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The command trace 1s a debugging tool which lets the user 

monitor all cal Is to a specified set of external procedures. 

trace modifies the standard Multics procedure cal I mechanism so 

that wnenever control enters or leaves one of the procedures 

specif iea by the user, a deougg!n~ procedure is .invoked. The 

arguments given to the debugglng procedure oy trace enable it to 

obtaln the arguments and return point of the procedure being 

cal fed. 

The user may start tracing a procedure ot any tlme, even lf 

it has already been executea. Tracing may be removed at any 

time; subsequent cal Is of the proceoures wit I execute normally. 

Any PL/I or FORTRAN procedure may be traced Without interfering 

with otner users who may be sharing the segment. 

Unless the user specifies otherwise, trace uses a default 

deougging procedure trace_print _. Tne action taken by 

tr<ice_print_ ls to pr!nt . a mll:lssage on the stream "user_i/0 11 

whenever control enters or leaves one of the procedures belng 

traced. There are a numoer of options which the user can specify 

to reQuest such actions as printlng the arguments (at entry, 

exit, or both), or stopping <at entry, exit, or both). The user 

can control the freQuency with which the trscing message is 
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prlnteJ, e.g., every 100 calls after the 1000th call, or only .if 

recurs.ion depth ls less than 5. Trace_prlnt_ "stops" the 

execution of the user's program by cal ling the deoug commano; 

this makes alt of the fac~lltles of debug ava.i.lab4e to the user. 

The message pr!nted oy trace_pr.int_ when control enters a 

procedure may appear .i.n any one of several formats, depencl.i.ng on 

the user-settable or.i.ef switch and The status of the procedure 

maK.i.ng The cal 1. If The procedure mak:lng the ccd I .i.s unbound or 

occurs .i.n a bound se~ment contalnlng a b.i.na-map, the message 

t aKes tne form 

Cal I 4.1 of alpha from betal127, ap : 20~1107~6 

This .i.s the fourth ca 11 of procedure alpha which is at recurs.Lon 

fevel 19 the cal I comes from location 127 .in component beta, and 

t ha a r :ii u men t ll st .i. s at 2 O '+ 11O7 4 o • r f t he pro c E' d ur e ma k: .i. n g t he 

call is .in a bound segment wnlch does not contain a bind-map, the 

messag~ takes the form 

Call ~.1 of alpha from bound_gammal~37 (beta), ap: ••• 

Tha namd Ln parenth~ses may not always be avalloble and may be 

omitted 1n some cases. It the user has reQuested the br-.i.ef 

output mode the messaye ls shortened to 

Call 4.1 of alpha 

The trace command malntains an internal stctLc table with an 

entry for each procedure oeing traced. The table entry holds a 



MULTICS PROGRAMMERS• MANUAL 
I trace I 

'----' 
Page 3 

number of paremeters which are used to control when and how the 

deougg.i.ng procedure ls to be called. When an entry is added to 

tha taole (or an existing entry is changed), the trace control 

paramet~rs 1n the trace table entry are set to the current values 

1n an internal static trace control template (TCT). If the user 

does not alter the values in the TCT, the .i.nitlal default values 

are used <see below>. The in.i.tial values in the TCT spec.i.fy that 

evary cal I should be monitored. 

Tha commands 

trace n1 n2 n3 ••• 

or 

trace -start n1 n2 n3 

ara useJ to start tracing procedures n1, nz, n3, ••• using the 

current values .i.n the TCT. Tracing wilt begin with the next cal I 

of the procedure. If a procedure is atreaoy being tracea, its 

trace pdrameters will be altered and tracing will continue. The 

aboreviation for "-start" is "-sr". 

The names nl may be path names or reference names. If nl 

does not ccntain a .. $ .. , the segment name .i.s taken to be the same 

as the entry name. If the f.i.rst character of nl is 11 <1• or .. > .. , 

the segment with the g.i.ven path name ls .initiated w.i.tn the 

indlcatea se~ment name. If nl is a referer.cti name and the 
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spacified procedure is not known to ttle process, the standard 

search rules are u~ed to f.i.na it. An error message w.i.11 be 

printea anc tracing wi I I not taKe place if a procedure name is 

not found or any of the restrictions (sea below) 6re violated. 

Tha name t tlat .i.s actually stored in th~ trace taole ls 

derived from the name n~ specified by the user. If the speclf ied 

name is a path name, the name stored in the trace table is the 

segment name with the path stripped off; otherwise, the name n1 

is used. For example, the command 

trace >path>routine 

would initiate the segment having the specifi~a path name and acd 

tha neime .. routine .. to trie trace table. In subseQuent reQuests to 

deoug, the user could use either the original path name or Just 

the segment·name "routine". 

trace recognizes a numoer of control arguments which change 

trace"s actions upon encountering a procedure n~m~ appearing ln 

the ar,Jum~nt list a11.it.c the control argument. If the contro I 

ar~ument appears at the end of the ar9umant list (l.e. no names 

fol low it), the action is applied to ill names currently .i.n the 

trace t~ole. An error messa~~ is print~d if any of the specified 

procedures sre not in the trace table. 
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The command 

trace -remove n1 n2 ••• 

causes trace to remove entries n1, n2, ••• from the trace table; 

any future col ls wi I I not oe traced. Tracing may be removed st 

any time, even while a procedure is active or is oeing entered. 

The aboreviation for "-remove" is "-rm". 

The command 

trace -print n1 n2 ••• 

causes trace to print the number of cal Is and current recursion 

depth of al I procedures named afterwards in the argument list. 

The aboreviation for "-print" is "-pr". 

The command 

trace -reset n1 n2 ••• 

causes trace to reset to zero the number of ca I ls and recursion 

level of al I procedures named afterwards in the argument list. 

The aboreviation for "-reset" is "-rs". 

The command 

trace -off n1 n2 ••• 

causes trace to stop ca 11 ing the debugging procedure for al I 

proceaures named afterwards in the argument llst. The specified 

procedures remain in the trace table and control continues to go 

through the trace package at entry to the procedures. Cal ts to 
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the speclfled procedures 11dll cont~nue to be counted, but no 

other action wlll be taken. 

Tha command 

trace -on n1 n2 ••• 

causes trace to r~sume calllng tne debugging procedure for all 

procedures specified afterwards in the argument list. 

Se~eral control arguments may be used in a single invocation 

of the trace commana. The appearance of a control argument 

terminates the action of any control argument preceding it on the 

command I ine. For example, the command 

trace alpha -remove beta -print gamma delta -reset 

would start tracing procedure aipna, stop tracing oeta, print the 

counts of proceaures gamma and delta, and reset the counts of al I 

procedure being traced. 

As mentioned earlier, tne trdce table entry holds a number 

of parameters whose values are determined by the contents of the 

TCT at the time the table entry is fli led in. These parameters 

are useJ in conjunction with N, the numoer of cal Is of the traced 

procedure ln this process, and R, the ~urrent recursion depth, to 

contro I when and how the proceaure shoula be monltoreq. The 

executlon count N is set to zero wnen tracing ls first started 
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and is incremented by one every time the traced procedure is 

cal led. The recursion depth R is set to zero when tracing is 

first started and is incremented by one every tim~ control enters 

the tracea procedure ana is decremented by on(t evEry time control 

leaves the traced procedure. 

Let 

0 = the maxi mum recursion depth to be monitored, 

F = the number of the 1..i.C.i.t c a I I to be monitored, 

L = the number of the !.ill cat I to be monitored, 

E = how often monitoring Sh OU Id occur, 

H = when the debugging program ShOU Id b..5.U at entry to the 

traced procedure, 

S = when the debugging program should ~.sut ct exit from the 

traced procedure, 

A = when the debugging program should print the i.I:.SYR.i.Jl!~ 

of the traced procedure, 

I = c. O.i. t which is "1 "D if the debugging procedure shou Id 

~rint the arguments of the traced procedure when 

control goes in to the traced procedure, 

and 0 = c. bit which is "1 .. 0 if the debugging proceaure Sh OU Id 

print the arguments of the tracea procedure when 

control goes .Q.U.1 of the traced proc~dure. 

Then, a cal I will be monitored and the oebugging procedure will 
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If A -= a, mod<N,abs<A>> = o, and I= "'1''b, trace_print_ 

wil I print after the call message the values of the arguments (if 

any) be!ng passed to the traced procedure. Al I of the arguments 

will oe 1.Lsted when A> o. If A< o, the proceoure .ls assumed to 

oe a function and the value of the last argument is printed after 

th~ procedure returns. 

If rt -= 0 and mod<N,H> = o, trace_pr.lnt_ wil I cal I debug 

before returning to trace; the cal I to debug occurs before the 

proceaure bvlng traced has created its stack tram~. Whenever 

trace_prlnt_ calls debug, Hr~t prints "OB .. (~d thout a 

new-lina> oS a cue to the user. 

After control leaves the tracea procedure, trace_print_ wll I 

print a line of the form 

~eturn N.R from alpha 

If A -= o and moa<N,abs(A)) = o then all of the arguments of 

the traced procedure will oe pr.Lnted if O::: .. 1 .. b; otherwise, if A 

< o tne valu~ of the last argument (assumeo to be the value of 

the function) witl oe printed. 



MULTICS PROGRAMMERS" MANUAL 
t trace l 
: ___ t 

Page 9 

Finally, trace_prlnt_ wil I cal I debug before returning to 

trace if S -= O and moa(N,S) = o. This call to debug occurs 

after the stack frame of the procedure being traced has been 

destroyea. 

Th~ following control arguments may b~ used to alter the 

values in the trace controi template. Since the values .in the 

template are copied when an entry .is added to the trace table, 

the template should oe updated .b§..t~c~ an entry is added if the 

entry requires new values. A change to a tracing parameter 

remains .in effect untll chan~ed by another reQuest, (n denotes a 

decimal integer>. 

-depth n set D = n; in.i.tial ly D = 9999999999. 

-an n 

-first n set F = n; initial IY F = 1• 

-ft n 

- I as t n set L = n; .initially L = 9999999999. 

-It n 

-every n set E = n; .i.n.i.t.i.al ly E = 1• 

-ev n 

-halt n set H = n; initially H =Ci• 

-ht n 
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-stop n 

-sp n 

-argument n 

-a~ n 

-in 

-out 

-inout 

HULT ICS PROGRAMMERS• MANUAL 

set S = n; .Ln it .i. a I I y S = C • 

set A = n; initially A = t. 

set I = "1 11 b and O = .. o••c; these are the 

i n .i t i a I v a I ue s • 

set I = "0 11 0 and O = 11 1"0. 

set I, O = .. 1 .. b. 

The trace command may be used to meter the execution of a 

specified set of procedures. When the metering feature .i.s being 

useo, trace does not cal t the debugg.lng procedure when control 

enters a procedure being traced; .instead, it determines the 

current time and the virtual cpu time and number of page faults 

used oy th~ user•s process before control enters and after 

control leaves the traced procedure. This informstion is used to 

compute the real t.i.me, cpu time, and number of pa~e faults used 

by the traced procedure on a local ana global basis. The global 

cpu time .Ls the time spent .in the procedure including the time 

spant in any tracea procedures which it calls; t he I o c a I c p u 
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time does not include the time spent in cny traced procedure 

cal led oy the procedure. The local and global versions of reel 

time and page faults are calculated in a similar manner. Note 

that metering is only done when the first, last, every, and depth 

tracing conditions are satisfied. 

Tha control argument pair 

-meter on 

sets the metering switch in the TCT; any proceaures added to the 

tr~ce table or who have their table entries upaated after this 

argument is used w.i.11 be metared. The control argument pair 

-meter off 

turns off the metering switch in the TCT; any p,..ocedures 

current I y being metered w.i. I I cont .i. nue to be metered. "-meter" 

me:y oe aobrev.i.ated "-mt 11 • 

The control argument 

-total 

causes trace to print the metering statistics of al I proceaurEs 

in the trace table. The output glves the number of cal Is 

(#CALLS), global cpu time <GCPU), global rec.I time <GREALlt 

global page waits <GPWS), local cpu time <LCPU), local real time 

<LREAL), local page waits (LPWS), and usage based on tocal real 

t .i. me ( % US AGE , w h .&. ch .i. s 10 0 • L. CPU d .&. vi d ~ d by t o t a I L. CPU o f a ti 

procedures being metered). The metering stat ist .i.c s are set to 
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zero after they are printed. The control argum£nt 

-subtotaa 

prints the same inf ormat.i. on as "-t ota I", but does not cl ear the 

statistics. The abbrev.&.ation tor .. -totaa .. is .. -tt••; the 

aooreviation for "-subtota&" is "-stt". 

The control argument pair 

-govern on 

sets a bit in the TCT which causes recursion limiting to be in 

effect for any procedure subsequentty added to the trace table. 

When tna 9overning feature is used, the aepth control parameter 

is ignoreq and trace_print_ wl.J I print the cal I message only when 

the recursion depth of tne traced procedure reaches a neh, 

maximum depth. Each call message will have a recursion depth one 

previous ca I i message. In addlt ion, 

trace_print_ wil I cal a deoug whenever the recursion depth is a 

multiple of 10. Return me~sages are not print~a. This feature 

enables the user to find and limit uncontrollea recursion; it 

can be very useful in finding the procedure(s) responsibla for 

fatal process errors. The control argument pair 

-govern off 

turns off the governing switch in the TCT; any procedure 

current I y being governea w.i I I continue to be governed. The 
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abbreviation for "'-govern .. is 11-gv 11 • 

Tha trace commana has an optional watch facility in which 

trace_prlnt_ watches the contents of a set of p,..ev ious I y 

specified memory cal Is. As long as the values in the locations 

being watched remain the same, no action is taken and no tracing 

me:isages are printed. The tracing messa~e will be printed ss 

soon as trace_prlnt_ finds that any of the focations being 

watched has had its value changed; this may be found either at 

entry t~ or exit from the traced procedure. When any vaJue 

changes, the tracing message will be preceded by lines giving the 

new values of all of the locations that ha~e changed and debug 

wil I be called <~ven if the Hor s conditions are not met). 

Hhdn exacution continues, the locations that have changed will ba 

watched with the new value being used in subseQuent checks. This 

feature can be very useful ln determining which of the user•s 

procedures has incorrectly modified a word of storage. 

Thd control argument pa•r 

-watch location 

causes al I procedures being traced to ~atch for a change in the 

current contents of the memory word<s> specified oy the string 

11 locatiQn 11 • "location" may consist of single address 

specification or a series of address specifications separated by 
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blanks ~nd surrounaed bY quotes. If an address specification 

does not contain a 11 111 , it i~ taken to oe an octal number glvir.g 

a location in tne stack; otnerwise, it is taken to oe an octal 

segment number and octal word offset in thE standard form 

Tna control argument pair 

-watch off 

turns off tne watch facillty, The abbreviation for "-watch" ls 

"-wt", 

Thd watch facility differs from other trace facilltlEs 

because there is a lioSUA table of locations being watched which 

ls used cy iUJ. procedures oeing traced. When the watch control 

ar~ument pair ls processed, the new locatlon<s> specified replace 

any locations currently in the watch table. There is no 

provision made for removing a single locaflon from the watch 

table; the user must re•issue a watch reQuest which omits the 

location to be removed from the table. 

Tha aebugging p~ocedure used by trace may bE changed oy the 

control argument pair 

-cat I proc 

whare proc ls the path name or reference name of the new 

debugging procedure. An error message ls prlnt~d and no action 

is taKen if the procedure proc cannot be lnltlated. As with 
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other changes to the TCT, procedures already being traced are not 

af fectej. If proc is the zero length string .... , trace_print_ 

wil I become tne debugging procedure again. 

When it cal Is the det>ugging procedure, trace uses the 

cal ling seQuenc~ 

ca I I pr o c < t p , in o u t , fr om , a r gs , spa c e > ; 

wheres 

tp (ptr) points at the trace table entry. 

inout (fixed b.i.n> ls zero if entering and non-zero if 

leav1ng the traced procedure. 

from (ptr> points at the return location of the 

procedure making the call. 

ar~s (ptr> points at the argument list being passed to 

the traced procedure. 

space <d.i.mension(1b) fixed t>ln> ls a work area that tMe 

debug~.i.ng proceoure may use for any purpose it 

wishes. This work area is in the stack frame thst 

Trace creates oef ore calling the debugging 

procedure. 

trace_print_ uses t'l.is same cal I ing seQuence; lT may oe cal led 

from the user•s debugg.i.ng procedure. 
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The number of times the traced procedure hss oeen cal led is 

found ln two aif ferent ways, depending on whether proc is cal l~d 

for an li)n try to or an exit from the traced procedure. When i nout 

= a, the execution count is glven oy the count fi~ld of the trace 

tao le entry. When .i.nout -= o, the count is given oy the value of 

inout. The declaration of the trace table entry may be found ln 

the inclua~ file tracetabie.lncl.pl1. 

The command execution facility of trace allows the user to 

specify a Multics command l!ne to be executed whenever 

trace_pr.i.~t_ is called. trace_print_ cal Is the command processor 

with th~ specified string after print,ng the tracing message, but 

before ca 11 ing debug. The control argument pair 

-execute string 

sets tne execution s tr in g parameter in th~ TCT. str in~ 1 s a 

single argument, so if it is to contain any spaces it should be 

enclosel in quotes. The execution parameter in the TCT wll 1 be 

turned off .i. f string ls the zero I ength string .... 
• The 

aboreviat.i.on for 11 -execute" is "-ec". 

A 11 of the messayes from the trace command that may be 

generatad ~h.i.le actually monitoring proceaures are normally 

written on the stre~m "user_i/011 so that trece may conveniently 
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be used with procedures that change the attachment of the normal 

stream .. user _output... The contra f argument pair 

-stream name 

causes trace to write further output on stream name which must 

already be suitably attached. 

The control argument 

-status 

causes trace to print the current status of the trace control 

table. The abbreviation for .. _status .. is .. _s, ... 

The control argument sequence 

-info n1 n2 • •• 

causes trace to print all of the tracing par~meters used for 

proce~ures n1, nz, ••• If .. •info .. appears at the end of ttie 

command argument list, the tracing parameters of alt entries in 

the table are printed. The abbreviatio.n for .. _info" is "-if ... 

The control argument 

-brief 

causes trace_print_ to use a shortened form of call message. The 

abbreviation for "-brief" is "-bf ... 

The control argument 

-long 
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restores the normal verbose output mode o1 trace_orlnt_. The 

abbreviation for "-long" ls "-1~"· 

Tne following restrictions apply to the use of trace& 

1. Only external procedures compiled by Version II PL/I or 

FORTRAN may be trac~d. 

2. Ring Q or gate entries may not be traced. 

3. Incorrect execution will result if the traced procedure 

I ooks back a fixed number of stack f rama s, e.g. 

cu_$arS1_ptr may not be traced. 

~. Only 100 procedures may be traced at one time. Up to 

1b tocatlons may be watched at one time. 

5. The procedure being traced ahd the trace package itself 

must share tne same combined linkage segment. 

&. If a procedure in a bound segment ls to be tracabte, 

its entry point must be externally availabte. 

7. The recursion limiting, location watching, and 

automatic command execution facilities are only 

av a i I ab I e w hen the default debugging procedure 

trace_prlnt_ ls used. 


