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(* Function to present menu and Input the code for the bus function 
to perform. *, 

val" I: Integer; (*varlable for entry of function code*' 
begin 

repeat 
wrlteln; wrlteln; 
wrlteln('I. CONTROL Become the Control leI" and output a command string"; 
wrlteln('2. TALK 
wrlteln('3. liSTEN 
wrlteln('4. REMOTE 
wrlteln('5. lOCAL 
wrlteln('6. IFC 
wrlteln('7. RESET 
wrlteln('8. STATUS 
wrlteln('9. SPOll 
wrlteln('10. PPOll 

Become a Talker and send a string"; 
Become a listener and receive a string'); 
Make the REN (Remote ENable) �I�I�~� true'); 
Make the REN line false"; 
Issue an IFC (InterFace Clear) command'); 
Reset the P&T 488 Interface'); 
Display the current 488 bus status'); 
Perform a Serial Poll of the 488 bus'); 
Perform a Parallel Poll of the 488 bus'); 

MTSAMPl.PAS 

wrlteln('1'. Change the communication protocol (EOT switch, EOS, and string length)'); 
wrlteln('12. Change Input echo, output echo, and timeout values'); 
wrlteln('13. Change S-IOO port numbers (DIP switch on P&T-488 card must agree)'); 
wrlteln('14. Exit to operating system'); 
wrlteln; 
wrlte('Whlch would you I Ike to do? I); 
read I n( I); 

If (1<1) or (1)14) then wrlte(bel I); 
until (1)0) and (1<15); 
get_cmd:=I; 

end; 

(*--------------• .,.---------..... -----------------... ----.. ------GET KEY-...--.-.*) 
function get_key : char; 
(* This function returns the next character from the console Input.*> 
val" ch : Integer; 
begin 

repeat 
ch:=8bdos(6,wrd(255»; 

until ch<>O; 
get_key:=chr(ch); 

end; 

(*---------------------------------------------------------------PUT CHR-----*) 
procedure put_chI" (ch:.char); 
(* Th·'s procedure puts a character out to the console using direct 

console I/O. *) 
val" dumy : Integer; 
beg.!n 

dumy:-8bdos(6,wrd(ch»; 
end; 

(*--- .• -------- --- -. ---------- -------------------GET STR-----*' 
procedure get_str (val" st : string); 
(* This procedure collects a string from the console with Simple back 

be entered by preceding them by space editing. Control codes may 
�a�n�e�~�p�e�.� *) 

val" st ... ten,: Integel"t 
ch : char; 
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(*variable to"iTacK string length*> 
(*varlable for Input character*) 
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(* ••••••••••• e .••• ~. ~ ••••••••••••• (GET:.-.S~)· ••••••••••••••••••••••• APND •••••••• *,) 

procedure apnd; 
(* ThIs procedure Is called to append a character onto the end of the 

strIng beIng collected. It adjusts the strIng length and rIngs the 
bell If the string Is already at Its maxImum length. *) 

begIn 
If strlen<maxstr then begIn 

strlen:=succ(strlen); 
stlstrlenl:=ch; 
end 

else 
put_Chr(beU ); 

end; 

(* ." •• • _ ............ ........ • 'e' •••••••• (GET_STR) ••••••••••••••••••••••• CHAROEl ...... *., 
procedure chardel; 
(* This procedure Is called to delete a character. It outputs <space> 

<back space><space>. *) 
begIn 

put_chr(bs); put __ chr(1 I); put __ chr(bs); 
end; 

begIn (*GET STR*l 
strI en:=O; 
ch:=' ,; 
wrlte('STRING: I); 

whlle; .. ord(cb)<>13 do bElgJn 
Ch::~t':':k~y; 
If (Ch>=' I) and (Ch<='·') 

api'!d'; 
put_chr(ch) ; 
end 

(*set le~!h to.O*) 
(*Inlt ch to ,a non-carrIage return*) 

(*collect untIl a carriage, return*) 
(*get acharactar frOl\!,;the<consol.e*) 

then begin 
(*append;, cha'''acter~Ottt()'st''lng*) 
(*al so echo It to the screen*) 

else (*perform varIous control character fcns*) 
case ord(ch) of 

8: If strlen>O then begIn (*back space => delete char*) 
If stlstrlenl<' I then chardel; (*need to delete 2 If ctl chr*) 
char-del; 
strlen:"pred(strlen); 
end; 

(*adJust string length*) 

27:, begin 

13: 

else 
end; 

end; 

ch:=get'"'key; 
apnd; 

(*getccharacteratter"ESC to*) 
(* put Into sfrlng*) 

(*echo as printIng charpreceeded by 0*) 

P\.lt..:.:,~r( 101 ) ;Pllt c!1r(chr(Qrq(chH64J.); 
CM_I.I; -- (*mak$sure ch Is nota.carrlage ret*) 

end; 

put...;.,Chr(bell) ; (*rln9 bell for InvalId chars*) 

51'(01 :=ctfc(str' en) l 
end; 

{*set .. 1 eng;tli' . byte .. 0t,j"l\e,;,retllrr'ied,str"*f 
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(*---------------------------------------------------------------RESULTS-----*) 
procedure results; 
(* This procedure reports the results of a function. *) 
begin 

wrlteln; 
wrlteln('Functlon = ',funct,' Error Code = ',er __ code); 
If er code=O then wrlteln('NORMAL RETURN') 

else err-Ieport; 
end; 

(*---------------------------------------------------------------GETPROTo----*) 
procedure getproto; 
(* This procedure allows the user to set the EOT switch, EOS value, 

and the string length. *) 
begin 

wrlteln;wrlteln; 
wrlteln('The current communication protocol setup Is:'); 
wrlteln; 
wrltel n(' 
wrlteln(' 
wrlteln(' 
wrlteln; 

EOT switch 
EOS value 
String length 

= ',eot); 
= ',eos); 
= ',len); 

wrlte('What Is the new EOT switch value1 '); readln(eot); 

repeat 
wrlte('What Is the new EOS value (0 •• 255)1 '); ,readln(eos); 
If (eos<O) or (eos>255) then 

wrlteln('TheEOS value must be between 0 and 2551'); 
until (eos>-o) and (eos<=255); 

repeat 
wrlte('What Is the new String Length (0 •• 255)1 '); readln(len); 
If (len<O) or (180)255) then wrlteln('LENGTH must be between 0 and 2551'); 

until (len>=O) and (len<=255); 

wrlteln; 
end; 

(*---------------------------------------------------~-----------GETECHO-----*) 
procedure getecho; 
(* Th I s proced ure a I lows the user to respec I fy the I n put and output 

echo switches and the timeout. *) 
var temp: strlngll0); 

(* ••••••••••••••••••••••••••••••• (GETECHQ) ••••••••••••••••••••••• PRNYN ••••••• *) 

procedure prnyn (v:lnteger); 
(* This procedure prints 'N' If the passed parameter Is 0 and 'Y' 

otherwlse*) 
begin 

If v-O then wrlteln('N') else wrlteln('Y'); 
end; 

begin (*GETECHO*) 
wrltetnjwrlteln; 
wrlteln(tThe Input Echo, OUtput Echo, and Timeout are currently set to:'); 

rev 4-14-82 12:54 MSOFT-47 

MTSAMPL.PAS 



MTSAMPL.PAS P&T-488 MSOFT User's Manual 

wrlteln; 
write (' 
write (I 
wrlteln(' 
wrlteln; 

repeat 
temp:=' '; 

Input Echo 
Output Echo 
Timeout Value 

'>; prnyn(echo_ln); 
I); prnyn(echo_out); 
',time); 

wrlte('Echo Input (YIN) : I); readln(temp); 
until temp!U In (lY','y','N','n'); 
If temp!l) In !'Y','y') then echo In:=1 else echo __ ln:=O; 

repeat 
temp:=' '; 
write('Echo Output (YIN) : I>; read{temp); 

until temp!l) In (lY','y','N','n'); 
If templ!) In !'Y','y' J then echo out:=! else echo __ out:=O; 

repeat 
wrlte('What Is the new TIMEOUT value (0 •• 255)1 I); readln(tlme); 
If (tlme<O) or (tlme>255) then 

wrlteln('The TIMEOUT value must be between 0 and 255!'); 
until (tlme>=O) and (tlme<=255); 
wrlteln; 

end; 

begin (*maln program*) 
Inltvar; (*Inltlallze variables for control of MSOFT*) 
repeat 

cmd: =get_cmd; 
er_code:=O; 
case cmd of 

(*get the function to perform*> 
(*clear error code*) 

I: begin 
wrlteln('Please enter the Control string'): 
get_str( str); 
funct:='CONTROLLER'; 
pcntl (str); 

end; 

2: begin 
wrlteln('Please enter the Talk string'); 
get_str(str) ; 
funct:='TALKER' ; 
ptalkCstr); 

end; 

3: beg In 
funct:='LISTENER'; 
pi stn( str); 
wrlteln('Strlng heard on 488 bus is:I); 
wrlteln(str); 
eild; 

4: begin 
f unct: =' REMOTE ENABLE I; 
pren; 

end; 
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5: begin 
funct:='REMOTE DISABLE'; 
pdren; 

end; 

6: begin 
funct:='INTERFACE CLEAR'; 
plfc; 

end; 

7: begin 
funct:='RESET P&T 488'; 
pbrset; 

end; 

8: begin 
funct:='STATUS'; 
pstat; 
wrlteln('Bus Status Is: ',bus); 

end; 

9: begin 
funct:='Serlal Poll'; 
wrltel n( 'Please enter Tal k addresses to poll'); 
get_str( str) ; 
wrlteln; 
pspoll(str,presp); 
wrlteln('Talk address of responding device Is ',presp); 
wrlteln('Poll response = ',poID; 

end; 

10: begin 
funct:""'Parallel Poll'; 
pppoll; 
wrlteln('Pol I response "" ',poll); 

end. 

11: getproto. 
12: getecho. 
13: begin 

wrlte('What Is the new S-100 port' number (0-255)1 '). 
read I n( port); 
pi oprt( port) ; 

end. 

14: stopflag:=tru8; 
end; 

If cmd<11 then results. 

until stopflag. 

end. 
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**** MT488.MAC **** 

The program MT488.MAC performs all the parameter passing conversions necessary for a program 
written In Pascal MT+ to work with MSOFT.REL. Pascal MT+ passes parameters on the stack and 
expects the called routine to remove them from the stack before returning. MT488.MAC takes the 
parameters from the stack and puts.them into the appropriate registers and tables for MSOFT. 

title 'Interface routines from Pascal/MT+ to MSOFT' 

SEQNUM EQU 0009 

The tol lowing are the entry points Into MSOFT 
extrn cntl,cntlc,talk,talkc,lstn 
extrn Istnc,spoll,ppoll,dren,ren 
extrn status, I fc, brset , I oset, protc I 
extrn echo,loport 

the fol lowing are the names used by MT+ programs to cal I the 
I MSOFT rout I nes 
entry pcntl, pcntlc, ptalk, ptalkc, plstn 
entry plstnc, pspol I, pppol I, pdren, pren 
entry pstat, plfc, pbrset, ploset, pprot 
entry pecho, ploprt 

;--------------------------------------------------------------------------
General routine to call an MSOFT routine that has 1 string passed 
to It 
on entry: DE.=> address of MSOFT routine to call 

; _____ ..... ________ .. _____________________________________ """ _________ ._. _____ <fIIl 

strl : pop b ;get return address 
pop h ;get address of string 
mov a,m ;get length of string 
sta dumyl 
Inx h ;save address of string 
shld dumyla 
Ixl h,dumyl ;get address of string pointer block 
push b ;put return address back on stack 
push d ;jump to target routine 
ret 

pcntl: Ixl d,cntl ;get address of MSOFT routine 
jmp strl 

pcntlc: Ixl d,cntlc 
jmp strl 

ptal k: Ixl d,talk 
jmp strl 

pta I kc: Ixl d,talkc 
jmp strl 

ptstn: pop h ; get . return address'· 
xthl ;swap It with address of MT+ string on stack 
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shld 

Ixl 
push 
call 

Iscornn: pop 
Idax 
I hid 
mov 
ora 
rz 
mov 
Inx 
Idax 
mov 
Inx 
Idax 

mtstr 

h,dumyl 
h 
Istn 

d 

d 

mtstr 
m,a 
a 

b,a 
d 
d 
c,a 
d 
d 

mov d,a 
mov 
Inx 

I sl up: Idax 

e,c 
h 

d 
mov m,a 
Inx h 
Inx d 
dcr 
Jnz 
ret 

plstnc: pop 
xthl 

shld 

Ixl 
push 
cal I 
jmp 

pspoll: pop 
pop 
shld 

pop 
mov 
sta 
lnx 
shld 
push 
Ixl 
Ixl 
pushc 
caU 
Jmp 
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b 

Islup 

h 

mtstr 

h,dumyl 
h 

Istnc 
Iscornn 

b 

h 
mtstr 

h 
a,m 
dumyl 
h 
dumyla 
b 
h,dumyl 
d,dumy2 
d 
spoil 
Iscornn 

;save address where It won't be harmed 

;polnt to place for dope vector 
;save address on stack 
;call listen routine 

;get dope vector address Into DE 
;get length of returned string 
;get address of MT+ string 
;set length of returned string 
;just return on 0 length 

;save length In b 
;polnt to addr field of dope vector 
;get low byte of address 
;save It 
;hlgh byte of addr field 
;get It 

;DE holds address of MSOFT string 
;sklp over count field of MT+ string 

;transfer a character 

;Increment pointers 

;decrement count 
; loop tl I I done 

;get return address 
;swap It with address of MT+ string on stack 

;save address where It won't be harmed 

;polnt to place for dope vector 
;save address on stack 
;call listen routine 

;save return address 
;get address of string 2 
;save It In a safe place 

;get address of string 1 
;set up dummy dope vector 

;restore return address 

; put address of dummydope.,Nector on stack 
;call serial pol I routine> 
;jump to routine to pass string back to MT+ 
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pppoll: jmp 
pdren: jmp 
pren: jmp 
PST8T: Jmp 
plfc: jmp 
pbrset: Jmp 

plosat: pop 
pop 
shld 
pop 
shld 
pop 
pop 
push 
Ixl 
jmp 

pprot: pop 
pop 
pop 
xthl 

jmp 

pecha: pop 
pop 
pope 
push 
Jmp 

ploprt: pop 
pop 
push 
Jmp 

ppoll 
dren 
ren 
status 
Ifc 
brset 

b 
h 
dumy4 
h 

dl.llly3 
d 
h 

b 
b,dumy3 
loset 

h 
b 

d 

protei 

b 

d 
h 
b 

echo 

b 

h 
b 
loport 

dumy1: db 0 
dumy1a: dw 0 

dumy2: db 0 
dumy2a: dw 0 

dumy3: dw 0 
dumy4: dw 0 

mtsTr: dw 0 

end 
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;save return address, 
; get address of bus status var I ab Ie, 

;get address of poll result var.lable 

;get address)oftlmeout'val.uevarlable 
;get address 'of error code 'variable 
;restore return address 
;polnt to additional parameters 
; J ump to MSOFT rout I ne 

I 
;save return address 
;get address of string length variable 
;get address of EOS variable 
jhl = address of EOT'swltch'vartable 
;tos -return . address 
; jump to MSOFT rout I ne 

;save return address 
;get address of echoout variable 
;get address of echo In variable 
;restore return address 
;jump to MSOFTroutlne 

;save return address 
;get address of .port variable 
;restore return address 
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•••• MTCLOCK.PAS •••• 

This program performs the same function as the Basic program BICLOCK, but· this one Is written In 
Pascal MT+. Like BICLOCK, MTCLOCK Initializes the 488 bus with an Interface Clear, puts the 
HP59309 clock Into the Remote state by making the REN line true and sending the clock's listen 
address. It then addresses the clock as a Talker and listens to the data (status, date and time) 
that the clock sends over the bus. MTCLOCK displays the date and time on the console each time 
the minutes change. It also displays the data each time the status character Indicates a clock 
error. 

program mtclock; 

const 
SEQNUM = 0012; (*edltlng sequence number*) 

(* This Is a Pascal/MT+ program which addresses an HP 59309A clock 
as a talker and then reads the time and date. It continually 
rereads the time and displays the time and date on the console 
each minute. 

The program assumes that the bus output format of the 59309A Is 
set to SPACE, CAL and COLON. It also assumes that the talk address 
of the clock Is "E" and the listen address Is "%". .) 

var er __ code, time, poll, bus: Integer; 
eot, 80S, len : Integer; 
echo __ ln, echo out Integer; 

oldmln : char; (*holds the previous value of mlnutes*) 

(* The following are the declarations for the external procedures thaT. 
are used to commun I cate to the 468 bus. Note that not a I I of them 
are used by th I s program. *) 

external procedure pcntl (var s:strlng); 
external procedure pcntlc (var s:strlng); 
external procedure ptalk (var s:strlng); 
external procedure ptalkc (var s:strlng); 
external procedure plstn (var s:strlng); 
external procedure plstnc (var s:strlng); 
external procedure pspoll (var os,ls : string); 
external procedure pppoll; 
external procedure pdren; 
external procedure pren; 
external procedure pstat; 
external procedure plfc; 
external procedure pbrseT; 
externaJ procedure ploset (var ec,tv,pr,bs : Integer); 
external procedure pprot (var eot,eos,sl : Integer); 
external procedure pecho (var et ,eo : Integer); 

(* The following external function allows direct access to BOOS functlons*) 
external function 8BOOS (f:lnteger ; p:word) : Integer; 

procedure Inftvar; 
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(* Procedure to call the setup routines to tell MSOFT where the control 
variables are. *) 

begin 
ploset (er __ code, time, pol I, bus); 
pprot (8Ot, eos, len); 
pecho (echo __ ln, echo __ out); 

end; 

(*---------------------------------------------------------------ERR REPORT-*) 
procedure err report; 
(* Procedure to report the meaning of the error code. *) 
begin 

If er code<>O then 
If Cer code<O) or Cer code>255) then 

wr Itel n(l SYSTEM ERROR - an III egal error code has been encountered') 
else begin 

If tstblt(er __ code,7) then 
wrlteln('S-I00 RESET .. reset Interface (use function IFC or BRSET)'); 

If tstblt(er __ code,6) then 
wrlteln('IFC TRUE - reset 488 Interface'); 

If tstblt(er __ code,5) then 
wrlteln('ATN TRUE - an external control fer is trying to Issue a command'); 

If tstblt(ar __ code,4) then begin 
wrltelnC'TlMEOUT ERROR - the specified amount of time has elapsed without'>; 
wrlteln(' completing a 488 handshake cycle'); 
end; 

If tstblt(er __ code,3) then 
wrlteln('SERVICE REQUEST - a 488 device Is requesting servlce ' ); 

If tstblt(er code,2) then begin 
wrlteln{ISERIAL POLL ADDRESS ERROR - no more than one secondary address l ); 

wrltelnP may follow·a primary address ' ); 
end; 

If tstblt(er __ code,l) then 
wrlteln('NO LISTENERS" I cannot.talk to myselfl); 

If tstblt(er __ code,O) then begin 
wrlteln('SETUP ERROR - either IOSET or PROTCL wasn"T called before'); 
wrITeln(' using one of The MSOFT communication functions'); 
end; 

end; 
end; 

(*-----...... ------------------. --------.. -----------------. -------1 N I TBOS.;.----*) 
proced ure I nl tbus; 
(* Procedure to Initialize the bus and seT various conTrol variables. *) 
var ctlstr: strlngll01; 
begin 

pi fe; 
pren; 
cT1 sTr:='1...} I; 
pcntlc(ctlsTr); 

If er code<>O Then 
tlme:=255; 
eot:=l; 
eos:=10; 
oldmln:='x' ; 

(*do an Interface clear*) 
(*make the REN line true*) 
(*Unllsten. Untalk. listen address %*) 
(*become the control lar and outPUT CTLSTR*) 
(* This puts the clock Into the REMOTE mode*) 

err reporT; (*reporT any bus errors*) 
"(*do nOT time handshake*) 
(*stopon ... End~Of-strlng. byteit> 
(*msKe I I nefeedTheEOSbyte*> 
(*set oldmln to some value which cannot match a clock*) 
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(* readlng*) 
end; 

(*---------------------------------------------------------------READ TIME---*) 
function read time: boolean; 
(* Func~lon to read the clock and display results on the console. 

Does not return until either the user aborts operation or a bus error 
occurs. Returns true If the user aborts or a clock error occurs. 
Returns false If a bus error occurred. *) 

var reading: strlng(128); (*strlng to read clock Into*) 
check: Integer; (*used for abort checklng*) 
ctlstr : strlng(10); (*used to send control strlng*) 

begin 
repeat 

ctlstr:='? __ E'; (*set control string for Unl Isten, Untalk, Talk addr E*) 
pcntl c(ctl str); (*send control str I ng*) 
If er code<>O then err-feport (*report any errors*) 
else begin 

plstnc(readlng); 
If er code<>O then err-feport 
else begin 

(*read the clock*) 
(*report any errors*) 

(*If the first character Is a ? then the clock Is In error*) 
If readlng!l)='?' then begin 

wrlteln('Clock error ',reading); 
wrlteln('Reset clock'); 
end 

else (*show the time If the minutes have changed*) 
If reading! 13)<>0Idmin then wrlteln(readlng); 

0Idmln:=readlng(13); 
end; 

check:=@bdos(6,wrd(255»; (*check for character at keyboard*) 
end; 

until (er __ code<>O) or (readlng!l)='?'> or (check=3); 
read tlme:=(check=3) or (readlng!l)='?'); (*set returned value*) 

end; 

begin (*maln program*) 
Inltvar; (*Inltlallze variables for control of MSOFT*) 
repeat 

Inltbus; (*Inltlallze bUs*) 
until read time or (@bdos(6,wrd(255»=3); 

end. 
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**** FSAMPL.FOR **** 

This program performs the same function as the Basic program BISAMPL, but this one Is written In 
Microsoft Fortran. 

The following dialog shows how to compile the Fortran program FSAMPL.FOR, assemble the assembler 
program STRIN.MAC, and then link these two programs with MSOFT.REL. The result Is an executable 
file named CLOCK.COM. 

B>F80 =FSAMPL<CR> 
$MAIN 
ERRMSG 
STRXFR 
IUNSGN 

B>M80 =STRIN<CR> 

No Fatal error{s) 

B>L80 FSAMPL/E.FSAMPL/N,MSOFT,STRIN<CR> 

Link 80 3.42 19-Feb-81 Copyright (c) 1981 Microsoft 

Data 0103 3DAD <15530> 

23862 Bytes Free 
[09BF 3DAD 611 

B> 

C FORTRAN driver for MSOFT 
C FSAMPL.FOR revised 4/8/82 by J. Tinsman 
C 
C NOTE: The name that MBASIC uses for the echo out variable 
C Is ECHOOUT, but the longest variable name FORTRAN will 
C accept Is ECHOUT (6 characters). This program uses the 
C substitute name ECHOUT. 
C 

C Let the operator test each function and observe the response 
C 
C Control characters (such as line feed and carriage return) can 
C be entered Into the TALK and CONTROL strings by preceedlngthe 
C control character with an ESCAPE. For example, to get the string 
C 1234<ESCAPE>$%<RETURN><LINE FEED> you would type 
C 1234<ESCAPE><ESCAPE>$%<ESCAPE><RETURN><ESCAPE><LINE FI:ED><RETURN>. 
C 

C 
C 

C 

C 

INTEGER ERCODE,TIME,EOT,EOS,LENGTH,POLL,ECHOIN.ECHOUT,BUS 
INTEGER I,J,P,F,BELL,BUFLEN 
BYTE BUFFER(255),TKADDR{5) 
DOUBLE PRECISION FCL,FCH,FCNS(2,12) 

DATA FCNS /'CONTROLL','ER','TALKER',' ','LISTENER',' ','REMOTE EI. 
_' NABLE', 'REMOtED',' I SABLE' .' I NTERFAC',' ECLEAR','RI:S:ETP&.!,'T', 
_'STATUS'.' '.'SERIAL P','OLL'.'PARALLEL',' POLL',' '.' ',' I,' 1/ 
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C 

C 

DATA ERCOOE,TIME,EOT,EOS,LENGTH,POLL,ECHOIN,ECHOUT,BUS /9*0/ 

BELL=7 
BUFLEN=255 

C Pass variable names that FSAMPL wll I be using to MSOFT 
C 

CALL 10SET (ERCODE,TIME,POLL,BUS) 
CALL PROTCL (EOT,EOS,LENGTH) 
CALL ECHO (ECHOIN,ECHOUT) 

C 

C 
C === ........... = ••••••• a. •••••• ===== .................. .. 
C Main Menu 
C 

530 WRITE (1,531) 
531 FORMAT (10') 

WRITE (1,541> 
541 FORMAT(' 1. CONTROL Become the Controller and output a command 

sTring') 
WRITE (1,551> 

551 FORMAT (' 2. TAU< Become a Tal ker and send a string') 
WRITE (1,561> 

561 FORMAT (' 3. LISTEN Become a LISTener and receive a string') 
WRITE (1,571> 

571 FORMAT (I 4. REMOTE 
WRITE (1,581> 

581 FORMAT (I 5. LOCAL 
WRITE (1,591> 

591 FORMAT (' 6. IFC 
WRITE (1,601> 

601 FORMAT (' 7. RESET 
WRITE (1,611) 

611 FORMAT (' 8. STATUS 
WRITE (1,621) 

621 FORMAT (' 9. SPOLL 
WRITE (1,631> 

Make The REN (RemoTe ENable) line true') 

Make The REN line false') 

Issue an IFC (InTerFace Clear) command') 

ReseT the P&T 488 InTerface') 

Display the current 488 bus STaTUS') 

Perform a Serial Poll of The 488 bus') 

631 FORMAT (' 10. PPOLL Perform a Parallel Poll of The 488 bus') 
WRITE (1,641> 

641 FORMAT (' 11. Change the communication protocol (EOT SWiTCh, EOS, 
and string lengTh)') 

- WRITE (1,651) 
651 FORMAT (I 12. Change InpUT echo, OUtpUT echo and timeoUT vaLue.s') 

WRITE (1,671 ) 
671 FORMAT ( '0' ,'Which would you like to do? ') 

READ (3,673) F 
673 FORMAT (15) 
680 IF (F.GT.O.AND.F.LT.13) GOTO 690 

WRITE (1,681) BELL 
681 FORMAT (' ',Al) 

GOTO 530 
690 WRITE (1,691) 
691 FORMAT (' ') 

C 

C 

ERCOOE=O 
F~SH,F) 
FCl=FeNS(2,F) 
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C 
720 IF (F.NE.l) GOT0790 

WRITE (1,731) 
731 FORMAT (' Please enter the Control string') 

C Get string to send as a controller 
CALL STRIN (BUFFER,BUFLEN) 

C Send out the command string 

C 
C 

CALL CNTL (BUFFER) 
GOTO 1790 

790 IF (F.NE.2) GOTO 860 
WRITE (1,801) 

801 FORMAT (' PI ease enter the Tal kstri ngl,,, 
C Get"strlngto send asa talker 

CALL STRIN (BUFFER,BUFLEN) 
C Send out the ta I k str I ng 

C 
C 

CALL TALK (BUFFER) 
GOTO 1790 

860 IF (F.NE.3) GOTO 940 
C 
C' Read string off bus IntoP&T 488 buffer and make string descriptor 
C In the first three elemenTs.of array BUFFER 

CALL LSTN (BUFFER) 
C Transfer contents of P&T 488 buffer Into array BUFFER 

CALL STRXFR· (BUFFER,BUf'lEN) 
WRITE (1,901> 

901 FORMAT (' Sfrl ng heard on 488 bus. Is: ' ) 
J-1UNSGN(BUFFER(t»+3 
WRITE (1,91H (BUFF!RlH,I=4,J) 

911 FORMAT (' ',255Al) 
GOTO 1790 

C 
C 

940 IF (F.NE.4) GOTO 990 

C 
C Make REN I I ne true 

C 
C 

CALL REN 
GOTO 1790 

990 IF (F.NE.5)'GOT01040 
C 
C Make REH II ne.·fal se 

C 
C 

C 

CALI,.,DREN 
GOTO 1790 

1040 IF (F.NE.6) GOTO 1090 

C I ssue an I FC command 

C 
C 

CALL IFC 
GOTO 1790 

1090 IF (F.NE.7) GOTO 1140 
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C 
C Reset the P&T 488 

CALL BRSET 
GOTO 1790 

C 
C 

1140 IF (F.NE.8) GOTO 1200 
CALL STATUS 
WRITE (1,1161) BUS 

1161 FORMAT (' Bus status 
GOTO 1790 

C 
C 

1200 IF (F.NE.9) GOTO 1300 
WRITE (1,1211> 

Is: ',13) 

1211 FORMAT (' Please enter Talk address to poll') 
C 

C Get talk address string 
CALL STRIN (BUFFER,BUFLEN) 
WRITE (1,1231> 

1231 FORMAT (' ') 
C 
C Send out Talk string and put response In P&T 488 string buffer. 
C Then put string descriptor for response In the first three 
C el ements of TKAooR. 

CALL SPOlL (BUFFER, TKADDR(1 » 
IF (TKADOR(3).NE.0) GOTO 1260 
1=' , 
TKAOOR(4)""I 
TKAOOR(5)=1 

C Transfer response from P&T 488 buff~ to array TKADDR 
1260 CALL STRXFR (TKADDR,5) 

C 
C 

WRITE (l,1261)'TKADDR(4),TKADDR(5) 
1261 FORMAT (' Talk address of device responding Is ',2Al) 

WRITE (1,1271) POLL 
1271 FORMAT (' Poll reaponse" ',13) 

GOTO 1790 

13()Q IF (F.NE.l0) GOTO 1360 
C 
C Perform parallel poll 

CALL PPOLL 

C 
C 

WRITE (1,1331) POLL 
1331 FORMAT (' Poll response = ',13) 

GOTO 1790 

1360 IF (F.NE.l1) GOTO 1560 
WRITE (1,1371> 

1371 FORMAT (' ') 
WRITE <1,1381> 

1381 FORMAT ('0', 'The current convnunlcatlon protocol setup Is:') 
WRITE (1,1371) 
WRITE (1,1401) E01 

1401 FORM~r (' " lOX, ',EOr swl,tch = ',13) 
WRtTE{(l,1411) EOSe 

1411 FORMAT (' ',10X,'EOS switch = ',13) 
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C 
C 

WRITE (1,1421) LENGTH 
1421 FORMAT (' ',10X,'STrlng lengTh 

WRITE (1,1441) 
=,' , 13) 

1441 FORMAT ('0', 'What Is the new EOT switch value: ') 
READ (3,1445) EOT 

1445 FORMAT (14) 
1450 WRITE (1,1451) 
1451 FORMAT (' What Is the new EOS value: ') 

READ (3,1445) EOS 
IF (EOS.GE.0.AND.EOS.LT.256) GaTO 1490 
WRITE <1,1471) 

1471 FORMAT (' The EOSvalue JIIust be between 0 and 255111' ) 
GaTO 1450 

1490 WRITE,(1,1490 
1491 FORMAT (' What Is the "new 'string length:,') 

READ (3,1445) LENGTH 
IF (LENGTH.GE.O.AND.LENGTH.LT.256) GOTO 1530 
WRITE (1,1511> 

1511 FORMAT (' The LENGTH must be between 0 and 255111') 
GaTO 1490 

1530 WRITE (1,1531) 
1531 FORMAT (' ') 

GaTO 530 

1560 IF (F;NE.12) GaTO 1790 
WRITE (1,1571) 

1571 FORMAT ('0') 
1581 FORMAT (' Thelriput Echo, Output Echo, and Timeout val ues are cu 

rrenTI y set tor f) 
-p.'Nf 

IF (ECHaIN.NE.O) P='Y' 
WRITE (1,1611) P 

1611 FORMAT (' ',10X,'lnput Echo 
P='N' 
IF (ECHOUT.NE.O) P='Y' 
WRITE (1,1621) P 

, ,A 1) 

1621 FORMAT (' ',10X,'Output Echo ',AI) 
WRITE (1,1641) TIME 

1641 FORMAT (' ',10X,iTlmeout Value ',13) 
1660 WRITE, (1,1661) 
1661 FORMAT ('O','Echo Input (Y/N) : ') 

READC3,1671) P 
1671 FORMAT (At) 

IF (P.NE~fYt.AND.P.NE.'N'.AND.P.NE.8313.AND.P.NE.8302) GaTO 1660 
ECHOIN=O 
IF (P.EQ.'Y'.OR.P.EQ.8313) ECHOIN .. 1 

17tO WRITE (1,1711) 
1711 FORMAT ('O','Echo OUTPUt (Y/N) : ') 

READ (3,1721) P 
1721' FORMAT (AI) 

IF (P.NE.'Y'.AND.P.NE.'N'.AND.P.NE.8313.AND.P.NE.8302) GaTO 1710 
ECHOUT=O 
IF (P.EQ.'Y'.OR.P.EQ.8313) ECHOUT=1 

1750 WRITE (1,176» 
1761 FoRMA"F,"(' Wt:la1:;, I s,the~new",;rIMEQI:It::va,"~" l) , 

REAJ}'(3~17'1N .T IME',' 
1771 FORMAT (14) 
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C 
C 

C 
C 

C 

C 

C 
C 

IF (TIME.GE.0.AND.TIME.LT.256) GOTO 530 
WRITE (1,1781) 

1781 FORMAT (' The TIMEOUT value must be between 0 and 255111') 
GOTO 1750 

1790 WRITE (1,1791) 
1791 FORMAT (' ') 

CALL ERRMSG(ERCODE,FCH,FCL) 
GOTO 530 
END 

SUBROUTINE ERRMSG (ERCODE,FCH,FCL) 

INTEGER ERCODE,I,J,K,IO,R9 
DOUBLE PRECISION FCH,FCL 

Report 488 Function Errors 

WRITE (1,9031) FCH,FCL,ERCODE 
9031 FORMAT (' FunctIon s ',A8,A8,14X,'Error Code = ',13) 

C 

C Interpret Error codes and prInt error messages 
C 

IF (ERCODE.LT.O) GOTO 9370 
IF (ERCODE.NE.O) GOTO 9090 

WRITE (1,9085) 
9085 FORMAT (' NORMAL RETURN') 

RETURN 
9090 IF (ERCODE.GT.255) GOTO 9370 

DO 9350 KsO, 7 
1=7-1< 
10=2**1 
RgsERCODE-IO 
IF (R9.LT.0) GOTO 9350 
ERCODE=R9 
JOII+l 
GOTO (9160,919O,9210,9240,9260,929O,9310,9330),J 

C 
9160 WRITE (1,9161) 
9161 FORMAT (' SETUP ERROR- eIther IOSET or PROTCL was not call ad be 

fore') 
C 

C 

C 

9170 WRITE (1,9171) 
9171 FORMAT (' 

ctlons') 
GOTO 9350 

9190 WRITE (1,9191) 

usIng one of the MSOFT communIcatIon fun 

9191 F<>RMAT (' NO LISTENERS - I cannot talk to myself!') 
GOTO 9350 

9210 WRITE (1,9211> 
9211 F<>AMAI.l' SERIAL. POlL ADDRESS ERROR - nomore .. than\one secondary 

ad<!reS$\t) 
9220 WRITE (1,9221) 
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9221 FORMAT (' 
ss') 

may fol Iowa primary addre 

C 

C 

C 

C 

GOTO 9350 

9240 WRITE (1.9241) 
9241 FORMAT (' SERVICE REQUEST - a 488 device is requesting service') 

GOTO 9350 

9260 WRITE (1.9261) 
9261 FORMAT (' TIMEOUT ERROR - the specified amount of time haselaps 

ad without') 
9270 WRITE (1.9271) 
9271 FORMAT (' 

GOTO 9350 

9290 WRITE (1,9291) 

completing a 488 handshake cycle') 

9291 FORMAT (I ATN TRUE - an external controller Is trying to issue a 
command' ) 

GOTO 9350 

9310 WRITE (1.9311) 
9311 FORMAT (' IFC TRUE - reset 488 'nterface') 

GOTO 9350 
C 

9330 WR I TE (1.933.1) 
9331 FORMAT (' S-100 RESET - reset Interface (use function I or R)') 

GOTO 9350 
C 

9350 CONTI NUE 
936() RETURN 

C 
9370 WRITE ( 1,9371> 
9371 FORMAT (' SYSTEM ERROR - an II legal error code has been encounte 

red' ) 
9380 RETURN 

C 

C 

END 

C STRING TRANSFER ROUTINE 
C 

C 

C 

C 

SUBROUTINE STRXFR (ARRAY,SIZE) 

INTEGER I,J.SIZE,STRLEN,ADDR 
BYTE ARRAY 
DIMENSION ARRAY(SIZE) 

STRLEN=IUNSGN(ARRAY(I» 
ADDR=256*1 UNSGN(ARRAY(3) )+IUNSGN(ARRAY(2» 

J=STRLEN+3 
IF (SIZE.GE.J) GOTO 9600 
WRITE (1,9505) 

9505 FORMAT (' THE STRING RECEIVED IS BIGGER THAN THE ARRAY GIVEN!!') 
WRITE (1,9506) SIZE 

9506 FORMAT (' On I y the first ',13,' characters were transferred.') 
C 

DO<95201=4,SIZE 
ARRAY(I)=PEEK(ADDR) 
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ADDR=ADOR+l 

9520 CONTINUE 
RETURN 

C 
C 

C 

9600 DO 9610 1=4,J 
ARRAY(I)=PEEK(ADDR) 

ADDR=AOOR+l 
9610 CONTINUE 

J=J+l 
DO 9620 I=J,SIZE 

ARRAY(I )=0 

9620 CONTINUE 
RETURN 

END 

C 
C 
C FUNCT I ON I UNSGN 

C ! 
INTEGER FUNCTION IUNSGN(M) 

C 

C 

BYTE M 

INTEGER IUNSGN 

IUNSGN-M 

IF (I UNSGN.LT .0) I UNSGN=IUNSGN+256 
RETURN 

END 

**** STRIN.MAC **** 

FSAMPL.FOR 

This assembly program Is used by FSAMPL.FOR to collect strings from the keyboard. It Is the 

routine responsible for the capability of entering a control character (such as line feed or 

carriage return) In the string by precedIng the control character with an ESCAPE. It Is al so 
responsible for displaying the string on the console, and al lowing the operator to delete 

characters by pressing backspace. 

This routine was written In assembly language Instead of Fortran because Fortran does not have 

string manipulation capability. This program could be written In Fortran but the code would be 
even more diffIcult to understand. 

STRIN (bufname,buflen) 4/8/82 

STRING INPUT ROUTINE FOR USE WITH MICROSOFT FORTRAN 
THIS ROUTINE EXPECTS TWO PARAMETERS TO BE PASSED TO IT: 

THE NAME OF THE BUFFER THE STR I NG I S TO BE PUT IN 
AND THE LENGTH OF THE BUFFER (uP TO 255) 

THE BUFFER ARRAY VARIABLE MUST BE OF BYTE TYPE. THE BUFFER LENGTH 
VARIABLE MUST BE OF INTEGER TYPE. THIS ROUTINE ONLY LOOKS AT THE 

LOW ORDER BYTE OF THE INTEGER VARIABLE. 

NOTETHATTHE,'ACTUAlUSABliErBUFFER SIZE IS THELENGlH'PASSED-3. nns IS 
BECAUSE THE FIRST THREE BYTES OF THE BUFFER ARE USED TO CREATE THE STRING 
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; DESCRIPTOR THAT MSOFT NEEDS TO SEND OUT STRINGS. lliE FIRST BYTE OF lliE 
; DESCRIPTOR GIVES lliESTR I NG LENGTH; THE SECOND .. AND lli I RD .BYTES G I VElliE 
; STRING'S STARTING ADDRESS. 

PUBLIC STRIN 

BOOS EQU 0005 ;BOOS JUMP VECTOR 
DRCTIO EQU 06H ;BOOS FUNCTION FOR UNBUFFERED I/O 
VERNUM EQU OCH ; BOOS FUNCT I ON' FOR CP 1M VERS ION NUMBER 
STROUT EQU 09H ;BOOS FUNCTION eFORSTRING OUTPUT 

BELL EQU 07H ;8ELL 
BS EQU 08H ; BACKSPACE 
CR EQU DOH ; CARR I AGE'} RETURN .•.. 
CARET' EQU 05EH ; CARET 
ESC EQU 01BH ; ESCAPE 
LF EQU OAH ;LINE FEED 
SPACE EQU 020H ; SPACE 

STRIN: MVI M,OO ;INIT STRING LENGTH TO ZERO AND SAVE IN BUFFER 
SHLD LENPT ;SAVE POINTER TO LENGTH COUNT IN LENPT 
INX H ;POINT HL TO WHERE STRING START ADDRESS WILL GO 

MOV B,H ;COPY Ht:. INTO' BC 
MOV C,L 
INX 8 ; INCREMENT I T TWO TIMES TO GET 
INX B ; ACTUAL STRING STARTING ADDRESS 
MOV M,C ;SAVE STR.ING STARTING ADDRESS 
INX H ; INTO STR I NG DESCR I PTOR PART OF BUFFER 
MOV M,B ; 
INX H ;POINT HL TO START OF STRING IN BUFFER 
SHLD: BUFPT ; SAVE' STR I NG PO'INTER 
XCHG 
MOV A,M ;GET MAX BUFFER LENGTH FROM LOW ORDER BYTE 
STA BUFMAX ;OF BUFLEN VARIABLE AND SAVE IT 

MVI C,VERNUM ;CHECK FOR CP/M VERS ION NUMBER 
CALL BOOS 
MOV A,H ;RESULT IS RETURNED IN H,L 
ORA L ; IF EITHER H OR L <>0, lliEN THE 
JNZ STRIN1 ;CP/M IS VERSION 2.0 OR LATER 
MVI C,STROUT ; IF BOTH AR!'ZERO, PRINT ERROR MESSAGE 
LXI D,VERERR 
J~ BOOS, 

STRIN1 : MVI C,STROUT ;PRINT PROMPT 
LXI D,PRor.vr 
CALL BOOS 
SUB A 
STA BUFCT ;INIT BUFFER COUNT 

STRIN2: CALL GETCHR ;GET A CHARACTER FROM CONSOLE 
CPI OR i CHECK FOR CARRIAGE RETURN 
J,NZ STRIN3 
LOA BUFCT ;GET STRING LENGTH 
LHtD .. LE~: iGElPOl.N1:ER:'ro :L6.$1H;,OESr. I N·· •• BQfJ:E9::. 
MOV" M,A ; SAve ',s-mOO"1.ENGTA ' ,I N'''8UFFER'' 
LOA OR iSEND OUT CARRIAGE RETURN 
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JMP CHROUT 

STRIN3: CPI BS ;CHECK FOR BACKSPACE 
JZ BAKSPC 
CPI ESC ;CHECK FOR ESCAPE KEY 
JNZ STRIN4 ;IF NOT, THEN SKIP OVER ESCAPE HANDLER 
CALL GETCHR ;GET KEY FOLLOWING ESC 
JMP STRIN5 ;SKIP CONTROL CHARACTER CHECK 

STRIN4: CPI SPACE ;CHECK FOR CONTROL CHARACTER 
JC STRIN2 ;IF SO, IGNORE 

STRIN5: STA KEYBUF ;SAVE KEY 
LOA BUFMAX ;GET MAX BUFFER SIZE 
SUI 03 ,SUBTRACT THREE TO GET TRUE BUFFER USAGE 
MOV B,A 
LOA BUFCT ,GET CURRENT BUFFER USAGE 
CMP B ; I F 'TWO ARE THE SAME, THEN BUFFER IS FULL 
JZ BUFFUL ,JUMP TO BUFFER ERROR HANDLER 
INR A ,INCREMENT COUNT 
STA BUFCT ,SAVE IT 
LHLD BUFPT ,GET BUFFER POINTER 
LDA KEYBUF ,GET KEY BACK 
MOV M,A ;SAVE CHARACTER IN BUFFER 
INX H ,INCREMENT BUFFER POINTER 
SHLO BUFPT ,SAVE IT 
CALL PUTCHR ,ECHO CHARACTER TO CONSOLE 
JMP STRIN2 ,LOOP BACK 

BUFFUL: MVI A, BELL ,SET UP TO RING BELL 
CALL CHROUT ; SEND IT 
JMP STRIN2 ,LOOP BACK (I GNOR I NG LAST CHARACTER TYPED) 

GETCHR: MVI C,DRCTIO ,SET UP FOR KEY FETCH 
MVI E,OFFH 
CALL BOOS ,GET KEY 
ANI 07FH ,STRIP OFF PARITY 
JZ GETCHR ,IF RESULT ZERO, NO KEY WAS PRESSED 
RET 

PUTCHR: STA PUTBUF ,SAVE CHARACTER TO BE PR I NTED 
CPI SPACE ;COMPARE TO SPACE 
JNC CHROUT , I F NO CARRY, PR I NT CHARACTER 
MVI A, CARET ,OTHERWISE, IT'S A CONTROL CHARACTER 
CALL CHROUT ,SO PRINT CARET FIRST 
LOA PUTBUF ,GET SAVED CHARACTER 
ADI 040H ,ADD 64 TO CONVERT TO PR I NT I NG CHARCTER 

CHROUT: MYI C,ORCTIO ;SET UP FOR SINGLE CHARACTER PRINT 
MOV E,A ;MOVE CHARACTER TO BE SENT INTO E 
JMP BOOS ;SEND CHARACTER 

BAKSPC: LOA BUFCT ;GET STR I NG LENGTH 
CPt 00 
JZ STRtN2 ; IF LENGTH IS ZERO, THEN NO BACKSPACE 
OCR A ,DECREMENT LENGTH 
STA BUFCT ,SAVE IT 
CALL BACKUP iDEL,ETECHARACTER FROM CONSOL.E 
LHLO BUFPT·· iGln' BUFFER PO I NTER 
DCX H ;DECREMENT IT 
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SHLO 
MOV 
CPI 
CC 
JMP 

BACKUP: MVI 
CAll 
MVI 
CAll 
MVI 
JMP' 

BUFC'T: ° OS 
BUFP'T: OS 
BUFMAX: OS 
KEYBUF: OS 
lENPT: OS 
PUTBUF: OS 
PROMPT: DB 
VERERR: DB 

DB 

END 
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BUFPT 
A,M 
SPACE 
BACKUP 
STRIN2 

A,BS 
CHROUT 
A, SPACE 
CHROuro 
A,BS 
CHROUT 

1 

2 

2 

iSAVE IT 
;GET LAST CHARACTER 
iCHECK FOR CONTROL CHARACTER 
; IF SO, ERASE PRECEDING CARET FROM CONSOLE 
;lOOP BACK 

;SENO OUT BACKSPACE , SPACE, BACKSPACE 

i CURRENT STR fNG"lENGTH . 
;POINTERTO NEXT·AVA I lABlf BUFFER ° lOCATION 
i BUFFER LENGT.H 
i ONE CHARACTER KEY BUFFER 
;POINTER TO LENGTH LOCATION IN BUFFER 

CR.lF.'STRING:$' 
CR.'STRING INPUT ROUTINE REQUIRES CP/M VERSION 2.0 ' 
'OR LATER1'.CR.'$' 
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•••• FCLOCK.FOR •••• 

Like all the other clock programs, this one performs the same function but is written in 
Microsoft Fortran. It initializes the 488 bus by sending an Interface Clear (IFe), puts the 
clock into the remote mode by making the REN line true and then address ing the clock as a 
listener. It then addresses the clock as a talker and listens to the data (status, date and 
time) that the clock sends over the bus. It displays the date and time each time the minutes 
change. It also displays the data each time the status character indicates a clock error. 

A few differences will be seen when FCLOCK is compared to BICLOCK. Fortran does not have 
much ability to manipulate strings, so a special array is created to hold the data string read 
from the clock. This array is called BUFFER. The first three bytes of the array are used to 
emulate Basic's string descriptor block. Remember that the first byte of the string descriptor 
block holds the length of the string, and the remaining two bytes hold the address of the 
string. Similar arrays are set up for the two strings TAD and LAD. 

A routine that you will find useful if you write Fortran programs for MSOFT is STRXFR. It 
transfers (copies) strings from MSOFT's input string buffer into the specified array. Another 
useful routine is STRSET, which generates a string descriptor block in the first three bytes of 
an array. 

FCLOCK.FOR is compiled and linked in just the same way that FSAMPL.FOR is. If you 
follow the dialog shown for FSAMPL, subsituting FCLOCK each place FSAMPL appears, and 
IVARPT each place STRIN appears, you will get an execuatble file named FCLOCK.COM. 

C ======================================================== 
C 

C FCLOCK. FOR 
C 

C Revised for MSOFT.REL by John Tinsman 4-15-82 
C 
C This is a Microsoft FORTRAN program which addresses an 
C an HP 59309A clock as a talker and then reads the time and 
C date. It continually rereads the time and displays the 
C time and date on the console each minute. 
C 

C The program assumes that the bus output format of the 59309A 
C is set to SPACE, CAL, and COLON. It also assumes that the 
C TALK address of the clock is "E" and the I isten address is "%". 
C 

C ======================================================== 
C 

C 

INTEGER ERCODE, TIME, EOT, EOS, LENGTH, POLL, ECHOIN, ECHOUT, BUS 
INTEGER STATUS, MIN, OLDMIN 
BYTE BUFFER(23),TAD(6),LAD(6) 

C The byte array TAD conta i ns an Un listen and an Unta I k command 
C fol lowed by the clock's talk address In the last three bytes. The 
C first three bytes are used to store the string descriptor for the 
C last three bytes. The byte array LAD is almost the same, but the 
C last byte of the string is -- instead of being the clock's talk 
C address -- the clock's I isten address. In both cases, the first 3 
C bytes (which form the string descriptor) are initially set to 0, 
C and then later set to the proper val ues by using the. subroutine 
C STRSET to do the str ing descr I ptor set ups. 
C 

DATA TAD 10,0,0,'1' ,'_' ,'E'I 
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DATA LAD /0,0,0,'1' ,'_I ,'%'/ 
C 

C Pass variable names that FCLOCK will be using to MSOFT 
C 

C 

CALL 10SET (ERCODE,TIME,POLL,BUS) 
CALL PROTCL (EOT,EOS,LENGTH) 
CALL ECHO (ECHOIN,ECHOUT) 

C Intial Ize OLDMIN to some value which cannot match the first reading 
C from the clock. This wll I insure that the time and date wil I be 
C displayed the first time through. 
C 

OLDM IN = -1 
C 
C I sstie an I Fe command 
C 

30 CALL IFC 
C 
C Make REN I I ne true 
C 

CALL REN 
C 
C TIME contains the amount of time to al low for handshake 
C If TIME=255, then the handshake Is not timed 
C 

TIME = 255 
C 

C Turn off input and output echo 
C 

C 

ECHOIN =0 
ECHOUT = 0 

C Set up the Listen string. It contains the string descriptor (3 bytes), 
C the UNLISTEN byte, the UNTALK byte and the Listen Address of the clock. 
C 

CALL STRSET(LAD,6,3) 
C 

C Become the 488 controller and Issue UNLISTEN, UNTALK and then 
C address the clock as a listener. 
C This puts the clock in the REMOTE mode. 
C 

C 

C 

CALL CNTLC(LAD) 
IF (ERCODE.NE.O) GOTO 200 

C Se.t up MSOFT so. it wi I I stop on EOS (End-of-Str I n9) byte, set theEOS 
C to be a line feed. 
C 

C 

EOT = 1 

EOS = 10 

C Set up the Talk string. It contains the string descriptor (3 bytes), 
C the UNLISTEN byte, the UNTALK byte and the Talk Address of the clock. 
C 

CALL STRSET<TAD,6,3) 
C 
C Become the 488 control I er and IsSue UNU STEN, UNTALKa ndthen 
C address the clock as a ta I ker. 
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C 
40 CALL CNTLC (TAD) 

C 
C Report any 488 errors that may have occurred 
C 

IF (ERCODE.NE.O) GOTO 200 
C 

C Become a listener and read the time from the clock 
C 

50 CALL LSTNC(BUFFER) 
C 
C Report any 488 errors that may have occurred 
C 

IF (ERCOOE.NE.O) GOTO 200 
C 

C Transfer clock response from 488 buffer Into array BUFFER 
C 

CALL STRXFR(BUFFER,23) 
C 
C The clock's response Is now storeq In elements 4-23 of the byte array 
C BUFFER In the following form: 
C 

C 17 or <sp>l<sp>t<:>IMtMt<:>1010t<:>tH'HI<:>IM'Mt<:>tStSt<cr>'<If>t 
C 
C Put BUFFER(4) Into STATUS, and put the string length + 3 into J 
C 

STATUS = BUFFER(4) 
J = IUNSGN(BUFFER(1»+3 

C 
C Put the least significant digit of the minutes into MIN 
C 

MIN = BUFFER(16) 
C 
C Check the clock status. If it's not OK then print message and halt 
C 

IF (STATUS.EQ.32) GOTO 100 
WRITE (1,55) (BUFFER(I),1=4,J) 
WRITE (1,60) 

55 FORMAT (' ',20AI) 
60 FORMAT (' Reset clock') 

WRITE (1,55) 
STOP 

C 

C Show the time If the minutes have changed 
C 

100. IF (MI N.NE.OLOMIN) WRITE (1,110) (BUFFER(I), 1=4, J) 
110 FMMAT (' ',20Al> 

C 

C Update OLDMIN and read clock again 
C 

C 

OLOMIN = MIN 
GOTO 40 

C Error hand II ng rout I ne . 
C If an error, occurs j p",i'nterror message and go bae:kTO 
C IFC, REN, etc. 
C 
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C 

200 CALL ERRMSG(ERCODE) 
GOTO 30 

END 

C --------------------------------------------- ERRMSG --------
C 488 interface error reporting routine 
C 

SUBROUTINE ERRMSG (ERCODE) 
C 

INTEGER ERCODE,I,J,K,10,R9 
C 

WRITE (1,9031) ERCODE 
9031 FORMAT (' Error Code = ',13) 

C 
C Interpret Error codes and print error messages 
C 

IF (ERCODE.LT.O) GOTO 9370 
IF (ERCODE.NE.O) GOTO 9090 

RETURN 
9090 IF (ERCODE.GT.255) GOTO 9370 

DO 9350 K=O,7 

C 

1=7-K 
10=2**1 
R9=ERCODE-10 
IF (R9.LT.0) GOTO 9350 
ERCODE=R9 
J=I+l 
GOTO (9160,9190,9210,9240,9260,9290,9310,9330),J 

9160 WRITE (1,9161) 
9161 FORMAT (' SETUP ERROR - either 10SET orPROTCL was not called be 

fore') 
C 

C 

9170 WRITE (1,9171) 
9171 FORMAT (' 

ctlons' ) 
GOTO 9350 

9190 WRITE (1,9191) 

using one of the MSOFT communication fun 

9191 FORMAT (' NO LISTENERS - I cannot talk to myself!') 
GOTO 9350 

C 

C 

9210 WRITE <1 ,9211> 
9211 FORMAT (' SERIAL POLL ADDRESS ERROR - no more than one secondary 

address' ) 
9220 WRITE (1,9221) 
9221 FORMAT (' may follow a primary addre 

ss') 
GOTO 9350 

9240 WRITE (1,9241) 
9241 FORMAT (' SERVICE REQUEST - a 488 device Is requesting service') 

GOTO 9350 
C 

9260 WRITE (1,9261> 
9261 . FORMAT (I TIMEOUT ERROR - the,specJfLed, amount of time, has elaps 

edwithout' ) 
9270 WRITE (1,9271) 
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9271 FORMAT (' 
GOTO 9350 

completing a 488 handshake cycle') 

C 
9290 WRITE (1,9291) 
9291 FORMAT (' ATN TRUE - an external controller is trying to issue a 

command' ) 
GOTO 9350 

C 
9310 WRITE (1,9311) 
9311 FORMAT (' IFC TRUE - reset 488 interface') 

GOTO 9350 
C 
9330 WRITE (1,9331) 
9331 FORMAT (' S-100 RESET') 

GOTO 9350 
C 

C 

9350 CONTINUE 
9360 RETURN 

9370 WRITE (1,9371) 
9371 FORMAT (' SYSTEM ERROR - an il legal error code has been encounte 

red' ) 
9380 RETURN 

END 
C 

C --------------------------------------------- STRXFR ---~----
C String Transfer Routine 
C 

C 

C 

C 

SUBROUTINE STRXFR (ARRAY,SIZE) 

INTEGER I,J,SIZE,STRLEN,ADDR 
BYTE ARRAY 
DIMENSION ARRAY(SIZE) 

STRLEN=IUNSGN(ARRAY(I» 
ADDR=256*IUNSGN(ARRAY(3»+IUNSGN(ARRAY(2» 

J=STRLEN+3 
IF (SIZE.GE.J) GOTO 9600 
WRITE (1,9505) 

9505 FORMAT (' THE STRING RECEIVED IS BIGGER THAN THE ARRAY GIVEN!!') 
WRITE (1,9506) SIZE 

9506 FORMAT (' Only the first ',13,' characters were transferred.') 
C 

C 
C 

C 

DO 9520 1=4,SIZE 
ARRAY(I)=PEEKCADDR) 
ADDR=AODR+l 

9520 CONTINUE 
RETURN 

9600 DO 9610 1=4, J 
ARRAY( I )=PEEK(AODR) 
AODR=ADDR+l 

9610 CONTINUE 

J=J+l 
DO 9620 I=J,SIZE 
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C 

ARRAY( 1)=0 
9620 CONT I NUE 

RETURN 
END 

C --------------------------------------------- IUNSGN --------
C Signed Byte to Unsigned Integer Converter 
C 

C 

C 

C 

INTEGER FUNCTION IUNSGN(M) 

BYTE M 
INTEGER IUNSGN 

IUNSGN=M 
I F( I UNSGN. LT. 0) I UNSGN=I UNSGN+256 

RETURN 
END 

C --------------------------------------------- STRSET --------
C String Descriptor Setup Routine 
C 

C 

C 

SUBROUTINE STRSET(ARRAY,SIZE,STRLEN) 

INTEGER i,J,SIZE,STRLEN 
BYTE ARRAY 
DIMENSION ARRAY(SIZE) 

C Set up str i ng descr i ptor: i ength, address low, high 
C in the first three bytes of the array 
C 

ARRAY(I)=STRLEN 
C 
C Get the .array address and add an offset to point around 
C the string descriptor 
C 

C 
1=IVARPT(ARRAY)+3 

J=I/256 
ARRAY(2)=1-256*J 
ARRAY(3)=J 
RETURN 
END 
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The fol lowing assembler program is used by FCLOCK.FOR to get the address of a variable. 
Microsoft Fortran. is similar to Basic in that it passes the addressesof.parameters, and like 
Basic, it passes the address of the first parameter in register pair HL. Values returned by 
functions are put Into register pair HL before the function returns to thecal ling program. 
Since the address of the parameter of IVARPT is placed in HL by the caliing program, and IVARPT 
immediately returns to the calling program, the value that is returned is the address of the 
parameter of IVARPT. 

PROGRAM I VARPT 

THIS PROGRAM IS DESIGNED TOBEUSED,AS A 
FORTRAN·FUNCTIONCALL SIMILAR·TO.MICROSOFT 
VARPTRFUNCTION IN THEIR BASIC. 
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WHEN THE ROUTINE IS CALLED, FORTRAN WILL 
PASS THE POINTER TO THE ARGUMENT VARIABLE 
IN THE HL REGISTER PAIR. SINCE FORTRAN 
EXPECTS INTEGER FUNCTIONS TO PLACE THE 
RETURN ARGUMENTS IN THE HL PAIR, ALL THAT 
NEED BE DONE IS A RET. 

PUBLIC IVARPT 

I VARPT: RET 

END 
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**if* QCCLOCK.C **** 

This program III ustrates how MSOFT can be used with a program written In C. The particular 

complier used In this example Is Q/C written by Quality Computer Systems. It has the advantage 
of being Inexpensive (under $100), readily available, and It can be used with a linker (such as 
Microsoft's L80). 

Like 211 I the other clock programs, this one performs the same function but Is written in a 

different language. It Initializes the 488 bus by sending an Interface Clear (lFC), puts the 
clock Into the remote mode .• by makl ng the REN I ine true and then address i ng the clock as a . 
listener. It then addresses the clock as a·.talker and listens.tothe data: (status, date and. 

time)· that the clock sends over the.bus. It displays the'date and time eacntllnetheillinutes 

change. It also displays the data each time .the·.status character Indicates a clock error. 

There are a few pOints you should kee.p In mind. If you useth'ls prog'ram:asa guIde for wrrtlng.::a 

program for some other C compileI"'. One is that even though aU pass the parameter·son the .stack, 

some reverse the order. Q/C places the leftmost parameter on the stack first and the rightmost 
last, so that the first parameter popped off of the stack Is the rightmost one. Some other 

compi lers put the rightmost parameter on the stack first, so that the first parameter popped off 

of the stack is the leftmost one. 

Another potential source of difficulty is that Q/C passes an argument back to the calling 
procedure in register pall" HL. I have no Idea of whether other compilers do also. I made use of 

Q/C'sconventlon In the procedure scntlc. 

The following dialog shows how to compi Ie this program and I Ink It with MSOFT.REL. The result is 
an. e~able file namedQCCLOCK.COM. 

B>CC QC:CLOGi~ C;-:M<CR> . 
QC Comptler'Vl.01 .Copyrtght·(c) 19&1 Quality comPUTer Systems 
O.error(s) found 

B>M~ =QCCLOCK<CR> 

No Fatal error(s) 

B>L80 QCCLOCK,CRUNLIB,MSOFT,QCCLOCK/N/E<CR> 

Llnk-80 3.42 19-Feb-81 Copyright (c) 1981 Microsoft 

Data 0103 2A08 <10501> 

29959 Bytes.Free. 

[0103 2A08 421 

B> 
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1*·*··*··******·************···*·********·***····**·**··**··*····1 
1* *1 
1* QCCLOCK. C 4-14-82 * I 
1* for Q/C Compiler Version 1.01 *1 
1* *1 
1* This is a C program which addresses an HP 59309A clock as *1 
1* a talker and then reads the time and date. It continually *1 
1* rereads the time and displays the time and date on the *1 
1* console each minute. *1 
1* *1 
1* The program assumes that the bus output format of the 59309A *1 
1* is set to SPACE, CAL, and COLON. It also assumes that the *1 
1* TALK address of the clock is "E". *1 
1* *1 
1* The Q/C Compiler is distributed by *1 
I. The Code Works * I 
1* Box 550 *1 
1* Goleta, CA 93116 *1 
1* (805) 683-1585 *1 
1****·***********************************************************1 

extern CNTL, CNTLC, TALK, TALKC, LSTN, LSTNC, SPOLL; 
extern PPOLL, DREN, REN, STATUS, IFC, BRSET; 
extern IOSET, PROTCL, ECHO, IOPORT; 

fanclude "qstdio .h" 
'define LINLEN 132 
'define LF 10 

1* maximum input line size *1 
1* ASCII code for line feed * I 

1* ------------------------------------- MAIN ------------------*1 
maine ) 

{ 
1* Make all the communication variables static because Q/C 

accesses static variables more rapidly and with less object 
code than it accesses automatic variables 

static ercode, 1* error code *1 
time, 1* timeout *1 
eot, 1* EOT switch *1 
eos, 1* EOS byte *1 
length, I" listen string length *1 
poll, 1* poll response *1 
echoin, 1* input echo switch *1 
echout, 1* output echo switch *1 
bus; 1* 488 status *1 

int status; 1* HP clock status *1 
int umin; 1* units digit of minutes *1 
int oldmin; 1* previous units digit of minutes *1 

char line[LINLEN]; 1* listen input line *1 

*1 

1* Pass variable names that CCLOCK will be using to MSOFT *1 
sioset(&ercode, &time, &poll, &bus); 
sp1"'otel(&eot, &e08,. &length); 
secho{&echoin, &echout); 
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I'll TIME contains the amount of time to allow for handshake *1 
I'll If TIME=255, then the handshake is not timed * I 

time=255; 
echoin=Oj I'll turn off input echo *1 
echout=Oj 1* turn off output echo *1 

1* Set up MSOFT so it will stop on EOS (End-of-String) byte, *1 
I'll set the EOS byte to be a line feed. *1 

eot=1 ; 
eos=LFj 

fo·r (;;) { 
ifc() ; 
renO; 

1* initialize the ,488 bus *1 
1* make~REN tt'ue *1 

*1 

*'1 

*1 

*1 

'II 

1* Become the 488 controller and issue.UNLISTEN, UNTALK and *1 
1* then address the clock as a listener * I 

scntlc( "?J"); 

I'll Report any 488 errors that may have occurred *1 
errmsg( ercode); 

1* Intialize OLDMIN to some value which cannot match the *1 
I'll first reading from the clock. This will insure that the * I 
I'll time and date. will be displayed the first time. through. * I 

oldmin = -1; 

for (;;) { 
I'll Become the 488 controller' and . iS$e UNLISTEN., UNTALK and. 

I'll then addr.ess the clock as a talker 

scntlc( "?J"); 

I'll Report any 488 errors that may have occurred *1 
errmsg( ercode) ; 
if (ercode != 0) break; I'll break out of loop if bus error 

I'll Become a listener and read the clock's status and time 

sl.stnc( line); 

I'll Report any 488 errors that may have occurred *1 
errmsg( ercode) j 
if. (ercode 1= 0) break; I'll break. out of loop if.· bus error 

I'll Check for clock error and report any other errors *1 
I'll (Remember that the first character of the line is *1 
I'll a "?11 if the clock is in error.) * I 

if (line(O] == '7') {clkerr(); puts(l1ne); break;} 

I'll Show the time if the minutes have changed *1 
it' (line{J 21 ! = ~oldminl pJ,lts(linel.; 
oldmin,;:lineG,,12]; I*·:,u~te."ol.dm~c,>*l 

} 
I'll Check for clock error. Exit to operating system *1 

MSOFT-76 rev 4-15-82 16:13 



P&T-488 MSOFT User's Manual QCCLOCK.C 

1* on a clock error because the clock must be reset. 'II 
if (line[O] == '?') (puts("Reset clock"); break;} 
} 

1* end main *1 } 

1* -------------------------------------1* Clock error report routine 
clkerrO 

( 
fputs("CLOCK ERROR ",stdout); 
} 

CLKERR ----------------*1 
'II 

1* ------------------------------------- ERRMSG ----------------*1 1* 488 interface error reporting routine *1 
errmsg( code) 
int code; 
{ 
if (code != 0) printf("Error Code = %d\n",code,2); 

1* Interpret Error codes and print error messages 'II 

if (code & 1) ( 
puts("SETUP ERROR - either IOSET or PROTCL was not called before"); 
puts( " using one of the MSOFT communication functions"); 

} 
if (code & 2) 

puts("NO LISTENERS - I cannot talk to myself!"); 

if (code & 4) ( 
puts("SERIAL POLL ADDRESS ERROR - no more than one secondary address"); 
puts(" may follow a primary address"); 

} 
if (code & 8) 

puts("SERVICE REQUEST - a 488 device is requesting service"); 

if (code & 16) ( 
puts("TIMEOUT ERROR - the specified amount of time has elapsed 

without"); 
puts( II completing a 488 handshake cycle"); 

} 
if (code & 32) 

puts("ATN TRUE an external controller is trying to issue a command"); 

if (code & 64) 
puts("IFC TRUE - reset 488 interface"); 

if (code & 128) 
puts(IIS-100 RESET"); 

1* end errmsg 'II } 

1* -------------------------------------
1* Send a string as a controller 
scntlc(string) 
char .. string£]j 

SCNTLC ----------------*1 
'II 

( 
makedope(string) ; 
cntlc(); 

1* HL = dope vector address 'II 
1* clear the error code and send the string *1 
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} 

1* ------------------------------------- SLSTNC ----------------*1 
*1 1* Get a string as a listener 

slstnc(string) 
char string[ ] j 
{ 
4,asm 

POP 
POP 
PUSH 
PUSH 
PUSH 
LXI 
CALL 

B jremove return address 
H jget addr of beginning of string area 
H 
B 
H jaddr of beginning of string area 
H,DOPVTR ;HL points to the dope vector for MSOFT 
LSTNC jclear the error code and get the string 

Copy MSOFT string into the C string. Remove all carriage returns. 

LXI 
POP 
MOV 
INX 
MOV 
INX 
MOV 
MOV 

CPYSTR: DCR 
JM 
MOV 
INX 
CPI 
JZ 
STAX 
INX 
JMP 

ENDSTR: SUB 
STAX 
RET 

4,endasm 

H,DOPVTR jHL points to the dope vector 
D JDE points to C string area 
C,M ;C = MSOFT string length 
H 
A,M 
H 
H,M 
L,A jHL = MSOFT string address 
C 
ENDSTR ; •• no more characters to copy 
A,M 
H 
13 
CPYSTR 
D 
D 
CPYSTR 

A 
D 

jcarriage return? 
; •• yes, so do not copy into C string 
; .• no, so copy into C string 

jterminate C string with a null 

1* end slstnc */} 

1* --------... ---------------------------- MAKEDOPE --------------,*1 
1* Make a Microsoft type of string dope vector *1 
makedope(string) 
char string; 
{ 
4iasm 

C stores a string as a sequence of characters terminated by a NULL. 
We have to generate a string in the form that MSOFT expects. This 
involves two steps. The first is to generate a "dope vector" which 
consists of three bytes. The first is the length of the string, and 
the second and third are a word which contains the address of the 
string itself. Since C passed the address of the string to this 
routine, all that we really need ,to do is generate a dope veptor,. 

POP 
POP 

B 
H 

;get return address out of the way 
jget the address of the string 
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PUSH H 
PUSH B ;put return address on stack 
SHLD DOPVTR+1 ;put string address in the dope vector 
MVI C,-1 ;preset the string length counter 

SLEN: INR C 
SUB A ;zero reg A 
ORA M ;see if the byte is NULL ( zero) 
INX H ;point to the next byte 
JNZ SLEN ; •• try next byte 
MOV A,C ;get the string length 
STA DOPVTR ;put it in the dope vector 
LXI H,DOPVTR ;HL = dope vector 
RET ;return dope vector address 

DOPVTR: DB 0 ;count byte 
DW 0 ;address of string 

Ilendasm 
1* end makedope *1 } 

1* ------------------------------------- SIOSET ----------------*1 
*1 1* Set up communication variables 

sioset(ercode,time,poll,bus) 
int *ercode, *time, *poll, .bus; 
{ 
lasm 

Call 

The 
1. 
2. 
Set 

IOSET with 
HL = address of ercode 
DE = address of time 
BC = address of a table (B reg buffer) 

table must contain the following entries! 
*poll 
*bus 

DE to 
LXI 
DAD 
MOV 
INX 
MOV 
INX 
XCHG 
SHLD 
XCHG 
MOV 
INX 
MOV 
INX 
XCHG 
SHLD 
XCHG 
MOV 
INX 
MOV 
INX 
MOV 
INX 
MaV 
MOV 
LXI 

point to last parameter passed 
H,2 ;skip over the return address 
SP ;HL = stack pointer upon entry 
E,M 
H 
D,M 
H 

BBFR2 

E,M 
H 
D,M 
H 

BBFR1 

E,M 
H 
D,M 
H 
A,M 
H 
H,M 

;HL = address of bus variable 
;save it in second entry of B reg buffer 

;HL = address of poll variable 
;save it in first entry of B reg buffer 

;DE = address of time 

L,A ;HL = address of ercode 
B,BBFR1 ;point BC to B register buffer 
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JMP IOSET 

BBFR1: DW 
BBFR2: DW 

o 
o 

jB register buffer 

flendasm 
1* end sioset *1 } 

1* -------------------------------------
1* Set up more communication variables 
sprotcl(length,eos,eot) 
int *length, *eos, *eotj 
{ 
flasm 

Call PROTCL with 
HL : address of length 
DE : address of eos 
BC : address of eot 

SPROTCL ---------------*1 
*1 

Set HL to point to last parameter passed 
LXI H,2 jskip over the return address 
DAD SP jHL : stack pointer upon entry 
MOV C,M jget address of eot switch 
INX H 
MOV B,M JBC : address of eot switch 
INX H 
MOV E,M 
INX H 
MOV D,M JDE : address of eos byte 
INX H 
MOV A,M 
INX H 
MOV H,M 
MOV L,A jHL : address of listen string length 
JMP PROTCL 

I;endasm 
1* end sprotcl *1 } 

1* ------------------------------------- SECHO -----------------*1 
1* Set up echo switches 
secho(echoin,echout) 
int *echoin, *echoutj 
{ 
f;asm 

Call 

liendasm 

ECHO 
HL : 
DE : 
POP 
POP 
POP 
PUSH 
PUSH 
PUSH 
JMP 

with 
address of echo in 
address of echout 

B jhang on to return address 
D JDE: address of echout switch 
H jHL : address of echin switch 
H jrestore stack 
D 
B 
ECHO 

1* end secho *1 } 
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UNOFFICIAL PHRASE BOOK 
IEEE 488 to ENGLISH 

488 PHRASEBOOK 

IE E E used the following conventions when they assigned the names used in 
the standard: 

Lower Case names are associated with local messages (messages between a 
device and its interface; they MIGHT NOT appear on the 488 bus). 

Upper Case names are divided into three groups: 

One or two letters name interface functions, 

Three letter mnemonics are remote messages (communications over the 
488 bus from one interface to another) and 

Four letter names "ending in "S" identify the state of an interface 
function. 

The numbers following an entry are the pages of the IEEE Standard (Apr 4, 1975) 
which give further information. 

ACDS ACcept Data State 
21,22 

ACG Addressed Command G,.oup - multiline messages (~~-~F Hex) which affect 
only addressed devices. The messages GTL (Go To Local); SOC. (Selective 
Device Clear), PPC (Parallel Poll Configure) and GET (Group Execute 
Trigger) operate only on devices in the LADS (Listener Addressed) state. 
TCT (Take Control) operates on the device in the TAOS (Talk Addressed) 
state. 
48,77 

ACRS ACceptor Ready 'State 
21,22 

Addressed Commands - Commands belonging to the Addressed Command Group (See 
ACG) 
43 

AH Acceptor Handshake - the device function which allows proper reception of 
data and commands appearing on the eight data lines of the 488 bus (i.e., 
mUltiline messagels). The DAV (Data Available) line is sensed to determine 
when the multiline message is valid, and the AH function indicates its 
readiness for data by asserting a passive false on the NRFD (Not Ready For 
Data) line, and that it has received the message by asserting a passive 
false on the NDAC (Not Data Accepted) line. Note that it is illegal for the 
AH to assert both NDAC and NRFD passive false simultaneously. 
20 
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Active False - an active false message asserted on the 488 bus is one in which it 
is guaranteed that a false value is received. It overrides a passive true. 
The standard is constructed so that it is not possible for an active true and 
an active false message to be asserted on the bus at the same time. 
16 

Active True - a message which when asserted on the 488. bus is guaranteed to be 
received as true. It overrides a passive false. Tne" standard is 
constructed so that it is notpossibte for an. active true and' an active false 
message to be asse.rted on the bus at the same time. 
16 

AIDS ACceptor Idle State, 
20, 21 

ANRS Acceptor Not Ready State 
20,21 

APRS Affirmative Poll Response State 
32 

ATN ATtentioN a uniline remote message indicating that a Controller is sending 
commands (as contrasted to a Talker sending data) over the eight dau,,(DIO) 
lines. 
19,21,24,29.3S~41,48,7S-76 

AWNS Acce-PlOT W-ait for New cyc1e State 
2l.~2; 

. C Controller· interface function - the inter.tacefuncti.on which allowsa.\\devic'e 
to send device addresses, universal commands and addressed commands over 
the 4 8 8 bus. I t a Iso a II 0 w s the d ev ice to con d u c taP a r a II e I Poll t 0 

determine which device needs service. 
41 

CACS Controller ACtive State 
41,42 

CADS Controller ADdressed State 
41,42 

CAWS' Controller Active Wai.t State. 
41,43 

CIDS Controller IDle State 
41 

CPPS Controller Parallel Poll State 
41,43 

CPWS Controller Parallel poll Wait State 
41,43 
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C SBS Controller StandBy State 
41,43 

CSNS Controller Service Not requested State 
41,44 

CSRS Controller Service Reque sted State 
41,44 

CSWS Controller Synchronous Wait State 
41,43 

CTRS Controller TRansfer State 
41,44 

DAB DAta Byte - a multiline sent by the Source Handshake (SH) over the eight 
data (DIO) lines 

DAC 

25,48,75-76 

Data ACcepted - the complement appears on the NDAC line. 
for further information. 
19,22,48,75-76 

See AH, SH 

Data Byte Transfer Control lines - the three lines (DAV, NRFD and NDAC) that 
are used by the Source and Acceptor functions to perform the handshake 
cycle. 
12,18-22,67 

DAV DAta Valid - a uniline message sent by the Source Handshake (SH) function 
over the DAV line. See SHe 
48,75-76 

DC Device Clear interface function the interface function which allows a 
dev ice to be cleared (initialized) either individually or as part of a group. 
The group may be either part or all of the addressed devices in one 
sy stem. 
37 -38 

DCAS Device Clear Active State 
38 

DC IS Device Clear Idle State 
37,38 

DC L Device CLear - a multiline message (14 Hex) sent by the Controller over the 
eight data lines indicating that all devices are to go into the Clear state. 
The details are device dependent, but usually the device is .left in the same 
state as when its power is first turned on. 
38,43,48,75-77 

Dense Subset - A subset of the Primary Command Group, consisting of only the 
Listen Address Group (LAG) and Talk Address Group (TAG). ISO codes 
Space through Underline, inclusive. (Values 20 Hex through 5F Hex). 
77 
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DIOn Data Input/Output line n (n goes from 1 through 8) 
54 

DT Device Trigger interface function - the interface function which allows a 
device to start its basic operation started either individually or as part of a 
group. This function may be used to start several devices simultaneously. 
38-39 

DTAS Device Trigger Active·State 
39 

OTIS Device Trigger Idle State 
39 

END END - a uniline message sent by a Talker (EOI line active true) at the 
same time a data byte is sent on the data (010) lines. The message 
indicates that this is the last data byte to be sent. (See EOS for an 
alternate way of terminating a string sent by a Talker). 
23,48,75-76 

EOI End Or Identify - a uniline message which serves two purposes: if asserted 
true by a Talker it indicates that the last byte of a string is being sent. 
If asserted true by a Controller it initiates a Parallel Poll. 

EOS End Of String - a multiline message 
last byte oJ a string has been sent. 
w.hat the Listener(s) recognize. 
48 

sent by a Talker to indicate tbat the 
.Its value (ISO code) is determined by 

General Interface Management lines - the. fhe lines used to perform system 
operations, such as Parallel Poll, Int.erface Clear, etc. Several of the 
lines are also used in data transactions! an example is EOI, which may be 
used to signal the end of a multibyte transaction. The five lines are ATN, 
EOI, IFC, REN and SRQ. 
12 

GET Group Execute Trigger a multiline message (~8 Hex) sent by the 
Controller indicating that all devices addressed as Listeners are to start 
performing their respective functions. This command is often u.sed to start 
several piec~sof equipment in synchronism. 
39,43,48,75-77 

GTL Go To Local a multiline message (~1 Hex) sent by the Controller 
indicating that all devices addreued as Li.steners are to go to the Local 
state: i.e., local controls on the front or back panel (instead of d~vice 

dependent messages on the 488 bus) control devi.ce. operation. (See Local 
Control) 
33,43,48,75-77 

gts go to standby - a local message sent by a device to its Controller interface 
function telling it that it is finished sending commands. The response is 
that the Controller function releases the bus so that other operations (e.g., 
a: Talker sending data to Listeners) may proceed. 
41,75: 
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lOY IDentifY - a uniline message sent by the Controller during a Parallel Poll 
telling the other devices to assert their Parallel Poll responses on the data 
bus. 
35,48,75-76 

IFC InterFace Clear - a uniline message sent by the System Controller telling 
all other devices on the bus to go to the Idle state. This message is used 
to place all devices in a known state. It should be used sparingly because 
any bus transaction is terminated by this function. 
24,29,41-42,48,75-76 

ISO Code a seven bit code equivalent to the American National Code for 
Information Interchange, ANSI X3.4-1968 (often called ASCII). 
46,50,77 

isr individual service request - a local message sent by a device to its Parallel 
Poll interface function. If the individual status (see lIist ll ) message is equal 
to the 5 (Sense) bit received as part of the most recently received PPE 
(Parallel Poll Enable) command, the PPR (Parallel Poll Response) byte 
specified by the three bits P1-P3 of the most recent PPE command must be 
sent true upon receipt of an lOY (IdentifY) command from the Controller. 
Alternately, if subset PP2 (Parallel Poll function cannot be configured by 
the Controller) is used, local messages are substituted for S, Pl-P3. 
35-37,75 

ist individual status a local message used by the Parallel Poll function to 
determine the proper response to a'n lOY (IdentifY) command from the 
Controller. See lIisr". 
35-36 

L Listen interface function - the function which allows a device to receive 
data from the 488 bus. 
28 

lACS Listener ACtive State 
29-30 

(LAD) the listen address of a specific device (received as MLA). See IIMLAII. 
43 

LADS Listener ADdressed State 
28-29 

LAG Listen Address Group - a subset of the ISO-7 codes, being characters 
SPACE through? (2~ Hex through 3F Hex). 

LE 

LIDS 

48, 77 

Listen Extended interface function - similar to the Listen function except 
that a Secondary Address must be used as well as the Primary Address used 
for the Li sten function. 
30 I 

Listener IDle State 
28-29 
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LLO Local LockOut - a multiline command (11 Hex) sent by the Controller which 
tells all devices with the RL (Remote Local) interface function to obey 
device dependent messages sent over the 488 bus instead of their local 
controls (e.g., front panel). 
33,43,48, 75-77 

L.OC S LOCal State 
33 

local control - the device is programmed by it sc 0 n tr 0 I s instead of by the 488 
interface. An example is a digital multimeter; the range, function, sample 
rate, etc. are set by front panel control s if it is under local control. 
33 

local message - a message sent between a device function and an interface 
function. It may cause a remote message to be sent from the interface 
function over the 488 bus. 
15 

Ion listen only - a local message which causes the Listen function of the device 
to act as if it had been addressed by the Controller. 
29,75 

LPAS Listener Primary Addressed State 
29,30 

Ipe locaL poll enable - a local message which causes the Parallel Poll function 
of thedtivice to act as if it has receJved a P PE. (ParaUel Poll Enable) trom 
the Controller • When I p e is f a I s e , the device is to act as i f it has 
recei.ved a PPD (Parallel Poll Disable) while in the PACS (Parallel Poll 
Addressed to Configure state) or a P PU (P arallel Poll Unconfigure) command 
from the Controller. . 
35,75 

LPIS Listener Primary Idle State 
29-30 

Itn listen - a local message which when true and the Controller is in the active 
state causes the L (Listen) or LE (Listen Extended) function to go from the 
Idle (LIDS) to the Addressed (LADS) state. 
29,75 

lun local unlisten - a local message which when true and the Controller is in 
the act i v est a te (C A CS) c a use s the L (Li s ten) 0 r L E (L i s ten Ext en d e d) 
function to go from the Addressed (LADS) to the Idle (LIDS) state. 
29,75 

L W LS Local With Lockout State 
33-34 
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MLA My Listen Address - the address which the L (Listen) or LE (Listen 
Extended) function will respond to. Note that the standard does not allow a 
488 bus system to have both an L and an LE interface function which 
respond to the same primary address. MLA must belong to the LAG (Listen 
Address Group). 
48,75-76 

MSA My Secondary Address the secondary address which the TE (Talk 
Extended) or LE (Listen Extended) functions will respond to if they are in 
the Primary Addressed state (TPAS or LPAS, respectively). MSA must 
belong to the SC G (Secondary Command Group). 
24,48,75-76 

MTA My Talk Address - the primary address which the T (Talk) or TE (Talk 
Extended) function will respond to. Note that the standard does not allow a 
488 bus system to have both a T and TE interface function simultaneaously 
with the same primary address. MTA must belong to the TAG (Talk Address 
Group). 
24,29,48, 75 -76 

multiline message - a message that is sent over two or more lines of the 488 bus. 
An example is Device Clear (DCL) (14 Hex sent out on the data (0101-0108) 
lines by the Controller). 
45 

nba new byte available - a local message sent by a device to its Source 
Handshake (SH) fu·nction to inform it that another byte is available for it to 
place on the bus data (0101-0108) lines. 
19,75 

NOAC Not Data ACcepted - one line of the 488 bus which carries the complement 
of the Data ACcepted (OAC) message. It is one of the three Data Byte 
Transfer Control lines. (See OAC). 

NPRS Negative Poll Response State 
32 

NRFO Not Ready For Data - one line of the 488 bus. It carries the complement 
of the Ready For Data (RFO) message, and is one of the three Data Byte 
Transfer Control lines. (See RFD). 

NUL null .byte: all eight bits are false. 
23,42,48 

OSA Other Secondary Address - a secondary address which is not the same as 
the secondary address of the TE (Talk Extended) function while it is in the 
TPAS (Talk Primary Addressed state), or of the LE (Listen Extended) 
function while it is in the LPAS (Listen Primary Addressed state). OSA 
must belong to the SCG (Secondary Command Group). 
48,75-76 
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OTA Other Talk Address - an address other than a device's own talk address. 
Some devices which are capable of talking unaddress themselves if they 
sense that the Controller is addressing another Talker. This feature can be 
convenient because an UNTalk (UNT) command is not needed. OT A must 
belong to the TAG (Talk Address Group). 
24,48,75-76 

PACS Parallel poll Addressed to Configure State 
35-36 

Passive False - a mes.sage which when asser.ted on the '·488 bus is NOT gua.ranteed 
to be received as false. It is overridden by an active true message. 
16 

Passive True - a message which when asserted on the 488 bus is NOT guaranteed 
to be received as true. It is overridden by an active false message. 
16 

PCG Primary Command Group - a subset of the ISO-7 code. It consists of all 
characters NUL through UNDERLINE (11'11' Hex through 5F Hex). It includes 
all of the ACG (Addressed Command Group), UCG (Universal Command 
G ~ 0 up) , LAG (L is ten Ad d res s G r 0 up) and TAG (T a I k Add res s G r 0 up) • 
35,49,75-77 

pon power on - a local message sent by the device to. its own interfa·c·e.M to 
inform it that power has just been ap.plied. The interface should reset all 
functions (e.g., Listen, AH, Talk, etc.) to their Idle states. 
75 

P P phallel Poll interface function _. the functi.on wh.ich allows a dindc:e' to 
respond to a Parallel Poll from the Controller. 
35 

PPAS Parallel Poll Active State 
35-36 

PPC Parallel Poll Configure - a multiline message (11'5 Hex) sent by the 
Controller which causes the device presently addressed as a Listener (e.g., 
i n the LA D Sst ate ) to go into the PAC S (P a r all e I Poll Ad d res sed to 
Configure) state. While.in the PACS, the PP (Parallel Poll) function is to 
obey the PPE (Parallel Poll Enable) and PPD. (Parallel Poll Disable) messages 
sent by the Controller. 
35,43,75-77 

PPD Parallel Poll Disable - a multiline" message (711' Hex) sent by the Controller 
w hi c h will p I a c: e all de vice sin the PAC S ( Par aile I Poll Ad d r e sse d to 
Configure) state into the P PIS (P arallel Poll Idle) state. 
35,43,49,75-76 

PPE Parallel Poll Enable a multiline message (6\&-6F Hex) sent by the 
Controller which will change all devices in the PPIS (Parallel Poll Idle) state 
to the PPSS (Parallel Poll Standby) state. It also specifies the PPRn 
(Parallel Poll Response byte) to be used and the S (Sense) of the PPR. 
Tfle~form of the messag~··'iS (ftom'mos,tsl'gnifi'C'"ant'Mt to" least'T 
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x ~ S P3 P2 P1 
where X means don1t care (may be either high or low), and the binary value 
formed by P3-P1 indicates which PPRn is to be used. Note that n of PPRn 
indicates which data line is to be made active true (i.e., 0103 will be made 
active true when PPR3 is placed on the bus). 
35,43,49,75-76 

PPIS Parallel Poll Idle State 
35-36 

PPRn Parallel Poll Response n (See PPE) 
35,49,75-76 

PPSS Parallel Poll Standby State 
35-36 

PPU Parallel Poll Unconfigure - a multiline message (15 Hex) sent by the 
Controller which takes all devices in the PPSS (Parallel Poll Standby) state 
and puts them into the PPIS (Parallel Poll Idle) state. 
35,43,49,75-77 

PUCS Parallel poll Unaddressed to Configure State 
35-36 

rdy ready for next message - a local message sent by a device to its AH 
(Acceptor Handshake) interface function to indicate it is ready for another 
message byte from the 488 bus (i.e,' another multiline remote message). 
21,75 

remote control - a device is programmed by its 488 in.te.rface instead of by local 
controls. An example is a DMM whose function, range selection, etc a.re 
selected by messages sent to it over the 488 bus. See local control for 
contrast. 
33 

REMS REMote State 
33-34 

REN Remote ENable - one of the five General Interface Management lines. 
Also, a uniline message sent by the Controller to put devices addressed as 
Listeners into the REMS (Remote) state. When the Controller makes the 
REN message false, all devices are to go to the LOCS (Local) state. 
33,42,49,75-76 

RFD Ready For Data - the complement appears on the NRFD line. This uni/ine 
message is used by the AH (Acceptor Handshake) function to indicate that it 
is ready to accept the next byte (multiline message). See AH for further 
information. 
19,22,49,75-76 

RL Remote Local interface function - if present it allows a device to be 
switched from local to remote control and vice versa. 
33 
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rpp request parallel poll - a local message sent to the Controller interface 
function when the device wants a Parallel Poll performed. 
41,75 

RQS ReQuest Service - the byte sent by the current Talker in response to a 
Serial Poll. Data bit T (0107) is true. 
23,49,75-76 

rsc request system control - a local message sent to the Controller interface 
function by the device when it wants to go to the SACS (System Control 
Active) state. 
41,75 

rsv request service - a local message sent by a device to its Service Request 
interface function to cause it to go to the SRQS (Service Request) state. 
As a consequence, the uniline message SRQ is sent active true until either 
rsv is sent false, or the Controller performs a Serial Poll of this device. 
32,75 

rtl return to local - a local message sent by a device to its Remote/Local 
interface function. The LOCS (Local) state is entered if neither LLO 
(Local Lockout) nor ACDS (Accept Data State) are true. 
33,75 

R W LS Remote With Lockout State 
33,34 

SAC S Syuem Control Active State 
41,44 

(SAD) Secondary ADdress - the seconday address of a specific device, and is 
received as either My Seconday Address (MSA) or Other Secondary Address 
(OSA). Its value must lie in the range 6\1-7E Hex. (See SCG). 
43 

(SBA) Status Byte, service request Acknowledged. A message sent over the 488 
bus by the current Talker in response to a Serial Poll. This message 
indicates that this device was requesting service. Data bit 7 (0107) is 
true. (See R QS) 
62 

(SaN) StatUs Byte, service N<>t requested. Same as SBA but indicates that this 
device does not need service. Data bit 7 (0107) is false. 
62 

SCG. Secondary Command Group. A sub'set of the I S.O;'" 7' code consiHing of 
characters ACCENT GRAVE through TILDE (6\1 Hex through 7E Hex). 
Secondary Talk and Listen addresses must be selected from this group. 
(Note that DE L is not allowed as a secondary address). 
49, 77 
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SDC Selected Device Clear - a multiline message (c,J4 Hex) sent by the Controller 
indicating that all devices addressed as Listeners are to go into the DCAS 
(Device Clear Active) state. The details are device dependent, but usually 
the device is left in the same state as when its power is first turned on. 
38,43,49,75-77 

SDYS Source DelaY State 
18-19 

S econdar y Command s - the command s P PE, P PD and (SAD). 
43 

SGNS Source GeNerate State 
18-19 

SH Source Handshake interface function. The function used by a Talker or 
Controller to insure proper communication of multiline messages. The NRFD 
and NDAC lines are sensed to determine whether the AH (Acceptor 
Handshake) function of some -device is active (if both NRFD and NDAC are 
false simultaneously, there is no AH function on the bus, which is an 
error). The multiline message is placed on the eight data lines (DI01-DI08) 
and a 2 microsecond timeout is started. When NRFD is sensed false and 
the timeout has been completed (to insure the data lines have settled) DAV 
is asserted true (to show that the data is available and settled). Upon 
sensing NDAC false the SH asserts DAV false (to indicate that the data 
may n 0 Ion g e r b e v a Ii d) the n rem 0 v. est h e data. The who I e c y c lei s 
repeated for subsequent bytes of data~ (See AH for the other half of the 
handshake cycle). 
18 

SIAS System control Interface clear Active State 
41,44 

sic send interface clear - a local message which causes the devices' Controller 
interface function to enter the SIAS (System Control Interface Clear Active) 
state if it is the System Controller (i.e., it is in the SACS (System Control 
Active) state). As a consequence, the IFC (Inteface Clear) signal is sent 
active true. (IFC is a uniline message sent on the IFC line). 
41,75 

SIDS Source IDle State 
18 -19 

SIIS System control Interface clear Idle State 
41,44 

SINS System control Interface clear Not active State 
41,44 

SIWS Source Idle Wait State 
19-20 

SNAS System control Not Active State 
41 ;44 
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SPAS Serial Poll Active State 
24,26 

488 PHRASESOOK 

SPD Serial Poll Disable - a multiline message (19 Hex) sent by the Controller. 
It informs all devices capable of being Talkers that they are to speak data 
when they are addressed to talk. (See SPE for contrast). 
43,49,75-77 

SPE Serial Poll Enable -.a mulitline.messag.e (18 Hex) sent .by the CohtroH.er .• It 
informs all devices capable of being Talkers that they are to speak their 
Serial Poll Status Byte (instead. of data) when. they are addressed to talk. 
See SBA, SBN, STB for further informati.on about the stat.us byte. 
43,49,75-77 

S PIS Serial Poll Idle State 
24,26 

S PMS Serial Poll Mode State 
24,26 

SR Service Request interface function. This function allows a device to 
asynchronously request service from the Controller-In-Charge. 
31 

SRAS System con.trol Remote enable Active State 
41,45 

sre send remote·· enable - a local message s.ent by a device to its Control 
interface function. It causes the function to enter the SRAS (System 
Control Remote EnabJe Active) state onl y if it was already in the SAC S 
(System Control Active) state. The uniline message REN is sent active true 
as long as the Controller remains in the SRAS state. 
41,75 

SRIS System control Remote enable Idle State 
41,44 

SRNS System control Remote enable Not active State 
41,45 

SRQ Service ReQuest - a uni.line message sent on the SRQ line by the SR 
(Service Request) interface· function. It is the duty of the Controller to 
provide the service needed. 
49,75-76 

SR QS Service ReQuest State 
32 

STS STatus Byte. Data bits 1 through 6 and bit 8 (DI01-DI06, 0108) sent in 
response to a Serial Poll. STS is combined with RQS to form the complete 
byte. (See SBA, SBN). 
25,49,75-76 
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STRS Source TRansfer State 
18-19 

S W NS Source Wait for New cycle State 
18 -19 

488 PHRASEBOO K 

T Talk interface function. This function allows a device to send information 
to other devices on the 488 bus. Only one byte (selected from the Talker 
Address Group) need be sent to address the Talker. 
23 

TACS Talker ACtive State 
24,26 

(T AD) the Talk ADdress of a specific device. It is received as either My Talk 
Address (MT A) or Other Talk Address (OTA). It must be a member of the 
TAG (T al k Addre ss Group). 
43 

T ADS Talker ADdressed State 
23-24 

TAG Talker Address Group~ A subset of the "ISO-7 code consisting of all 
characters from @ through UNDERLINE (4~ Hex through 5F Hex). The 
address of ·a Talker (or the primary address of an Extended Talker) must be 
selected from this group. Note that UNDERLINE cannot be used as an 
address, for it is reserved as the Universal Untalk command. 
49, 77 

tca take control asynchronously - a local message sent by .. a device to its 
Controller interface function. It causes the function to go from the CSBS 
(Controller Standby) state to the CSW S (Controller Synchronous Wait) state, 
where it waits for at least 500 nsec (to allow the other devices on the 488 
bus to respond to the active true assertion of the uniline message ATN), 
then proceed to the CAWS (Controller Active Wait) state. ATN is active 
true in both CSWS and CAWS. 
41,75 

tcs take control synchronously - a local message sent by a device to its 
Controller interface function. It operates the same as tca EXCEPT that 
the function goes from CSBS to CSWS only when the AH (Acceptor 
Handshake) function is in theANRS (Acceptor Not Ready) state. The 
effect is to insure that a message sent by a Talker is not garbled or 
misinterpreted as a message sent by the Controller; ATN will not become 
active true until the Source Handshake is complete (i.e., DA Vis fal se, 
showing that the message is no longer valid). 
21,41,75 

TCT Take ConTrol - a multiline message (1J9 Hex) sent by the Controller to 
inform the device currently addressed as a Talker that it is to become the 
Controll er - in -Charg e. 
41,43,49,75-77 
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TE T a Ike rEx ten d e din t e r fa c e f un c t ion. S i mil a r 
except that this one is addressed by two bytes. 
from the Talker Address Group (TAG) and the 
Command Group (SCG). 
23 

TID S Talker IDle State 
23;...24 

488 PHRASEBOOK 

to the Talker (T) function 
The first must be selected 

second from the Secondary 

ton" talk only - a local message sent by a device to its Talk interface function. 
If IFC (Interface Clear) is false, the Talker function enters the TAOS 
(Talker Addressed) state. Remember that only one Talker may be addressed 
at a time, so as long ·as ton is true no other devicema y have ·~ton true 0 r 
be addreHedas a Talker by tbe.Controller. 
24,75 

T PAS Talker Primary Addressed State 
24,26 

T PIS Talker Primary Idle State 
24,26 

UCG Universal Command Group - A subset of the ISO.-7 code consi.sting of all 
characters from OLE through US (1f1 Hex through lF Hex). These commands 
operate upon all devices which are capable of responding to a Controller; 
the devices ar'e not individually addressed. For contrast see Add.ressed 
Command Group (AC G). 
43,49 t 77 

uniHne') meHage - a message that uses only one line of the 488 bus. An exa.mple· is 
Service ReQuest (SRQ). 

Universal Command Group - See UCG 

UNL UNListen - a multiline message (3F Hex or the character "?") sent by the 
Controller which forces the Listen function of aU devices into the LIDS 
(Listen Idle) state. 
29,43,49,75-77 

UN! UNTalk - a multiline message (SF Hex or the character "_") sent by the 
Controller which forces the Talk function of all devices into the TlDS (Talk 
Idle) state .•. 
49,77 
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P&T -488 Auxilliary Programs for CP /M t 

The program BU SMON monitors and reports all transactions on the IE E E -488 bus. 
488TODSK records data sent over the 488 bus into a disk file. DSKT0488 sends the 
contents of a disk file over the bus as data. HANDSHAK.ASM contains the source code 
for routines which perform the Source and Acceptor Handshake functions. An example 
of how to use HANDSHAK.ASM is given in the program SAMPLHS.ASM. 

BUSMON 

The program BUSMON monitors and reports all transacthms which occur on the 
IEEE-488 bus. The operator can choose two different formsi ' for» the report. The 
normal form displays the transactions without any special handling. The other form is 
expanded, which means that non-printing characters are replaced with>strings of printable 
characters. This form is especially useful for those cases where one is trying to 
distinguish between tabs and spaces, or determine whether line feed precedes carriage 
return, etc. The form of the report can be selected by typing a character on the 
console ke yboard while the program is running. Once the form has been selected, its 
action may be repeated by typing any key on the keyboard. 

The operator can set BUSMON to stop on one of three different conditions: on 
each carriage return, line feed, or each character. The condition is selected by using 
one of the four stop .. ode keys. The stop code can be changed at any time by typing 
the appropriate stop code key. The stop code keys and the corresponding stop conditions 
are shown in the following. table.. Note that typing .. a' stop code. key win. NOT cause. a 
repeat of the previous stop condition, but will invoke a new stop c.ondftlon~ The program 
starts in the Carriage Return mode. 

Expand/Normal Option 
N or n Show characters normally 
X or x Expand the non-printing characterh Space (20 Hex), Horizontal Tab (9) and .: 

Line Feed (OA Hex) are replaced by the strings <SPACE>, <HT> and <LF> 
respectively. The non-printing character Carriage Return (OD Hex) causes the 
inessage <CR> to be printed followed by a carriage return and a line feed. All 
other non- printing characters are replaced with the two character string of an 
up arrow followed by a capital letter. Thus the non-printing character 01 Hex 
is replaced by the string tA, while the character 1A Hex. is printed as fZ. 

Stop Codes 
Carriage Return Display all transactions up to and including the next carriage return. 

Line Feed Display all transactions up to and including the next line feed. 

Space Display the next transaction (allows stepping one byte at a time). 

G or g Go. Displa y all transactions continuously without stopping on Line 
Feed, Carriage Return or next byte. 

t CP/M is a trademark of Digital Research 
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Abort 
Control C Abort. Go back to the CP I M command mode. 

Console/Printer Switch 
o Direct all output to the console. 
1-9 Direct all output to the system printer. 

NOTE,~ to direct output to both the console and printer, select the. console and then 
press Control P. 

IE£E;;_,~Functions 
or. i Assert JFC,(perform an Interf;u;·e. Clear~ .• 

R or r Make REN true (assert Remote Enable). 
L or I Make REN false (all instruments will go to Local mode). 

Q or q Make 5RQ true (request service). 
W or w Make 5RQ false (cease requesting se rv ice). 

P or p Perform a Parallel Poll and report the results. 

Sor"s Show the state·of the IEEE,..,.488 lines. 

T or t Talk - conect a string of characters from the operator then send it over the 
bus as a Tilker. 

C~.orc COfttrot, -. coll.ecta string. an.d send .. it over the bU<5 as a Controller. 

NOTE: 

Control X 

RETURN 

ESCAPE 

While collecting a string for Talk or Control the followingke yshave special 
meaning: 

Delete the string and restart collection. This allows errors to be corrected. 

Terminate the collection of the string. The carriage return is .!!2!. included 
in the string. 

Put the next character into the string. This allows ESCAPE, RETURN and 
Control X to be put into the string. For instance, to get the string 
?A<E SCAPE>12<RETURN><LINE'"FEED;>, you would type 
?A<ESCAPE><E$CAP.EtlUESCAP.E><RE:rURN?<UJ;:.IE FEED?<RETURN>. In 
this example, the string <E'SCAPE> means that the . ESCAPE key is pressed, 
not that the 8 keys <, E, 5, C, A, P, E and> are pressed. Similarly, 
<RETURN> and <LINE FEED> mean that the RETURN and LINE' FEED .. keys 
are used. 

Each time the Controller becomes active (asserts ATN active true), a carriage 
return-line feed is sent to the console, followed by the string COMMAND:, followed by 
another carriage return-line feed pair. Similarl y, each time the Controller becomes 
inactive (ATN is false), a carriage return, line feed, thEi string DATA:, carriage return 
and a line feed is sent to the console. Thus all characters printed. after COMMAND; 
an4, betor.e, DATA: are .. instructiOns.,. sent"by" .. tn~ •. Cot1Jr:,9.11et:., (fo'" examp(~,*, "1" ~i!!t,$ .. 
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UNLISTEN). All characters printed after DATA: and before COMMAND: are data 
(otherwise known as device-dependant messages). Examples are readings from a DVM 
which has been commanded to be a Talker, etc. 

Me ssages are al so 
Clear), indicate a change 
(Service Request) line. 
whenever the Power On 

printed on the console to indicate occurances of IFC (Interface 
of the state of the REN (Remote Enable) line, and of the SRQ 

The me s sag e »> S -1 00 poe IRE SET T RUE «< is p r i n ted 
Clear or the RESET line of the S-100 system becomes true. 

Whenever the Controller is active, a descriptive string. is substituted for special 
non-printing messages. For example, » GO TO LOCAL « is printed when ~1 Hex is 
received and ATN is true. The list of messages and the corresponding non- printing 
characters is as follows: 

Character Message 
Hex 
01 » GO TO LOCAL « 
C)4 » SELECTIVE DE VICE CLEAR « 
~5 » PARALLEL POLL CONFIGURE « 
~8 » GROUP EXECUTE TRIGGER « 
09 » TAKE CONT ROL « 
11 » LOCAL LOCKOUT « 
14 » UNIVERSAL DEVICE CLEAR « 
15 » PARALLEL POLL UNCONFIGURE « 
18 » S ERIAL POLL ENABLE « 
19 » SERIAL POLL DISABLE « 

The results of this program can be misleading for the following reasons: 

1. This program functions as a Listener on the 488 bus. If there were no Listeners 
on the bus before this routine was run, any Talker would have been unable to say 
a thing. However, when this routine is run, the Talker has someone to talk to. 
Thus the operation of the 488 system may be changed by the fact that the Bus 
Monitor routine is run. 

2. This routine is slow compared to the speed that communication on the 488 bus is 
capable of attaining. Thus 488 throughput may be drastically slowed by using the 
bus monitor. 

3. This routine is incapable of sensing a Parallel Poll issued by another controller, or 
the response to that Parallel Poll. If it happens that this routine tests the EOI 
line at the time of a Parallel Poll, it will show the message <END>, even though 
ATN is true. 

488TODSK 

The program 488TODSK is used to record all data transactions directly into a 
C P I M disk file. To use the program type 

488TODSK filename.ext x<CR> 
where filena ... ext is the file name and extension of the file into which the data is to 
be recorded, and x is the option code. Note that there must be one and onl y one space 

CP 1M AUX-3 



P&T -488 CP/M Auxilliary Software 

between 488TODSK and the file name, and also one and only one space between the file 
name and the option code. The characters <CR> mean that the Carriage Return key is 
pressed, not that the four keys <, C, Rand> are pressed. 

Three different options are available: none, Z and E. The option E means that 
the file will be closed and control passed back to the console upon receipt of the 488 
END message. The option Z means that the file will be closed and control passed back 
to the console upon receipt of a Control Z in the data stream (the Control Z is also 
placed in the file). This. option can be useful because CP/M text files are terminated by 
a Control Z. If no option is selected (that is, a Carriage Return follows the file name), 
the file can be closed only by pressing Control C on th.e console. Note that Control C 
can be used at anytime to ahort the program: all data received up to the time the 
Control C was pressed is saved in the file. Some garbage will also appear at the end of 
the file because the whole buffer is sav.ed in the disk file, and the buffer probably was 
not filled at the time Control Cis pressed. 

Error messages are printed on the console if the disk directory is full, the data 
area is full, or any other disk write error occurs. In each case the function is aborted. 
If the name of the file is the same as one which is already on the disk, the operator is 
asked if it is OK to replace the old file. If the operator responds by typing any 
character other than nyn or "y", the function is aborted and the old file is left 
untouched. If the operator responds with either "Y" or ny", the old file is erased and 
the new one take s its place. 

DSKT0488 

The program DSKT0488 sends the contents of a CP 1M disk file over the 488 bus. 
The program is called by the string 

DSKT0488 filename.ext x 
where filename.ext is the name of the file that is to be sent and x is the option code. 
Only two options are available: none and Z. The Z option causes the Control Z to be 
sent with the 488 END message when a Control Z is found in the file, then the program 
returns control to the console. This can be useful for text files that are terminated by 
a Control Z. If no option code is selected, the entire file is sent followed by a null 
with the 488 END message, then control is returned to the console. The program may 
be aborted at any time by typing Control C on the console. 

Error messages are' printed on the console if there is no Listener on the bus, if 
the file is not on the disk, or if an invalid option code is selected. In each case the 
program is aborted and control is returned to. the console. 

If you have two systems and want to send a file from one to the other via the 
488 bus, you would type 

488TODSK filename.ext· E<CR> 
on the system which is to receive the file, and 

DSKT0488 filename.ext<CR> 
on the one which is sending the file. (It is not necessary to use the same file name or 
extension.) Note that the system receiving the file must be started first, otherwise the 
first byte of the file will be lost or the sending system will complain that there,. are no 
listene rs. 
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HANDSHAK 

The source file HANDSHAK.ASM is actually two subroutines: a routine for Source 
handshake and a routine for Acceptor handshake. These routines can be useful in special 
applications where it is desired to use the S-lQ0 system as a Talk Only or Listen Only 
dev ic e, or whe re inc rea sed data rate on the 488 bus is needed. Th ese routine s are 
capable of running much faster than the larger Custom System, CPM488 or 488BAS 
routines because the larger routines check for the existance of another Controller on the 
bus, check for excessive time in the handshake cycle, and many other things. 

Refer to the chapter titled Hardware Description in the P&T -488 manual for 
information about the bit mapping of the ports and the 488 bus lines. 

SAMPLHS 

This file contains the source code for a routine which uses the Source, Acceptor 
and Initialization subroutines in HANDSHAK to take data from the IEEE-488 bus and 
display it on the console. 
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.************************************************************** , 

· , Source and Acceptor Handshake listings 
· , 
.************************************************************** , 

ISRp:r 
CMDP.'l', 
DA'FPT 
PPORT 

EQU 
g'QU 
EQU 
EQU 

MON!TR' SET 
CPMIO SET. 

CR 
LF 
ES 

BUFPRN 
· , 
· , 
TLKT: 

· , 

SET 
SET 
SET 

SET 

TAtK 

LoA 

ORI 
STA 

7CH" 
I$Rl?ia'+l 
ISgta"i:·2 
ISRPT+3 

0DH 
0AH 
'$ , 

9 

GIMTC 

8 
GIMtC 

: CP/M, warmstart' e.nt);',y 
:CP/M I/O entry point 

;ASCII carriage return 
;ASCII line feed 
;CP/M buffered print string terminator 

;CP/M fcn. number for buffered print 

;get the image of'the byte last sent 
; to the command linepo:+t 
;make sure that ATN is:false (high) 
; when do source handshake 

· * * * * * *'* * * * ** * * * * * * ** * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * , 

· , 
SOURCE HANDSHAKE 

; This routine takes the byte in memory location CHAR and says 
it on the 488 bus as a Talker. If either the S-100 RESET 

; or Power On Clear line is or has been true, or if the 
; 488 ATN or IFC lines are or have been true, then an error 

message is printed and the routine jumps to the system 
; monitor. 
· , 
: **** * .• * * * ** * * * * ***** ** *** ** * ** * * * * * * * * *.* *** * * * * * * * * ** *.*.** ** * ** · , 
SReas: LOA 

ORI 
CALL 

S,;aCl.:, CALL 
JNZ 
IN 
CMA 
ANI 
JZ 
ANI 
JNZ 
LOA 
CMA 

GIMTC 
613H 
COMND 
INTRPT 
BYE 
CMDPT 

60H 
NOLSN 
408 
SRCl 
CHAR 

;get488 command line imag'e 
:set NRPD, NDAC high (falsej 

;check for POC, ATN or U'(J 
: •• abort if POC, ATN or IrC true 
;see if there are any listeners 

;check only NRFD, NDAC 
; •• no listeners error 
;wait until NRFD is high (false) 

;g,t the data byt~ 
;<48:$:u~~,$';;:. n~g.~ti.v~:·19.9:,~(;' 
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OUT DATPT 
LDA GIMTC 
ANI 7FH ~make DAV true (low) 
CALL COMND 

SRC2: CALL INTRPT ~check for POC, ATN or IFC 
JNZ BYE ~ •• abort if POC, ATN or IFC true 
IN CMDPT 
ANI 2f3H ~look at NDAC line 
JZ SRC2 ~ ... da ta not accepted ye\t 
LDA GIMTC 
ORI 8lH ~make DAV & EOI false (high) 
CALL COMND 
MVI A,f3FFH 
OUT DATPT ~make all data lines passive false 
RET . , 

.************************************************************** , 

~ ACCEPTOR HANDSHAKE 

This routine gets one byte from the 488 bus and returns with 
it in register A. If either theS-lf3f(} RESET or Power On 

j Clear line is or has been true, or if the 488 ATN or IFC 
lines are or have been true, then an error message is printed 

~ and the routine jumps to the system monitor. 
j . 

• ************************~************************************* , . , 
ACEPTR: LDA 

ORI 
ANI 
CALL 
LDA 
ORI 
CALL 

ACEPTl: CALL 
JNZ 
IN 
ANI 
JNZ 
IN 
CMA 
MOV 
LDA 
ORI 
ANI 
CALL 

ACEPT2: CALL 
JNZ 
IN 
ANI 
JZ 
LDA 
AN'I 

GIMTC 
8 
9FH 
COMND 
GIMTC 
4f3H 
COMND 
INTRPT 
BYE 
CMDPT 
8f3H 
ACEPTI 
DATPT 

D,A 
GIMTC 
2f3H 
f3BFH 
COMND 
INTRPT 
BYE 
CMDPT 
8f3H 
ACEPT2 
GIMTC 
9FH 

~make ATN false 
and NRFD true, NDAC true 

~now make NRFD false 

~see if received POC, ATN or IFC 
~ •• abort 
jlook at DAV 

j •• DAV still false 
jget the data 
~488 uses negative. logic 
jkeep the data in register D 

jNDAC false 
~NRFD true 

~ •• abort 
~wait for DAV false 

j ••• DAV still true 

jNRFD true, NDAC true 
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· , 

CALL 
MOV 
RET 

COMNO 
A,D 

CP/M Auxilliary Software 

;put the data back in register A 

; Initialize 488 board 

This routine should be called after every S-100 RESET or 
Power; On C1 ear 

; 
INIT: 

; 

MVI 
OUT 
OUT:: 
CALL,;, 
SUB·' 
OUT 
STA 
STA 
RET 

A,0FFH. 
PPORT .. 
DAIl'P'I' 
COMNO 
A 
ISRPT 
RETCOO 
CHAR 

ic1ear para11el_P911~response port 
ana4,g 8.data;. pp rt 

; and 4.88 controL lines and image. byte. 

;clear Interrupt Service Register 
clear return code 
and CHAR 

; COMND keeps track of the last byte that was output to the 
; command port. It is necessary to keep track of what the 
; P&T-488 interface board is' asserting on the bus because 
; the 488 bus is an open-collector wire . .,..or system, so it is 

not possible to determine what the P&T-488 is asserting 
on the. 488 bu.s by met,ely sensing the 488 1 ines. 

· , 
COMND: STA 

· , 
OUT 
RET 

GIMTC ;update the 488 command line image 
CMI)PT:: ;put it, on the. command lines 

; Check for interrupt due to ATN, IFC or POC 
; 
; NOTE: This function does not reset the interrupts in the 
; Interrupt Service Register (ISR) 
· , 
INTRPT: IN 

RAR 
CNC 

· , 
IPOC: 

IeaM: 

RAR 
RAR 
RAR 
CNC 
RAR 
CNC 
LOA 
ANI 
RET 

PUSH 
LOA 
ORI 
STA 
POP;; 

ISRPT 

IPOC 

IATN 

IIFC 
RETCOD 
0F0H 

A 
RETCOD 
80H 
RETCOD 

;look at the interrupt service register 
;put POC bit in carry 
i •• set POC bit in return code byte if 
i no carry 
iREN > CARRY 
iSRQ > CARRY 
;ATN > CARRY 
; •• set the XATN bit 
;IFC > CARRY 
; •• settheXIFC bit 

;look at only POC, IFC and ATN 

A· ; restQte~:. reS' A a~la:"' carrY' 
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RET 

IATN: PUSH A 
LDA RETCOD 
ORI 20H 
JMP ICOM 

lIFC: PUSH A 
LDA RETCOD 
ORI 40H 
JMP ICOM 

Print the reason for aborting then jump~to the monitor 

BYE: 

· , 

PUSH 
LXI 
ANI 
CNZ 
POP 
PUSH 
LXI 
ANI 
CNZ 
POP 
LXI 
ANI 
CNZ 
JMP 

PSW 
D,MS2 
80H 
PRINT 
PSW 
PSW 
D,MS3 
40H 
PRINT 
PSW 
D,MS4 
20H 
PRINT 
MONITR 

;save the error code 
;power on clear 

;get the error code again 

;XIFC 

;XATN 

; No listeners present - print error message then 
; jump to the monitor 
· , 
NOLSN: LXI 
· , 

D,MSI ;print no listener msg 

; Print error message and return to monitor 
· , 
ERROR: CALL 

JMP 
; 

PRINT 
MONITR 

; print the line pointed to by DE 

PRINT: MVI 
CALL 
RET 

· , · , 
GIMTC: DB 
CHAR: DB 
RETCOD: DB 

MS1: DB 
MS2: DB 
MS3: DB 
MS4: DB 

C,BUFPRN 
CPMIO 

o ;image of last byte sent to CMDPT 
o 
o ;a byte containing the error code 

'No listeners on the bus',CR,LF,ES 
'S-100 POWER ON CLEAR or RESET',CR,LF,ES 
'Another 488 Controller is asserting IFC true' ,CR,LF,ES 
'Another 488 Controller is assertingATN true',CR,LF,ES 
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.************************************************************** , 

SAMPLHS.ASM 

· , 
This program uses the Acceptor handsahke routine to get a 
data byte from the IEEE-488 bus and display it on the 
system console. 

· , 
.************************************************************** , 

ORG 

MONITR SET 
CPMIO SET 

GETCHR SET 
PUTCHR SET 
CONSTAT SET 

LXI 
CALL 

LOOP: CALL 
MOV 
MVI 
CALL 
MVI 
CALL 
ANI 
JZ 
MVI 
CALL 
CPI 
JNZ 

JMP 

o ; CP/M' warl11s.taJ;t entry point 
5 ;CP1M 170routine entry point 

1 ;CP/M function code for console input 
2 ;CP/M function code for console output 
11 ;CP/M function code for console status 

SP,2000H 
INIT 
ACEPTR 
E,A 
C,PUTCHR 
CPMIO 
C,CONSTAT 
CPMIO 
1 
LOOP 
C,GETCHR 
CPMIO 
3 
LOOP 

MONITR 

;initialize stack pointer 
;initialize the P&T-488 card 
;get a byte from the 488 bus 
;put it in register E for CP/M. 
;function to print on console 
;CP/M I/O routine entry point 
; loo.k ttl see if a key is pressed' 

; •• no key pressed 
;get the key 

;CONTROL C? 
; •• no, so continue getting data 
; from the bus 
; •• yes, so do a warmstart 

.************************************************************** , 

Inse.rt the Handshake routines here 
· , 
.************************************************************** , . 

END 
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