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Puhl !shed: 6/7/66 

l<lP-nt I ficr1t I on 

Machine- ·and PL/1-ortenteri tnterro~ation anrl modification of 
the contents of se~mP.nts 
ProhP. 
D • P. • \·a ~ n e r 

Purpose 

Prohe is an Interactive program which allows the user to 
peek Into and morlify the segments of a process at any 
tnterruotion of the orocess or after a normal termination. 
It reads its rP.quests throur;h a cornnion interface as 
rnentionerl tn BX.10.00, so that for example the 1f an1 rlo 
Requests facilitate the def in It ion of macros v1hlch pP.rform 
various kinrls of searches. 

The corrnanrl 

probe 

causes prohe ~o be~in rearling requests froM the console. 
The user nay type any of the rPquests 1 isted below or any of 
the "control" requests Cl£, elsP., rlo, anrl enri) rlescr_iheci in 
BX.10,00. He may also type macro invocations (in the same * 
form as in the coMmanrl lan~ua~e: see AX.1.01) which expanrl 
to sequences of thesP. requests. If a 1 I ne rece tved by pro!,e 
(after r.iacro expr1nsion) is not recor.nlzahle as a request, it 
is treaterl as a com!"'lanrl. The line is given to the Shell, 
which gives an appropriate rliagnostlc if it ls not a command 
either. 

lnterrog;:ition Requests 

One request, backed uo IJy numerous speciril functions huilt 
into the expresslon-evaluatinr; machinery, provir:fes the haste 
interro~atlon facility. This ls 

print expression ~xor~ssion 

The values of the exprP.ssions are printed on one 1 inP. on the 
consolP., separaterl by tcth char;:icters. F.ach expression is 
nornally an invocation of one of the huilt-in "format 
functions." A. forriat function tr1kes sor.iP. nrp;ur1ent anrf 
returns a character-strin.r,; \•thlch 11 rP.presents" the value of 
that ar~unP.nt according to son~ interpretation. (S~e the 
exar1pl e bel m·t.) 

The forr1at functions are 1 isterf helow. OpP.ration of most Is 
ohvlous. F.ach takes a PL/I scalar or an address anrl returns 
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a character string which is suitable as a rP.oresentation of 
the value of the scalar accordinP. to soMe Interpretation, 

dee i mal 
floating 
octal 
h in a ry 
asc i i 
lnstruction 
tnrlirect 
symhaddr 

Most of these are from nF.Rlln, ;mrl hehave In essentially the 
same way as the corresponrlln~ nFRU~ output for~ats. The 
instruct ton format funct Ion takes an arldress anr! prorluces a 
representation of the contents of that addr~ss which looks 
1 ike a 1 tne frori an asse111hly, I.e., soMethln~ 1 Ike "lrla 
syr,,4". If a symbol tablF? ts available for the segment 
Involved the address is printed symbol lcally, (One of the 
lessons of FAPQSG and nEBlJG is that this sort of symbol le 
instruction printing involves a ~reat number of aesthetic 
prohleMs which can he only partially. solved. A number of 
knm'ln bugs exist tn FAPDRn and r.F.r.ur,, such as the one ,,,htch 
causes printing of "ALS 11" as "ALS SYMROL-4763", but 
usefulness is only slightly impaired by such nonsense.) 
Indirect again· takes an c1rldress and Interprets its contents 
as an indirect word. An notional second argument specifies 
the type of indirect Modifier the Instruction referrin~ to 
the lnrllrect word woul<i have Ce.~. *, SC, Cl, etc.--rnodlfier 
mnemonics froM the assembler). Synhad~r takes an ad<lress 
and produces a representation of the address In the form 
"ser;nar1$expression 11 , v-1here the expression is In terms of 
whatever symbol tables may be ~vallable for the segnent. 

A macro (d~ftned to perform the same operation 
"neek" request), Invoked to print the contents 
69 throu~h 105 of segMent alpha Interpreted as 
octal, night produce the followln~ sequ~nce of 

do q=alpha$69 by 1 to alpha$105 

as the t1E8U(, 
of 1 oc at i on s 

dee I ma l and 
requests: 

print symbaddr(q) decimal (c(q)) octal (c(q)) 
end 

A "search" r,acro Invoked to search tl-ie same area for a vt0rd 
with hit 29"on might expand to the following: 

do q=alpha$69 by 1 to alpha$105 
If suhstr(c(q),29+1,l)="l"h. then print syribadr:lr(q) 
E:>nd 

r~odl fie At inn r,_P.quests 
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A user may wish to alter the contents of his segments at an 
Interruption of the execution of a prnP,ram for either of two 
reasons: he may wish to correct a bug without retranslatin~ 
(despite the fact that 11 patchln1; 11 will be lPss desirable in 
~ultlcs than it has been in other systems), or he may be 
trying to ansv,er such a question as 11 \·/hat \·1oulrl be the 
effective address of this if index reeister 2 contained 
that?" or 11 \foulrl this coMollcate,-i PL/I ·conditional 
expression-evaluate true If alpha vtere 25.7?" 

To allow both of these uses, with emphasis on the second, 
the requests set, r~set, revert, and fix are provlderl. The 
request 

saves the current value of the variable in a stack and 
alters the value to that of the expr~ss 1 on. "The val UP of 
t he v a r i ab 1 e II me an s , f o r ;i s y m ho 1 u s e d i n an a s s e r, b 1 y, t he 
address It represents (the value of the expression ~ust be 
an address), and for an alP,ebr;ilc variable the contents of 
the storage region associated with the variable. To patch 
machine locations, the format 

set c(adrlress)=exrr~sslon 

ts used, meaning set the contents of the location. 

A patch normally rer1alns in force only until nrohe 
either by a normal return (edt request) or by a 
into the pro~raM (transfP.r °orproceP.1 request), 
point the saved value is restorerl. The followtn~ 
modify the appl lcation of this rule: 

fix varianlP. 
fix c(c1rlrln~ss) 
re SP. t var 1 ah 1 P. 

reset c(ad.--frP.ss) 
revert varic1hlP. 
revert c(arl~rP.ss) . 

Is left, 
transfer 

at vJh I ch 
requests 

_.F.ix rinkes the patch perr1anent, so that there vdll be no 
automatic resettin~ of the value. Peset chan~es the value 
of the symhol or the contents of the location specified back 
to its value the last tir1e pro~e was entered (the value at 
the hotton of the stack). P~vi:rt chan;,;es it to the next 
previous value saverJ by the set reqw~st (the vr1lue at the 
top of the previous-values stack). 

Hnn--ll ioi:i; the Trac~ J:"ile 

A trace file r,ay he userl to keen a history of a process, 
This is a ring file of size deterrnlne1 either by rJefault or 
hy specific declaration Into \'Jhlch the ~ reciuest 
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described helow stores snapshots of interesting storage 
re~ions. Then the forwarrl and backward requests allow the 
user to roll machine conriitions back ;ind forth in time 
(loosely speakin~: see the discussion helow) so that the 
full power of prohe may be used to peek at conditions at 
various tiMes in the history of the process. The trace file 
wll 1 al so see considerable use in conjunct ion with a "t lme 
control" attached to rli sol ays anal op;ous to the Schedul ini,; 
Algorithm nisplay in CTSS and for statistics-gathering, 

Normally the followin~ request will be used only through the 
tracer command. 

snap n~p; ion, re!'" ion, 

Each reP,ion specification takes either of the forms 

varirihle 
arlrlress to ad~ress 

where the symbol Is an -al~chraic v?riable and the 
expressions are addrP.sses. This rf'quest causes a snapshot 
of the specified storage re~ion to he placed into the trace 
file, The request 

snapal 1 

takes a snapshot of every impure Cchan~eable) s~ement 
attached to the process, (Or rather, a snapshot of enough 
Information so that the state of the process can he brou?,ht 
back to this Instant in Its history, Clearly then~ are 
problems concerning the parts of the process which are 
inaccessible to the user.) The anount of infornation stored 
can easily become rather ~ross and this request must he used 
with soMe care. The usefulness of this sort of 
all-inclusive snapshot, ho\,JP.Ver, is clear: It makes 
possible a 11 tlne-r:1achlne 11 \vhich allo•.-,s the user to jump 
freely about in history and to experiMent with chan~es In 
the properties of the primordial ooze frorn which a set of 
Machine con~itions spran~. The requests 

fon-rn rd 
backward 

roll Machine conditions forwarrl or hackwar~ In the trace 
file. That is, they rearl the next anr:1 nn~vious snapshot 
respectively an~ s~t (see above) the contents of the 
corresponding storage r,~~ions accordinr,;ly. It ls to he 
noterl that this can lPad to an inconsistent nuddle if not 
enough lnfornation ls saved in the tr<1ce file, e.i;. if snao 
requests an~ used to ,fo the saving insteod of sn?n;".111. The 
trace file is a tool whose use is not always appropriate. 
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A "time-search" Macro, invoked to find an instant 
history of the process when the variables a an~ b 
PL/I program were equal, ni~ht expani to the 
sequence of requests (note that "un" Is the escape 
neg at i on s I g n ) : 

do wh i 1 e arin =b 
backward 
end· 

Miscellaneous Peguests 

The rf'!quest 

proceed 
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in the 
In some 

followinP; 
for the 

causes proP;ram execution to he resumed at the point at which 
I t vrn s 1 a st i n t e r r up t e d , e i t he r h y a q u i t o r b y a b re a k po i n t 
or other call to the trace entry (sP.e RX,10.02-03). This * 
Involves a "synthetic epilo~ue," descrlhed in detail In f:PL 
rlesign journal #4 (ROOOS), which deactivates active blocks 
of the debugging programs which are above the program in t~e 
stack, ;:is In a PL/I "non-local p:o to." 

,,,..The request 

transfer a·:frln~ss 

performs a synthetic epllo~ue an~ transfers control to the * 
location specified. 

The request 

causes grohP. to n~turn to its callP-r, normally the Shell. 


