conteins the TCASMB program
{execution address = 0200 ) and a copy
of TCBOOT #1 (execution address = 0240}.

iv. file #05,, contains CAP (execution address
= 0900) and TTYLOAD {execution address
= OF40).

v. file #06¢ contains CAP (execution address
3900) and TTYLOAD (execution address
3Fho).

"

vi. file #07,5 contains CAP (execution address
= 5900) and TTYLOAD (execution address
= 5Fho).

3. Loading the System
Cassette
Files 0335 through 07;5 can be loaded into the
computer by following the instructions given
below. It is assumed that TCBOOT is resident
in the 3300.

i. Load the TCLOAD program

R J. Place the file number of the desired program
N into the A register.

i.e. for TCASMB:
i. depress ENTER
ii. set upan Objg 804020108 %421
oo ooDedm
on the ENTRY SWITCHES
iii. press the A button

- 13 -



Press RUN, CLEAR, and GO

The selected file will be read
and the number of the next
sequentiel file will appear in
the A register.

-1k =



PART 4: TELETYPE BOOTSTRAP FROGRAM LISTINGS

For 8-bit TTYLOAD, TCBOOT #1 & #2

TELETYPE BOOTSTRAP LISTING

Core Instruction

Location Codes Entry Switch Configuration
80 40 20 10 8 4 2 1
BOOT OFS X'FF' .... 0000 0D O D0 C .m0 .
0001 00 OOoo0OoogooooOo@Oom
1ZI  X'20' «e.| 0002 1B OO O =" =m O m .
0003 20 Oom O OooOo OO
LAT  X'83' ..... 0004 1A OO O EmE =m DO =
0005 83 m OO0 OO mm
CIOJ ....| 0006 3C OO = = = m OO O
0007 08 o s I s I B [ B o [y
STI  X'BO' ++..| 0008 30 OO EBE O OO .
0009 BO | DS B N s R e R e
JMP  #-2 «...|] OOOA 46 O O OO0 wm m O
0008 08 O OoOoOomm o oo
LA*  BUFF ....| 00OC c3 - e (O D[] [ == mm
000D 1E O O °0 - - - m )
cI 0 +s««| OO0OE 19 O OO A B &3 O .
000F 00 e O e e Y e [ e s s [ |
s1s x'01' ....| o010 14 OO0 O MmO m OO
0011 01 o Y s Y s Y s Y s B s Y |
JEQ  BOOT «ood| 0012 27 O O ®@ OO = = .
0013 00 e Y e Y e Y s Y s [ s Y e Y |
ONs  X'01' ....| 0014 oc OO OE mm DO
0018 o1 e R s s [ s s o |
UA+  LADR ....| 0016 CE H . OO m Wm0
0017 20 ODOom 00O OO0
INC RCNT ... 0018 42 Om O OO0 m O
0018 22 OcCcOmwm OO O m
JNZ  BOOT+2 ....| 001A 25 OO s OO Em O
001B 02 Ooco oo oo .m o
HETT  * .ee-| 001C 00 o R e Y e Y e Y e N o s [ e
001D 1c O DO 0D | OO
BUFF DAC X'0220' ....| OO1E 02 OO o oOooOoommDo
001F 20 O oOm OO0 OO D
LADR  DAC  X'"2F40' ....|[ 0020 lx 2F ] O m OO . = - .
. 0021 40 O m O O3 33
RCNT  DC X'61" vees| 0022 61 O =@ m OO OO0 =

** NOTE: (1) TTYLOAD is generally loaded into the last page of available memory
although it may be loaded into any page. The starting address of where
the loader is to be entered is contained in locations 20 and 21. Therefore,
location 0020 = OF for a 4K system
= IF for an 8K system
= 2F for a 12K system, etc.
(2) TCBOOT is always loaded at 2F40.

(3) Locations 0020, 0021, and 0022 must ba restored 1f the RONTSTRAP is used
more than once. - 15 -~



For 4-bit TTLOAD

TELETYPE BOOTSTRAP LISTING

Core Instruction
Location Codes Entry Switch Configuration
. 80 40 20 10 8 4 2
BOOT OFS X'FF' 0000 oD o O O o 3 3
. 0001 00 o Y o e Y s [ i O By |
Lzl X'20' . 0002 1B o Y N Y o2 N OO [ O R O
0003 20 o R (o R O .
1A x's3’ «ees| 0004 1A o Y s T o R > I 4 B
0005 83 igcy Y e S e Y e [ s G A L A
CI0J ‘. 0006 3C O [ B9 B B3 3 O [
0007 08 O o 0O oo
STI  X'BO' ....| 0008 30 O DODom s 0D e
0008 BO o Y o S o N o~ S s [ i [ D ) OO
JMP k-2 .+| O000A 46 o S o Y s [ S o S GOt ) I
0008 08 O e Y e Y S Ay
LA%*  BUFF «evs] 0OOC C3 EoER O Ol 3 A R?
000D 1E S S R | | oa B = IR SO0 B N
C1 0 «+«s| OOQE 19 O DO 0O ey O ol
000F Jole] S s S s Y S Y [ s R s Ay
sIs  x'01'  ....| 0010 14 O O ) oea o3 01 o
con 01 oy s e i Y S U
JEQ  BOOT I 0012 27 O O OO 3 L2 e
0013 00 OO0 oOooo. o
ons  x'ol' .| o014 ocC O o M>;o o s O e
0015 01 Ty [ [ s i [ S
UA+  LADR see| 0016 CE [ Y i N I Y o [ b Y v S O S A
0017 20 O DO wm oo o .y
INC  RCNT 0018 42 o R - Y R [ O S O
0019 22 O o m 0Ooe O e
JNZ  BOOT+2 .. 001A 25 O 0O e\ 0O . e Ea ok
001B 02 s Ty s [ o s [ s [ A B S
HLIJ  * 001C 00 o [ s s s [ s
001D 1C O 0O O s m O
BUFF DAC  X'0220" ... 001E 02 O oo oOob@boDoa T
001F 20 [ e R o Y e [ A
~. LADR DAC X'2F40' ....! 0020 ke 2F O O O3 83 01 61
0021 40 = O 0o oo OOy
RCNT  DC X4 ... 0022 44 O m@m OO0 O m O
*% ROTE: (1) The loader is generally loaded into the last page of available memory
although it may be loaded into any page. The starting address of wherc
the loader is to be entered is contained in locations 20 and 21. Therefore,

2)

location 0020 = OF for a

more than once.

4K system

= 1F for an 8K system
= 2F for a 12K system, etc.

- 16 -
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TTLOAD
(Teletype Tape Read Object-Program Loader--4-bit format)

TTLOAD is used with the Teletype reader to lecad 3300 object program paper
tapes which are in 4-bit TTLOAD format. TTLOAD transmits a tape—on and
tape-off character to automatlcally start and stop the tape. The loader
reads over, leader tape and reads blocks of object program in a scatter
load fashion until an end of tape character is enmcountered. Parity is
checked on each data frame. A checksum is calculated and checked with the
checksum supplied at the end of each block., Three special comtrol characters
are also checked for:

STX - Start of Record (42) 16

ETX - End of Block (43)1¢

EOT - End of Tape (44)4

(See Input Requirements, page 21, which contains a description of OBJECT
TAPE FORMAT).

PROGRAM RESTRICTIONS:

{a) Program Size: BC hex bytes; 188 decimal bytes.

(b) Loading Address: xx40; it can be loaded on any page as long
as it 1s begun at in-page byte 40. It is generally loaded
into the last page in memory, xF40 (where x = 0 for 4K
memory, x = 1 for 8K memory, etc.).

(c) Timing: Limited by TAPE READER SPEED.

(d) Minimum Memory Configuration: 4K.

(e) Peripherals: 33ASR Teletype TBE or any model which can
transmit tape-on, tape-off characters.

OPERATING PROCEDURE:

(1) Load TTLOAD into the highest page, xF40 (or any other page),
of available memory using TTLOAD BOOTSTRAP (4-bit, page 16).

(2) Start executing at xF40 (i.e., B = xFig, C = 40)16)-

- 19 _



3)
)

)
6)
N

Depress RUN; depress CLEAR.

Turn the teletype to ON-LINE. Mount an object program tape on
the teletype tape reader; set reader switch to STOP.

Press GO.

The tape will be read and loaded.

Repeat steps (4) and (5) for each tape to be loaded.

NORMAL TERMINATION:

After each tape is read:

ERROR TERMINATION:

Z-Reglster = 6616
A-Register = 0016

Several errors can occur during loading which will stop tape motion and
cause the program to halt. In each case, the A-Register will contain
the last character read and the Z-Register will contain an in-page byte
address which can be used to determine the type of error encountered.

1)

2)

3

Z-Register =

Z-Register =

Z-Reglster =

6E16

9Cy6

EE)q

Indicates the program was looking for one of
the control characters and did not find it.
The A-Register contains the character actually
read. .

The checksum is not correct. The A-Register con-
tains the checksum read from the tape. The cal-
culated checksum can be found at xFF6jg.

Incorrect parity; the A-Register contains the
character read with the '80' bit on.

- 20 -



INPUT REQUIREMENTS:
Format of Object Tape (4~bit format}:

The object tape is formatted with odd parity as follows:

100 zero frames (NO PARITY) 100 FRAMES

STX (Start of Record, No Parity) 1 FRAME

RECORD 1 NO. OF BYTES IN RECORD (Parity) 4 FRAMES
STARTING RECORD ADDRESS (Parity) &4 FRAMES
DATA (Parity) 2 FRAMES/BYTE
BLOCK 1 .

ADDITIONAL RECORDS

ETX (End of Block, No Parity) 1 FRAME
CHECKSUM (Parity) 2 FRAMES

ADDITIONAL BLOCKS

EOT (End of Tape, No Parity) 1 FRAME

- 21 ~



FLOWCHART (TTLOAD)

| START TAPE
| MOTION WITH
| TAPE ON CHAR

(Bypass Leader and
Tape ON/Tape OFF
Characters)

= QTHER = EOT

READ PAPER
TAPE FOR A REG = 0

CHECKSUM i GOOD i
1)CHECK PAR.

READ PAPER
TAPE FOR:

1) NO OF BYTHS
2)START ADDR

SET FINAL
ADDR

READ PAPER
TAPE

r | STOP TAPE
MOTION WITH

1)CHECK PAR.
2)CHECKSUM CH#
1 |3)SAVE DATA

; TAPE OFF Cl

2

AN
IT / HALT

END? -
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TTYLOAD

(Teletype Tape Read Object—Program Loader-—B-bit format)

TTYLOAD is used with the Teletype reader to load 3300 object program paper
tapes which are in 8-bit TTYLOAD format. TTYLOAD transmits a tape—on and
tape—off character to automatically start and stop the tape. The loader
reads over leader tape and reads blocks of object program in a scatter load
fashion until an end of tape character is encountered. Parity is checked
on each data frame. A checksum is calculated and checked with the checksum
supplied at the end of each block. Four special control characters are also

checked for:

SOH - Start of Tape (01)]1g
STX - Start of Record (02)q¢
EIX - End of Block (03)1§
EOT - End of Tape (04)¢

{See Input Requirements, page 27, which contain a description of OBJECT

TAPE FORMAT)

PROGRAM RESTRICTICNS:

(a)
(b)

(c)
(d)
{e)

Program Size: O9E hex bytes; 158 decimal bytes.

Loading Address: =xx40; it can be loaded on any page as long
as it is begun at in-page byte 40, It is generally loaded
into the last page’' In memory, xF40 (where x = 0 for 4K memory,
X = 1 for 8K memory, etc.).

Timing: Limited by TAPE READER SPEED.

Minimm Memory Configuration: 4K.

Peripherals: 33ASR Teletype TBE or any model which can
transmit tape-on, tape-off characters.

OPERATING PROCEDURE:

(1) Load TTYLOAD into the highest page, xF40 (or any other page),
of available memory using TTYLOAD BOOTSTRAP (8-bit, page 15).

(2) Start executing at xF40 (i.e., B = xFi16s C = 40318)-
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(3) Depress RUN; press CLEAR.

(4) Turn the teletype to ON-LINE. Mount an object program tape on
the teletype tape reader; set reader switch to STOP.

(5) Press GO.
(6) The tape will be read and loaded.

(7) Repeat steps (4) and (5) for each tape to be loaded.

NORMAL TERMINATION:

I

After each tape is read: Z-Regilster 6416
A-Register = 0036

ERROR TERMINATION:

Several errors can occur during loading which will stop tape motion and
cause the program to halt. In each case, the A-Register will contain the
last character read and the Z-Register will contain an In-page byte
address which can be used to determine the type of error encountered.

(1) Z-Register = 6Cj¢ Indicates the program was looking for one of
the control characters and did not find it.
The A-Register contains the character actually

read.

It

(2) Z-Register = 9Ajg The checksum is not correct. The A-Register
contains the checksum read from the tape. The

calculated checksum can be found at x¥F6)g.
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INPUT REQUIREMENTS:

Format of Object tape (8-bit format)

BLOCKj

100 zero frames (leader code)
SOR (Start of Tape) ’

RECORD

STX (Start of Record)
NO. OF BYTES IN RECORD
STARTIRG RECORD ADDRESS

DATA

ADDITIONAL RECORDS

ETX {(End of Block)
CHECKSUM
100 ZERO FRAMES

ADDITIONAL BLOCKS

EOT (End of Tape)

- 27 -
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TCBOOT

(Tape Cassette Bootstrap Program)

TCBOOT is used with the Wang model 3320 Dual Tape Cassette unit
to load the Tape Cassette Loader program (TCLOAD) from cassette
tape. Two TCBOOT programs are supplied with each 3320 system;
TCBOOT #1 loads TCLOAD from the left~hand port, while TCBOOT #2
loads TCLOAD from the right-hand port. TCBOOT is loaded starting
at location 2FL016 by the Teletype BOOTSTRAP program (TTYBOOT).
Each TCBOOT program contains & 1-byte constant st location 2Fh31¢
specifying the maximum amount of core memory contained in the 3300
system being used. This constant is of the form XE16 where X
represents the last core module present in the 3300. There are,
therefore, fourteen versions each of TCBOOT #1 and TCBOOT #2,
ranging from 12K systems through 64K systems.

TCBOOT starts the cassette and reads TCLOAD into the last page of
memory as specified by the constant at location 2Fk316. Check-
suming is not performed but a system halt occurs if an end of
tape, an end of block, or a tape error is detected. When TCLOAD
is loaded, TCBOOT performs an autamatic Jump to the starting
location of TCLOAD {XF00)¢).

PROGRAM RESTRICTIONS

1. Program Size: 9216 bytes (146;, bytes)
2. loeding Address: 2Fh0Og
3. Minimum Memory Configuration: 12K

L. Peripherals: 33ASR(TEE) Teletype, 3320 Dual
Tape Cassette unit.

OPERATING PROCEDURE

1. Load TCBOOT #1 or #2 into location EFL\OIG using TTYBOOT.

2, Place the Software User's system cassette into the
corresponding tape cassette port.

3. Set up 2Fk0O;g in the B and C registers and press
RUN, CLEAR, and GO

4, The first two files of the cassette, containing TCLOAD
and the tape parsmeters, will be read into the 3300.
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NORMAL TERMINATION

If the Software User's System cassette loads correctly, the
system will helt, displaying en 03;; in the A register and
an XF001g in the B eand C registers.

INPUT_REQUIREMENTS
.The only valid input to TCBOOT is the 3300 Tape Cassette
Loader progrem (TCLOAD). The loader must be the first

file on a cassette and the tape must be rewound before a
correct lead is possible.
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TCIOAD

(Cassette Tape Object Program Loader)

TCLOAD is used with the Wang model 3320 Dual Tepe Cassette unit
to load 3300 obJect program files. TCLOAD automatically starts
and stops the 3320 cassette drive. The loader program reeds
blocks of 256 bytes from cassette, and celculates and verifies
the checksum for each block. Start of record byte, file number
end record number are also verified. Input tapes for TCLOAD
must conform to the input format specifications described in
the section on INPUT REQUIREMENTS FOR TCLOAD.

To fecilitate the loading of objlect program files, TCLOAD utilizes
a method of automatic read retry. If any input block is not
reed correctly, TCLOAD reads the second copy of the block. If
this block feils, TCLOAD makes three more attempts to achieve a
successful read of either block, before a system halt occurs.

PROGRAM RESTRICTIONS

a, Program Size: 131416 bytes (30810 bytes)

b. Loading Address: XYCB1¢ through (R+1)FF¢
(XY is the contents of location 2Fh316 in the
TCBOOT progrem. For exmmple, if location 2Fh3g
= TE, the TCLOAD program will be loaded in locations
TEC8;¢ through TFFFi¢).

c. Execution Address: (XY+1)0015 (i.e. if location
2F43 = TE, the executicn address would be TFDO1s)

d. Minimm System Configuration: 4K
e. Peripherals: 33ASR(TBE) Teletype, Wang 3320 Dual
Tape Cassette Unit.

OPERATING PROCEDURE

1. Loed the appropriate version of TCBOOT. ILocation 2F’+316
will be set to XEi1¢; this address can be altered as
desired.

2. Mount the Wang Software User's System cassette on the
3320 cassette unit, and execute the TCBOOT program.
The- system will halt with an 03;45 in the A register
and the starting address of the loader (XY+1)00,¢
in the B and C registers.

3. To use TCLOAD, place the file number of the desired

input file into the A register, and press RUN, CLEAR,
and GO. (See part 3 of the OBJECT TAPE LOADING PROCEDURE)
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NORMAL TERMINATION

If a good load has occurred, the 3300 will halt with the file
number of the next sequential file displayed in the A register
and the starting location ((XY+1)00;g) of the loader in the B
and C registers.

ERROR TERMINATION

There are two error halts built into the TCLOAD progrem:

1. REREAD FAILED. If TCLOAD fails to successfully read either
copy of a particular input block after four attempts, the
system will halt at location (XY+1)C81g.

2. FILE NOT FOUND. If the requested file is not found, the

system will halt at location (XY+1)CA16; the A register
will contain the file number of the last file read.

INPUT REQUIREMENTS FOR TCLOAD

The formet of the physical recerd block for object programs
which can be read by TCLOAD is as follows:

1. The physical block is fixed at 256 bytes, defined by the

statement -
BLOCK e X'0100' 256 BYTES
2. Control information occurs at the front of each physical
block.
a. byte #1 Tepe file date BOF/EOF as follows
X'AA' = beginning of record
X'FO' = beginning of file
X'OF' = end of file
X'FF' = self contained file (i.e., file contained

within a single physical block)
b. byte #2 Check sum byte

c. byte #3,b Record length (meaningful text)
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d. TDbyte #5 Control byte check sum

e. byte #6 File mumber

f. byte #7,8 Record mmber (within file)
g. byte #9,10 Record text pointers

h. byte #11,N Rec’ord text characters

In reeding a tepe file, a check of byte #1 permits the loader
to process the data according to the following rules:

Byte #1 = X'FO' Beginning of File record.

&. File number must be 1 greater than prior record.

b. Record number must be equal to 0001.

¢. Text contains text information of initiel date
in file.

Byte #1 = X'AA' Beginning of Record.

8. File mmber must be identicel to prior record.
b. Record number must be 1 greater than prior record.
c¢. Text contains text information.

Byte #1 = X'OF' End of File record.

&. TFile number must be identical to prior record.

b. Record mumber must be 1 greater than prior
record.

¢. Text contains text information of last data in
file.

Byte #1 = X'FF'  Beginning/End of File record.
. File mmber must be 1 greater than prior record.

Record number must be 0001
e. Text data for file totally within current record.

[~

3, The TCLOAD program’ expects redundant recording of each
physical bloek on the cassette tape. To further
insure the integrity of all data output to tape, TCLOAD
performs the following functions:

a. * Check sum control of all data contained within each
physical block, .

b. Verification of the start of record byte.

c. Verification of file mmber and record number
according to the rules established for each start
of record byte.
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L. The contents of the record text area (bytes 11 - N) is
not of direct concern to TCLOAD except for the number
of text bytes and check sum verifieation.
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ABSTRACT

The Symbolic Editor (TTYEDTT) is a 3300 Utility Progrem that
is used to generate or correct paper tape containing 3300
Source Assembly language programs or other teletype line
files. It is used with the 3315 teletype terminal for both
reading and punching source tapes and keyboard/printing
operations.

Two versions of TTYEDIT exist. One is a 4K, 4-bit version
(the tape is in L-bit format and must be loaded with a b-bit
loader) for use with the 4K, 4-bit Assembler. The other is
an BK, B-bit version (the tape is in 8-bit format and must
be loaded with an B-bit loader) for use with the 8K, 8-bit
Assembler.

A similar Symbolic Editor ({TCEDIT) which utilizes the

3320 cassette tapes to read or write source language

program files is also available. TCEDIT requires a

minimum 12K system and is in B-bit format only. This version
of the Symbolic Editor is loaded via the appropriate version
of TCBOOT#1 or TCBOOT#2.
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I. OPERATION OF TTYEDIT AND OF TCEDIT
A. INTRODUCTION

TTYEDIT is one of the standard utility programs for the
WANG 3300 digital computer system. It is designed to
help the user to prepare and edit line-file paper tapes
using the 3315 Teletype terminal. TTYEDIT contains a
number of feetures which simplify the process of listing,
modifying, edding to, and copying source program lines.
The tape cassette version (TCEDIT) of the Symbolic Editor
further simplifies these functions by greatly speeding up
reading and writing of files of source program lines.

While TTYEDIT and TCEDIT have been specifically designed
for the preparation of assembly source language program
tapes for later execution by the WANG 3300 assembly
program (see the ASSEMBLER User's Manual), they may be
used with any files consisting of keyboard entered
information-- such as BASIC data files.

B. LINE AND RECORD FORMATS

The basic unit with which the Symbolic Editor user works
is the teletype source line. This is defined to be eny
string of ASCII teletype characters terminated by a
carriage return and line feed, which marks the record end
on tape. For tapes read by either TTYEDIT or by TCEDIT,
a line with no characters except e cerriege return and
line feed will be considered a null line; when read, it
¥ill be deleted and ignored. Similarly, single carriage
return or line feed characters at the beginning of a
line will also be deleted.

A teletype line conteins from 1 to 72 characters, lines
may vary in length, but they may not exceed 72 characters.
Since one space is required for the colon output and one
for the carriage return, the user may effectively add a

T0 character line to workspace at one time. ‘
Teletype source lines are separated by 2 rubout characters |
vhen written onto paper tape; rubout characters in source
lines are ignored when the tape is read.

C. WORKSPACE

"WORKSPACE: is defined to be an srea within the computer
which is 1,878 * characters in size and consists of a
varieble nmmber of lines. It is within this workspace that
the ectual editing

¥5,974 characters for the 8K version of TTYEDIT.
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(insertion, deletion, movement) and listing oceurs. There
are a set of commends which control the reading of records
fraw the 0ld source file tape and the wrilting of records
onto the new source file tape; another set of cammands allow
the examination and changing of the status of the workspace.

TPYEDIT (TCEDIT) rules sllow the user to write lines from the
workspace onto the new file tape or to read limes into the
first 1,476 # characters of the workspace. Note that the
workspace cannot be completely filled by reading; this is

done to guarantee that there will always be some slack space
in vhich the user may make additions to the present contents
of the workspace. In reading and writing into and from the
workspace, the original sequence of the files is not disturbed;
interchange of source line sequence can only be accomplished
by use of the move command (/M).

D. TYPING RULES .
A1l TTYEDIT (TCEDIT) commands and sdditions to the source file
are entered vie the teletype keyboard; all editing of output
is written onto the keyboard, providing a record of the entire
editing process. When TTYEDIT (TCEDIT) wishes to obtain the
next user teletype input, it outputs a colon (:) to the
keyboard and waits for a user response.

A user response (entry) is always terminated by a carriage
return, vhich causes TPYEDIT (TCEDIT) to ignore further
keyboard input and service the entry. - When the entry has
been serviced, TIYEDIT (TCEDIT) issues another colon and
the user may make another entry. If a user command causes
TTYEDIT (TCEDIT) to output onto the teletype, the system
places a space in column 1; thus, a record of the editing
session always shows user inputs {lines starting with e
colong and TTYEDIT (TCEDIT) responses (lines without a
colon).

In general, once a valid entry has been make, -it cannot be
revoked by the user. The exceptions to this are the listing
camand and the stetus command. During these commands, the
user may interrupt by striking the ESCape key; this will
terminate the listing in progress and request the next user
input. TCEDIT allows the ESC key to be struck at any time.

There are two classes of typewriter input to TTYEDIT (TCEDIT):
functjonal commends elways consisting of a slash (/) followed
by a single letter and, optionelly, other specisl fields

(see Part II, Page 52). Spaces anywhere in a function command
are ignored, but all special punctuation, if any, must appear
in the correct form. Any input which is not in the format of

#* 5,572 characters for the 8K version of TTYEDIT.
5,572 characters for the 12K version of TCEDIT.
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& command is considered to be & source line and will be
accepted as such. There are no restrictions on the contents
of source lines, except that they end with a carriage return
and not begin with a slash. Teletype source lines may only be
entered immedistely after an insert (/I), or an append (/A)
comuand, or a previously entered source line.

E. ERBOR CORRECTION

If an error is detected prior to the typing of a carriage
return, the entire line mey be deleted by striking the
RUBOUT character; TTYEDIT (TCEDIT) will reply with e colon
and the line will be ignored and enother line may be typed.

The user may correct single characters in a sowrce line
being typed by using the backarrow (+) cheracter. This
action 'crosses out' the most recently typed character.
Several characters may be crossed out in succession by
repetitive use of the backarrow as shown in the following

exsmple:
sTAG J8T RXT! EXIT LEAVE
4 backarrows to
delete last 4
characters
:TAG J8T EXIT LEAVE &——line as it will be
processed by the
system

F. TERMINOLOGY

One of the more attractive features of TTYEDIT (TCEDIT) is the
flexibility it gives to the user in identifying the elements
with which he wishes to deal. There are three classes of
identifiers which are recognized by TTYEDIT (TCEDIT):

1. absolute workspace line numbers;
2. input source file line nunbers; and
3. symbolic tags.

An absolute workspace line number refers to the position of a

source line with reference to the mresent contents of the
workspace; it is an unsigned integer with a value of 1 to 255.
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Thus, the following commend/response:

:/L 16
JOE  INC PTR+2  MODIFY ADDRESS

This cammand lists the sixteenth line currently in the workspace.

The following command would delete the twelfth line of the
workspace:

:/D 12

This command ceuses all subsequent lines to be "moved up" one
in absolute line mmber order. Note that now the command

:/L 15

would list the line thet was 16th (prior to the deletion)
but which would now be "moved up" one in ebsolute line number
order and is now the 15th line.

An input source file line nmumber refers to the sequential
position of records {lines) on the old input source tape.
The count 1s set to zero when TTYEDIT (TCEDIT) sterts and
is maintained as records are read into workspace from the
input tape. It is reset to zero every time & /E commend is
entered, which punches all of workspace, end of tape, and
trailer code. (Note: It does not punch leader code.)
With TCEDIT, after a /P 2/i commend has been entered, a/E
command will write the contents of workspace and end of
file data to cassette 2; start of file data is not written.
The format of a source file line mmber is & slash (/)
followed by an unsigned integer of from one to five digits.
The following command would read up to the 263rd line of
the old source file.

t

:/R /263

A symbolic teg is defined to be a string of from 1 to 4
letters and digits not beginning with e digit and separated
by at least one blank character or e backslash character
from the rest of the line. The characters "@", "#", and
"$" are considered letters for this definition. A source
line is considered to have a tag 1f the first character of
the line is e legal tag character; note that source lines
need not begin with tags.

Symbolic tags may be used for references alone or with an
integer offset. An offset is a signed integer of from

1 to 5 digits. For source lines presently in workspace,
references may be made with either positive or negative
offsets. The commands:




are 81l legal, provided the referenced lines are in workspace.
For lines on the old source files, a symbolic tag may be used
(if they do not already appear in the workspace) with a positive
offset, but not & negative offset. The following commands are
legal:

:/R JOE
:/R JOE+267

The following command is not legal {because it has & negative
offset):

:/R JOE-200

We will use the term "internal reference"” to mean a reference
to a line in workspace, either by a symbolic tag form or by
an absolute workspace line mmber form. Similarly, the tern
"external reference” will be used for & reference to a line on
the 0ld source file, either by symbolic tag or sequential line
number .

G. FUNCTIONAL FEATURES

1.A.

TTYEDIT and TCEDIT may be considered to perform four classes of
functions:

1} controlling the movement of the input and output
tape files. -

2) examining the contents of the workspace;

3) modifying the contents of the workspace; and

L) setting tabs for the automatic aligmment of fields.

Controlling Tape Movement Using TTYEDIT. (/R, /W, /E)

The purpose of an editing program is to fetch lines of an
input file, allow the user to modify or add to the lines, and
write the corrected lines onto an output file.

The TTYEDIT user explicitly brings records into the workspace
by issuing /R commands, using external references. When this
comnand is given, TTYEDIT will read lines into workspace until
workspace is full or the requested line has been entered. If
workspace fills before the referenced line has been read, an
error message will be issued. Generally, when the user wishes
to read the entire tape file, he would enter a dummy external
reference (i.e., a tag not on the tape file).
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The TTYEDIT user explicitly writes lines onto the output
file by issuing /W commands specifying the internal
reference of the last line to be written from workspace.
If no internal reference line number is supplied, the
entire buffer will be written.

When the last source line hes been reed and/or all editing
has been accomplished, the user may enter a /E (for "end")
comuand. This command will cause the entire contents of
workspace to be punched followed by an EOT (end of tape)
charecter and 50 frames of zero trailer code. The EOT
character is a special character recognized by TTYEDIT
and the 3300 essembler, ASMB, as the end of tape. To
facilitate off-line tape, preparation, TTYEDIT will also
treat carriage return/line feed characters followed by at
least one zero frame as end of tape. Therefore, the
insertion of zerc frames ('by use of the HERE IS key on
the teletype) after a line will let a user segment source
tape prepared off-line. The /E command will also set the
external line mumber source file count back to zero.

For the /W and /B commands, an additional procedure is
required to allow the user to manually turn the teletype
paper tape punch on and off. The procedure is as follows:

a) Type in the /W or /E (including carriage return).

b) The program will now pause. The user may wish to
turn the teletype to local, turn the punch ON,
press HERE IS (to punch some zero frames) since /W
and /E commands do not punch leader code, turn to
on-line and press cerriage return. If no zero frames
are to be punched, the punch may be turned on without
the teletype being turned to local.

¢} The tape punching operation will be completed and the
program will pause egain.

d) The user will turn off the tape punch and enter
another carriage return to signify the punch is off.
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Controlling Tape Movement Using TCEDIT. (/P i[/§1, /R, /W, /E)

The TCEDIT program offers the user the capability of accessing
cessette drives one and two in addition to the paper tape reader/
punch unit on the teletype. The /P command, whose format is
shown below, specifies the desired device.

FORMAT ; /P il/4]

where: i = the device number
device 0 paper tape reader/punch
device 1  cassette drive 1
device 2 cassette drive 2

o
i

a positive integer designating a specific
file on cassette drive 1 or 2.

TCEDIT uses device 1 strictly for input (/R) while device 2 is
only for output (/W, /E). When TCEDIT is initially loaded the
device number is autamaticelly set to zero. To access cassette
number 1 in order to read in source lines from file J,s the command
/P1/) must be entered. A carriage return following this tfomma.nd
1s not necessary; as soon as J bas been entered, TCEDIT will
positlon tape 1 to the beginning of file j. The use of the /R
cammend is identical to the description given in section l.A. for
TTYEDIT. Once a /P1/jcommand has been executed an§ file J has
been read, a /P1(/'file' omitted) command will position the
cassette to the start of the file immediately following file Js
the tape will not be rewound before being repositioned.

To meccess cassette 2. for outputting source lines to file Js the
comnand /P2/J must be.entered. Again, the tape is automatically
positioned to the end of the file previous to file J;5 no carriage
return is required. The use of the /W and /E commands 1is exactly
as described in section 1.A. with the following two exceptions:

8. The initial output command (/W, /E) given for file ]
autamatically writes start of file data on the cassette
tape.

b. The /E command automatically writes end of file data on
the tape,

Once a /P2/3 command has been executed and file J has been written
and ended (/E) & subsequent /P2 {/'file' omitted) will reposition
the tape to the start of the next sequential file withowt rewinding
the tape first.

To access the paper tape reader/punch unit for either input (/R) or

output (/w, /E} purposes, the cormmand /PO must be entered. No
cerriage return is required, and the file designation /3 is cmitted.

Examining the Contents of Workspace {/L, /8)

The user may list a single line, several lines, or the entire contents

of workapace by issuing a /L command with one, two, or no internal
references, respectively.

The following cammand will list the line with tag JOE:
:/L JOE or /L 10 _ 18 -



The following command will list & group of lines:
:/L JOE+6, JOE+2h or  :/L 10,20

The following command will 1list the entire contents of workspace:
/L

The listing process may be stopped at any time by

striking the ESCape Key; the EDIT program will then return to
entry mode. If symbolic tag references are used, they must be
present in workspace or an error message is issued.

The stetus of WORKSPACE may be displayed by a /S command. This
produces a print out of the external sequence number of the last
source line read, the amount of workspace available, the first
&nd last lines in the workspace and all tags with their absolute
internal value.

Example:
:/8
LAST LINE 00650 (last external input line read)
FREE SPACE 00960 (no. of characters left in buffer)
01 JOE AI -1 (first line)
05 ALPHA (line with tag)
11 EETA (1ine with tag)
25 IAT 0 (last line)

3. Modifying the Contents of Workspace (/I, /D, M, /A)

Operations ellowed on lines in workspace include insertion of
new lines from the typewriter, deletion of lines, changing of
lines, movement of lines from one part of workspace to another,
and adding lines.

The /I command, used with an internal reference, allows the
insertion of any mmber of typewriter lines after the referenced
line. In order to insert lines at the beginning of workspace, the
ebsolute line mmber O is allowed by this command. All lines
entered after & /I command are considered as typewriter source
lines until another function command {slash, letter) entry is made.

If the number of insertions is such that the workspace becomes
full, an error message is issued; the user may either write lines,
or make deletions to give himself more room.

The /D commend, used with one or two internal references, allows
the deletion of one or a group of source lines presently in
workspace. For exsmple:

+/D JOE+1 or :/D 12
:/D JOE,JOE+10 or :/D 10, 20
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The /M command, used with two or three internal references,
allows the user to move one or a group of lines in workspace to
a position just after rhe destinartion referemce. The following
command will move the line at JOE plus 2 immediately after JOE.
(Effectively, JOE+l and JOE+2 are interchanged.)

:/M JOE+2,JOE

The following command will move the referenced block of nine
lines to a position immediately after the line with the tag JOE:

:/M 16,24,J0E

Rules for reference entry for these commands is similar to those
of the (/L) command; in addition, the destination of the move
(/M) command must be outside the block being moved.

The /A command allows the user to append lines at the end of the
last line in the workspace.

Tabbing

The /T command is used to set up tabs for tabulated formatting.
For example, the following command would set tabs at columns
6, 12, 20, and 30 on the teletype where positions are numbered
0 through 71: -

:/T 6,12,20,30

Tabs greater than 71 but less than 255 are legal and will allow
the user to tab to the next lines on the teletype for those tele-
types with an automatic carriage return feature.

If a source line is to be output in tabbed format, the backslash
(\) character is used to indicate 'space to the next tab setting'.
If already past the last tab setting, the backslash is ignored.
For example, the following source line will be entered:

:TAG\JMP\TAG2\JUMP TO TAG2

The above line will be listed in tabbed format as follows if the
tabs are set at 6, 12, and l4:

TAG IJMP  TAG2JUMP TO TAG2
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The commands /L, /W, and /E automatically provide tabbed format-
ting unless nontabbed formatting is specified by typing a back—
slash in the command immediately following the /L, /W or /E.

For example:

:TAG\JMP\TAG2

\ TAG
TAG\JMP\TAG2

When punching tapes, the nontabbed format has the advantage of
compressing the source lines thus producing a shorter tape.

The 8K 3300 Assembler, ASMB, is written to accept backslash
characters as field separators. The Symbolic Editor initially
has tabs set at 5, 10, 15, 20, 25, 30, 35, 40, 45, and 50;
these are standard tab settings for the 3300 Assembler. Hence,
for preparing source tapes for the 3300 Assembler, the tabs
need not be set.

NOTE: The 4K 3300 Assembler will not accept backslash characters
as fileld separators.
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II.

TTYEDIT COMMAND REPERTOIRE 4
Below are given the legal formats for ell TTYEDIT and TCEDIT
commands. All commands begin with a slash {/) and gpre
followed by a single letter and, scmetimes, additional
arguments. Spaces anywhere in a command line are ignored,
but all punctuation rules must be observed. Characters
enclosed in breckets ([,]) ere optional.

Special definitions used in the following descriptions
are:

'external reference' /'integer'
‘tag'

'tag' + 'integer'

tinternal reference'’ 'integer!'
‘tag'

'tag' + 'integer'

'tag' - ‘'integer'
'buffer count' "integer!'
tunit' ‘o'

1

ry
'file! 'positive integer'
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A.

/A command
Format:

Function:

Errors:

/D command

Format :

Function:

Errors:

/I command

Format:

Function:

Errors:

/E command

Format:

Function:

Function:

/A

Appends subsequently entered lines after last line
in workspace until a new command is entered.

Workspace

/D 'internal reference’
/D 'internal reference', 'internal reference'’

Deletes referenced line or group of lines from
workspace.

Reference not in workspace; second reference not
after first.

/I 'internal reference’

Allows entry of teletype source lines immediately
after referenced line, until another command is
entered. -

Reference not in workspace; workspace full (after
additions).

/EIN]

TTYEDIT and TCEDIT with /PO selected. Writes all
lines remaining in workspace onto output file;
then writes an 'EOT' character followed by 50 tape
feed characters. Last line will restart at zero.
(a carriage return is entered before mand after
punching to signify the tape punch has been turned
on and off. The backslash means nontabbed format.

TCEDIT with /P2/'file’ selected. Writes all lines
remaining in workspace onto file designated by
'file's file control byte are included. Last line
will restart at zero. The backslash means non-
tabbed format.
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Errors:

/L command

Format:

Function:

/M command

Format:

Function:

Errors:

/R command
Formet:

Function:

Errors:

TTYEDIT or TCEDIT with~ ‘'selected:
None
TCEDIT with /P2/'file' selected:
I/0 ERR=3 Logical record greater than
tape cassette buffer.
I/0 ERR=L Cassette file protected
I1/0 ERR=T Tape error

/TIN]
JLIND 'internal reference'
JLIN] 'internal reference' , 'internal reference'

{Format 1) Lists entire contents of workspace;
(Format 2) lists referenced line;
(Format 3) lists group of referenced lines.

The backslash indicates non-tabbed format.

/M ‘'internal reference' , 'internal reference'

/M ‘'internal reference' , 'internal reference' , 'internal ref.
(Format 1) Moves line or

(Format 2) group of lines to the last internal

reference indicated.

Reference not in workspace; second reference not after
first; third reference between first two.

/R 'external reference'

Reads the old source file until the referenced
line is in woerkspace.

TTYEDIT or TCEDIT with /PO selected:
Workspace, reference not in workspace.
TCEDIT with /P1/'file’ selected:
1/0 ERR=5 Read/reread failed
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H.

/8 commend

Format :

Function:

Errors:

/T command

Format :

Function:

Errors:

/W command
Format :

Function:

Function:

Errors:

A\

L

/8

Display status of workspace inecluding lest source
line read, space available in workspace, the first
and last line in workspace, and all lines with tags.

None.

/T ‘integer' , 'integer' , .... , 'integer'
where O<integer<256.
Set up to 10 tabs.

More than 10 tabs specified. A tab greater than
255 specified.

/W[\] '"internal reference’

TTYEDIT or TCEDIT with /PO selected.

Writes (punches) the specified number of lines up to
the internal reference onto the new source file paper
tape. If the 'internal reference’ line number is
omitted, all lines in the buffer will be punched and
removed. {A carriage return is entered before and
after punching to signify that the tape punch has been
turned on and off.) The backslash indicates non~-
tabbed format.

TCEDIT with /P2/'file' selected.

Writes the specified number of lines up to the internal
reference onto the file specified by 'file'. If the
internel reference is omitted, all lines in the
workspace will be written and removed. The first /W
command issued for the specified file writes start of
file data on the cassette. The /W commend does not
write end of file data on the cassette. The backslash
indicates non-tabbed format.

TTYEDIT or TCEDIT with /PO selected:
None

TCEDIT with /P2/'file' selected:
I/0 ERR=3 Logical record greater than
tape cassette buffer.
I1/0 ERR=Lk  Cassette rile protected.
I/0 ERR=7 Tape error.
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K.

/P cammand
Format :

Function:

Errors:

(TCEDIT onlyf)

I
/P 'unit' [Lfile']

Select an input/output device.

'unit' is O (paper tepe reader/punch),
1 (cassette #1), or 2 {cassette #2).

funit' =

‘unit' =

funit' =

1/0 ERR=1
1/0 ERR=2
1/0 ERR=6
1/0 ERR=8

0: /PO with no carriage return

causes the I/0 commands

(/R, /¥, /E)to access the
paper tepe reader/punch.

The /'file' is not used when
‘unit' is zero.

/P1/'file' with no carriage
return positions cassette #1
to the start of the file
specified by "file'. The
input commend (/R) will
subsequently read source lines
from the indicated 'file'.

/P2/'file' with no carriage
return positions cassette #2
to the end of the file previous
to that specified by 'file'.
The output commands (/W, /E)
will subsequently write source
lines to cassette #2.

Tape cassette unit not available
File not found

File/record out of sequence

End of tape
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EXAMPLES OF THE USE OF TTYEDIT AND TCEDIT

I. COPYING A SOURCE FILE.
A. TTYEDIT or TCEDIT with /PO selected.

Default values will be used throughout. A read of & non-
existent line number will force & tape copy.

/R /9999
REF. NOT ON FILE
i /E

(CR) (After punch turned ON)
(CR) (After punch turned OFF)

NOTE: For tapes larger than the capacity of workspace, seversl
/R /9999, /W sequences would be required before
the fimel /R /9999, /E

B. TCEDIT with /P1[/'file'] selected

Default values are used. A read of a non-existent
line will cause the entire file to be read up to the
capacity of workspace.

+/P1/1

: /R/9999 -
REF. NOT ON FILE

:/P2/1

:/E

NOTE: For files larger than the capacity of workspace,
several /R/9999 , /W sequences may be required
before the final /R/9999, /E.

II. CORRECTING ONE LINE OF A SOURCE FILE.
A. TTYEDIT or TCEDIT with /PO selected.

Again, default values are used. The desired line is read,
changed, and the remainder of the file is read.

:/R JOE+3
“:/L JOE+3
IKC PTR
:/D JOE+3
:/A

H INC PNTR

/R /9999

REF. NOT ON FILE

/B

(CR) (After punch turned ON)
(CR) (After punch turned OFF)
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III. CREATING A SOURCE FILE.
A, TTYEDIT or TCEDIT with /PO selected.

Default values are used.

/10 {or /A—-begin insertion of empty buffer)

B THIS IS THE PROGRAM WHICH

o MULTIPLIES A FACTOR RECEIVED AS INPUT IN THE Z AND A
INC PTR

WORKSPACE

/W

{CR) (After punch turned ON)

(CR) (After punch turned OFF)

/10 (or /A)
M ek

END

~

W
CR) (After punch turned ON)
CR)} (After punch turned OFF)

NOTE: Alternatively, /A could be used instead of /I 0.

B. TCEDIT with /P1[/'file'] or /P2[/'file'] selected
Default velues are used.

:/A
* THIS IS THE PROGRAM WEICH
B MULTIPLIES A FACTOR RECEIVED AS INPUT IN THE Z ARD A.

INC PTR
WORKSPACE
1 /P2/1
/W
/A
: JMP %=L
H END
/B
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/R /9999
REF. NOT ON FILE
: /L JOE+3

INC PTR
:/D JOE+3
+/I JOE+2
H INC PNTR

:/E
(CR) (After punch turned ON)
(CR) (After punch turned OFF)

B. TCEDIT with /P2[/'file'] selected

Default values are used. The desired line is read, chenged,
and the remeinder of the file is read

+/P1/1
:/R JOE+3
:/L, JOE+3
INC PIR
+/D JOE+3
/A
: INC PNIR
:/R/9999
REF. NOT ON FILE
:/P2/1
/B

:/P1/1
:/R/9999
REF. NOT ON FILE
/L JOE+3

INC PTR
+/D JOE+3
:/T JOE+2
: INC PNTR
:/P2/1
:/E
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APPENDIX B

ERROR MESSAGES

MESSAGE MEANTNG
1. WORKSPACE Workspace is full; some lines must be
deleted or written before insertion mey
continue.

2. REFERENCE NOT IN WORKSPACE Internal line number or tag not in work-
space buffers.

3. REFERENCE ROT ON FILE External line number or tag not on input
frile.

4, INVALID The user command is invalid and/or the
argument of the user command is invalid.

5. I/0 ERR=1 Tape cassette unit is not available.

6. I/0 ERR=2 The requested file can not be found,

7. I/0 ERR=3 The size of the current logical record
is larger than the tape cassette buffer
(256 bytes)

8. I/0 ERR=4 The output cassette is file protected.

9. I/0 ERR=5 Read/reread failure.

10. I/O ERR=6 File/record out of seguence.

11. I/0 ERR=T Tape hardware error.

12. I/0 ERR=8 End of tape.
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APPENDIX C

PAPER TAPE FORMAT

SOURCE LINE #1

CR (carriage return)
LF (line feed)

FF {rubout)

¥F "

SOURCE LINE #2
CR
LF
F¥
FF

7
13
.

SOURCE LINE fn

CR

LF

X-0FF (or zeroes)
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CASSETTE TAPE FORMAT

INPUT REQUIREMENTS FOR TCEDIT
The format of the physical record block for object programs
which can be read by the IOCS (Input Output Cassette System)
package in TCEDIT is as follows:

1. The physical block is fixed at 256 bytes, defined by the

statement
BLOCK e X'0100" 256 BYTES
2. Control information occurs at the front of each physicel
block.
a. byte #1 Tape file data BOF/EOF as follows
X'AA';X'AB' = beginning of record
X'FO' X'F1' beginning of file
X'0OE' X'OF"' end of file
X'FE' X'FF' self contained file {i.e., file
conteined within a single physical
block)
b. byte #2 Check sum byte

c. byte #3,4 Record length (meaningful text)

d. byte #5 00

e. byte #6 File number

f. byte #7,8 Record mumber {within file)

g. byte #9,N Record text characters
In reading a tape file, a check of byte #1 permits IOCS
to process the data according to the following rules:
Byte #1 = [X'FO', X'F1']* Beginning of File record.

a. TFile number must be 1 greater than prior record.

b. Record number must be equal to 0001.

e. Text contains text information of initiel data

in file.

Byte #1°= [X'AA', X'AB']¥ Beginning of Recora.

a. TFile number must be identical to prior record.

b. Record mumber must be 1 greater than prior record.
c. Text conteins text information.
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Byte #1 = [X'OE', X'OF']* End of File record.

&. File number must be identical to prior record.

b. Record mmber must be 1 grester than prior
record,

¢. Text contains text information of last data in
file.

Byte #1 = [X'FE', X'FF']* Beginning/End of File record.

a. File mmber must be 1 greater than prior record.
b. Record number must be 0O0O0L.
e, Text data for file totally within current record.

* 1st byte in brackets is byte mmber one in the first
record of the redundant record pair.

2nd byte in brackets is byte mumber one in the second
record of the redundant record pair.

3. The IOCS package provides for redundant recording of
each physical block on the cassette tape. To further
insure the integrity of all data output to tape, the
JOCS packege performs the following functions:

a. Check sum control of all data contained within
each physical block.

b. Verification of the start of record byte.

c. Verification of file number and record number
according to the rules established for each
start of record byte.

L. The contents of the record text area (bytes 9 - N) are
not of direct concern to the IOCS package except for
the number of text bytes and check sum verification.

5. Text material within each physical record contains cne
or more complete logical records. A logicel record is
& number of text bytes followed by a carriage return
character.
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GENERAL

LOADING

APPENDIX D
SYMBOLIG EDITOR TTYEDIT

LOADING AND OPERATING INSTRUCTIONS

The Symbolic Editor, TTYEDIT, is a program which is used to prepare
and correct symbolic source tapes used as input to the Wang 3300
Asgembler, ASMB. The user can create a new source tape by typing
in a group of lines which are buffered by TTYEDIT, editing them,
and punching them out. When all lines have been punched, end of
tape (control X-OFF or zeroes) and trailer code can be punched to
complete the tape.

Similarly, an old source tape can be modified by reading it im,
editing it, and punching it again.

PROCEDURE

TIYEDIT is loaded with the standard Wang 3300 TTYLOAD (for 8-bit
TTYEDIT) or TTLOAD (for 4-bit TTYEDIT) loader. Steps I and 2
of the loading procedure may be omitted if the loader 1s already
present in core memory.

1. Key in the 3300 BOOTSTRAP (enter via the computer console).
(See section o 3300 System loading procedures.)

2. Using the BOOTSTRAP, load the 3300 loader program (TTYLOAD
or TTLOAD). The loading address of the loader should be
(XF40)1¢, where X=0 for a 4K system, X=1 for an 8K system, etc.

(See section on 3300 System loading procedures.)

3. Mount the TTYEDIT tape in the teletype tape reader; set the
reader switch to the STOP position, and start the loader at
XF40.

The tape will be read and loaded. If loading is successful, the
entire tape will be read and the loader will halt with a zero
displayed in the A register.

OPERATING PROCEDURE

1. Starting the Program.

TTYEDIT is always started or restarted at location (OOKA)16
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2.

3.

as follows:

(a) Turn the teletype to 'ON-LINE', turn the punch 'OFF'.
(b) Depress ENTER.
(¢) Set up 00 on the Data Entry Switches, i.e.,

80 40 20 10

cooooodo

and press the B button.
{d) Set up BA on the Data Entry Switches, i.e.,

80 40 20 10 8 4 2

EOEBENCED

and press the C button.

{e) Depress RUN.
(f) Press CLEAR.
(g) Press GO,

Entering a Command.

The teletype will type out a colon and the user may enter his
first command. Thereafter, after each command is completed, a
colon will be typed indicating a new command may be entered.
(With certain commands, such as /I and /A, a new command line
terminates the operation.)

Clear Workspace.

When TTYEDIT is first loaded and executed, the buffer will be
empty and ready for input lines. If the user restarts TTYEDIT
with data lines already in the buffer, he must go through the fol-
lowing procedure to remove them:

(a) Enter a /S command to see what lines are in the buffer and
to determine the highest internal line number.

(b) Delete all lines currently in the buffer with the following
command :

/D 1,XX {where XX is the highest line number)
(c) Enter a /E to reset the external input tape source line

count to 0. (The teletype will also type out trailer code,
which has no affect.)

- 65 -



The /E command will also do one other important clearing
function. When a line from an o0ld source tape is read,
the first cheracter of the next linme is also read and
saved (since it takes two characters to stop the teletype
reader). If an end of tape is encountered, the saved
character will be a null trailer code character and will
ot be saved. If, however, the user does not read the
o1d source tape in completely, and wishes to initialize
TTYEDIT, the saved character from the next line will
still be in the system; a /E command will clear it.
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APPENDIX E
SYMBOLIC EDITOR TCEDIT

LOADING AND OPERATING INSTRUCTIONS

GENERAL

The Symbolic Editor, TCEDIT, is a program which is used to
prepere and correct symbolic source files on cassette. These
files can subsequently be used as input to the Wang 3300
Assembler, TCASMB. The user can create a new source file by
typing in e group of lines, editing them, and writing them out
to cassette or to paper tape. When all lines have been written
to cassette, end of file data is automatically added to the tape.

Similarly, an old source file can be read from cassette, modified,
and recopied.

LOADING PROCEDURE

TCEDIT is loaded using the standard Wang 3300 TCLOAD program
which is in turn loaded by the appropriate version of TCBOOT#1
or TCBOOT#2. The user should refer to the PRELIMINARY
OPERATING MANUAL FOR THE WANG 3320 DUAL CASSETTE UNIT for
detailed operating instructions for this device.

1. Key in the teletype BOOTSTRAP program (see Step #3,
page 6).

2. Using the BOOTSTRAP, load the appropriate version of
TCBOOT#1 or TCBOOT#2, by following the instructions
in Step #4, page 9. The TCBOOT tape replaces the
teletype loader tape in that section.

3. Place the TCEDIT/TCASMB cessette in the left port of
the 3320 Dual Cassette unit (the right port if TCBOOT#2
was loaded in Step 2), and press REWIND.

L, Start the TCBOOT program st 2FLO.
The TCLOAD program will be read from the cassette end
the 3300 will balt with an 03 in the A-register. A
correct load will cause an Ol to appear in the A-rezister
when the 3300 halts.
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OPERATING PROCEDURE

1. Starting the Program

TCEDIT is alvays started or restarted st location (0200) 16

as follows:
(&) Turn the teletype to 'ON-LINE,' turn the punch
'OFF"'.

(b) Depress ENTER on the 3300 comsole.
{c) Set up 02 on the Date Entry Switches
i.e. [8]0 Igj 20 10 8 4 2

sEulalal 1N

and press B.

{(d) Setup 00 on t

S HO880000

and press C.
(e) Press RUN
(£) Press CLEAR
{g) Press GO

2. Entering & Command

The Teletype will type out & colon and the user may
enter his first command. After each commend is
completed, a colon will be typed indicating that &
new command can be entered. With certein commands,
such as /I and /A, a new command line terminates the
operation.

3. (Clear Workspace

When TCEDIT is first loeded and executed, workspace
will be empty and ready for input lines. If the user
restarts TCEDIT with data lines alreedy in the work-
space, he can use the following procedure to remove
them:

{a) Enter a /S command to see what lines are in the
workspace and to determine the highest Internal
. line number. :

{b) Delete all lines currently in the buffer with the
following commaend:

/D 1,XX (vwhere XX is the highest line number)
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(¢} Enter a /PO cammand to access the paper tape punch unit.
(d) Enter & /E to reset the external input tape source line

count to 0. (The teletype will also type out trailer
code, which has no affect).

INTERRUPTING FROGRAM EXECUTION

The TCEDIT program conteins an additional feature which is not
present in TTYEDIT. The ESC key on the Teletype can be used
to interrupt the TCERIT program at any time; the interrupt
feature in TTYEDIT is limited to the /L and /S commands.

When the ESC key is struck, the system responds with an "E"
error messege and a colon to signify that it is ready to
eccept new input from the user.

if.e. :/P2/1
/W
(ESC xey struck)
I/0 ERR = E
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ABSTRACT

The WANG 3300 Assembler, ASMB, translates symbolic source lenguage
instructions into an object progran reedy for execution on the
computer.

A b-bit version, ASMBY, operates with the minimum WANG 3300
‘configuration (4K core memory end 1 teletype). An 8-bit
version, ASMB8, is aveilable for larger machines which provides
a lerger symbol table. A second B-bit version, TCASMB, is
available for systems having 12K or more core memory, one
Teletype, end a model 3320 Dual Cessette Unit. TCASMB reeds
symbolic source files on cassette produced by TCEDIT. The
Bource languege is read from the symbolic source tape three
times. On pass 1 & symbol table is generated and printed out,

. along with basic syntex errors. On pass 2 a source and objeet
code assembly listing is printed. On pass 3 an object code
paper tape which is compatible with the 3300 teletype loader
is punched.
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I. INTRODUCTION.

The WANG 3300 Assembler, ASMB, is a standard software module of
the WANG 3300 digital computer system. It translates symbolic
source language instructions into an object program compatible
with the WANG 3300 teletype loader.

The 4-bit version, ASMBL, is a minimum assembler; that is, it
operates with a minimum WANG 3300 system (UK core memory, 1
teletype). The assembler tape is in L-bit format and ASMBL
punches object tapes in U-bit format; these tapes are loeded
with TTLOAD (4-bit teletype loader). ASMBY allows for a
maximum of 64 symbols.

The 8-bit version of the assembler, ASMB8, is for use with
machines with at least 8K of core memory; & larger symbol
table is provided for. ASMB8 allows for 64 + 682 (no. of
LK-core memory modules greater than 8K). The assembler tape
is in 8-bit formet and ASMBB punches object tapes in 8-bit
format; these tapes are loaded with TTYLOAD (8-bit Teletype
loader).

- A second B-bit version of the assembler, TCASMB, operates
with machines having at least 12K of core and one model 3320
Dual Cassette Device. TCASMB allows for 6k + 682 (no. of LK
core memory modules greater than 12K). The assembler tepe is
in 8-bit format and punches object paper tapes in &bit format.
These tapes are loaded with TTYLOAD (8-bit Teletype loader).

ASMB is a three-pess assembler. During the first pass, the
source language symbolic paper tape or cassette tape file
is read and the symbol table is created. The second pass
reads the source tape again, generates an assembly listing
on the teletype of the object code and source lines. Pass 3
punches the object code on paper tape. BSince additional
syntax errors are detectable during Pass 2, it is advisable
that the user select Pass 2 before selecting Pass 3.

If a given source tape 1s known to be error free and no listing
is desired, the user may progress directly from Pass 1 to Pass 3
punch phase. {See Appendix E, page 104).

At the end of the assembly, the program is ready to be loaded
from the.object tape and executed.
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II. GENERAL INFORMATION.

A,

Symbolic Instructiouns.

There are three parts to a symbolic instruction.

1.

An

The tag field which contalns a symbol of from 1 to & characters
that names the instruction. Other instructions may refer to this
instruction by referencing the symbol. Use of the fileld inm
machine instructions is optional; requirements for assembler
instructions are given in Section III.

The operation field which contains the machine instruction code
or assembler instruction code. This field is required. An
asterisk (%), plus (+), or minus (-) may appear in the operation
field immediately to the right of the machine imstruction code
and specify indirect addressing, auto-incrementing and auto-
decrementing, respectively.

The operand field which contains the address portionm of machine
instructions or whatever is specified for assembler instructions.
This field is generally required, but it may be omitted in
certain instructions. A null operand field is indicated by a
comma.

optional field is also available.

The comments field which is used for remarks. This field does
not affect the execution of the program.

Asgembler Character Set.

Source statements are written using the following characters:

Letters: A through Z, and §, #, @
(Note: §$, #, @ are usually referred
to as 'rational characters'.)

Digits: 0 through 9

-, ', *, blank

Special Characters: +,
\ (backslash) for 8~bit ASMB, only

Characters that appear in a character constant and comment fields
are not restricted to the assembler character set. Any ASCIT
character msy appear.
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c.

D.

Symbolic Line Format.

Symbolic instructions are typed one per line in the following
format:

The tag field, if present, starts in column 1; otherwise, column 1
is blank. This tag fleld is a symbol of from ! to 4 nonmblank
characters. At least one blank column separates the tag field

from the operation field, the operation field from the operand field,
and the operand field from the comment field. (In the 8-bit versionm,
ASMBS, fields may also be separated by a backslash character (\).)

A remarks line, indicated by an asterisk (*) in column 1, allows the
entire statement field to be used for comments. A remarks line is
listed but does not affect the object code. A remarks line may
appear anywhere in the source program.

Note: The tag, operation, and operand field must not have embedded
blanks.

To obtain an aligned listing in ASMB4, sufficient spaces should be
inserted between fields such that the operation field begins in
column 6 and the operand field begins in column 11. 1In the

8-bit version, ASMB8, an aligned listing is automatically produced
if the fields are separated by backslash characters (\).

A carriage return/line feed combination, though not counted as a
character in determining the line length, is considered an integral
part of a source line and, in fact, 1s the delimiter between source
lines.

Assembler Language Structure.

1) TAG FIELD

The tag field (usually optional) 1is a symbol (from 1 to &4 non-
blank characters, the first character being a letter). Note,
backslash (\) is an illegal tag character in ASMBS.

2) OPERATION FIELD

The operation field (required) is a mnemonic operation code
representing a machine instruction or an assembly instruction.
These are names of 3 or 4 letters optionally followed by an

*, + or - to indicate indirect addressing, auto-incrementing

and auto-decrementing of the address (operand) field. No embedded
blanks are permitted. A complete list of operand field mnemonic
names is presented in APPENDIX A, page 6.
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3)

OPERAND FIELD

The operand field is composed of an expression which in turn
1s composed of & term or an erithmetic combinetion of terms.
It defines either the address for memory reference and jump
instructions, or special symbols, addresses, masks, and shift
counts for other machine and essembler instructions.

Examples:

TAG  OPERATION OPERAND COMMENTS
ORG X*2000'
FIX LZ+ BUF1 FIND NEXT NON-ZERO DATA
JZE FIX
FIX1 Uz CNT2+2 STORE IT
TZAT ,TRANSFER TO A REGISTER
For ASMB8 and TCASMB, the following examples are also valid:

)

5)

\ORG\X' 2000"

FIX\LZ+\ BUF1\ FIND NEXT NON-ZERO DATA
\JZEAFIX

FIX1\UZ\ CNI'2+2\STORE IT

\TZAJ\\ ,TRANSFER TO A REGISTER

SYMBOL

A.symbol is e character string of from 1 to U (meximum)
characters in length. The first character must be a
letter. The other characters may be letters, digits, or
rational characters. A symbol appesring in the tag field
of & symbolic instruction is assigned a value by the
assembler. The value assigned to each symbol naming
machine instruction, storage areas and constants is the
left-most byte. A symbol defined by an EQU instruction
1s assigned the value of the expression in the operand
field.

TERMS

A telm represents e numerical value. A term may be a
symbol, a location counter reference, or a self-defining
term,
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6)

7y

LOCATION COUNTER REFERENCE

The assembler maintains a location counter. This counter points
to the next available memory location (byte address).

The location counter is referred to by using an asterisk (*).
For example, JMP *+4..

SELF-DEFINING TERMS

A self-defining term is one whose value is inherent in the term.
For example, the decimal self-defining term, 32, represents the

value 32. There are four types of self-defining terms: decimal,
hexadecimal, binary, and character.

A,

B.

Decimal Self-Defining Term

A decimal self-defining term is an uneigned decimal integer
written as a sequence of from 1 to 5 digits. A decimal
constant can not exceed a value that requires more than 16
bits; therefore, the maximum decimal integer is 65,535.

If it exceeds this amount, an error diagnostic will result
and the expression will be set to zero. Some examples of
decimal self-defining terms are: 16, 132, and 0015,

When terms are expressed in decimal mode, they will be com—
verted to their 16-bit binary equivalent.

Hexadecimal Self-Defining Term

A hexadecimal self-defining term consists of a string of
hexadecimal digits enclosed by apostrophes and preceded

by the letter X (i.e., X'AlE9'). Hex constants are a
maximum of 2 bytes long, except when used with the DC
assembler instruction, but are otherwise subject to con-
straints similar to those in the section on binary constants,
e.g.,

TERM UNDERSTOOD AS LENGTH, BYTES
X' x'01' 1
X'12a' X'o12a’ 2

. X'ABC123’ X'cl123' 2
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C. Bipary Self-Defining Term

A binary self-defining term is written as a sequence of
1's and 0's enclosed in single quotation marks and
preceded by the letter B (i.e., B'10110101").

A binary constant should not exceed 16 bits in length, or

a truncation diagnostic will be generated, and the term
value taken as the equivalent of the low-order 16 bits. For
constants of 16 or less bits, the length will be taken as
the next whole byte and will be padded from the left with
zeroes, e.g.,

TERM UNDERSTOOD AS LENGTH, BYTES
B'01' B'00000001" 1
B'10000000" B' 10000000" 1
B'100000001" B'0000000100000001" 2
3'1)1’1011111011111011/' B'1011111011111011° 2

D. Character Self-Defining Term

This term 1s used to define the ASCII code equivalent of
characters. A character self-defining term conmsists of a
string of characters enclosed in single quotation marks and
preceded by the letter C (i.e., C'AB').

Character constants are normally taken to be ome or two bytes
long except when used with a DC assembler instruction.

In an arithmetic expression are truncated if necessary to a
maximun of 2 bytes (with a diagnostic), the value of which is
the (hex) ASCII equivalent of the last two characters in the
string, i.e.,

TAGl LAI C'AB'
is i1llegal; the result would be A-reglster = X'42', Note that

TAG2 DL Xl
X1 DC C'AB'

is acceptable; the result would be X'4142" in the Z- and
A-registers.

Length of Self-Defining Terms

In a DC (define constant) statement, character or hex constants
may be as long as desired (up to the maximum length of a source
line, defined as 50 contiguous characters including blanks).
Elsewhere the length of the constant must be one byte except

where the term represents a full 16-bit computer address, such

as with the DAC and EQU assembler instructions. b
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On truncation of constants: A constant used in 2 machine instruction
is always truncated to ome byte right-justified, e.g.,

LAI  C'ABCD'
is the same as LAI C'D'.

The same is true of addresses. To say the following means
JMP X'42' (on the current page):

IMP  X'A542'

If A5 is the current page number, this is acceptable; but, if not,
strange results will ensue.

EXPRESSIONS

An expression is a term or an arithmetic combination of terms,
with allowed aritlmetic operators: +, —, *, 4. The following
are examples of arithmetic expressions:

ALPH+12 where: * = current program counter location
*+X'AB' + = add

* -~ = subtract

0-BETA+B' 101" 4 = multiply

*32

A+BAX'DL

2$34B'0101'

The rules for coding expressions are:

1) The allowable arithmetic operators are +, -, *, (Shift N
key on teletype).

2) An expression can not contaln two successive terms or
operators. The expression may begin with an operator
(except *); otherwise, + is assumed.

A. Evaluation of Expressions

1. Every term is converted to its binary equivalent
(module 2).

2. Arithmetic operations are performed from left to right,
« including multiplication. TFor example:

CODED FORM ALGEBRAIC
XY XY
2+XtY Y(24X)
YE2+X 2Y+X
Xt2+Y 2X+Y
24Xt Y+3 (2+X)¥+3
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3. Expressions are computed to 16 bits. Negative values
are in 2's complement form,

4. Parentheses are not permitted.
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III. ASSEMBLER INSTRUCTIONS (“PSEUDO-OPS")
Assembler instructions are requests to the assembler to perform
certain operations during assembly.
The following is a list of assembler instructions:
Symbol Definition Instruction

EQU - Equate Symbol

Data Definition Instructions

DAC - Define Address Congtant
DC - Define Constant

DS - Define Storage

Program Control Instructions

ORG - Set Location Counter
ALN - Align Location Counter on Even Boundary
APG -~ Set Absolute Page

END - End Assembly
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1. EQU - Eguete Symbol

The EQU instruction defines e symbol by assigning to it the value
of the expression in the operand field. The formst of the EQU
instruction statement is as follows:

Tag Operation Operand

Symbol EQU Expression

Any symbol in the operand field must be previously defined. Thet
is, any symbol in the operand of an EQU instruction must heve
appeared in the tag field of a prior statement.
Examples of the EQU instruction are:

TAPE EQU 5

MASK - EQU B'10101010'

ADDR EQU  ALPH-EETA+X'12'

BITS EQU ALPH4BETA
(Note -- ALPH and EETA must have been previously defined.)

The EQU symbol cen be used to perform an additional function which
is applicable only with the TCASMB program. If the line

Tag Operation Operand
" QU »
(two single
quotes)

ie entered anywhere in a program, TCASMB will construct a "ccmmon”
symbol teble containing all those symbols which are previous to the
EQU line. These symbols will be saved in the computer after the
punch phase has been completed, and can thereby be referenced by
subsequent programs. The common symbol table cen be removed by
initiating & pass '0'. The following example illustrates the use
of this feature.
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#*
* PAGE ZERO DATA
*

ORG  X'0000'
ZER DC  X'0000'
LIM DC X'006h4'
FUM DC  X'02'
" EQU *

END

1]
* SAMPLE PROGRAM
[

ORG X'0100'
STRT DL  ZER
DU CNT
DU ADDR
ONS 08
BEG LA NUWM
DAM ADDR
INC CNT+l
DL LM
DCM  CNT
JNE BEG
DL  ADDR
HLTJ STRT
ADDR DS 2
CNI DS 2
END
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DAC - Define Address Constant

The DAC instruction defines a 16-bit address from the expression in
the operand field. An address constant is usually used by an indirect
memory reference instruction. In this way, any memory location may
be accessed. An address constant has a storage length of two bytes
end 1s aligned on an even boundary. If the DAC assembler instruction
occurs on an odd boundary, a byte of zero is generated and the
location counter is incremented by 1l before the address constant is
stored, A blank operand field gemerates two zero bytes onm an even
boundary.

The format of the DAC instruction statement is as follows:

Tag Operation Operand
Blank or Any DAC Expression or
Symbol Blank

Examples of valid DAC instructions are:

ADDR DAC ALPH
THLV DAC 12
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3. DC

- Define Comstant

The DC instruction defines constant data. The format of the DC
instruction statement i1s as follows:

Tag Operation Operand
Blank or Any DC Format described
Symbol below

There are three types of constants that may appear in the operand
of a DC instruction. Each 1s specified by a single letter code.
The constant types and their machine format are the following:

AL

Code Type of Constamt Machine Format
C Character 8-bit ASCII for each character
X Hexadecimal 4-bit code for each hex digit
B Binary binary format

Character Constant

A character constant is a string of characters enclosed in single
quotes and preceded by the letter C; for example, C'HI THERE'.
Characters that appear in a character constant are not restricted
to the apsembler character set. Any character that can be repre-
sented can appear. A single quote in a character constant is
represented by a pailr of quotes. Each character of the string
is assembled as its eight bit ASCII equivalent. The storage
length of a character constant is equal to the number of char-
acters in the string. Example: DC 'ERROR'

Hexadecimal Constant

A hexadecimal constant is a string of hexadecimal digits enclosed
in quotes and preceded by the letter X (i.e., X'A5B'). Each
hexadecimal digit is assembled as its 4-bit hexadecimal equivalent.
If the hexadecimal has an odd number of terms, a leading 0 is
supplied.

Examples: DC  X'12F4E9'
DC 10X'40F0"
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C. Binary Constant

A binary constant is a string of 0's and 1l's, enclosed in quotes
and preceded by the letter B (i.e., B'101'), Eight contiguous
0's and 1's are assembled into one byte. If the length of the
string is not divisible by 8, leading 0's are added to fill the
constant to the boundary of the next avallable byte. The storage
length, therefore, of a binary constant is always one or two
bytes.

Examples: DC B'10101101"
DC 10B'l10101010"

D. Replication Factor

Any unsigned decimal integer, less than or equal to 65,535, preceding
a constant 1s a replication factor. The total storage length is

the storage length of the constant multiplied by the replication
factor. An example of the use of a replicating factor is the
following which sets 100 bytes to X'00'.

DC  100X'00'

If the replication factor is not followed by a constant, a
constant of X'00' is implied. That is, n bytes of storage are
set to zero, where n is the replication factor. A replication
factor of 0 is allowed, but object code is not generated. Factors
greater than 65,535 are set equal to the difference between 65,536
and the factor. .

- 87 -



4.

DS -~ Define Storage

The DS instruction reserves the number of storage bytes as specified
by the operand. The format of the DS instruction statement is as
follows:

Tag Operation Operand
Blank or Any DS Same as DC Operand
Symbol Format

The storage length reserved is the same as if the constant had been
generated. Object code is not generated. The location counter is
incremented by the storage length of the constant.

Examples of valid DS instructions are the following:

TABX DS 10
TABZ DS 100B' 101"

The first example reserves 10 bytes of storage; the second example,
100 bytes of storage.



APG - SET ABSOLUTE PAGE

The assembler performs a validity check on memory address referemnces.
A memory reference must address the current page (the page the
memory instruction reference is on) or one of the absolute pages,

page 0 or page 1.

The APG instr

uction indicates to the assembler the

absolute page the program.is using. This will eliminate absolute
page reference error diagnostics. The format of the APG instruction

is as follows:

Tag

Operation

Operand

Blank

APG

An expression which
evaluates to 0 or 1

The assembler initially assumes the absolute page 1s page 0. If the
operand evaluates to less than zero or greater than 1, a diagnostic
is generated and the instruction is ignored.
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“END - End Assembly

The END instruction must be the last imstruction statement in the
assembly and it terminates the input of source statements for the
assembly. The operand may be used to indicate the program's entry
point. The format of the. END instruction statement is as follows:

Tag Operation Operand

Blank or Symbol END Blank or an Expression
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7.

ORG - Set Location Constant

The ORG instruction sets the location counter to the value specified
by the expression in the operand. The format of the ORG imstruction
statement is as follows:

Tag Operation Operand

v Blank or Symbol ORG Blank or an Expression

The assembler assumes an initial locatlon counter of 0. If the
operand 1s blank, the locatlion counter is set to the highest value
that has occurred during the assembly. Any symbol in the operand
field must be previously defined.
Examples of valid ORG instructions are the following:

ORG X'100"

ORG 256

ORG ALPH+10

ORG ALPH+10}MX'02'

Note: ALPH must have been previously defined.
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ALN - Align Location Counter on Even Boundary

The ALN instruction sets the locatlon counter to an even boundary.

If the location counter value is odd, a zero byte 1s generated and

the location counter is incremented by l; otherwise, the ALN
instruction results in no operation. The format of the ALN instruction
statement is as follows:

Tag Operation Operand

Blank ALN Blank
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v.

MACHINE INSTRUCTIONS.

The 73 valid machine instruction mnemonics are listed in APPENDIX A.

The

1))

2)

3)

4)

5)

6)

]

The

assembly of machine instructions involves the following functions:

If there 1s a symbol in the tag field, the symbol is given the
value of the location counter.

The mnemonic machine instruction code is translated into 8 bits
and stored in the left half of the 16-bit instruction word.

The operand, if present, is evaluated. For most instructions,
the shift group excepted, the low-order B8 bits of the expressiomns
value are logically ORed with the right half of the instruction
word. For shift instructions, 1l is subtracted from the value of
the expression and the low-order 2 bits ORed into the right half
of the inmstruction word.

For certain instructioms, the operand portion of the instruction
1s a mask which specifies which bits will be tested. In some
instructions, one-bits indicate tested bits; in others, zero-bits
indicate tested bits. To allow consistant assembly language
programming, the operand portion of those instructions which
have zero test bit indication will be automatically complemented
by the assembler such that one bits may always be used in the
source code to Indicate tested bits. These instruction are

OFS, SFA, SFG, SFI, SMA, and SFS.

If indirect addressing or auto-indexing are specified, the
appropriate bits are set.

For memory reference instructlons, the absolute/current page
bit 1s ingerted.

The final 16-bit instruction word is assigned to the location
specified by the location counter.

The location counter is incremented by 2.

format of a machine instruction is as follows:

Tag Operation Operand

Blank or Symbol [ Mnemonic Blank or Expression
Machine
Instruction
Code
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Note that any machine instructiomsending in "J" (i.e., LZAJ, XZAJ,
CI0J, etec.) do not require an operand. If no operand ls present,

the assembler assumes it to be "#+2", 1,e., the address of the next
sequential instruction. However, 1f a comment is desired on the

line with no operand, a comma (,) must be inserted before the comment
or the comment will be regarded as an operand. In addition, 1f no
operand 15 desired, the trailing "J" may be dropped from the operator.

For example,
cio , COMMENT
1s interpreted by the assembler as the following:

CIOJ *+42 COMMENT
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V. ASSEMBLER OUTPUTS.

The essembler has two forms of output:

1) A printed listing summerizing the generated object code
together with the associated source statements and any
assembly diagnostics, followed by a listing of all symbolic
nemes used in the assembly.

2) An object code tape which may be loaded into the Wang 3300
using the LOADER.

Output Listings
The assembler output listing consists of two parts:

1) A symbol table listing with tag error diagnostics on the
first pass.

2) A listing of source statements side by side with generated
object code and detected assembler diagnostics on the
second pass.

In Pass 2, the source statement fields are automatically
aligned if they are separated by backslash characters;
_this only applies to ASMB8 and TCASMB (backslashes are
illegal field separators in ASMBL). The backslash
cheracter is interpreted as 'space to the next tab setting'.
The source statement is printed begimning in column 22;
tebs are set at columns 27, 32, 37, k2, b7, 52, 57, 62,

and 67.

Error Diagnostics

When violations of assembly rules are detected by the assembler,
en sppropriate error flag is inserted in the diagnostic field of
the assembly listing. The diagnostic field has space for up to
five error diagnostics. A complete list of error diamgnostics
and their associsted meaning is found in APPENDIX C, page 101.
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APPENDIX A

3300 INSTRUCTION MNEMONICS

Table A.1 1ists the machine instruction codes. A description of the meaning
of each column in Table A.1 follows:

MNEMONIC: Machine instruction mnemonic code.
DESCRIPTION: Functional description of instruction.
IND: An I in this column indicates indirect addressing is valid.

(Indirect addressing is coded by immediately following the
mnemonic code with an asterisk (*), e.g., LA* .)

AUTO: An A in this columm indicates auto-indexing is valid.
(Auto-indexing is coded by immediately following the
mpemonic code with either a + or a -, e.g., LA+ .)

OPERAND : This column designates the valid operand format for the
corresponding instruction:

ADDR - operand must be a memory address reference.

DATA - operand must be a data item of 8 bits or less
(-256 to 255).  In some instructions, the normal
sense of the 0's and 1's is reversed. To compensate,
the assembler takes the 1's complement of the data
item. This is indicated in the table by an *.

SHIFT - operand must be a data item of 2 bits or less (1 to 4).
The assembler subtracts 1 from the operand to agree
with the actual machine ingtruction format.

:

operand must be an in-page address.

BLANK

operand may be omitted. For instructions that
accept an in-page jump address and the operand is
null (blank), the assembler inserts an address of *+2.
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MNEMONIC

AC

ADD

DAM

ple. 4

DL

i)

Lz

UA

UAH

vz

JST

Al

BAT

BOI

TABLE A.1

DESCRIPTION

ADD WITH CARRY

ADD

ADD TO MEMORY

COMPARE

DOUBLE ADD TO MEMORY
DOUBLE COMPARE WITH MEMORY
DOUBLE LOAD

DOUBLE UNLOAD

LOAD A

LOAD Z

UNLOAD A

UNLOAD A HIGH DIGIT
UNLOAD 2z

EXCHANGE MEMORY AND A
BOOLEAN ADD

BOOLEAN OR

BOOLEAN EXCLUSIVE OR
INCREMENT

JUMP AND ENABLE INTERRUPT
JUMP

JUMP AND STORE LOCATION

ADD TMMEDIATE
BOOLEAN AND IMMEDIATE
BOOLEAN OR IMMEDIATE

BOOLEAN EXCLUSIVE OR IMMEDIATE
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ADDR (EVEN)
ADDR (EVEN)
ADDR (EVEN)
ADDR (EVEN)
ADDR (EVEN)
ADDR

ADDR

ADDR

ADDR
ADDR
ADDR
ADDR

ADDR



MNEMONIC

CcI

DLI

LAL

LZ1

ONS

STI

STS

ICH

OF§

SFA

SFG

SFI

SFS

RT

RIC

SH

SHC

CIoJ

TABLE A.1
DESCRIPTION I AUTO
COMPARE IMMEDIATE
DOUBLE LOAD DMMEDIATE

LOAD A IMMEDIATE

LOAD Z IMMEDIATE

ON STATUS
SKIP IF ANY A

SKIP IF TRUE A

SKIP IF GENERAL TRUE
SKIP IF TRUE I/0
SKIP IF TRUE STATUS
INTTIATE CHANNEL

END CHANNEL

OFF STATUS
SKIP IF FALSE A

SKIP IF GENERAL FALSE
SKIP IF FALSE I/0
SKIP IF FALSE STATUS

SKIP IF MIXED A

ROTATE
ROTATE WITH CARRY
SHIFT

SHIFT WITH CARRY

ACKNOWLEDGE INTERRUPT & JUMP

CONTROL I/O AND JUMP
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OPERAND
DATA

DATA

DATA
DATA
DATA

DATA

DATA

DATA

DATA *
DATA *
DATA *
DATA *
DATA *

DATA *

SHIFT
SHIFT
SHIFT

SHIFT

JUMP /BLANK

JUMP /BLANK



TABLE A.1

MNEMONIC DESCRIPTION IND AUTO, OPERAND
DNJ DOUBLE NOT AND JUMP JUMP/BLANK
DSIJ DISABLE INTERRUPT AND JUMP JUMP /BLANK
LZAJ LOAD FROM Z AND A AND JUMP JUMP/BLANK
HLTJ HALT AND JUMP JUMP/BLANK
NJ » NOT A AND JUMP JUMP /BLANK
OMNJ ON MASK AND JUMP JUMP/BLANK
PARY ADD ODD PARITY TO A AND JUMP JUMP/BLANK
RDDJ READ DATA AND JUMP JUMP /BLANK
SBCIY SHIFT BINARY DOUBLE WITH CARRY & JUMP JUMP/BLANK
SBJ SHIFT BINARY DOUBLE AND JUMP JUMP /BLANK
SDJ SHIFT DECIMAL DOUBLE AND JUMP JUMP/BLANK
TASJ TRANSFER A TO STATUS AND JUMP JUMP/BLANK
TSAJ TRANSFER STATUS TO A AND JUMP JUMP/BLANK
TZAJ TRANSFER 2 TO A AND JUMP JUMP/BLANK
WRDJ WRITE DATA AND JUMP JUMP/BLANK
XZAJ EXCHANGE Z AND A AND JUMP : JUMP/BLANK
JZA JUMP ON Z AND A DATA /BLANK
JEQ JUMP EQUAL JuMP
JGT JUMP GREATER THAN JUMP
JLT JUMP LESS THAN JUMP
JNC JUMP STATUS C BIT OFF JUMP
JNE JUMP NOT EQUAL JUMP
JINZ JUMP STATUS Z BIT OFF JuMP
Jz JUMP STATUS 2z BIT ON JUMP

- 99 -



APPENDIX B

3300 ASSEMBLER INSIRUCTION (Pseudo-Ops)

Table A.2 1lists the assembler instruction codes., A complete description of
the meaning and use of each assembler instruction may be found in Section III.

Table A.2
MNEMONIC DESCRIPTION
ALN ALIGN ON EVEN BOUNDARY
APG SET ABSOLUTE PAGE
DAC DEFINE ADDRESS
DC DEFINE CONSTANT
DS DEFINE STORAGE.
END END ASSEMBLY
EQ EQUATE . SYMBOL
ORG SET LOCATION COUNTER
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APPENDIX C

3300 ASSEMBLER ERROR CODES

ERROR EXPLANATION
A Tag required and not present, e.g., the EQU statement requires a

symbolic tag. The statement 1s ignored.

C Bad constant, such as X'AQB35'. Operand part of imstruction will
be set to zero.

E An indirect (+, -, or *) reference is to a pointer on an odd
location. The assembler will calculate the address properly, but
1f execution is attempted a machine error will result.

F Symbol table overflow. Too many tag names were defined, Some
must be removed and the program re-assembled. (ASMB4 allows for
a maximum of 64 symbols; ASMB8 allows for the number of symbols
shown by the formula on page 74).

I An auto-indexing or indirect reference was attsched to an op
code for which it is not permitted., Instruction assembled into
a halt.

M Multiply defined symbol. The second definition of the symbol
is ignored; all references to a symbol use its value at initial
definition,

o] Illegal operation code. Assembles into a halt instruction.

Q Memory reference has been made to a location not on current or

absolute page, though the symbol referenced does exlst in memory.
Operand part of instruction will be set to zero.

R Operand required and not present. For assembler instructions
(pseudo-ops), the instruction is ignored. In machine instructions,
the operand part of the instruction is set to zero.

s Shift attempted greater than 4 bits or less than 1. The instruction
assembles properly, but will cause a machine error if execution is
attempted.

T Bad term such as "TAGN DU RUMPLESTILSKIN". Such an operand
cannot exist, and there is no reasonable truncation.

U Refer'ence has been made to a symbolic tag which is nowhere defined.

v Value of operand is invalid. Occurs only in APG statements.

Statement is ignored.

X Two operators in expression have been encountered in succession,
i.e., APH=APL,
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ERROR

I/0 ERR=5

APPENDIX C

(cont . )

EXPLANATTON
The value of an operand has been truncated. The representation
of the operand was too long to fit into the operand part of
en instruction and is truncated from the right, e.g.,

LAT  X'345' means LAT X'45'
DLI C'AB' means DLI C'B!

Read/reread failed

Notice that even if some of the diagnostics are set, one may proceed to
Pass 3. It is then necessary to exercise care in resetting these memory
locations by hand to the proper mmbers before execution is attempted.

There is one error for which there is no diagnostic and for which the
programmer is responsible:

The location counter (in ASMB) has e maximum value of
X'FFFF', or nominally 64K bytes. If a programmer has
evailable an 8K mechine, it will still essemble 6LK
programs and will attempt to load them; the code in
excess of core size will be lost, however. (The
computer does not wrap—around). The location counter
is also "circular" in the sense that 2 bytes beyond
location X'FFFF' is location X'0001'. It is the
programmer’s responsibility to be aware of this.
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APPENDIX D

OUTPUT LISTING

During Pass 1, any errors encountered cause the source line to be listed.
The format of the listing is:

Columns 1- 5

" 6
" 7-10
" 11
" 12-15
" 16-21
" 22-71

At the end of Pass 1,
Columns - 4

" 58
" 9-12

diagnostic message area

blank

statement number (assembler generated)
blank

location counter

blanks

source line

the symbol table 1s listed. The format of the listing is:

symbol
blanks
value of symbol

The format of the source listing printed during Pass 2 is:

Columns 1- 5
" 6

diagnostic message area
blank

statement number

blank

location

blank

data (4 hex digits)
blank

source line
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APPENDIX E

OPERATING INSTRUCTICKNS

A. General

The Wang 3300 Assembler (ASMB4, ASMB8, TCASMB) is a program which
translates a symbolic source program tepe into e form suitable for
execution on the Wang 3300 and punches out this form on a binmary
object peper tape.

The four-bit version (ASMBY) will accept as input, paper tape source
files in four-bit format only, while ASMBB will accept cnly paper
tepe source filles in eight~bit format. The cassette version
(TCASMB) will accept &s input only those cassette source files
created by the cassette version of the Symbolic Tape Editor (TCEDIT).

The assembler generates the obJect tape in two or three 'passes' or
reedings of the symbolic source tape. During Pass 1, the first
reading, the assembler builds a symbol table of the relative addresses
of the (programmer supplied) teg names, and detects simple syntax
errors in the sowrce program. During Pass 2 and Pass 3, the actual
assembly (translation) tekes place. The difference in these two passes
is that-Pass 2 lists the source text, objJect code, the statement number,
and further error diagnostics on the teletype, while Pass 3 punches a
binery objJect tape. For that reason, and since Pass 3 ignores errors
oompletely, it is desirable to run Pass 2 before running Pass 3, even
though it is possible to skip Pass 2.

B.1. Preparation of the Symbolic Source Paper Tape

A symbolic source paper tape (an ASCII coded paper tape of the
symbolic source program) must initially be generated for use s
input to the Wang 3300 Assembly program. This symbolic tape is
generated at the same time as the program is typed on the teletype
simply by turning the paper tape punch to "ON", while the teletype
machine is off-line (on “LOCAL"). The symbolic tape must follow
the formet rules specified in the Assembler Manual.

After each line, a combination of "carriage return" and "line feed"
and "rubout" and "rubout” (CR/LR/FF/FF) must be typed. Additional
CR/LF's will be ignored by the assembler but individual carriage
returns or line feeds will not be ignored. One source line, therefore,
is defined as the character string between CR/LF's. This line should
not exceed 50 characters in length including blenks. Characters in
excess of this length will be read and ignored.

Leader/traller code is en important part of the input tape and should

be punched "before" and "after" the symbolic code on the tape. The
assembler will accept two types of leader/trailer code:
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1) Rubout characters (all 8 holes punched in the tape--an X'FF'.}.
This makes an acceptable leader/trailer code (to the machine)
but it is physically very eesy to tear and cennot be written on.

2) A much more suitable code is generated by pushing the "HERE IS"
button down two or three times. (Each 'HERE IS' punches 20
blank fremes.)

This symbolic tape is the only tape that should be used as input
to the assembler and forms the input for all three passes of the
assembly progrem.

It is generally more convenient to prepare new source tapes and
edit old source tepes with the Wang 3300 Symbolic Editor Progrem
(TTYEDIT). With this program, blocks of lines can be typed or
read from tape and modified before they are punched.

B.2. Preparation of the Symbolic Source Cassette Tape

A 3321 cassette tape containing one or more symbolic source files
must initially be prepared using the Tape Cassette Symbolic Editor
progrem {TCEDIT). Instructions in the use of TCEDIT are found in
the section entitled WANG 3300 SYMBOLIC EDITOR.

C.1. Use of the ASMBY4 and ASMB8 Assembler Programs to Produce an Object
(Binary) Tape

A swmmary of instructions for operation of ASMBY and ASMBB follows
in a flow diegram (Figures 1 and 2, page 110).

Notes on specific operations referred to in Figures 1 and 2.

a) Load ASMBY (ASMBB). See Wang 3300 Object Tape Loading
Procedure.

Remember ASMBY is 4-bit and must be loaded via TTLOAD; ASMB8
is 8-bit and must be loaded via TTYLOAD. (TTYLOAD or TTLOAD
should be put in the last page of aveilable core, xFhO-—

x = 0 for 4K machine, x = 1 for 8K machine, etc.).

b) Instructions regerding the paper tape punch refer to the
buttons on the punch console on the teletype. For the reader,
it is essumed that there is = three-position switeh, FREE/STOP/
START. When running the assembler, the switch should be set
to the "STOP" position; the tape should not be started manually.

e¢) Mount the source tape on the teletype tape reader.
4) Start ASMB at location 0200. That is,
L) Turn the teletype to 'ON~LINE'; turn the punch 'OFF'.

2) Depress ENTER on the computer console.
3} Set up 02 on the Data Entry Switches, i.e.,
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80 Lo 20 10

DDDDDD-D

. and press the B button.
L) Bet up 00 on the Data Entry Switches, i.e.,

80 L 20 10 8 L 2 1

ooooo

and press the C button.
) Depress RUN.
)} Press CLEAR.
) Press GO.

@ =10\

} For ASMBS only, press 'l' on the teletype for Pass 1.

The source tape will now be read. At the end of Pass 1, the
user should remount the source tape.

For ASMBL:

Press GO. Press '2' on the teletype for Pass 2
(Pass 2 is optional).

For ASMBS8:

Press '2' on the teletype for Pass 2 (Pass 2 is optional).
At the end of Pass 2, remount the source tape.
For ASMBh:

Turn the paper tape punch 'ON'. Press GO. Press '3' on
the teletype for Pass 3.

For ASMBS:

Press '3' on the teletype for Pass 3 and follow the
punching instructions whenever they are typed out.

Assembling another source tape:
For ASMBU:

Follow steps c) through f).
For ASMBS:

Mount the souwrce tape. Press 'l' on the teletype for Pass 1.
Follow step e) through f) for ASMBS.
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C.2. Use of the TCASMB Assembler Program to Produce an Object (Binary) Tape

A summery of instructions for the operation of TCASMB follows in &
flow disgram (Figure 3, page 112).

Fotes on specific operations referred to in Figure 3.
a) Load TCBOOT. See Wang 3300 ObJect Tape Loading Procedure.
ﬁ) Loed TCASMB. See Wang 3300 Object Tape Loading Procedure.

¢) Instructions regarding the paper tape punch refer to the
buttons on the punch console on the Teletype.

d) Mount the source cassette on either port of the 3320 unit.
e) Start TCASMB at location 0200. That is,
1) Turn the Teletype to 'ON-LINE'; turn the punch 'OFF'.
2) Depress ENTER on the computer console.
3) Set up 02 on the Data Entry Switches, i.e.,
Buaysshed
and press the B button.
4) Set up 00 on the Date Entry Switches, i.e.,

&)h020108h21
a0 o0oooono

and press the C button.

5) Press RUN, CLEAR, and GO.

f) The TCASMB program will type a series of questions on the
Teletype. The following example illustrates these guestioms.
Boxed-in characters represent responses typed on the Teletype
by the user. There are five possible passes which can be
performed by TCASMB: these are indicated by user responses
of MOV, M1, M2, M3" end "LV,
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Pass 0:

Pass 1:

Pass 3:

Pass 4:

EXAMPLE

Pass 0 initializes the assembler. Both the ordinary
symbol table and the common symbol table are removed.
The system responds with & request for new input
tepe and file numbers.

Pass 1 reads the indicated source input file and forms
the ordinary symbol table and the common symbol table
if one is present in the user's program.

Pass 2 reads the indicated input source file end prints
the output listing (APPENDIX D).

Pass 3 reads the indicated input source file and
punches the object tape.

Pass b initializes everything but the common symbol
table if one is present. It then requests tape end
file numbers for a nevw input source file. When these
have been supplied, the system automatically reads the
indiceted file and performs pass 1 on that file.

WANG 3300 ASSEMBLER--INPUT:

TAPE/FILE?
PASSY
STRT 0024
BEG 0032
ZER ook2
LIM 0Lk
ADDR 00L6
CRT 0048
Pass7g]
L
* SAMPLE PROGRAM
»
000k 0024 0000 ORG X'Oo2a'
0005 0024 B242 STRT DL  ZER
0006 002C BALS DU  CNT
0007 Q02E BALG DU  ADDR
0008 0030 0CO8 ONS 08
0009 0032 1A02 BEG LAT X'02'
0010 0034 AAk6 DAM ADDR
0011 0036 kakhg INC CNT+1
0012 0038 B2kl DL ILIM
0013 003A A248 DCM  CNT
0014 003C 2532 JNE EEG
0015 O003E B2hé DL  ADDR
0016 0040 0028 HUPJ STRT

0017 0042 0000 ZER DC  X'0000'
0018 004k 0064 LIM DC  X'0064'
0019 0046 0000 ADDR DS 2

0020 0048 0000 CNT DS 2

0021 004A 0000 END

- 108 -



Pass3)

PUNCH PHASE

SET TAPE READER TO FREE
TURN TAPE PUNCH ON
PRESS CARRIAGE RETURN

*2B :'FBH2D"H%22F*D#
PassHl

TAPE/FILE? [2/1]

ZER 0000

LIM 0002

NUM 0004

" 0005

passtfg
TAPE/FILE?

PASS?

D. Error Facility

Error diagnostics appear as a 1-letter code immediastely preceding

the statement number in which the error occurs. A camplete table

of the error diegnostics is found in the Assembler Manual { APPENDIX C,

page 101). Scme errors will occur only in Pass 1, some only in Pass 2,

and some in both passes. The message I/0 ERR = E oceurs only
TAPE/FILE?

with TCASMB when the "ESC" key is struck.

E. Interrupting Execution of TCASMB

The user can interrupt TCASMB during any phase of its operation
simply by pressing the "ESC" key on the Teletype. TCASMB will
respond with the message:

I/0 ERR = E

TAPE/FILE? ‘
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SUMMARY OF ASMB4 OPERATING PROCEDURES

FIGURE 1

' Key in the 3300
BOOTSTRAP Loader

N .

Using the BOOT- * Note: X = O for a 4K system
STRAP, load the X = 1 for an 8K system
3300 TTLOAD X = 2 for a 12K system
loader at location| etc.
*(XF40)

L ----- - ~ Start here i1f TTLOAD already loaded

Start TTLOAD at
location *(XF40) ¢
and load in the
Assembler ASMB

——————— Start here if ASMB already loaded
Mount the Symbolic
tape in the TTY
tape reader
Which 3
I Pass?
2 (Listing) 3 (Object Tape)

1 (Symbol Table)

|
iSet Paper Tape
Reader to “STOP"

Set Paper Tape
Reader to '"STOP"

L

Set Paper Tape
Punch to "OFF"

Set the Paper Tape
Reader to "STOP"

Set Paper Tape Set the Paper Tapg

[Punch to "ON"

L ]

Punch to "OFF"

Start ASMB pro- Depress "GO" omn Depress "GO on

gram execution at
location (0200) 4

The tape will be
read. Pass 1
errors & symbol
table will be
printed out &
program will halt}

Yes

the computer con-|
sole & type a "2"
on the teletype

M

The tape will be
read. An assembly|
listing will be
printed & the pro-|
gram will halt

Correct errors on the - 110 -
symbolic tape; start again

the computer con-
sole & t pe a "3"
on the teletype

I

The symbolic tape]
will be read, an
object tape will
be punched & the
program will halt!

Done



.

SUMMARY OF ASMB8 OPERATING PROCEDURES

Key in the 3300
BOOTSTRAP Loader

—

STRAP, load the
3300 TTYLOAD

loader at location|
*(XF40)

Start TTYLOAD at |
location *(XF40)1¢
and load in the
Assembler ASMB

—
Mount the Symbolic
tape in the ITY
tape reader

1 (Symbol Table)

Sec Paper Tape
(Reader to "STOP"

Set Paper Tape
Punch to "OFF" "OFF"

Start ASMB pro-
gram execution at

The tape will be
read. Pass |

errors & symbol
table will be
printed out

t
symbolic tape

Using the BOOT- * Note:

FIGURE 2

etc,

————— — - Start here if ASMB already loaded

Which 3

X =1 for an 8K system
X'= 2 for a 12K system

b--=--- - -~ Start here 1f TT YLOAD is already loaded .

Pase?

2 (Listing)

‘|set Paper Tape

Reader to "STOP"

l

Set Paper Tape
Punch to "OFF"

‘Ty*pe a '2' on

the teletype

i)

The tape will be
read. An assembly
listing will be-
printed

start again

3 (Object Tape)

Set the Paper Tape
Reader to "STOP"

Set the Paper Tape
[Purich to "ON"

L

Type a '3' on
the teletype

L

The symbolic tape|
will be read,
follow any punch—
ing instructions
typed out. The
ohject tape will

be typed out,

Done



SUMMARY OF TCASMB OPERATING FPROCEDURES
FIGURE 3

* Note:
TCBOOT#1 will load cassettes from port #1 of the
3320 Dual Cassette Unit; TCBOOT#2 will load
cassettes from port #2. There are specific versions

the appropriate version of ; s
» of TCBOOT#1 & #2 depending on the amount of core
TCBOOT#L or of TCRROT#2 A1 ___ . available in the 3300.

Start TCBOOT at location |
(2F40)1¢ end load in the b—-Start here if TCBOOT 1s already loaded.

Using TCLOAD, load in l
TCAS‘M§ -------------------- Start here if TCASMB is already loaded.
Place input source

cagsette in g 3320 port
and depress ﬁREWIl\IDP? ’
T

Key in the 3300
BOOTSTRAP Loader

]
Using the BOOTSTRAP, load

Start TCASMB at loestion
(0200) 26

and file number of input

Enter tape drive mmber
source file,

\
Type & "O" on the Type a "1" on the Type & "2" on the
teletype teletype teletype
y 1 2
(Symbol (Listing)
Table)

The file will be read.
Pags 1 errors and symbol
table will be printed out

Go
. Fr
Yes

Correct errors on the ‘

symbolic file; start
again
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3.4 Which y (done with current program)

Pass?

3 (Punch Phase)

Set the Paper Tape
Reader to "STOP"

[

Type a "4" on the
teletype.

|

Type & "3" on the |
teletype H

Set the paper tape
punch to "ON".

|

Enter tape drive
number and file number
of input source file.

I

The symbolic file will
be reed. Following any
punching instructions,
the objlect bape will be
punched.
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ABSTRACT

CAP is an on-line debug program for the WANG 3300 System. It provides
assistance to the user inm checking out his machine language program
while using a minimum amount of memory. CAP allows the user to
examine and modify both the registers and memory, to insert break-
points, to search memory, and to write paper tapes.
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1. INTRODUCTION.

The Checkout Assistance Program (CAP) is one of the standard software
modules of the WANG 3300 digital computer system. CAP is a source
program which allows the user to check out his machine language
program with the aid of his teletype. Core storage may be examined
and modified, and program execution may be interrupted by the user's
insertion of breakpoints.

There are both 4~bit and 8-bit versions of CAP. The 4-bit version
1s for the 4K, 4-bit Assembler Package; it is origined at X'0900'.
The 4-bit version must be loaded with the 4-bit TTLOAD; it punches
tapes in 4-bit format. The standard 8-bit version of CAP 1s for

the 8K, 8-bit Assembler Package; it is origined at X'1900'. Versions
of the 8-bit CAP origined at X'0900', X'2900', X'3900", X'4900', and
X'5900' are available on speclal request.

CAP 1is loaded into locations X'x900' through X'xF3F'. Locations
X'xF40' through X'xFFFF' are reserved for the LOADER. The program
to be checked out (the user's program) is loaded elsewhere in
memory., Control is transferred to CAP which then begins a dialogue
with the user. Control is released to the user program by the

JT (jump to) command. Control is returned to CAP only if a break-
point halt is encountered. A halt or loop in the user program
requires the user to manually transfer to CAP.

The user program must observe certain restrictions:

1, The user program must fit into memory without using any of
the space reserved by CAP. CAP uses locations X'x900 through
X'xF3F' plus locations FE and FF in each of the absolute pages.

2, The user must be cautious when checking out programs that
contain I/0 interrupts. When initiated from start location,
CAP disables the I/O interrupt and, thereafter, uses the
teletype I/0 on a non-interrupt basis, assuming disabled
interrupt.

II. CONVERSATIORAL RULES.

The user communicates with CAP via the teletype; all commands are
entered via the keyboard, and all outputs are printed there. When
CAP is ready to accept the next user command request, it types a

colon (:) and waits for a user command entry. A user response is
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always terminated by a carriage return, which causes CAP to ignore
any further input until the command has been serviced. When the
requested command has been performed, CAP issues another colom (:)
and the user may make another entry.

In general, once a valid command has been entered, it cannot be
removed by the user. The exception to this is during the display
or search of memory, or a breakpoint/continue type of trace.
Striking the ESCape key during these operations terminates the
listing in progress and returns control to CAP.

CAP commands consist of two letters followed by arguments. All
arguments of CAP are hexadecimal numbers. The following terminology
will be used for this section:

'

A 'byte ig an argument of two hexadecimal digits.

An 'address' is an argument of one to four hexadecimal digits.
A 'value' is an argument of even number of hexadecimal digits.

If CAP detects an error, it will space over to the digit in error
and type a ":", followed by the work "ERROR", followed by an error
number. For example, the user typed the following:

$ERROR 4 would be CAP's reply
(e.g., means an invalid command)

III. TFUNCTIONAL FEATURES.

CAP performs several different classes of functions for the user:

examination of memory or registers
modification of memory or registers
insertion or deletion of breakpoints
searching memory for a specified value
transferring control to user program

. writing of paper tape

Examination of Memory or Registers (XM, XR)

The XM (examine memory) command allows the user to display the value
of one or more bytes. The format of the XM command is:

XM 'address 1' [, 'address 2' ]
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The contents of memory from 'address 1' to 'address 2' are displayed.
If 'address 2' is not supplied, the byte at 'address 1' is displayed.

For example, if the user typed the following followed by a carriage
return, CAP would display memory from 03AC to 1257 (see Appendix B
for memory display format).

$XM 03AC,1257
The XR (examine registers) command allows the user to display the
value of the Z, A, and S registers at the time CAP was entered. The
format of the XR command 1s the following:

XR

(See Appendix B for register display format)

Modification Functions (CM, CA, CZ, CS, MP)

The (M (change memory) command allows the user to modify the value
of one or more bytes of memory. The format of the CM command is:

:CM ‘address', 'value'

The contents of memory beginning at location 'address' are changed

to 'value'. One or more bytes are changed depending on the length

of 'value'. If 'value' is two hexadecimal digits, one byte is
changed; if 'value' is four hexadecimal digits, two bytes are changed,
etc.

For example, if the user types the following followed by a carriage
return, CAP changes the contents of locationm 1CFE to 2F, 1CFF to 34,
etc. (note: spaces are ignored):

iCM ICFE, 2F34 6A7C

After the changes to memory have been made, CAP types out the
changed memory locations in the format of the XM command.

On breakpoint entrance, CAP saves the Z, A, and S registers and,
when returning via JT to the user program, restores these registers.
The CZ (change Z register) command allows the user to change the

Z register save area. When CAP returns to the user program, it
restores the value of Z. The format of the CZ command is:

:CZ 'byte'
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C.

For example, if the user types the following followed by a carriage
return, when CAP returns to the user program, register Z contaims
the value 2F:

:CZ 2F

Similarly, the CA, (change A register) command and the CS (change S
register) command have both format and function similar to the CZ
command .

The MP (move page command) allows the user to move the contents of
one page (256 bytes) of memory to another page of memory. The format
of the MP command is:

:MP 'page address 1' , 'page address 2’

For example, the following would transfer the contents of locations
X'0200' through X'02FF' to locations X'1900' through X'19FF'. (Note,
the contents of locations X'0200' through X'02FF' are not modified.)

sMP 0200, 1900

Breakpoint Control (BH, BC, BR)

Breakpoints are used to interrupt the execution of a user program
and control is passed to CAP. An active breakpoint in the user
program is a JST* FE instruction (location FE contains the address
of CAP's breakpoint entry). Breakpoints are inserted in the user
program by BH (breakpoint halt) commands or BC (breakpoint continue)
commands.

A breakpoint has two states:

1. An active state, where the breakpoint instruction exists
in the user program.

2, An inactive state, where the breakpoint does mot exist in
the user program but is in the CAP breakpoint table.

The following occurs when a user program reaches a breakpoint:

1. Control is passed to CAP.

2. The program counter and Z, A, and S registers are
displayed. If a memory dump is requested with the
breakpoint, it 1is printed.

3. All inactive breakpoins are made active (the user instruction
ig saved and replaced with the breakpoint instruction).

4. If the enter breakpoint was established through a BC
{breakpoint continue) command, it is made inactive, i.e.,
the breakpoint instruction is replaced with the original
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user instruction. Control is now passed back to the user
program at the breakpoint location. This, in effect, pro-
duces a selective trace. Note: If there is only 1
breakpoint in a program and it was inserted by a BC command,
it will only be active once.

5. If the breakpoint was established through a BH (breakpoint
halt) command, the breakpoint remains active, i.e., the
breakpoint instruction is not removed and the user command
mode is entered.

The format of BC (breakpoint‘continue) command 1is:
+BC 'address’ [, 'address 1' [, 'address 2' ] )

The user instruction at location 'address' is saved and a JMP* FE
instruction inserted in its place. The breakpoint is saved by CAP
in its place. The breakpoint is saved by CAP in the breakpoint
table with the breakpoint continue designation. (CAP allows up to
10 breakpoints.)

The 'address 1' and 'address 2' are optional and, if they are entered,
a dump of memory will be printed from locations 'address 1' to
'address 2' when the breakpoint is executed.

The format of BH (breakpoint halt) command is:
:BH 'address' [, 'address 1' {, 'address 2' ] ]

The function of the BH inatruction is similar to the BC command,
except the breakpoint is always active and control is not passed
back to the user program. That is, the breakpoint instructiom in
the user program is never restored, except explicitly by a BR
(breakpoint restore) command. The 'address 1' and 'address 2' are
optional and specify the range of a breakpoing dump similar to BC.
CAP restores a breakpoint by replacing the user instruction and
deleting the breakpoint from the breakpoint table.

The format of the BR (breakpoint restore) command is:

:BR ['address'}
The breakpoint at location 'address’ is restored. The user instruction
i1s replaced and the breakpoint is removed from the breakpoint table.

If a BR command is issued without an 'address' argument, all breakpoints
are restored.
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D.

F.

Memory Searching (§B, SW)
The SB (search byte) and SW (search word) commands allow the user to
search core for one or two bytes, respectively, with a given value.
The search starts and ends at user specified locations.
The format of an SB (search byte) command is:

:SB 'byte' , 'address 1' , 'address 2'
The format of an SW (search word) command is:

:SW 'word' , 'address 1" , 'address 2'

A successful search results in the display of all locations with the
specified value.

Control Release (JT)
The JT (Jump to) command allows the user to transfer control from
CAP to a specified location in the user program. The user program
maintaing control until a breakpoint is encountered. The breakpoint
transfers control back to CAP. A user program loop or halt requires
a manual transfer of control back to CAP.
The format of a JT (jump to) command is:

:JT 'address’

Control is transferred to the location 'address' in the user
program. .

Paper Tape Operations (WR)

The WR (write command) allows the user to write a record from core
onto tape.

The format of the WR command is:

¥R 'address' , 'address'
A gtandard core image logical record is written from the first
'address' to the second 'address’; the generated paper tape may be

loaded with the Wang 3300 Teletype LOADER. (8-bit for the 8-bit
CAP, 4-bit for 4-bit CAP.)
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APPENDIX A

CAP COMMAND REPERTOQIRE

Below are glven the legal formats for all CAP commands. All commands are
two letters followed by additional arguments.

Special definitions used in the below description are:
"byte' Two hexadecimal digits.

'address' One to four hexadecimal digits which are less than
the starting location of CAP.

*value' An even number of hexadecimal digits.
'word" Four hexadecimal digits.
'pg. address’ One to four hexadecimal digits which specify the

start of a page.

Brackets indicate optional arguments.

BC -~ Breakpoint Continue Command
Format: BC 'address' [, 'address 1' [, 'address 2' ] ]
Function: Insert breakpoint continue at location 'address'. Optionally,

a memory dump is made from ‘'address 1' to 'address 2' (if they
are entered) when the breakpoint occurs.

BH -- Breakpoint Halt Command
Format: BH 'address' [, 'address 1' [, 'address 2' ] ]

Function: Insert breakpoint halt at location 'address'. Optionally, a
memory dump is made from 'address 1' to 'address 2' (if they
are entered) when the breakpoint occurs.

BR -- Breakpoint Restore Command

Format: BR ['address']

Function: Restore breakpoint at location 'address'; if no 'address' is
apecified, all breakpoints are restored.

=123 -



CA -- Change A-Register Command
Format: CA 'byte’

Function: Change the A-register to the value of 'byte'.

CM -~ Change Memory Command

Format: M 'address' , 'value'
Function: Change the contents of memory beginning at location 'address'
to 'value'.

€S —— Change S-Register Command

Format: Cs 'byte'

Function: Change the S-register to the value of 'byte'.

CZ -- Change Z-Register Command

Format: CZ 'byte' .

Function: Change the Z-register to the value of 'byte'.

JT_-- Jump to User Command

Format: JT 'address’

Functlon: Transfer control to the user program at location ‘address’

MP —- Move Page Command
Format: MP 'pg. address 1' , 'pg. address 2'
Function: Move the contents of the page at 'pg. address 1' to the page

specified by 'pg. address 2'.

SB —- Search Memory for Byte
Format : SB 'byte' , 'address 1' , 'address 2'

Function: All memory locations with the value 'byte' starting with
location 'address 1' to location 'address 2' are displayed.
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SW -— Search Memory for Word

Format: SW 'word' , 'address 1' , 'address 2'
Function: All memory locations with the value 'word' starting with

location 'address 1' to location 'address 2' are displayed.

WR -- Write Record to Paper Tape

Format: W 'address 1' , 'address 2'
Function: A standard core image loglcal record is written on the paper

tape from location 'address 1' to location 'address 2'.

XM -- Examine Memory
Format: XM 'address 1' [, ‘address 2' ]
Function: Display the contents of the bytes of memory from location

'address 1' to 'address 2'.

R Examine Registers

Format: XR

Function: Display the contents of the Z, A, and S registers.
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APPENDIX B

CAP DISPLAY FORMATS

There are four display formats used by CAP:
1, Memory Display Format (after @ and XM commands)
AAAA - XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
BBEB -
etc.
AAAA 1s the start of the memory display.
BEBB is AAAA+10;4 and the x's Tepresent the contents of the memory
locations in hexadecimal.
2. Register Display Format (after an XR command)

Z=3xx A=3xx S5=xx

3. Breakpoint Display Format (after an XR command }

BP - AMMAA Z=xx A=xx §= XX

4. Address Display Format (after SB and SW commands)
AAAA

BBBB
etc.

AAAA and BBEB are the addresses where the searched for byte(s) can be
found.
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