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MADBUG Is a system under which the user can create and 

debu~ programs wdtten in the :~AD programming language., 

MADBUG allows the user to Input and edit symbolic programs 

and to f~xecute in a control !ed way and interrogate the 

derived machine language programs" The most Important 

cQnsfderatlon in the design of r.1ADBUG was ease in learning 

and using. both for the beginner and for the advanced 

progr-ammer, i'·1ADBUG is unusual in that it utilizes 

! n f o rn1a t J on which has beer previously ignored., This 

Information comes from: (1) the sequence ln which the user 

types his requests, (2) the files available In the useris 

fil:e dl rectory .• 0) the expanded informAtion content of the 

ne1"" HAD symbol table files developed for ~1AOBU~., and (4) the 

in;:ormat fon Inherent in the very 1 imited., styli zed set of 

coding sequences generated by a compilera The use of this 

odditional information rnanifests itself In two ways= (1) the 

.. cser need provide very 1 (ttle Information to accomplish a 

~lven task. and (2) the user does not have to understand 

assembly 1 anguages ~ machine languages. octal numbers~ 

-Q· Eatr I y r·esearch on the form of the 1·\Af'IBUG system was 
sponsored by the Advanced Research Prpjects Agency under 
contract number SD-162 with Information International Inc 
of Cambridge. ~ass; later research and programming was 
carried out as a special project for credit under Professor 
F, J, Corbato; and the remaining \>IO,.k was carded out with 
no sponsorship., 
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relative or absolute addresses, symbol tables, machtne 

rep resentat tons of constants, or any of a host of s tmi 1 ar 

items~ The MADBUG requests of CHANGE, OELETE, INSERT, and 

APPEND demo,nst rate the influence of the "Expensive 

Typewriter" program written for the PDP-1 by Steve Pinero 

The "OOT" prc:.g ram written for the PDP-1 by Robert Sauncfers 

and the "Fll1'11 program wrtttrm for t:he TX-0 by Jack Dennis 

and Thomas Stockham have Influenced the OPEN, VERIFY, BREAK, 

and KILL requestso 

AN INTROOUCTtON TO MAOBUG 

A simple hypothetical session wtth ~AOBUG will provide a 

useful background for the detailed description which 

follows., Consider a user who is writing a function which 

returns the smallest factor of the number r;lven to it as an 

argument o The function returns zero If the argument Is a 

prIme o ( Ll n~!S will be prefixed wt th a U for the user, :.1 for 

MAD BUG, s for CTSS, or p for the user's programo Typ t ng is 

assumed to b~e on a 1050 console, which means that the user 

types In lower case and the machine types In upper caseo 

"M:"u by lts~elf, means a blank line typed by :1ol First, the 

user w 111 te 11 the system he wIshes to use 1·1ADRUG: 

U:madbu:': 
S:W 141~o2 
H: 

MAOBUG ls now waiting for the user to glve his first 

request" The user te 11 s '·tAOBUG that he is work t ng on a 

subprogram In a ftle called FACTOR HAD: 
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U:work fac:tor 

MACBUG makes no response unless the request calls for 

information, The user wants to input the program, which 

doesn't exist )ret" He chooses to request 1·1AOBUG to append 

some input to the (now empty) symbolic:: program (Introducing, 

for the demonstration, a syntactic error In the third card 

and a bug fn the Initial fzatfon of the index "1"): 

U:append 
U: 
U: 
U: 
U: 
U: loop 
U: 
U: 
U: 

external function (arg) 
normal mode Is integer 
entry to factor 
t h rough 1 oop , f o r i uz l, l , I • i o g" a rg 
whenever (arg/l)•loeoarg,functton return I 
function return 0 
end of function 

The blank line signals the end of lnputfng cards and Implies 

that the user \'1111 type a request next., The user requests 

that his progrcsm be translated Into machine language: 

U: transla1~e 
M: TRANSLAirl NG FACTOR.., o 

M: ***** I:RROR 17025 IN STATEMENT BEGINNING ON CARD 003 
M: 'IILLEGAL FORMATION OR PUNCTUATION. 
M: TRANSLATION ERROR 
M: 

He asks MAOBUG to print the offending third card: 

U:prlnt 3 
M: 
1·1: 

ENTRY TO FACTOR 

and recognizes that he omitted the perlodo He corrects his 

error: 

U:change :s 
U: 
U: 

entry to factor.; 

and re-translates his program, abbreviating the request ncme 

by Its first l~etter, as is always allowed: 
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U:t 
t4:TRANSLATI NG FACTOR~·)" 
~·1: SUCCESSFULo 
t·1: 

PAGE 4 

FACTOR Is syntactically correct and the user turns to write 

a short main subprogram to test Its operation: 

U:work test 
U:append 
U: 
U: 1 oop 
U: 
U: 
U: 
U: 
u~ 
u~ 

normal mode is Integer 
print comment $type.,$ 
read data 
fac•facto r., (num) 
print results num,fac 
transfer to loop 
end of program 

The user Is ready to test his programs., He tells ~ADBUG 

what programs to load., This does not cause loading, 

howevero He then asks MADBUG to start his program~ Since 

he does not specify a starting point, and since the program 

has not been loaded and run befo,re, the program will be 

$tarted at the beginning of the main subprogram., ~·1ADBUG 

will know that TEST must be translated and that loading must 

occur at this potnt: 

U:use test factor 
U:go 
M:TRANSLATING TESTaoo 
M:SUCCESSFULo 
M: LOAD I.NG FRESH CORE I MAG Eo" a 
t4: SUCCESSFUL., 
M:USER IN CONTROLo 
P:TYPEo 

The user Is now talking to his program: 

U:num=25 ., 
P: NUM D 25, 
P:TVPEo 
U:numa7 * 
P: NUM = 7, 

FAC II 1 

FAC • 1 
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P:TVPEe 

The user rE!alizes his program has a bug, studies his 

program, and discovers that he should have initialized the 

Index to 2o He could simply edit the correction into hts 

program and GO again, but an alternate stratagy will also. 

allow the u!ser to discover additional bugs In hts program, 

If any, without requiring re-translatlon and re•loadlnga 

The user Interrupts his program and returns control to 

MAO BUG: 

U:(the user hits the break button onceo) 
S:INTo 0 
M:MAD8UG IN CONTROLo 
M: I NTERUPT WHILE IN PROGRAM tiRFLXA AT 10 RELATIVE OCTAL., 
M: 

WRFLXA Is one of the lowest level subroutines for console 

Input and output. In this case, the user's program was hung 

there waiting for lnputo The user Inserts a breakpoint at 

statement lOOP and returns control to his program. Since he 

does not specify a starting point, and since his program has 

been executed after the previous loading, the program will 

be restarted where It left offo The us~r then types another 

value of NUM to his program: 

U:work factor 
U:brec:sk loop 
U:go 
r-1:USE1il IN CONTROlo 
U:num• 5 * 
M:MADiaUG IN CONTROL., 
F-1: BREAK PO I NT ENCOUNTERED AT STATE!-4ENT LOOP .. 

The user ftxes the Initialization of the index by hand, 

using the open request, removes the breakpoint, and lets his 

program calculate the factor: 
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U:open I 
t·1 : I a 1 ( U : ) 2 
U: k 111 1 oop 
U:go 
M:USER IN CONTROle 
P: NUM • 
P: TYPE .. 

FAC • 

and then repeats the process for the other case: 

U:(the user hits the break button onceo) 
S:INT., 0 
r-t:MADBUG IN CONTROL., 
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0 

M: INTEJWPT WHILE IN PROGRAM WRFLXA A·r 10 RELATIVE OCTAL., 
t-.1: 
U:break loop 
U:go 
M:USER IN CONTROLo 
U:num•4!5 * 
t·1:MADRlJG IN CONTROL .. 
M: BREAtcPO I NT ENCOUNTERED AT STATEt-1ENT LOOP .. 
U:open I 
M:l• 1 (U:)2 
U: k 111 loop 
U:go 
M:USER IN CONTROL., 
P: NUM • 25, FAC :m 

P:TYPE() 
5 

The user is satisfied that there are no more bugsc He does 

now what a lless conservative user would have done as soon as 

the bug in the Initialization of the Index had been 

dIscovered o He edIts the correct I on Into the syrnbo l1 c 

program using the tv1ANI PULATE request .. This request will 

rep1ace all occurances of the fl rslt string, 11 1•1", by the 

second string., "1•2"., tv1AOBUG will list the cards on which 

the rep1acen~ent Is performede (Editing a symbol fc program 

whose machine language translation was used for toadtng will 

destroy the current user core image., Thus the user could 

not have made the change and then continued to look for 

additional bugs In the old core Image .. > 



MADBUG November 25, 1964 PAGE 7 

U:(the user hits the break button once~> 
S:INT., 0 
M:MADBUG IN CONTROL~ 
M: INTERRUPT WHILE IN PROGRAM WRFLXA AT 10 RELATIVE OCTAL 
f·1: 
U:manfpulate /1•1/1•2/ 
M: LOOP-1 
M:THAT'S ALLo 
f·h 

The user 8 being conservative, makes a test of his program In 

Its f Ina 1 form: 

U:go 
f•1:TRANSLATI NG FACTOR. o I) 

M:SUCCESSFUL., 
M:LOADING FRESH CORE IMAGEooo 
M: SUCCESSFUL., 
f.1:USER IN CONTROL .. 
P:TYPE., 
U:num•3 • 
P: NUM • 3, 
P:TYPE., 
u :n·um•125 • 

FAC • 0 

P: NUM • 125, FAC • 5 
P:TYPE. 
U:(the user hits the break buttQn onceo) 
S:INTt:t 0 
M:MADBUG IN CONTROL .. 
r-1: INTERRUPT WHILE IN PROGRAM WRFLXA AT. 10 RELATIVE OCTAL. 
M: 

Satisfied, the user deletes the main program written for 

testing" and requests f•1ADBUG to return him to CTSS: 

U:work test 
U:delete 
U:qult 
S:R 93o556+79.,350 
S: 

CTSS Is listening to the user, and the user may LOGOUT. or 

Issue any other CTSS command., 

A DESCRIPTION OF MAOBUG 

MADBUG is Instructed by requests, typed one per lineo 

A request line Is made up of the name of the request 

followed by Its arguments, wfth one or more blanks for 
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separation~ Request names may be abbn!viated by their ftrst 

letter,, In request . lines, tabulation characters are 

equivalent to blanks., There may be blanks before the 

request name and after the last argument; blank request 

lines are Ignored., Since blanks are used as delimiters, the 

arguments., which may be as complicated as "a(l)+l.,.,ob•3", 

must be typed without Internal blanks., A request whfch 

operates on variables will operate on single variables or on 

blocks of variables, specified tn the usual MAO manner as 

"alphao~obeta"; a request whtch operates on cards will 

operate on single cards or on blocks of cards., For example, 

"verify alpha beta(l) • .,.,beta(3) k(l,l,l)" would verify, in a 

sense described later, the variables ALPHA, BETA(l)~ 

BETA(2) 6 BETA(3), and K(l,l,l)o 

MADBUG requests can be classified Into four groups: the 

edit requests which are PRINT, DELETE, INSERT, CHANGE, 

APPEND, MANIPULATE., and TRANSLATE; the core requests whJch 

are G0 0 OPEN, VERIFY, LINKAGE, BREAK, Kill, SAVE, and 

RESTORE; the requests for returning to CTSS whtch are QUIT 

and EXECUTE; and the declarations which are WORK, USE, and 

FORCEo These requests will be discussed In the next few 

sections,. 

The Llo rk Request 

The MAOBUG requests are carried out In the context of a 

single MAD subprogramo The WORK request allows the user to 

declare which subprogram Is of lnterestu For example: "work 

prog" sets up f~AOBUG to work on the program In file PROG 
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MADu The file PROG MAD does not. have to exist" As 

illustrated In the sample session, tf the user adds lines to 

a non·exfstant file, MAOBUG wfll create the flleo Thus, if 

the user Is working in the context of a subprogram PROG, and 

wIshes to pr· In t a subprogram ROOT, he must f t rs t request 

"work root" and then may request 11prtnt".,. 

Edit Requests 

MADBUG uses a different technique for editing than the 

CTSS EDIT conmand., Neither the user nor HAOBUG supplies a 

line number for a card fmageo Instead of Indicating a card 

image b~ giving fts associated line number~ the user has 

three options: (1) the statement label on the cerd, If any; 

(2) the card's position relative to another card which has a 

statement label (the third card before ALPHA Is ALPHA-3; and 

(3) the number of the card In the deck (the 17th card In the 

deck Is simply 17)., In counting for (2) or (3), the user 

must count clll physlcal card Images including r·emark and 

continuation cardso MAOBUG Interprets the arguments of a 

request before executing the request; thus, If a deck 

consisted of three cards, "delete 1 2" would leave the third 

card 61 but 11delete 1" followed on another line by "delete 211 

would leave the second cardc 

In unusual sltuatt.ons there may be a long 

prograrn with no statement 1abelso The user 

section 

Is free 

of 

to 

Insert remar·k cards with statement labels In such a case,. 

MAOBUG. but not the MAD translator* will allow references to 

statement lubels on remark cardsc 
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Three special conventions exfst for specifying 

statement l:abels: (1) the "'=" is always taken to mean the 

prev lous cc:1rd referred to by the user, so that a "prt nt •+3" 

after a "print 6" would prli1t the 9th card, and so that a 

"print alphaooo*+2" would print three cards starting with 

ALPHAo (2) the "I" Is always taken to mean the last card In 

the deck., so that, In a five card program, "print 1 3 S" Is 

Identical to "print 1 3 /"co (3) Requests which operate on 

cards will operate 01 every card In the subprogram If no 

cards are speclfledr. so that "print" ts Identical to "prfnt 

lc.,o/"o 

MADBUG observe; the standard conventions of horizontal 

spacing: the characters after a tab wfll be moved to column 

12 and the characturs after a tab-backspace will be moved to 

column llo 

The descrfpt on of several of the editing requests will 

·refer to Input ll1e blockso An Input line block consfsts of 

all the lines thf user types before typing a blank llneo 

The editing requlsts are defined as follows: 

eBJ~I will print all cards mentioned as argumentso 

Thus., "pr L1t a(l)+lo o .,b-3 11 would print a block of cards 

starting ~dth the card after the card labeled A(l) and 

ending wlth the third card before the card labeled 

"print 1 6 b .. oo*+l" would print the first and sixth 

cards Htld a block of two cards starting at the card 

labele:, B; "print" would prtnt all of the subprogram 

be lng 110rkedo 
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nfLETE wtll delete all cards mentioned as argumentso 

Thus., "deleten would delete all of the cards of the 

subprogram being worked, and .. delete 1 3oo..,.6 11 would 

delete the first and the third through stxth cards6 

INSERT will Insert successive Input line blocks before 

succe$slve cards mentioned as argumentso 

might see the followlng sequence: 

U:prtnt 
M:ONE 
M: 
U:lnsert 
U: zero 
U: 
U:prlnt 
M:ZERO 
M:ONE 
M: 
U: 1 nsert 1 one 
U:a 
U: 
U:b 
U: 
U:prlnt 
M:A 
t-1: ZERO 
M:B 
t~:ONE 
til: 

Thus, one 

&HANG~ w111 replace successive cards or blocks of 

cards, given as arguments, by successive input line 

blockso A block containing any number of cards may be 

replaced by an Input line block of any lengtho Thus 

one might see the following sequence: 

U:p 
M:ONE 
M:TWO 
M:THREE 
M:FOUR 
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M:lFIVE 
M: 
U:c one three&~oftve 
U:a 
U:b 
U: 
U: 1C 
U: 
U:p 
M:A 
~t: B 
M:TWO 
M:C 
M: 

PAGe 12 

AeP~ND with no arguments wtll append the Input line 

block which follows the request line to the subprogram 

being workede On the other hand, If the request has 

arguments, they are taken to refer to MAO subprograms 

which will be appended, In order, to the program being 

workedo The following sequence illustrates using 

APPEND to finish writing a "program" and to re-arrange 

the "program": 

un~ork test 
U:prfnt 
M:ONE 
M:TWO 
1-1: 
U:append 
U::three 
U: 
U:prlnt 
M:ONE 
r.t:·rwo 
M:THREE 
t-1: 
U:append test test 
U:delete looo2 4 6 8ooo9 
U:prfnt 
M:THREE 
M:·rwo 
M:ONE 
M: 
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APPEND is also useful for creating a modified verston 

of a subJlrogram while keeping the original~' To do 

this, WORK the new name, APPEND the old name, and then 

make modifications ... 

t·,A!H PUI.ai.E Is a . request for character man I pul at ton 

within a card Image.. The first argument speclffes the 

manlpulatlono Arguments after the first specify 

wtthln which the manipulation will be performedo 

cards 

The 

fll·st argument has the fonn: 1•••1•~•1 where the slash 

stands for any separation or delimiter character which 

must occur exactly three tfmes, and the strings of 

asterisks stand for any pal t• of character strtngso The 

man lpul at ton consIsts of rep lac t ng all occurances of 

the first string by the second string. Any character 

except a tab or space may be used as the delimiter; It 

Is recognized by Its being the first character of the 

argument:o The two characte1 .. strings may Include any 

characters except the delimiter and the carriage 

return., and they may be of different lengths. If the 

first string ls empty, It ~till be taken to match a null 

string before column one on the card, thus allowing a 

simple way of Inserting a statement label on a cardo 

As a confirmation to the user, r·1ADBUG will print a list 

of cards on which the manlrulatlon is performedo If 

the manipulation is perforned nwre than once on a card, 

the card will be Included In the ltst once for each 

time the manipulation occurs. MADBUG does not consider 
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replacing a string by itself to change the symbolic 

program., Thus the user can replace a string by itself 

to locate all occurences of the strtngo One might 

observe ,the following sequence: 

U:p one 
M:ONE THROUGH ONE, FOR l=l,l,loGoNoORaX(I)r,EoO 
M: 
U:manlpulate •one•loop• one 
M:ONE 
M:ONE 
~1:THAT' S All .. 
M: 
U:p * 
M:LOOP THROUGH LOOP, FOR l=l,l,loGeNoORoXCILE.,O 
M: 
U:p loop+l 
M: 
f-1: 

DATA=YC I) 

U:m $$label$ * 
M: LOOP+l 
M:THAT'S All., 
M: 
U:p * 
M:LABEL 
M: 

DATA•Y(I) 

U : m /I/ j I 1 oop o o o 1 a be 1 
f·1: LOOP 
M: LOOP 
t-':LOOP 
M:LABEL 
M:THAT 1 S Allo 
M: 
U:p loOPooolabel 
M:LOOP THROUGH LOOP, FOR J•l,l,JaG.,N.,ORoX(J)oEoO 
M:LABEL OATA•Y(J) 
M: 

IBAri~LAli~ has no arguments, and causes the subprogram 

being worked to be translated Into machine language by 

the MAO camp i1 e r c. From the user's pot nt of view r.tADBUG 

is performing the translation., It is not necessary to 

translate a~y subprogram before using ito MAOBUG will 

request any translations that are needed at load time., 

The TRANSLATE request Is a convenience to the user who 
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is changing several subpror;,rams at one time., and who 

would Hke to catch any syntactic errors in one before 

turning his thoughts to anotherc 

The Use Request 

The core requests. which wtll be discussed in the next 

section,, ope!rate in the context of a core image, :-iADBUr. 

must have some way of knowing what subprograms to load when 

creating a core image" The arguments of the USE request are 

the subprograms to be useda Thus a user writing a 

sub rout t ne ROOT and a test program MAt N m t gh t "use main 

roctu The rce are prov Is tons for using FAP D rog rams.., speci a 1 

llbrarles, and special loader parameters; these provisions 

are described latern 

Core I mage Requests 

Some core requests require cards for arguments. and 

their arguments observe the same conventions as those of the 

edit request:s" A cos·e request which r'!fers to a declaration 

or remark card will operate on the first executable 

statement following the referenced card., Other core 

requests reQuire variables for argumertso A variable Is 

gi~en as an argument in standard MAD notatfonN fnc1udtng 

multi-dlmensional arrays and COMMON and ERASABLE variables, 

but not the dunny arguments of functlonso Three special 

conventions ,exist for variables: {1) the"*" is always taken 

to rnean the previous variable refered to by the user; (2) If 

no variables are specffled~ the request wltl operate on 

every variable In the program; and (3) the block notation 



can be used to Include several arrays or variables at oncen 

Variables are taken to be ordered alphabetically (wtth a 

blank coming after R, alaso} and then by linear subscrlptc 

The first time the user gives a core request- a core 

Image must be created by MADBUGo This is accomplished by 

translating each of the needed subprograms into machine 

language& if necessaryN loading the subprograms into core, 

and ffnally modifying some of the subprograms in order to 

intercept illegal references to an array~ If an error fs 

detacted In this process. the core image will not be formed. 

and the core request will bf! terminated,_, The user should 

correct the error and try the core request agalnG The core 

lma1te will bE! destroyed when the user issues the quit 

request or edits a program occuring In the core fmagea The 

core requests are defined as follows: 

.G,Q wll 1 start the user program,) A single card given as 

an argument for GO will cause the user program to be 

started at the named cardv If no argument Is given~ 

the user program will be started wherever tt stopped 

lasto A fresh core image will start at the beginning 

of the main programo 

ThE~ user program wfl 1 rernaln fn control until (l) 

It terminates by calling OEAD 9 DORMNT 6 ENDJOB, ERROR. 

or EXIT; (EXIT can be tmpl fcftly called by letting 

control reach an END OF PROGRAM or END OF FUNCTION 

ca r-cL,} ( 2) a "breakpoint" Is encountered by the user 

program; (3) the user interrupts by pushing the break 



button o~ce) or (4) an array Is rpferenced wit~ 

scripts pointing outside of the dimensioned array, 

{Some array dirnensfc.n vtolaUons are not caught; this 

i~ discussed in a later section~) On any 

occa5ions 5 control _returns to MADBUG, and the 

$ n formed of the reas,on .. 

of these 

user ~~ 

lnfrequentlyf the user program may have an error 

which causes control to return to CTSSo In thts case# 

tt1e user shou 1 d tYPE~ two CTSS commands$ f f rst usave 

(user)~~ to save his own core image and second "reSLlme 

(mdbg;)H to return control to the core 

MADBUG saved itselfo Even If the 

cr,;n1rnarH:!S results ln an error comment 

t magE.~ 

first 

from 

em ~.th!ch 

of these 

CTSS_, the 

user should type thE~ second'" ThJs proceedure fs called 

a manual restart~ 

9J:A:;;.~ \'f'tn print the contents of varlables mentioned as 

argwnentsr1 one by one.'~ and aftf~r each,~ watt for the 

u$er to type a new value for the variableo If the user 

wishes the old value 

r.:: a r t' i a g e ~., e t u J"n ,, t n 

to remain, 

typlng out 

he just: types 

the value of a 

v.:1dabie~.. iv1ADBUG makes use of the declared mode of the 

variable and of the current value to decide whether the 

vaiue should be presented to the user In Integer • 

.alphc;betic:- floating,.,point,., Boolecm 9 statement labai,. 

1:tt function rnodc" The u:u::r must type a cor~stant for 

the new values In a form compat,ble with the declared 

rn(J,ch~ fJl;: th~e V'-Eir·~Jable:> It is posslb.le to change the 



PAGE lB 

input/output form associated wlth a declared mo~e 

pev·manently or to override the normat associations for 

a single request, This is discussed latera 

One special note: because of the way the ~AD 

compiler workse one may change the effect of a transfer 

statement by changing the value the variable whtch has 

the same name as the statement label to which the 

statement transfers. One may not. however~ change the 

scope of a THROUGH loop In this fashion~ even by 

changing the value of the variable wtth the same name 

as the THROUGH scopeo 

~,.'( wJll cause the values of variables mentioned 

arguments to be compared wfth the values of the 

variables in a fresh 6 unexecuted version of coreo 

variable whose value has changed will be printed 

fts present valueo Its value lri the fresh version 

core will also be printed tf it Is non-zeroa 

as 

same 

Each 

wl th 

An option Is available with. verify; the 

specify any core image saved with the SAVE 

be used Instead of the fresh copy of core 

above, This Is done by giving the name of 

user may 

t·eques t to 

discussed 

the saved 

image following the request name and before the list of 

variables to be ~arffieda As the user will discover 

below& this name must begin with an asterfsk, and can 

thus be recognized by MADBUGc 

The discussion of output forms used for the values 

of varlab1es 8 which was given under the OPEN request~ 
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also holds for the VERIFY requestn 

~~lli~AG . .E causes !-1ADBUG to tell the user which 

made the most recent call to the external 

subprogram currently being workedG 
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statement 

function 

.!!~ w 111 modify the mach t ne 1 anguage program in the 

current user core Image so that control will return to 

MADBUG If one of the cards given as arguments Is to be 

executedn When MADBUG regains control from the user 

programa the name of the statement which Is about to be 

•::xecuted will be printed for the usero At this time 

the user will usually examine variables In hts program 

to determine what hts program Is dolngo "Breakpoints",. 

as these points In the user core are ca11ed, belong to 

a given core Image, and can vary from one saved core 

image to another., (See the SAVE request.,) 

tliL will remove any breakpoints at cards mentioned as 

.argumentso It Is not an error to Insert a breakpoint 

where one already exists nor to remove one which does 

not existu For example, to kill all the breakpoints ln 

the subprogram being worked 0 11 kl11", 

S..A,M,E, has a single name as its argument and causes a 

copy of the current user core image to be saved as a 

CTSS file with the primary name given as an argument 

and the secondary name SAVEDo The name given by the 

'JSet must beg ln wfth an asterfsk., The current user 
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COI!"'t'l i rnag; '~ was produced by loading,p and has been 

n)t)d if Wed b)' I:!X(:!:Ci •• d: ion and by '-11\DBUG r·eques ts, One may 

save the cu n·ent. cor··e image under a name which has 

already been used for a save req~est~ In this caseo 

the current core Image will replace the prevtous core 

image,. A 11 the core I mages saved us f ng the SAVE 

~··equest wtl 1 be dest t"oyed when t~e user's current core 

image Is destroyedn This fs because the saved f11es 

created by MADBUG are not normal CTSS saved files~ and 

are useless out of the context of MAOBUG~ 

.B~ wfll replace the current user core Image wt th a 

copy of the image whose name ts gtven as an argumento 

The core Image name must be a name under· whtch the user 

has S<ll\'ed a core- tmage us fng the SAVE request6' or It 

must be •FRESHo •FRESH Js a byproduct of the loading 

processo It Is a completely unexecuted verston of core 

with no breakpolnts and wtth all variables at their 

initial valuesu Except for the special way In whtch it 

is createdo •FRESH Is like any normal core Image saved 

by the SAVE requesto 

Gettlng Back to CTSS 

Hhen the user Is finished wfth HAOBUG, and desfres to 

return to CTSS 0 he should use the QUJ'f request" Ihe QUtT 

request will destroy all the files created durin& the 

sesslono except for the modified MAO programs and their 

associated BSS and SYMTAB ffleso 
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The EXECUTE request a11ows the user to return to CTSS 

for a single command~ without ending his sessfon v~fth 

r.1ADBUG,. For example 0 the user could effect the CTSS command 

"llstf aa mad" by reauesting ·~xecute lfstf aa mad"a These 

commands are executed using the command chaining technique 

with the sequence~ "s.ave (mdbg)", the user's commando and 

nr·esume (mdbg)",: No provision is made for savlng a core 

Image whfch might result from the user's commando 

SPECIALIZED FEATURES AND TECHNIQUES 

Two error conmen ts that the user may get fr·om ~·1AOBUG 

have spec I a ·a sIgn If I c.ance" One Is "TRY AGAIN,~"~ wh f ch 

always means that the current request has been terminatedo 

·rhe other Is "CONSUlT' LISTINGS"'" which can only occur as a 

re5u1t of a bug In MADBUGc Any user getting thts comment 

will please retain as much information tn the way of· output,¥ 

fVles 9 etco as he can and call Bob Fabry, x2524~ so the bug 

can be removed promptly" The user can often corttinue wfth 

more requests In spIte of a "CONSULT t1 STINGS •)" error o 

Two types of improper array references are not caught( 

First~ references wtth a constant linear subscript are not 

checkedo For example, one might DIMENSION A(lO) and 

A(20)Bl00~ Second. references to arrays which are given as 

argt.unents to functIons are not checked,, For examp 1 e" one 

could have called for ROOToCA(K)) where K is 20. This 

situation can sometimes be avoided by plactng arrays ln 

COHMON!!' and not passing them back and forth as arguments, 
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In 1.must.,~a1 cases,.; thif' user core image :nay· nb1o·.-t"tJp'' in 

~HJch a way that the i nformat. I on about cont r(.d and about thP. 

values of varlables ls gone or meaningless~ In this case 

the user will still find f.tAOBUG a useful tool,. a11d r~~ay 

approach the problem by an exponential search throug) tfme 

for the point at whtch the blow-up occurso Stated another· 

way 0 this amounts to· performing a series of tests In which 

each test Is designed to cut by a half the uncertainty about 

when the blow-up occurs., When the user knows the exact 

potnt of the blow~·up, he can then step through very 

caut1ously 9 looking for clues,, Such an approach relics 

heavily on BREAKu Kllt 1 SAVE and RESTORE. At the start. the 

user moves a core t mage as c 1 ose to the b 1 OW"'' UP as he kno~~o1s 

he can~ SAVEs the core fm.-,ge, and guesses the hal f""wav mark,, 

in terms of opportunities for bugsu to a place by which the 

b 1 OW""'UP must have oc:c:u red, He then uses BREAK and KIll. to 

step hfs current core fmage to the ha1f~way polnt he 

guessed() ( 1) If the core J mage b 1 ows-up J n th t s process 6 hf~ 

· guesses a new hatf..,way pofnt., half way between his S<:ived 

image and his old half-way mark.;- RESTORE.s his saved core 

I mage(, and trys his new guess, (2) I f the core image 

doesn~t blow-up In the process6 he SAVEs his current cor~e 

image for a new starting point, guesses a new half .. ~way mar·k 

between his new core lmag~e and the blOW"'·UPe and tn·s ti'Hs 

new guesso Thts process Is fairly sl.mple to carry out using 

HAOBUG, and most blow•ups can be readily solved this way., 
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When loading i:s performed~, i1ADBUG wHl normally load ,. 

program named (MOBG)" which f-iAOBUG provltes., frrrnediotely 

fo~lowlng the files specffled by the USE requesto Then 

MADBUG wfll process the core Images of all )rograms loaded 

fnto ~ore before (MDBG) and insert patches, using an area 

reserved in (MDBG).., to attempt to catch any l•Ser subprogram 

when f t accesses an array w fth an ill ega 1 St1bsc d pt" H the 

UMH' wishes to load programs. whfch were wrf .tEm Jn FAP:i' 11AD 

programs for which the symbol lc programs are n~t available, 

debugged MAD programs which he does not wrl~ to protect, or 

Ubr·ary files 9 he may ~specffy the posltlo! of (MOBG) by 

typing (MDBG) In place of a file name In th·~ USE requesL 

All the files befo;re this pa,·ameter ~->~:tl le treated 

normally 5 and a11 things after it will be igored ))I t·1ADBUG 

and just passed on to the lo,ader.., Any loa\• r parameters., 

such as (CFlP) or (tfBE), can also be used a1ter· (MIIBGL, H 

the user needs more than eighty characters for his USE 

requestcl> he may type a hY'Pen as an argument of usee, t·'ihen 

the hyphen f s encounte 1red 61 HAD BUG w n 1 l rrmed L •1 ~ 1 y n;:·ad the 

nett t input, 1 i ne for more arguments for the iS E eques t , 

Thi• may be done for several successive l!nesa 

The FORCE request forces certain internal 

MADBUG to new values§ picked by the user. 

pa r'ameter'(, g t ve the name of the parameter a~ 

argument of FORCE. and give remafnlng arguments 

by the parameter befng forced: 

o FORCl a 

the fir.~ .. 



set the amount (d~ ,. ' patch 

r,!ven as the argument ... Initially PATCH is set to :100 .. 

The patch space Is used durlng loading and whenever 

hreakpo;ntl are tnsertedo FORCE PATCH does not change 

the avai'lable patch space frmtedlately,. since the 

Internal regfster Is examined only during loadlngu A 

user would reduce the patch space If he was squeezed 

for cor.e space" He would Increase lt If ~ADBUG 

comp'iatns,.. dur·lng io·adlng 9 that there Is not enough 

patch space, or If he exhausted the patch space 

~nsertlng breakpolntso If the patch space Is exhau~ted 

by hreakpo~nts 0 howeverg ft Is usually sufftclent to 

Kftl some of the less neccessar"y breakpofnts to r:et 

space for new onesu 

EQ:.B..kf;~ EQBMAI wl1 1 set the normal Input/output fonn 

as sot: l a ted wl th each of the possfble modes for 

vartableso After the word FORMAT 6 the arguments are 

taken ln pairs 9 the first Item of the palr indfcatPs a 

mode and the second Indicates a form. The modes are 

lndlcated by a digH from 0 to lr- stanrfing for 

form des(gnatlon Is one of the foltowiny.~ nr;n" for 

f~oatfng point with n slgnlf~cant figures on output~ 

'nte~er or a1phabetlc with MADBUG plckfng for output, 
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label .. ; and uFn for· fonctlon,. 

to~ 0 G3 l P 2 B 3 F 4 S 5 0 

!nltia11y~ FORMAT ls 

6 0 7 0 ,, (In 

section.p "0" is used to denote the letter non,.) 

set 

th1s 

fJl~ t1S!D.L, al fows the user to predetermine whether 

MAOBUG saves itself as a permanant mode file or as a 

tenU>orary mode! fileu The vaha~s of r40DE are.~ 

correspondingly. "P" and "T", Mode Is originally set 

to "P"o The user wt11 want to FORCE MODE to temoorary 

ff he ~s not Interested 1n extreme reliability as much 

as in conservlng; hts track allotment,. 

It Is also possible to override all the nor·mal 1/0 

forms for the duration of one OPEN or VERIFY reQuesta To do 

this,;. use one of the form designations listed aboveo, but 

preceded by a slashu lnse~t it after VERIFY (and the saved 

ftle namec- If present) or OPEN and before the argumentsv 

Fcnu ex amp 1 e t) "open )o a 1 ph a",, 

MADBUG observes the convention that the ftrst statement 

of a mafn program starts after the call to uSETUP ~hlch the 

compiler a·lways Inserts as the first executable machtne 

fnstructiona Another convention at this level is imposed by 

the comptlero A breakpoint on an ENTRY TO statement will 

not be encoontered when the entry is called. but will be 

encountered If control is transfered to the statement or 

falls to the statemento 



createE and destroys special fll~s ~s ~t 

processes the user•s requests- The~ are destroyed during 

the processing of the same request for which they are 

created~ Normally~ the user will not have to worry about 

them0 but occasfonalty he may 

exlstance. (MDBG) SAVED is the 

be made aware of theJr 

name under wh~ch MADBUG 

saves Jts.elf when tt chains to other corrmands, 

will vary fn length during a sessfon, but wl11 be on th~ 

order of 30 tracks long o Its mode depends on the va htf.' of 

MODE~ as described eartter0 (TEMP) (MDBG) fs used during 

file modffication0 When a word In a· fJie must be modif~edij 

th9 modified file Is first created as (TEMP) (MDBGJ. and 

then the odginal flie Is deleted and (TEMP} OmBG) ~s 

renamed" The length of t.hfs file depends on the length of 

the file betng modified... The file has permanent mode ... 

(MOBG) BSS Is created by MADBUG when~ver loading is 

requlredL Its posltton In the new core image was discussed 

earlier,. It contains the bootstrap for r1AOBUG and the patch 

area~ It fs one track long and has temporary modeu CMBGf J 

SAVED Is a very short program which processes the input lfne 

blocks the user types while edftlng" It pt·ocesses all the 

Input ltne blocks associated with one edlt request and reads 

in the following r~quest before chatntng back to ~AOBUGn It 

Is usua 11 y one track 1 ong and Is permanent mode,, 

A user core image may use the command buffers" A call 

to CHNCOM will not return control to MADBUGo MAOBUG saves 

the command buffers and counter 1nltta11y and restores them 



,, t; 
,,, - -~ ,~.- Pt\C:t ('' 

n the user gives the OU!T ··equest, 

as~ocia[ed with each core !magee The buffers are unly lost 

CHI manual re!start- A fresh core image has empty Jt.iffer~. 

By editing, the user modifies the ~"lAD subprogram on 

and by changing the values of variables . ., the us.f.~f" nci(nne~.:, 

the current user core tmage, (USER) SAVED0 MADBUG does not 

change exter·nal fil.es until the changes an~ ~og;fc.:ally 

needed. lf the user uses EXECUTE to ask CTSS to process 

these f~1es& he may want to Insure that these logical 

modifications are made physicallyu To insure that the MAD 

'S>~Jhp rag ram beIng worked is mod t f i ed phys f ca 11 y., gIve a 

redundant WORK request ustng the name of the subprogram 

ah'eady being worked., \~henever a l<-WRK request: is gtven~, the 

mc,d if I cat tons HSSOC i.:tt,ed with the subprogram 

orevloustv being worked are made physlcallYu To fnsure that 

the current user core Image fs modffled physica11y 11 use a 

SAVE requestu A user who cannot afford the added tracks can 

.dve an "ex.ecute deleteu on the created SAVED ffleo 

This variation between the physical and logical 

mod~flcatlons provides some degree of safety to the user who 

carelessly makes gross Incorrect modifications to one of his 

reque.s;t line for example& he should quit by hlttfng th€ 

break button twice in succession. This wfll prevent MAOBUG 

fwom ac.ti.Jalliy deleting the fne In question, 
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delete 

insert. 

change 

append 

SUMMARY OF MADBUG REQUESTS 

subprogram name 

card 11ames ( 1) 

card names (l) 

card names. ( l) 

card names. ( 1) 

none 

none 

card images by MADBUG 

none 

card Images by user 

card images b·~ user 

card Images by user 

(or) subprogram names none 

10 

11 

ll 

ll 

12 

manipulate specia1 9 then cards card names by MADBUG ll 

u·ans 1 ate none cormtents by HADBlJG l4 

use subprogram names none 15 

go card name or none conYnents b\' MAD BUG ( 4) lfi 

open variables (1~2) values by both (4) 17 

verify variables (1#2~5) values by MAOBUG (4) lS 

linkage none lfnkage by MADBUG (4) 19 

break 

k!U 

save 

restore 

quit 

execute 

force 

card names (1) 

card names (1) 

save ... name 

save .. · name 

none (4) 

none (l:l) 

none (4) 

none (4) 

none none 

comm.:md and arguments depends on comnand 

p~rameter. special none 

19 

1'3 

19 

:lO 

20 

21 

2) 

;;;;'te$;=1iT"'i7'"r;--o;e~a 1 1 are 'mp ~ t e c1 " c P" 1 o, P, 1s ) 
(2) Optional fonn forcing first argumento (Po 25) 
(3) Any request can get error comnents from MAOBUG" 
(ld ConJnents by MAOBUG If core image is created, (p,,lf.i) 
( 5) There Is an opt iona 1 save-name arg!Jment" ( p ., 18) 


