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, __________ �~�G� ____________________ __ 

The expansion of this call produces inefficient and potentially 
side-effect-producing results because of the mUltiple calls on 
the functions F and G. 

Having pointed out some of the issues that arise when considering hbW 
to implement data structures and having considered several of the problems 
associated with implementing data structures in higher-level languages, we 
next discuss how Bliss enables the programmer to specify his data structures 
and still maintain efficiency. 

BLISS DATA STRUCTURE SPECIFICATION 

NOTES ON BLISS 

Bliss is primarily an Algol-like expression language with additional 
control expressions to c'ircumvent problems encountered removing the "go to",' 
and with declarations (for allocation) to facilitate independently compiled 
modules and spec1al machine features (e.g., registers). The only anomaly 
which is relevant to this discussion is that names stand for machine addresses. 

, If we want the contents of a named location, we must use a contents operator 
(the ".,.); e. g • , 

y +- x+l ; 

(x+l)hY; 

adds 1 to the address of x and deposits it in the 
word addressed by y 
deposits the contents of y into the word 1 past the 
address of x. 

The PDP-10 has three types of data:' instructions, addresses, and 36-
bit words upon which machine operations may act. These types are determined 
dynamically by the interpreting hardware, and type checking is of a negative 
nature (e.g., "this is not a valid address"). The necessary inclusion of 
address manipulation facilities in any system implementation language would 
entail dynamic type checking if the logical type "address" were included. 
Visions of inefficiency thus lead to the inclusion of a single data type in 
Bliss: the 36-bit word. All operations are valid on this single data type. 

Data allocation is by words in the machine; although fields within a 
word are addressable, there is no effective way of allocating a part of a 
word. Again,. for efficiency reasons, Bliss allocates storage to programs in 
contiguous words. Allocation is done via explicit allocation declarations; a 
specified form of allocation is made, and the declared name is bound to the 
machine �~�d�d�r�e�s�s� of the beginning of the allocated storage. For example, 

�~� A [200] 

reserves 200 words of core (static) and binds the name "A" to the address of 
the allocation. The other static allocation declaration is for global �s�t�o�~�­

age. The effect of the allocation is the same as for �~�,� but the name 
becomes available to independently compiled modules which reference the vari­
able via an external declaration. 

Local variables are local to the block in which they are declared. 
They are allocated dynamically from the �n�o�r�~�a�l� Algol implementation run-time­
stack. The local variable name .is dynamically bound to an address; 
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begin local Q, R [30] . , . •• end 

allocates one word for Q, 30 for R and binds the names Q and R dynamically 
to their respective stack addresses. Recursive entry to a block causes recur­
sive local allocation, unlike the ~ form. (This is simply the default form 
of allocation for Algol declarations; e.g. integer A, ••• ) The register 
allocation declaration requires compile time binding of addresses, but causes 
a recursive saving mechanism to be invoked; e.g. 

begin register R1; ••• ~ 

causes the contents of the compile-time bound register named "Rl" tQ. be saved' 
in the stack (and thereafter upon recursive entry to the block) and restored 
upon exit. 

BLISS STRUCTURES 

There are no structures "built-in" to Bliss as the array structure in 
Algol or the cell in Lisp. However, address arithmetic allows the use of any 
of the standard structures. For example, We can store the contents of C[.i, .j] 
into y (where C is ,a 7 x 9 array) by writing: 

y(;-. (C +. i*9+. j) ; 

(where we have presumed zero-origin indexing in ,both arguments and' contiguous 
row storage allocation). 

STRUCTURE DECLARATION--SIMPLE CASE 

Naturally, expressions of the above form are quite cammon and their programming 
would became quite tedious without the structure declaration. Its form is 
easiest illustrated by example of a 7x9 array: 

~ C[63]; 
structure rowof9array[i,j] = .rowof9array+.i*9+.j; 
map rowof9array C; 

The first declaration allocates 7 * 9 = 63 words of care and binds the address 
of the allocation to the name "C". The structure declaration defines an "access­
ing template" for those names onto which it is mapped; its format is similar to 
that of a routine (procedure, function)' declaration in which the body may refer­
ence the name of the structure as a formal parameter. The map declaration 
associates the structure "rowof9array" with the name "C". Thereafter, whenever 
the name "c" is used followed by a bracketed list of expressions, the effect is 
as if the structure were called as a routine with "c" as the actual correspond­
ing to the routine name (which is used as a formal in the body) and the expres­
sions as the actua1s corresponding to the formals of the structure. Consider 
the routine declaration below: 

routine rrowof9array (rowof9array" i, j). = .rowof9arraY+.1*9+. j ; 
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The effect of the use of C [3,5] in a program would then be the same as if we 
had (declared and) called rrowof9array(C,3,5). A Bliss routine is analagous 
to a valued procedure in Algol; however, the value of the routine is the value 
of the expression which is the body of the routine. A routine returns a 36-bit 
word, and hence, the returned value of a routine may be stored into. 

rrowof9array(C,3,5)~ 4 

assigns the value 4 to array element C[3,5]. Remembering that C (without the 
dot) is an address, it should be clear that the above effect is the desired 
one. 

Note that the Bliss contents operator removes the left/right-side dis­
tinction between structure accessing 'for storing and accessing for retrieval 
(drawback (b) above). Also, macro side-effects are not introduced (drawback 
(d», for the structure is effectively equivalent to a routine, i.e., actual 
parameters are evaluated only once and identifiers in the structure body remain 
in the context of the structure declaration site. 

Howev~r, we have introduced some additional drawbacks (soon to be 
removed): . 

(e) 

(f) 

Although we have allowed the flexibility of choosing the accessing 
method, We must now write a different structure definition for 
each length row We have; e.g., rowof12array, or rowof7array. 
To allocate storage for the array C, the ~ above simply allo­
cates the number in brackets of contiguous words--we must in 
same sense know how the structure works. Hence, in· the above 
we'had to know to allocate 7*9=63 words. 

STRUCTURES AND MAPPING DECLARATIONS 

Both (e) and (f) are solved in Algol by the array declaration: 

"integer array C[1:7,1:9];". 

Via the above, an Algol compiler knows to substitute 9 for the row length in 
the accessing expression and to allocate 7*9 words of core for the array. 

Bliss extends the structure mechanism to facilitate this by the use 
of "incarnation formals". Use of the incarnation formals to a structure is 
indicated by'not "dotting" the formal to a structure; e.g., in 

structure array2[i,j] = .array2+.i*j+.j; 

the firs'i:. occurrence of j in the body refers to the incarnation formal. It 
is bound to the corresponding "incarnation actual" when the variable is 
mapped: e.g., map array2 C[7,9]; (in this case, 9.). 

Hence, the structure and routine correspondence: 

structure array2[i,j] = .array2+.l*j+.j; 
routine rarray2(incformali,incformalj,array2,i,j) = 

.array2+.i*.incformalj+.j; 

applies, with the accessing expression for .C[3,5] (in this case) having the 
effect of the routine call rarray2(7,9,C,3,5). 
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The structure writer knows best the allocation size required for vari­
ables onto which his structure will be mapped; hence, the "size expression" 
and "mapping declarations" were introduced into Bliss. The size expression 
is specified along with the structure declaration (preceding it, enclosed in 
brackets) as a function of the incarnation formals for the structure and of 
compile-time constants. All allocating declarations allow the mapping of a 
structure along with its declaration; 

e.g., structure array2[i,j] 
~ array2 e[7,9]; 

[i*j] .array2+.i*j+.j; 

The structure declaration defines a size expression, II [i*j] ", and -accessing 
template, ".array2+.i*j+.j". The ~ declaration: 

1. Maps "array2" onto "e"; 
2. Binds incarnation actual 7 to the incarnation formal i, and 9 to j; 
3. Evaluates the size expression associated with the mapped structure 

with the incarnation actuals substituted; i.e. 7 * 9; 
4. Allocates the number of words returned as the value of the size 

expression; i.e. 63; 
5. Binds the name "e" to the address returned by the own allocation 

mechanism. 

AN EXAMPLE 

The utility of the Bliss data structure mechanism is illustrated by 
considering a solution to the following problem: 

We wish to solve systems of linear equations with normalized upper­
t!iangular coefficient matrices; i.e., 

(1) 
n 

x + l: 
i j=i+1 

for i = 1,2, ••• ,n 

We m~st read the _coefficient matrix and then solve the system for several 
sets of constraints. We also know We will be using a paged machine and that ' 
the coefficient matrices may be large. 

Noting: 
(a) 

(b) 

x = b n n 
n-1 

x + l: 
i j=i+1 

def 
= b ' i 

for i= 1 , ••• , n -1 -

(b) is a problem with the same specifications as (1) in one less variable. 
Thus, a solution technique is to iteratively subtract the product of the last 
found ~ with the column vector (c k c Lk ••• ck _] k) from, the (modified) 
constan~ vector (b~' b2 ' ••• bk_~'}. Tnis then D~comes b for the next step; 
i.e., new b' = (b1 - ok' c 1k D2 - bk ' c 2k ••• bk- 1' - bk ' ck- 1,k)· 

be: 
The algorithm portion (ex1uding r/o and declarations) in Algol might 

for k := n step -1 until 2 do 
for i := k-1 step -1 !!!llli 1 do 

B[i] := B[i] - C[i,k] -* B[k]; 

~, The solution is left in the original constant vector, B. 
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A Bliss implementation (with data structures and storage allocation 
specified) which mirrors the Algol program above is: 

begin 
structure vector[i] = .vector+.i - 1; 
structure array2[ i ,j] = [i*j] .array2+(. i-1) *j+(.j -1 ),; 

~ vector B[n], 
array2 e[n,n]; 

INPUT 

c:i'ecr k from n to 2 do 
decr i from .k-l to 1 do 
--B[ •. i-r-;:-.B[.i]-= .e[:i, .k]* .B[.k]; 

OUTPUT & LOOP 

" end" --' 
Now, note that the above solution: 
(a) wastes space for the known zero and unity elements of the co­

efficient matrix; 
(b) thrashes considerably (if n is large) in a paged machine, for 

the coefficient matrix is accessed by columns in decreasing index 
order, but is stored by row in increasing index order. 

It can be seen that replacing the array2 structure with: ' 

structure upperdiag[i,j] = [i*(i-1)/2].upperdiag + (.j-1)*(.j-2)/2 + .i-1; 

and changing the mapping of "e" from "array2" to "upperdiag", modifies the 
program in such a way that it wastes no space for the known constant elements 
of "e" and eliminates thrashing by accessing elements in the same column of 
the coefficient matrix contiguously. The logical storage map of figure 1 may 
help to see this: 

Figure 1. 

The above change preserved the "algorithm portion" of the program--it 
continues to appear much the same as the Algol algorithm--however, the increase 
in overall efficiency is significant (presuming, for the moment, that the 
structure mechanism is efficient). The simplicity with which the change was 
accomplished indicates that "drawback (c)" has been removed. 
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SUBSTRUCTURES 
r 
~ Continuing to postpone the efficiency drawback, note that we would like 

to use a substructure on the, columns of the coefficient matrix. We know that 
within the inner loop, each of the elements is taken from the same column, and 
thus the same multiplication «.j-l~(.J-2)/2) is repeated for each element in 
the column. We can indicate this substructure in Bliss via the bind declara­
tion. This declaration is dynamic in the sense that the expression bound to is 
evaluated at execution time, upon entry of the block in which the bind occurs. 
For example; in 

bind x=.y; 

wherever x occurs in the block in which it is declared, the value of the 
contents of y ~ill be considered its address. 

The ~ declaration allows its symbol to be mapped in a,manner similar 
to the allocating declarations. Hence, we may write: 

bind array2 X [7,9] = .y+3; 

This indicates to the compiler that the name "X" stands for the address which 
is the contents of y plus 3. If "X" is used 'as a structure access in the block 
in which the bind occurs, this address is to be considered the base of a 2-
dimensional array with at most 7 rows and 9 columns (the semantics of the 
"array2" structure defined above). 

Binding the name "COLUMNK" 1:0 the base of the kth column of "e" in the 
outer loop in the above program, we produce the more efficient and slightly 
more intuitive program: 

begi% 
structure declarations for Band C % 

end· -' 

structure vector[i]= .vector+.i-l; 
structure upperdiag[i,j]=[i*(i-l)/2] I 

global vector B[n], 
upperdiag C[n,n]; 

.upperdiag+(.j-2)*(.j-l)/2+.i-l; 

% Here we would begin the outer loop .to read the 
coefficient matrix, "C". 

Here we would begin the inner loop to read .. the 
constant vector, "B". f, 

deer k !!2m n 12 2 do 
begin 

end 

bind vector COLUMNK=C[',.k]; 
~ i from .k-l to 1 do 
--B[. iJt- .B[. i]::COLUMNK[. i]* .B[ .k]; 

% Here we would output or save the solutions which have 
been left in liB". Then We would continue the inner 
and outer loops. f, 
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EFFICIENCY 

Clearly, the efficiency of structure accessing mechanisms highly affects ,~ 
their utility in a language which is designed for efficient implementation, A 
brief note about the compiler is necessary. The compiler first breaks program 
text into "lexemes"--atomic symbols for operators, reserved words, and identi­
fiers. The lexeme for an identifier is unique within its scope; hence, 

begin .2!!!. b; begin ~ b; ••• end; ~; 

causes the creation of two different lexemes for "b". 
A structure access may best be understood as a lexeme-stream macro 

substitution mechanism,* where the st'ructure body defines the lexeme-stream 
(with dots preceding formals removed). At a structure access, the actual 
parameters are evaluated (code is produced for their evaluation) and the incar­
nation actuals are retrieved. The compiler input is then taken from the struc­
ture lexeme-stream with'actuals substituted. 

Thus, under the array2 structure above, 

C[2,1] ~ .C[3,5] + 8 

will compile as if we had written 

(C+2*9+1) ~ • (C+3*9+5) + 8 

which, because of compiler optllnization will compile as if We had written 

(C+19) <E- • (C+32) + 8 

which will generate three machine instructions! The code compiled for our 
example is included as an appendix. 

CONCLUSION 

Bliss factors the separate issues of allocating storage, binding names 
to addresses and structuring the storage referenced by a name. Although all 
allocating declarations also bind names to the referenced store, names may be 
bound to addresses dynamically via the bind declaration which presumes the 
storage has been allocated for the contents of the named storage. A name may 
be structured using the map declaration independent of it·s allocation and 
binding. Because relationships often do exist between these three aspects of 
data structuring--allocating, binding and mapping--communication is allowed 
via "incarnation actuals", "size expressions" and "incarnation formals". 

Use of the mapping, allocating declarations. in Bliss permits the ease 
of use of other higher-level language declarations; the factoring of the 
issues of allocation, binding and structuring helps to separate the activities 
of data structure programming and algorithmic programming, while maintaining or, 
in fact, improving program efficiency .. 

*Structures are sometimes more efficiently accessed as routines. The current 
(unsatisfactory) solution is to camp'ile tI:tose structures with declarations 
(other than their formal parameters) as routines. 
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APPENDIX , 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0010 
0011 
0012 
0013 
0014 
0015 
0016 
0017 
0020 

BEGm 

, 0021 
0022 
0023 
0024 
0025 

-0026 
0027 
0030 
0031 
0032 
0033 
0034 
0035 
0036 
0037 
0040 
0041 
0042 

* 

'-

% ~sr BIND AN UPPER BOUND FOR MATRIX DIMENSICN % 

BIND N=150; 

% STROCTURE DEClARATIONS FOR B AND C % 

STRUCI'URE VECroR [I] = . VECroR+. I-I; 
STRUCTURE UPPERDIAG[I,J] = [I* (I-l)/2] 

.UPPERDIAG+(.J-1)*(.J-2)/2+/I-1; 

GI:DBAL THISN, , 
VECroR B [N] , 
UPPERDIAG C [N ,N] ; 

% HERE WE IDUI.D BEGIN THE OtJrER IOOP 'IO READ "THISN" (THE 
SIZE OF '!HIS ARRAY) AND THE COEFFICIENT MATRIX, "C". 

HERE WE hUJID BEGIN THE INNER IOOP 'IO READ 'lHE COO'STANT 
VECroR, "B". % 

DOCR K FRG1 • THISN 'IO 2 00 
BEGIN 

BIND VECroR COI1JmK=C [1, • K] ;-
DECR I FroM ·K-1 'IO 1 00 

B[.I]+.B[.I]-.COLUmK[.I] *.B[.K]; 
END; 

% HERE WE mtJI.D OUl'Pur OR SAVE THE sowrIrns WHICli HAVE 
BEEN lEFT IN "B". THEN WE mtJI.D CCNI'INUE THE INNER AND 
0tJJER IOOPS. % 

END; 
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LINE OFFSEl' IABEL OPCOOE- REGISTER,ADDRESS (INDEX REG) 

0000 mvE 13,THISN 
0030 0001 !AS3: CAIGE 13,2 

. 0002 JRST $S,IA60 
0031 0003 ADD $S,[000001,,000001] 
0032 0004 M)VE 04,13 

0005 SUBI 04,2 
0006 M)VE 05,13 
0007 SUB! 05,1 
0010 IMUL 04,5 
0011 ASH 04,-1 
0012 HRRZI 06,C-l(4) 
0013 IDVEM 06,l($F) iI..OCAL 
0014 M)VE 14,13 
0015 SUB! 14,1 

0033 0016 L630: CAIGE 14,1 
0017 JRST $S,L503 

0034 0020 MJVE 07,14 
002-1 ADD 07,1($F) iI..OCAL 

C 0022 IDVE 10,B-l(13) 
0023 IMUL 10,-1(07) 
0024 SUB 10,B-1(14) 
0025 mVNM 10,B-l(14) 
0026 SQJA 14,L630 ttt 
0027 LS03: SUB $S, [OOOOOl"OOOOOlJ 

0035 0030 SQJA 13,IA53 ttt 
0031 rA60: SEI'Z $V,O 

MX>ULE lENGTH =26+1 
CXM?IIAT!CN CCMlIEl'E 

* 
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HELP.DOC 

c William A. Wulf 
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INTRODUCTION 
.-._.----.. -

B~lSS DEBUGGING SUPPORT ••• :===: •••• = •••• c~.=.= •• 
••••• V E A S ION TWO 

WM', A. WUI.; 
AP~!I. 23, 19'1 
MOOI~lEO 2 SEP '1 

• ••• * 

MG MANUGIAN 

DDT MAY BE USED TO DEBUG PROGRAMS WRIT'£N IN 8~tSS. HOWEVER, 
THE USE Of DDT A~ONE REQUIRES 'A rAIRI.Y OETAILEO KNOWLEDGE O~ THE 
RUN-rIME REPRESENTATION or BLISS PROGRAMS (STRUCTURE or 
THE STACK, ETC,> AND IS NOT ESPECIAI.I.Y CONV~NI[NT, IN 
PARTICULAR, DDT CANNOT EX'I.OiT ANY SPECIAl. INPORMATtON ABOUT 
THE STRUCTURE OF THE OBJECT PROGRAM', THE SERIOUS BI.ISS PROGRAMMER 
IS WELL ADVISED TO LEARN T~~ BLISS RUN~TIME STRUCTURE •• 
NEVERTHELESS, THERE ARE STII.L A NUMBER or OEBUGG!NQ AIOS 
WHICH DOT DOES NOT PROVlot~ iN OROER TO IMPROVE T~£ SITUATION, 
A MODULE CALLED "H£LP" HAS BEEN WRITTEN TO AUGMENT THE 'ACII.ITIE5 
OF ~OT, THIS MODUI.£ MAY BE I.OADEO (ALONG WIT~ DDT) WIT~ ANY 
BLISS PROGRAM •• A~T~OUGH ~~COMPI~ATION or HE~~ 15 NECESSARY 
If' THE USE: R IS NOT US I N G T ~ E: S' AN o. ROB ~ 1 S S S Y 5 T E M REG 1ST £ R S '. 
"HELP" IS WRITTEN IN aLISS AND T~ERE'ORE T~E r.Cl~ITIESRIB~O BELO 
B~LOW MAY BE CALLtO OIREeT~Y 'ROM THE USERS SOURCE PROGRAM EVEN 
THOUGH THEY ARE PRIMARILV INTENDEO rOR USE PROM OOT, 

~ow TO use: HEI.P .-- --- ----
1, THE ROUTINECS) TO BE ~OAOEC WITH HELP MUST CONTAIN THE 
TIMER SWITCH IN THE MODULE HEAO AND BE COMPiLED WITH T~E IT SWITtH~ 
WITHOUT IT THE TIMER SWITC~ IS INGNORED DURING COMPII.ATION ANO, 
THEREFORE, MAY BE A PERMANENt" ~ART 0' A MOCULE H£AO WITH NO HARM~ 

2. THE HELP MOOU~E MUST NOT BE COMPl~EO WITH IT. 

3. THE MOOULtl TO 8£ OEBUGG£O MUST Bt ~OADEO WITH OOT ANO ~E~P 
SUCH THAT DOT IS ~OAOED JUST ASOVE JOSDAT iN THE ~ow SEGMENT. POR E~AMPLEi 

.OEB F'OO,H£L.P 
WORKS JUST F"INE. 

•. NOTE THAT THE rIRI' ;OUR WOROS 0' EVERV ROUTINE AR~ CEBUGG!NQ 
OVERHEAD ANO THAT 'CTUA~ COOE 'OR fHE RouTINE ITS£~' STARTS AT T~£ 
~IrTH WORD. TO TRACE A eA~L TO A PARTICU~AR ROUTINE, A BREAK'OINT MUS' 
BE INSERTED AFTER WOAO 4 DTHtRWlS£ TMt NECCESS~RY ~OUSEKE£PIN~ OONE 
BY THE ~lRST rOUR WORes 0' T~I ROUTINE W!L~ Not HAVE BEEN COMP~£'£O 
AND THE STACK WILL NOT BE SEt U, 'OR 'ROPEA TAActNG~ 
L. IKE W I SET H E (L AS T • S I X ) T H W 0 fit 0 TO tHE U. A I , • 0 N E ) T H W 0 ,. 0 0' e: A C H ~ 0 U T ! N E 
ARE DEBUGGING OVERKEAO ANa BRE.~PONTS INSEAtEO IN TMlS'AREA 
WIL~ GIVE UNPREDICTABLE RESULT.. NOTE T~At THEAE ARE NO RESTRICTION! 
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IN PLACING BREAKPOINTS IN .C'U,~ eOCE OUTSIDE or T~E OEBUCCINQ 
,ROLOG ANO EPILOG. 

5, THE:ROUTINE BPN IN ~£~~ MUST BE MOOlrIED rOR EACH NEW ~~ 
VERSION or DOT SINCE IT LOOKS AT THE ODT OBJECT OOOE TO OETERMIN£ 
THE NUMBER O~ THE LAST BREAKPotNT~ IT IS CURRENT~V CO~PATIB~E W!T~ ~ . 

~DDT (VERSION 32, EOIT 23). 
'HE ONLY SET OF DEBUGGING ROUTINES 
WHICH REQUIRE BPN IS THE X'R[.~X) SET, THE OTHERS rUNCTION 
iNDEPENTLY O~ BPN. 

. TO MODIFy BPN APPROPRtAT~~Y. DO THe rO~LOWINGI 

A. DETERMINE THE VALUE or T~E SYMBO~S 

800M3 
81ADR 

IN UOOT BY ~OAOING ODT.REL rROM SVS AND TYPING 
THEIR VALUESi 

.~OA ~S SYSIDot 
LOAOING 

LOAOER NK CORE 

EXIT 

.00 

BCOM3.NNNN B1AOR"MMMM 

B. INSERT T~t TWO VA~U£S JUST TYPEC INTO THE 
APPROPRIATE BINDS IN BPN IN THE SOUROE or ~E~P~BLI~ 

c. RECOMPILE ~ELP~B~1 

OF COURSE, YOU MlY ALSO PATC~ THE STANOARD VERSION or ~E~P 
WITH DDT AfTER LOAOING DOT, ~ELP. AND T~E MOOU~E(S) TO Bt OEBUGG£O~ 
CONSULT AN EXPANDEO(/M) ~lST%NG or ME~P TO CETtRMIN£ W~lCH ~OCAT!ONS 
IN CORE TO MOOIFy. 

,ACILITI£S .-._--._.-
THE rEATUR£S CU~RENTLY !MP~EMENT£C A~LQW CIS~LAV 0' THE 

USER'S STACK, TRACING OF C'~LS ON SP£CI~lC ROU'tN£S, 
DISPLAY Or VARIAB~ES AND REGiONS, AND AN EXTENSION 0' THE 
ALT-MOOE-X (SX) rEATUR£ 0' COT~ THESE ~EA'U~ES ARE PROVIDED 
IY A SET O~ G~OBA~ ROUTINES iN THE H[~P MOOULEi TMtS£ ROUTINES 
ARE OEseR I BED IN DETA I L BELOW',· . 

THERE ARE THREE WAYS iN WHICM ONE or THE RouTINES IN HELP MAY 
1£ ENTERED: A DIRECT CAL~ 'AOM THE USERS ~AOGR'M, 'ROM A OOT 
CONO 1 T I ONAL. BREAK-PO I NT, O~ IY EXECUT I NC A "PUIHJ" WI TM THE 
DOT ALT-MOOE-X rEATUAE. 'HE AE'CE~ IS PRESUMED TO BE "MILIAR 
WITH THESE FEATURES OF DOT~ . 
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CONSID~R AN EXAMP~E: "XSTAK" IS ONE 0' THE ROUTINES 

PROVIDED •• ITS ErrECT IS TO ~RINT A OISP~AY 0' T~[ 
USERS STACK, SHOWING THE ROUTINES CA~~~O, WHERE THEY WERE 
CALLED ~ROM~ THEIR ACTUA~ ~ARAMETERS, ANO T~EIR ~OeAL VARIABLES. 
THE FORMAT O~ THIS DISPLAY Wi~L BE OESCRIBED BE~OWI NOW, 

~ SUPPOSE YOU HAVE A ROUTINE NAMEO "THUD" AND VOU SET A OOT 
\BREAKPOINT BY TYPING: 

T~UD+2i8 

AT SOME ~ATER TIME, WHEN YOUR PROGRAM IS RUNNING A CAL~ W!L~ 
_ BE MADE ON THUD, THE eREAK~oiN' WIL~ OCCUR. ANO DOT WILL 

TYPE: 

SNB»THUO+2 

AT THIS POINT YOU MAY DISPLAY THE CURRENT STACK BY USING 
"XSTAK" AND ENTERING IT VI. TM£ iX rEATURE •• !E~ TYPE. 

PUSHJ SR[G,XSTAKSX 

(BE SURE TO USE THE PROPER VALUE 'OR "SREG" •• NORMALLY 
IT'S 0.) AFTER THE OISP~AY IS rINlSHEO YOUIL~ BE BACK 
IN DDT AND MAY PROCEED VIA AN $P, OR DO W~ATEVER E~SE 
SUITS YOUR FANCY, 

AN A~TERNATIVE TO THE ~XAMPLE ABOVE IS TO USE THE 
CONDITIONAL BREAKPOINT F[ATURE or OOT, rOR ~XAMP~~, SU~POSt 
yoU SET BREAKPOINT #1 AT T~UO BY TYPING 

THUD+2$lB 

AND SET THE CONDITIONAL BREAKPOINT INSTRUCTioN AT 518.1 
TO THE SAME OLD PUSHJ: 

$19+11 XXXX PUSHJ SREG,XS1AK 

NOW, AS SOON AS THE CAL~ ON tHUD IS MADE THE S;ACK WI~~ 
AUTOMATICALLY GET TH~ STACK OISPLAY w. T~EN T~E BREAKPOINT Wl~~ 
OCCUR. THIS MODE Or USING M£~P IS MORE USErUL W!T~ SOME 
Or THE OTHER'HELP ~OUTINES TO BE DESCRIBEO BE~OW. 

ALL Or THE GLOBA~ ROUTINES IN MELP HAVE NAMES 0' THE 
rORM: 

X~Zi~ 
OR x~z~~c 
OR X~lllB 
OR XZliiP 

THAT IS, THEY A~L START Wl'M T~t LETTER "X" 'OL~OW£O 
BY A FOUR CHARACTER NEMONIO. 'OLLOWEO BY A BLANK. A "C", 
• "en, OR A "P". ROUT 1 NES WITH, A CO'MMON 
"tiil tf AL~ PERrORM THE SAM! ;UNCTION, T~[ SU"lX CETtAMINtS 
WHAT HAPPENS AFTER THE ruNCTiON IS COMPL['£~ IN PA~TICULAR 
THE FO~LOWING TABLE SUMMER!!!S THE M£ANINC 0' 'Ht VARIOUS 
SUFF"IX I..E:TTERS: 



SUF'F"IX ... -.-
BLANK 

c 

B 

p 

MEAN I NG" 
~ ... ~-~ ....... ~ .. ~~ .. ~~~ .•.......•..• -~.~ -I' C.~~£C ~ROM A USER PROGRAM, SIMP~Y 
RETURN ANC PROCEED AS USUA~~ 
-I' tAL~£c BY SX. RETUAN TO OOT 
~Q P£AMIT USER TO 00 HIS T~ING • 
• Zp CAL~EO rROM CONC~ BREAKPOINT, TREAT 
is A "a" sur,%x ,seE BELOW)~ 

-'OR CONOITIONA~ 9REAK~OINT ON~Y. 
"TrR COMP~£TING rUNC;lON CAUSE 

OOT TO O[C~EAS£ ITS PROCEEC 
tOUNt ~NO POSSIB~Y BREAK~ 

rCA CONOITIONAL BREAKPOINT ON~Y, 
ArTER COMP~ETING rUNCTION rORct 
A BREAK. 

'OA CONOITIONAL BREAKPOINT ON~Y, 
A'TER COM'~£TINr rUNCTloN rORB£ 
PROGRAM TO PROCEEO (~tl<£ AN S~). 

THE GL08A~ ROUTINES PROVIOEO IN THIS RE~[ASE • ANO THEIR 
'UNCTIONS, ARE SUMMERl~EO iN T~E 'O~LOWING TABLEI 

ROUTINE: . --_ .... -
XSTAK 
XSTAKC 
)(STAKB 
XSTAKP 

,'.' 

'UNCT10N . . ... -.. --.... -... ~ ..... -.•........•..•.•• -...... . 
OlSP~AY T~E USERS STACK IN THE rORMI 

A (ta a.13) 110 •• 0 212,,13'6 
1i0.,13 211'12J2.,X.1 

e ell 0·252 

C ell 0·4.) 111,,1 

ETC', 

THE NAMES IN T~E ~£rT CO~UMN ARt T~OS[ 0' T~£ 
VA~10US ROUTINES CA~~to~ ON THE SAME ~lNE IN THE 
~OCATION '~OM WHICH THE ROUTINE WAS CA~~£D, 
EG. "( .. ~.2')". AND T~E AeTuA~ PARAMETERS 
OIIPLAYEO IN ~.~'.WORD OcTAL 'ORMAT~ ON THE 
LINES BELOW tHE CA~~ ARE 'HE VA~UES 0' THE 
~OCAL VA~I'BLE' 0' THE ROUTINE'! NOTE THAT 
THE ACTUA~S ANO LOCALS ARE iNC CATEO BY 
POSITION. NO' NAME; ALSO. BE eAAE'U~ • SOME 
LOCA~S ARE AuTOM.TICA~~Y ~ENER.TEC BY THE 
COMP H .. ER •• SO' THE 'oS I T ION MA'I NOT EXACTL. Y 
CORRESPOND WJT~ ITS DEC~AA'tlON ~OSlTION~ 
THE LOCAL 'OSI'IONS co CORRESPOND WITH 
THost SHOWN iN TH£ "1M" LtS'lNQ GENERATED 
BY THE COM~lL£~. THE INITiAL AOUTINE EXECUTEO 
HAl A NU~~ CALLER~ . 
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XCAL.L 
XCAL.LC 
XCALLB C XCAl..LP 

c: 

C 

XAREA 
XAREAC 
XAREAB 
)CAREAS 
XAREAP 

XALTX 

THES~ RouTINES 01S~L.AY, -IN A FORMAT ~lKE THAT 
ABOVE THE MOST RECENT ROUTINE CAL.~. ONE US£rUL. . 
APPLICATION or THESE ROUTINES ts T~AT 
or TRACING T~E EXECUTION Or ONE 
PARTICULAR RoutIN£~ BY PL.ACING A CONDITIONAL. 
BREAKPOINT AT THE HEAO Or THE ROUTINE TO BE 
TRACED ANO A "PUSHJ SREG,XCAL.L.P" IN THE 
APPROPRIATE CONO.SP L.OCATION A TRAOE or THE 
ROUTINE Wl'H ITS ACTUALS WiLL. BE OBTAINED. 

THESE ROUTtN£S DISPL.AY A NUMBER (CURR£NTL.Y 8) 
Or CONTIGUOUS AREAS Or MEMORY iN HAL.r WORD 
OCTAL ~ORMAT·. 
THE AREAS TO BE DISPL.AYED ARE OEFINED 
BY NINE TABL.ES CAL.L.ED XAR£l0. XAREA1 ••••• 
XAREAS. EAOH or THeSE TABL.ES IS EIGHT WORDS 
LONG· T~E FORMAT Or EACH WORO IN THESE 
TABLES lSI 

.-·--····-···~·····-·········-·····I 

, 
• 

. , 
t • 

I BASE : 
I 

. ----~·~·-···~·····--·-··.·~-···-··I 
Ir ONE O~ THESE ROUTINES IS ENTERED rROM . 
CONDITIONA~ BREAKPOINT #N, THEN T~EY Wl~L. 
PRINT THE REGIONS OESCRIBED BY THE TAB~E 
"XAREAN"". 

Ir, FOR EXAMP~E, YOU WANT TO OISP~AY 
A rIVE-WORO REGION WHOSE BASE ACDRESS IS 
"C~O~" EVE~Y TIME THE ROUTiNE "THUO" IS 
CALLED you MiG~T TYPEI 

T~UO.2S1B 
S1S.il XXXX PUSHJ SREG,XAREAP 
XAREA11 XXXX 5.,GLOP 

THEN SIT SACK AND WATCH, 
THIS ROU'lN£ IS A GENERA~liATION 0' 
THE "SX~ 'EA'U~E or DOT IN T~E SENSE THAT 
IT PROVIOES AN INT£RrACE BETWEEN OOT ANO ANY 
ROUTINE WRITTEN IN B~lSS~ IT WORRIES ABOUT 
A~L. THE MESSY OETAl~S or SAVING REGISTERS. 
ETC., NECESSARY TO GET rROM OCT INTO A 
BL.ISS RouTINE ANO BACK AGAiN WiTHOUT OESTROYING 
THINGS ALONG T~E WAY~ T~£ ADDRESS or T~E 
B~ISS RouTINE '0 BE CALL.EO 15 SPEctrlEC BY 
THE CONTENTS 0' ONE or T~£ WOROS. XA~TX~. 
XAL.TX1,,~~,X'~'X8~ Ir XAL'X IS CALLEO 'ROM 
CONDITION'~ BREAKPOINT #N (Nil l' elRteT 
OR EXPLIC1T "SX" CA~L.) THEN THE 
CONT£NTS 0' XALTXN Wl~L BE USEe TO SPECIFY 
THE ROUTINE to.B£ CAL~EO~ 

THE ROUTINE CA~~£O INDIRECTLY T~ROUGH 
XA~TX IS EXP£C'EO TO RETURN A VAL.UE 0' 1,1. OR 2 
• THESE VALUES ARE INTERPA£TED LIKE THE 
C.e,AND P IU"txs AESPECTIV£LY~ 
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CONCL.US I ON . ........... 
THE rACl~lTIES DESCRIBED ABOVE ARE A ~R£LIM!NARY SET 

,WHICH WIL.~ BE EXPANDEO IN 'ME 'UTURE~ I HOPE. NAY EXPECT, 
'~SERS OF HE~P TO SUGG~ST 'OOtT!ON'~ AND/OR REV!S£O 

'EATURES. 

, .. ~" ',', 

... 

J 

J 



HELP.BLI 

William A. Wulf 

c 



) 
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c He:LPE~ 
••••• V £ R S ION TWO ••••• 

T~I5 MODU~E CONTAINS SEVERAL ROUTINES W~ICH MAY BE ~OADEC WITH 
A NORMA~ BLISS ~ODU~E TO PROVIDE DEBUGGING SUPPORT -. IT 
PRESUMES T~AT 'COT' IS ALSO LOAOED' 

Bl\D BUFrLENGT~:15J 
OW~ ~UFrtBUF'L£NGT~J' 
OW~i !'BUFF' J POINTER !NTO THE OUTPUT BUrr 

MA~RO EBU~r= (BUrF.BUrrLp-NQT~)$. 
B9UFF. BUFF<36,1)S. 
SAVRECS. REQIST£R 1.1-15100 PUS~(SREG,0.I) WHtLE(I~.I·1) ~TR ~J$, 
R£SREGS~ 1 •• 15,00 POPCSREG,#20,Y)WHILECI·.1.1)LSS 0J$, 
SU8RETC~.V). IP .(L)(Z.18)LSS<OOTEND AN~#177717) THEN 

(Ll., (I.).CV) ,S, 
ENTER- SAVREGSJ$, 
L!AVE(L~,VV': RESREQS' SUBRETfLL,VV)J .VREG S. 

C MA~HOP PUSH_.261. POP=#262, 

c~ 

elMO AREAS~.S, NUMAREAS-SJ 

ST~UOTURE SATtl,JJ • tl.j~(,SAT+.l'AREAS~ •• J)(0,36)J 
~I.~BAL XAREA0IXAREA1IXA~EA2IXAR~A31 

XAREA41XAREA51X AREA6,XAREA11 
x.REAatAR£AS~jl 

BI~O SAT XA~EAS. XAAEA0J 

X.~TX0'XA~TX1.XALTX2,XA~TX3, 
XA~TX4,XA~Tx"XALTX6,XA~TX7, 
XAL.TXSJ 

F'ORWARO ~tXF'J 

G~eBA~ ROuTINE TIMERa 
(rXXr(#1.~,.JOBR~L<0~1a»1 ~IXr(*400~1~,.JOB~RL.(~,18»J)J 

lr!X UP THE STACK THE WAY. ~EI.P· EXPECTS IT TO 8E. 
I I • E·,' ,t N SUR E T M • T T H £: ,.. REG I s PRO PER L Y PUS H E ~ON TOT ~ E 
tSTACK AT THE BEGINING AND pOPPEO o~, AT T~E ENO or EVERY 
!~~UTINE AS IT W.S IN THE GOOO O~D CAYS • 

• OUTINE ~IX"'CSTART,rlNIS~). 
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BEGIN 

BIND r-FREG(0,0), SISREr.<0.~>J 

MACRO MACHWORO<OP,AC,AD): OP,21.AC'23.ADS, 

PUSHSr=MACHWORO(#261,S.F)$, 
~USHS12.MAOHWOqO(*261,0 •• 12)S, 
POPSF.MACHWO~D(*262.!,r)S, 
~RR~FS·MAC~WORO(#550,r,S)$. 
JR$THP~2~MAC~WORD(#254,0,.I.2)S, 
JRST~PL4·MlCHWORO(#2'4.0,.t.4)S, 
JRSTHP~'·MACHWORD(#254.~,.t·~)S, 
JRSTHP~6.MACHWORD(*254,~,.I·5)SI 

MACHOP CA~~I=#047, JRST=#254, 

REGISTER R' 

BIND SETUWP.#J6, 

~ .. 0J 
CA~L! CR,SETUWP), 
JRST (4,0)' 

!TURN O~r ~IGH SEG WRITE PROTECT 

!~A~T ON SETUWP £RAOR 

INCR 1 FROM ,START 10 IrINIS~ • 11 DO 
Ir .('1)<18,18> EQL #551'9.#12.5 AND '('1.1), EQL. PUSl-lS12 

T~£N IF .('1.4)(21,9) ~Q~ *265 ~JS~~ 
THEN 

BEGIN ~ 
('I)<~,3'>~JRSTHP~4' 
UNTIL. ~C'I)<18,1!) EQ~ ,561t9.#12,5 CO 1~~t.1J 
lr '('1.1) £QL PUSI-IS12 

T~EN ('I~1)(~,36).JRST~P~61 
END 

ELSE 
BEGIN 

('1)<Z;36>~JRST~PL2' 
('1·2)<~,36)·PUS~S'J 
('1·3)(Z,36>·~~R!~S' 
UNTl~ ~('t)<18,18) E~~ "61,9.'12.5 00 1~.1.1J 
lr '('!.1) EQL PUS~S12 

T~£N 
B£r;IN 

('1·1)(~,J6)~JRSTHPL'J 
('1.4)(0,36)~PO~Srl 

ENO 
ENe 

.oUTiN! '50T6(X)1 
t, .X [QL. 0 THEN ,0 ELS[, 
l' .X ~£Q *12 T~£N .X+*11 ELSE 
ir .X ~[Q * •• T~EN ,X.*26 ELSE 
I' .X [QL *.5 THEN *16 ElsE t, .X EQI.· •• ' 'THEN '~4 ELSE #05' 
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·OUT!N£ B5~T6(X). 
~EGIN RE~lST£R RJ 
~~.X AND #37'77777777. R~0J 
~ECR I rROM 5 TO 0 DC 

• R 
£NOJ 

(R~.R'(-6)J R<30~6)~r5ZT6(~X MOO '50). X~.X DIV #50), 

ROUTINE' BPN. 
I THIS ROUTINE MUST BE C~ANGEC roR EAC~ VERSION Or DDT w­
, OR, BETTER YEi, DDT S~OU~O BE e~'N~EOTO MAKE THE MOS' 
! RECENT BREAK POINT NUMBER AVAILABLE. 
AE~IN BIND BCO~3.*1536, B1AORa.3621, 
(C_800M3-i) A~O .77777?)-(B1AOR-3»/J 
t"NDJ 

ROuTINE SDDTSTex). 
BEGIN REGISTER R,N' OWN ~N.~~J l~~~N~0J 
~-.JOBSYM.1J N·~l' 
W~!LE (R •• R+*2e~0~02) LSS 0 00 

l~ ("R-.X) LEQ 0 TH~N 
Ir C.'R.-tN) GEQ 0 THEN N~.RJ 

.N·1 
~NIjJ 

~O!)TrNE OuMF»a 
BEGIN MAC~OP CALLI8#47' ~EGrSTER RJ 
R-aUrrJ CA~LJ(R,*3)J R~BUrrLENGTHJ 
00 8Urr~.R~.0 ~Ht~E tR-.R.1) GEQ 0, 
~BUrr .. B8UF'F' 

(~ ENO. 

~OUTtNE tNIT~E~P. (BUFr-~J DUMPC)). 

~OuTtNe: puTeX)=-
IF" .X NEQ 0 THEN 

BEGIN 
lr .~Bur' EQL e THEN iNrT~ELP() ELSE 
tr .~Burr GEQ [Burr T~EN OUM~()' 
REPLACEICP8UF'F',.X) 
E:NO. 

~OUTrNE F»UTS(X). 
WHiLE .X NEQ Z 00 (PUTC,Xc2e,?», X-.Xt?), 

~OUTtN£ CR~" CPUT(#15)J PUT(#12)1 OUMP()~' 

~OUTtN~ TABI PUTC'~1)' 

~OUTtN[ PRINT6(X)-
eEGIN L.OCAL ~J I 

OECR I F'ROM 5 TO e 00 
(L·.X(3~,6>. X-,X'6' iP .~ NEQ 0 T~EN ~UT(.L.'40»)J 

!:NOJ 

~OUTtNE PRINT50(X). PRINT6(~'IT6C.X»)J 

.OUTINE: f'MOceX). 
BEGIN ~OCA~ TI T-0' 
OECR 1 rROM 11 TO 1 00 
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I~ .~(3*.I,J> NE~ ~ T~EN EXIT~nOp (T~.I)J 
"1ECR I F"ROM t T TO eJ DO PUT ("~" •• X<3*. 1.3» J 
ENr:1J 

~O)TINE PDISPCX,">= 
IF .X(~.1a) LSS CDDTEND AND #717171) T~EN PMOCC.X(2,18» ELSr 
QEGIN ~OCAL LJ 
L~SDDTST(.X(~,18»' PRINT50(~@L)J 
t~ .T AND (L~~~(~~.1)+.X(0'18») GTR ~ THEN 

(PUTe"."), PMOC{'.L»J 
fNDJ 

~OtJTINF' SPN(N)= INCR I FROM 1 TO .\, DO PUTC" ")J 

R 0 I .! TIN ~ p 2 C :: (P U T ( " , " ) J PUT ( It , " ) ) J 

~O~TtNE SP3: SPN(3). 

~ 0 ij TIN E P W D ( X ) = (P ~ 0 c ( • X (18 • 1.8) ); p 2 C ( ) J POlS P ( • X (~ , 18> , 1 ) ) , 

~ 0 J TIN e: P W D 2 ( X ) :: IF'. X G E ~ ~ THE N P W D ( • X) E L S E (P U T t ,t -" ) J P Moe ( - • x ) ) J 

ROUT!NE PWO(X)= (P~OC(.X(18,18»; P2C()J PMOCC.X(0,18»))J 

~ 0 1.1 TIN E P R G ( 8 AS E , F' , T ) :: 
TNr.:R I FROM IF" TO .T DO 

BEGIN 
P M 0 C ( • I ) I PUT S ( ": ") J P W 0 2 ( ~ ( • 8 A S E • • 1 - 1 ) ) J S t) N ( 4 ) J 
IF' NOT .t T~EN (CRLF'f)J TARC)J 
END, 

~OUT!NE PRC(F,CALLED): 
gEGIN LOCAL NP,LP,CALLER. 
~ALLER·.(.~-1)<~,18>~lJ 
~P~ Ir .('(.'-1)(21;9) ~EQ #274 T~EN 0 ELSE 

IF" .(~(.f-l)-2)(27.9> NEO #261 THEN ~ ELSE 
• ((Il(i)( .F-1) )(~,18>; 

lP" • r""l-. NP J 
POI S P ( • CAL LED , e ) J TAR C ) I PUT S ( " ( .. " ) J 1 r • CAL L E ~ \\ E Q .1 
'HEN pDISP(tCA~LER'l)J PUTe")")J 
TAe() J PRGC .LP,l, .Np) J 
.CALLER(0,18>·,NP,18 
F:NOJ 

~O!JTtNE PSTK= 
AEGIN LOCAL r,CALLED.VAL.LL.NL. 
VAL~.VREGJ F'-"~~REGJ NL~@.F'REG •• F'-2J LL-.r.1J 
eALLED~.(~(.F'·1)-1)(0,18>J CR~r('; 
UNTIL .CALLEO(e,18> ~QL #177777 DO 

BEGIN LL-.F.1, CRLrC)J 
CAl.LED"P~C( .F, .CALLEO(0,lS») J CRLF'(), TASe) J pRG( .LL,l, .NL) J 
NL .. ~r-~,r-.CAL~EO(18.18)-21 
F" .. ~,F'J 
END • 

J 

• VAL _~ 
~NiH 

~OuTtNE PF'RC=(LOCAL F'J CRLF'()J F" .. Cif~F'REGJ PRC(.F',.(Qb(.F"1)Sif1)<~.18»)J 

ROUTINE PAREA: 
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c 
~EGIN ~OCAL J,~,N,BN' 8N~BPN()JCRL~()1 
INCR I FROM 0 TO AREASr.1 DO 

~NDJ 

BEGIN BIND AREA:;XARrAS(.BN,.lJ(0.18), 
CR~F()J J~.XAREAS~.B~,.IJ(18.18>;N-0J 
IF AREA NEG 0 THEN 
DO ( C R L F' ( ) J POI S P ( A R E·A ( .N ~ , 1 ) ; P U 'f ( " I" ) ; TAB ( ) J ~ w D 2 ( ~ ARE A C • N J ) ) 

WH1LE (N-.N+1J J-,J~l) GTR 0. 
END) 

~L~BAL ROUTINE XSTAK(X):(E~TER' PSTK(») LEAVE(X+l,1», 
GL1BAL ROUTINE XST~KC(X):CENTER, PSTK(); LEAVE(X.l,~»J 
GL,SAL ROUTINE XSTAKB(X):(ENTER, PSTKC), LEAVE(X+l.1)J 
GL~8AL ROUTINE XSTAKP(X)=(ENTER. PSTKC)J LEAVE<X+l.2»; 

CL'BAL ROUTINE XCALL(X):CENTER' PFRce). LEAvEeX+l,1»J 
GL'BAL ROUTINE XCALLCeX):(ENTERJ P'RC()' LEAVECX+l.0»J 
GL~84L ROUTINE XCALLB(X):(ENTERJ PFRC()J LEAVE(X.l,l»J 
GL~BAL ROUTINE XCALLP(X):(ENTERJ PF'RC()' LEAVEeX+l,2)J 

GLCBAL ROUTINE XAREA(X):(ENTERJ PAREA()' LEAVECX+l,l»J 
GL~84L ROUTINE XAREAC(X)=(ENiER; PAR[A(), LEAVE(X+1.~»; 
GL~8.L ~OUTINE XAREAB(X)s(ENTER, PAR[A()J LE4VE(X+l,l»J 
~LJBAL ROUTINE XAREAP(X):(ENTER. PAREAC)J ~EAVE(X+1,2); 

r-- ~L('}8AL ROUTINE XALiX(X):qLOCAL L; ENTER; L~(~XALTX0(9PN()J)()J 
l,__ LEAVEeX+1 •• L»' 

( ,,--. 

ELuonM 
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TIMER. DOC 

Joseph M. Newcomer 



) 

) 



001flJ~ 
0eJ202l 
00300 

C 0flJ400 
00500 
00600 
007flJ0 
038041 
0219"'0 
01flJ00 
01100 
211200 
flJ13f'J.0 
01400 
flJ1500 
01600 
01700 
01800 
01900 
0200e! 
1Zl210Z 
02200 
02300 
02400 
212500 
02600 
2127"'" 
02800 
~2900 C 0300~ 
031210 
03200 
03300 
03400 
03500 
0360121 

c 

- - - - • 8 LIS S TIM E R MOO U ~ E.. • • • 

THE8~ISS TIMER MOOU~E CONS!S'S or • SET or ROUTtN~S 
WHICH ENABLE THE ust~TO GATHER TIMING STATISTICS ON B~I!S 
PRO G RAM S' 0 URI N,G E X E: CUT ION I. THE T! MIN G S Y S T E M CON SIS T S 0 r 
THE BLISS MODULE "TIME~" AND THE MACAO-1m MOCULE "TIHINT"~ 

IN OROER ~OR 'HE 'IMING ROUTINES '0 rUNCTION, THE TtM!R 
RQUTINES AND THE SYSTEM TO BE MONITOREO MUST BE ~o.oto Wl'~ 
DDT (THE 10 SWITCH TO TME ~OAOE~. ~D SWITCH TO cc~, O~ THE 
DEBUG COMMAND AL~ ACCOMP~ISH THtS'~ ASSUMING THE USER 
WISHES to MOOl'Y ANb RECOMPI~E HIS MAIN ~ROGRAM (A WAY '0 
AVOID THIS IS DISCUSSEO BE~OW), HE MUS' ACO. 

EXTERNAL TIMSE',TIMENOJ 

TO HIS DECLARATIONS, AND THE CA~~S IN THIS MANNER. 

< BEGINNING Or MAIN PROGRAM> 

TIM SET ( ) J' 

< MAIN BOOY or MAIN PROGRAM) 

T I ME ND ( ) I' 

< END O~ MAIN PROGRAM) 

THE <BEGINNiNG) MAY INC~UDE STAC~ INITIA~liATI0N lr NOT 
DONE IMPLICIT~Y BY THE STACK DEC~ARATION IN THE MCOU~E H£AO, 
PLUS ANY PROCESSING THE USER WISHES TO CO BErORE TIMING 
BEGINS. A~L CODE EX£CUTEO BETWEEN 'tMS£T() ANO TIMENO() 
WILL BE MONITOREC: T~E<ENO) MAV CONTAIN ANY O'~ER 
PROCESSING. IN ~ARTiCU~AR, THE <ENO) MAY CONTAIN CA~~S ON 
THE OUTPUT ROUTINES otSCUSSEC BE~OW~ 
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00100 
0el200 
00300 
0~4~0 
00500 
210600 
007~0 
0080e 
0~9k'10 
012100 
1ZJ11~0 
211200 
01300 
1211400 
01500 
016210 
1211700 
01800 
01900 
022100 
02100 
02200 
0230~ 
02400 
02500 
02600 , 
02700 
212801£1 
212900 
03000 
03100 
03200 
03300 
03400 
035210 
03600 
037210 
(213800 
(21390Q1 
04000 
(214100, 
04200 
04300 
04400 
04500 
~4600 
04700 
0 4 812121 
049210 
05fZleJ0 
05100 
05200 
1lJ5300 
215400 
05500 
05600 
057210 
05800 
05900 
06fZl00 

• ~ ... - T I MIN G o U T'P U T • • • • • • • • 

THE COLLECTED 5T.TI5TIC5 ARE SQRTEO BY THE REPORTING 
ROUTINES AND OUTPUT iN THE 'O~LOW!NG rORMATI 

LOST TIME *** •• * •••••• x 
METERED TIME *** ••••••••• ~ 

TOTAL TI~E ******0. = 10"~ 

OVERHEAD RATIO **.*~ 

DEPTH OF CALLS ****** 

STACK LErr ******. 

TOTAL RTNS ***** •• * 

TOTAL CALLS **** ••••• 

NAME ---CA~LS •• - ~·.ROUTINE.·. ·CUMU~ATIVE. RTN AVe CUM AV~ 

J 

A~AAAA ******** ***% ******** ***X ******* ***X *.** •• ** •• * •••• * 

"LOST TIME" IS THE ~ERCENTAGE OF TOTA~ EXECUTION TIME 
THAT WAS SPENT ACCUMULATING ST.TISTtcs. THIS IS PROV!DED 
FOR INFORMATION ON~Y, 1T COES NOT INDICATE THAT T~E ACTU'~ 
FIGURES HAVE AN ERROR INTRODUCEO BY T~E rACT THE ROUT!N£S 
HAVE BEEN TIMED. 

"I~ETERED TIME" IS THE ACTUAl. TIME SPENT IN EXECUTING TI-otE 
USER'S CODE. 

"TOTAL TIME" IS THE SUM OF THE TWO ABOVE TIMES AND !S 
THE TOTAL EXECUTION TIME or THE p~OGRAM BEING MEASUREO, rROM 
THE RETURN ~ROM Tl~SETC) TO THE CA~L ON TIMENOC). 

"OVERHEAD RATIO" IS THE PERCENTAGE ev WHICH EXECUTION 
TIME INCREASED AS A A£SU~T or THE SYSTEM BtING TtMEC~ THIS 
IS THE COST OF MAK!NG 'HE MEASUREM£NTS~ 

"DEPTH OF CAL~S" IS THE MAXIMUM DEPTH TO WHICH CA~LS 
WERE DYNAMICALLY N£STED~ 

"STACK LEFT" IS THE MINIMUM NUMBER or WOROS 
<APPROXIMATELY) ~ErT AT THE TOP or T~E STACK AT T~E OEEPEST 
CALL. TO COMPUTE THE MAXIMUM OEP~H Or T~E STACK, SUBTRACT 
THIS VALUE FROM YOUR SfACI( SliE'. 

"TOTAl. CALLS" IS TME TOTA~ NUMBER OF ROUTINE ENTAl~S 
PERFORMED. 

THE REMAINING 'iGURES COME OUT TABULATEO IN COLUMNS. AS 
FOLL..OWS: 

THE "NAME" CO~UMN eONTAINS T~E NAME 0' THE B~ISS ROUTINE 
OR FUNCTION. 

) 



061100 
06200 
06300 

C/ ~640it 
0651(!0 
06612'0 
0670,0 
~680;t 
0690121 
070~0 
07100 
07200 
073~0 
0740~~ 

07 5010 
07600 
07712J0 
07800 
07900 
"8k1~0 
0810~ 
08200 
08300 
08400 
08500 
08600 
087210 
08800 

C 08900 
09f'HH:'1 
09100 
092012l 
09300 
0 9 400 
09500 
09600 
09700 
098210 
09900 
10000 
10100 
1~212J0 
12300 
10400 
10500 
10600 
10700 
10800 
1~900 
11000 
11100 
1120~ 
113"0 
11400 

C, 11500 
1:1600 
11700 
11800 
11900 
12000 

THE "CALLS" CO~UMN CONTAINS TWO rlGURESI THE NUMBER or' 
TIMES THE ROUTINE WAS CA~~ED, AND T~E PERCENTAGE or THE 
T~TAL CAL~S WHICH THIS CONSTITUTEO~ 

THE "ROUTINE" COLUMN CONTAINS 
AMOUNT or TIME SPENT IN THE 
SUBROUTINES AND THE PERCENTAGE Or 
WHICH THIS CONSTtTUTEC~ 

TWO rIGUR£SI THE TOTAL 
ROUT!NE, EXC~USIVE or ITS 

THE TOTA~ METERED TIME 

THE ~CUMULATIVE" COLUMN CONTAINS TWO rIGURESa THE TOTAL 
A~OUNT Or TIME SPENT iN THE ROUTINE, I~C~UOING A~~ ITS 
SUBROUTINES (WHIC~ MAY INCLUDE ITSE~P), AND THE PERCENTAGE 
OF TOTAL METERED TIME WHICH THIS CONSTITUTED. 

THE ttRTt\ AVG" TIME IS THE ROUTINE TIME DIVIDEO BV T~E 
NUMBER OF CALLS' THE "CUM AVG" TIME is THE CUMU~ATIVE T!ME 
DIVIDED BY THE NUMBER Or CA~LS. 

ALL T I ~1 E 5 G 1 V E N ARe: IN" TIC K S" , W HER e: A TIC K I S 1 ra 
MICROSECONDS. 

THE OUTPUT MAY BE SORTED IN .NY Or THE AVAl~A8~E rlGUR~S 
STORED BY THE TIMESORT() ROUTINE, HOWEVER, SEVERA~ SORTS AAE 
PRE-SPEClrIED AND tNC~UDE OUTPUTTING or THE SORTED DAT1~ 
THESE ARE: 

TIMST1 SORTED BY NAMES, ASCENDING. 

TIMST2 SORTED BY TOTAL CALLS, DESCENDING. 

TIMST3 SORTED BY ROUTINE TIMES, DESCENDING, 

TIHST4 SORTED BY CUMULATIVE TIMES, DESCENDING. 

TIMST5 SORTED BY AVERAGE ROUTINE TIME, OESCENDING~ 

TIMST6 SORTEO BY AVERAGE CU~U~ATIVE TIMES, 
OESCEND I NG'. 

TIMST7 SORTEO BY ADDRESSES, ASCENDING, 

ALTHOUGH TIMST7 caES NOT APPEAR 08VIOUS~Y USErU~, 
CONSIDER THE PROB~EM or ~INDING OUT WHIC~ MEMORY AREAS ARE 
MOST HIGHLV ACCESSED IN • SYSTEM RUNNING O~ A PAGED MACHtNE~ 

THESE ROUTINES MAY BE CA~~EO FROM THE USER'S MAtN 
PROGRAM BY DECLARING T~EM "EXTERNAL". OR FROM ~OT (5£E 
BELOW). 

THE COLUMN ON WHICM THE OUTPUT IS SORTED IS INOICATEO BY 
AN ASTERISK ABOVE THE CO~UMN. NOTE THAT THE NUMBER Or T~E 
SORT (1-6) CORRESPONDS TO THE CO~UMN POSITION or THE OATA 
SORTED. 

IN ADDITION TO THESE REPORTING ROUTINES, A ROUTINE 
"TIMALLC)" IS AV.ILAB~E WHICH CA~LS ~~~ THE TIMING REPO~'S 
(TIMST1-TIMST7) AS WE~~ AS T~E LOCA~l~.TION REPORTS 
(TIMST8-TIMST9 (SEE BE~OWJ)~ 
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00100 

0121200 
0~30lZl 
02!40~ 

"HJ500 
0~6"1C 
0et700' 
00800 
009210 
01e1eJJ 
rllll~0 
01200_ 
01300 
014k'J0 
01500 
01600 
01700 
01800 
01900 
020"~ 
212100 
0220~ 
0230el 

• ~ I N [ P R I NT·· [ R • • • - • 

OUTPUT MAY BE OtRtCTEO TO THE LINE PRINTER BV CALLING 
THE ROUTINE "TIMLPT()"~ AL~ 'URT~ER OUTPUT Wl~L BE DIRECTED 
TO THE LINE PRINTER (LPT) UNTIL REDIRECTED TO THE TTY BY A 
CALL TO "TI~TTY()". T!MLPTC) SHOULD NOT BE CALLED UNT!L 
A~TER TIMEND() IS CALLED. THESE TWO ROUTINES MAY ALSO BE 
CALL.ED F'ROM DDT. 

ALL ~/O IN THE USERiS PROGRAM SHOULD BE CORRECTLY 
TERMINATED, SINCE A "CALL CSIXBIT IRESET/J" UUO IS EXECUTeD 
PRIOR TO EACH PRINTING. NOTt THIS ALSO RESETS JOBrr TO 
.JOBSA<18,18> AND SETS THE WRITE-PROTECT BIT IN THE HI~~ 
SEGMENT. Ir ANY O~ THESE HAVE AN AOVERS£ EFFECT ON T~E 
PROGRAM OR DATA eASE, THEN PRINTE~ OUTPUT ~AY NOT 8E USED~ 

l~ SPOOLING IS IN OPERATION, EACH SET Or STATISTICS IS A 
SEPARATE ~lSTING~ 

THE CHANNEL USED rOR LPT OUTPUT IS SPECIFIEO BY A MACRO 
IN THE BEGINNING Or THE PROGRAM, IT MAY BE CHANGED By T~E 
USER (SEE: STANOA~O MOOlrICATlONS)~ 
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0e!10~ 
002el0 
0~300 

C 004rzJ0 
/ 2105210 

210600 
0070J~ 
12.10812.10-. 
009210 
12.I1~00 
01100 
211200 
013fe 
01400 
1211500 
2116"'0 
211700 
1211800 
019~0 
02000 
212100 
0220~ 
12J230~ 
~2400 
2125210 
212600 
0272113 
12128210 
029~0 C 03r2J~H1 
03100 
032210 
1213300 
1213400 
213500 
2136210 
213700 
213812.10 
03902 
04"""0 

- - - S TAN CAR 0 MOD I r ~ CAT rON S • • • 

THE TIMER MODULE CURRENTLY CONTAINS ITS OWN DATA A~EAS 
AS "OWN" STRUCTURES. THE SI~ES COMPILED INTO IT AT T~E 
MOMENT MAY NOT BE SUltAB~E FOR A~L SYSTEMS, THEY MAY BE TOO 
SMALL (OR EVEN '00 ~ARGEI)~ Ir A~ ERROR OCCURS W~ILE 
RUNNING BECAUSE '~ESE AREAS ARE TOO SMALL. A MESSAGE WI~L Be: 
OUTPUT INDICATING WHtC~ TA8~E OVERFLOWED, THE TWO PARAME'EAS 
ARE MACROS IN T~E rIRST FEW LINES O~· SOURCE PROGRAMJ 
"MAXRTN" IS THE NUMBER or ROUTINES WHICH CAN BE TIMED (E~G~. 
IT CUR R E'N T L Y 1 SSE T TO" 2 21 21" ) '. IF' M 0 R e: T HAN "M A X R TN" 
ROUTINES ARE IN THE SYSTEM TO BE TIMED, A MESSAGE WI~L BE 
PRINTED INDICATING HOW MANV ARE REQUIRED. THE V.~UE or 
"MAXRTN" MUST BE C~4NG£O. AND THE TIMER MODU~E RECOMPt~EO~ 
THE OTHER ?ARAME"E~, "MAXDEEP", INDICATES THE OEPT~ TO WHICH 
ROUTINES MAY BE DVNAMICALLY NESTED~ A STACK IS USED TO KEEP 
TRACK OF NESTING, AND "MAXOEEP" DECLARES THE: SIt£ OF" T~!S 
STACK. 

IF DECLARED REGISTERS OR RESERVED REGISTERS ARE USED ey 
THE SySTEM BEING TIMED, THEN THE MOCU\.E HEAC Or THE TtM~R 
MODULE MUST BE ALTERED AND THE MOOULE RECOMPI\.EO. 

IF THE SYSTEM BEiNG TESTED IS SEING ~OADEO WITH A ~IGH 
SEGMENT ADDRESS OT~ER THAN #4~000~. THE MACRO "HISEGAO" MUST 
BE CHANGED TO RErl.[CT THIS~ 

IF THE LOCA~liATION MEASURES ARE DESIRED rOR BLOCKS OF" 
MEMORY OTHER THAN 1024 WORDS IN SIlE (NO \.ESS THAN T~I5. 
HOWEVER), THE MACRO "COREe~OCK" MUST BE CHANGED TO REF'LEeT 
THIS. THE VALUE OF" COREBl.OCK IS N FOR A BLOCK OF" SI~E 2**N 
(E.G., 1~24= 2**10, so COREa\.OCK'10)~ 

THE CH.NNEL NU~BER US EO rOR L~T OUTPUT IS #16. THIS !s 
TO PREVENT CONFLICTS WITH THE DDT PATCH ~lLE 1/0 WHtCH US~S 
CHANNEL NUMBER #1'~ IF IT IS DEStRED TO CHANGE THIS 
ASSIGNMENT, CHANGE T~E MACRO "~PTCHNL" IN THE BEGINNIN~ Or 
THE MODULE AND RECOMPILE~ 
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0~10~ 
00.21210 
0:?,30~ 

~21400 
1?J05~0 
1?J0600 
210700 
00800, 
009~0 
010eleJ 

- NON S TAN D • R D MOO I rIC A T ION S - • 

IF THE DEFAU~T VALUES O~ r~EG. SREG, AND VREG ARE NOT 
USED, THEN THE MOOULE HEAD OF THE TIMER MODU~E MUST BE 
CHANGED TO REFLECT THIS, AND THE TIMEP MODU~E RECOM?ILEO: 
IN ADDITION, THE DECLARATIONS IN tHE MAC RO-10 MODULE 
"TIMINT" M'JST BE CHANGED TO RE~LECT THE NEW VAI,.UES, AND THIS 
MODULE REASSEMB~EO~ 
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~0100 
00200 
00300 

(- 004~0 
'--- r2J~5~'" 

210600 
00700 
0080ia, 
00900 
1i'J1000 
~11~H21 
01200 
rlJ130~ 
~14210 

"1500 
01600 
01700 
01800 
1i'J1900 
02012)0 
021eJ0 
02200 
~23"0 
024 12HZ! 
0250" 
02600 
027"0 
02812J0 

/- 02921121 
\",-- 0312J00 

03100 
0320" 
03312J0 
034"0 
213500 
03600 
03700 
2138210 
039Ql0 
21400" 
04100 
04200 
2143012J 
04400 
flJ 45QlI2J 
214600 
0470" 
04800 
0490" 
05000 
0510" 
215200 
05300 
05400 

,- 055021 
"-/ 12!5600 

0571210 
215800 

- • - • ~ - - • RES T RIC T ION S • • • • • - • ~ 

THE PROGRAM MAY N~T BE RESTARTED ArTER TIMSET() Is 
CALLED. :T~IS WI~~ 8E rIXEO WHENEVER THE ~OADER BUG W~IeH 
ACCIDENTLY OVERLAYS "OWN" DATA (INSTEAD or LEAVING !T 
~EROED) IS FIXED~ 

ANY ROUTINE WITH A NAME SIX (OR MORE) CHARACTERS IN 
LENGTH WHOSE FIRST THREE CHARACTERS ARE "TI~" WILL NOT BE 
TIMED EXPLICITLY. THIS TEST IS USED TO DIrrERENTtA'E 
ROUTINES' OF THE TIMiNGPACKAG£ rROM THOSE Or THE USE~: 
SHOULD THE USER HAVE ANY ROUTINES Or T~IS NATURE. THE TIME 
SPENT IN THEM WIL~ BE OHARGEe TO THEIR CA~~ERI 

I~ DOT IS USED TO START THE TtMING orr (SEE BELOW), 
BREAKPOINTS MUST NOT BE ?~ACEO AT ANY ROUTINE ENTRY paiN'S 
B E ~ 0 RET I M SET ( ) t seA L.~ ED'. I F" 0 N E I S P ~ ACE C INS U C H A 
POSITION, THE ROUTINE WI~~ NOT BE TIMED EXP~ICXT~Y, BUT 
RATHER AS DESCRIBEO ABOVE errOR "TIMXXX" ROUTtNE:S)'. 
ESPECIALLY ONE SHOU~D NOT ~~ACE A BREAKPOINT AT THE PO~J 
WHICH LEAVES THE ROUTtNE~ THE SlOE EPF"ECTS T~IS COU~D ~AVE 
ARE TOO HORRIFYING TO CONTEMP~ATEI 

THE HIGH SEGMENT USED MUST 8E PRIVATE. SINCE T~E 
TIMINITC) ROUTINE (C.~LED BY TIMSETC) EXERCISES WRI'E 
PRIVILEGES IN THE HIGH SEGMENT. 

THE ROUTINES MUST NOT CONTAIN SPuRious PO?J INSTRUCTIONS 
(WHICH CAN BE GENERATEO BY USE or THE MACHO? PEATURE !N 
B~ISS). ONE, ANO ON~Y ONE, PO?J IS PERMITTED IN A ROUTINE~' 

IF A M~CRO-10 SUB~AOGRAM IS USED. IT MUST ADHERE TO T~E 
BLISS ~INKAGE OISCIPLINES I' IT IS TO BE EX~~ICIT~Y TIMEO~ 
IN PARTICU~AR, It MAY CONTAIN ONLY ONE "PUSH SREG,rRE~" 
INSTRUCTION WIT~ A LABE~. EITHER lNTERNA~. OR EXTERNAL~ 
(NOTE THAT SUCH INSTRUOTIONS WIT~OUT LABE~S ATTATCHEO AAE 
VALID), IT MUST A~IO CONTAIN ONE ANO ONLY ONE ~O'J 
INSTRUCTION (SEE ABOVE ~ESTRICTION)~ VIO~ATI0N or THIS RULE 
WILL RESULT IN ABSOLUT£~Y UNPREOICTA8~E BUT CERTAINLy 
INCORRECT BEHAVIOR OF THE PROGRAM BEING TIMED~ 

THE ~OCATION Or T~E HIGH SEGMENT MUST NOT BE CHANGED AT 
RUN TIME WITH A COAt OR REMA? UUO I~ ANY ROUTINES B£lNG 
TIMED ARE IN t~t H!GH SEQMENT~ 'HE CHANGE wtL~ NO' BE 
DETECTED BY THE 'lMING PACKAGE AND CON'USION ANO C.TASTROP~£ 
WILL ENSUE, THE SI!E Or EITHER THE ~CW OR HIGH SEGMENT M.Y 
BE CHANGED, AS ~ONG AS THIS DOES NOT AESU~T IN CHANGING T~E 
ORIGIN OF THE HIG~ SEGMENT~ 

IF" OUT~UT IS TO BE DIRECTED TO tHE ~IN£ PRINTER, .~L I}O 
IN THE USER'S ~ROG~AM MUST BE COR~£CTLV TERMINATEO. SINCE A 
"CALL CSIXBIT IRESET]~" UUO IS EXECUT£O PRIOR TO EAeH 
PR I NT I NG. NOTE: T~ IS AL.SQRESEr.S JOBF" TO " JOBS A<18, 18) ANO 
SETS THE WRITE-pROTEe' BIT IN THE HIGH SEGMENT. Ir ANY or 
THESE HAVE AN ADVERSE [FPEeT ON TMt PROGRAM OR CAT. eASr. 
THEN PRINTER OUTPUT MAY NOT BE USEO: 
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((J21~0 
002210 
003~0 
00400 
005021 
00600 
0070121 
0"800-, 
0090~ 
010i2J~ 
01100 
01200 
013"~ 
01400 
0150j(j 
016130 
01700 
1211800 
01900 
{212000 
1212100 
02200 
02300 
1212400 
12125~0 
02600 
02700 
02800 
1212900 
,,3000 
{2I3100 
032~0 
033~0 
03400 
03500 
{213600 
03700 
03800 
03900 
0412100 
04100 
12142~0 
e4300 
0 4 400 
0451210 
0 4 600 
0 4 700 
048~0 
04900 
05000 
1215100 
05200 
05300 
05400 
121552'0 
05600 
057100 
2158"0 
05900 
1216000 

- - ... .. ... - .. .. USE r R 0 H 0' 0 T • '" • ... " till "" '" 

THE TIMING PACKAGE MAY BE C.~~ED rROM DDT (RATHER THAN 
HAVING TO RE-ASSEMBLE THE MAIN PROGRAM MOOU~E) BV PLACING A 
BREAKPOINT IN THE MAiN PROGRAM. T~IS 8R~AKPOINT MUST BE S~T 
SOMEPLACE A~TER THE STACK HAS BEEN INITIALI~ED, BUT 8E~ORE 
THE FIRST C4LL ON A ROUTINE TO BE tIMEO~ THE CAL~ TO TIMS~T 
FROM DDT MUST BE MADE rROM THE CONTEXT Or THE MAIN PROGRA~~ 
A BREAKPOINT MUST ALSO 8E P~ACED SOMEWHERE IN THE MA!N 
PROGRAM WHERE TIMING IS TO CEASE~ A GOOD PLAC~, rOR 
EXAMPLE, 'IS THE "UUO 12" AT THE END or THE CODE. 

WHEN THE FIRST BREAKPOINT 15 REACHED, TVPE "PUS~J 
TIMSET$X~. THIS WILL CALL T~E TIMSETC) ~OUTINE. W~~N 
CONTROL RETURNS, TYPE "$P" TO PROCEEO~ WHEN THE SECOND 

,BREAKPOINT IS REACHED, TYPE "PUSHJ TIMEND$X" TO TERMINATE 
TIMING. THIS WILL MARGINA~LY INFLUENCE THE TIMINGS O~ THE 
MAIN PROGRAM, SINCE THE TIME SPENT IN ~OT A~TER THE RE'UAN 
~ROM TIMSET AND BErORE THE CA~L Or TIM£ND ARE CHARGED TO T~E 
MAIN PROGRAM. 

A~TER CONTROL RETURNS FROM THE SECOND ~USHJ, TYPE "PUS~J 
TIMST#$X" (WHERE # IS ONE OF THE NUMBERS 1-9) TO OBTAIN 
OUTPUT OF THE STATISTICS, A~TERNATIVELY, ONE MIGHT TY~E 
" PUS H J TIM A L. L S X " TOO B T A I N 0 U T PUT 0 F ALL T ~ e: S TAT 1ST 1 C S ", 

TO DIRECT OUTPUT TO THE LINE PRINTER, TVPE "PUS~J 
TIMLPT$X". ALL OUTPUT WILL BE DIRECTED TO THE LINE PRINTER 
UNTIL REDIRECTED TO THE TTY BY "PUS~J TIMTTY$X"A THESE 
CALLS SHOULD NOT BE GIVEN UNTIL TIMEND() HAS BEEN CAL~ED~ 

TO AID IN SETTING UP A PROGRAM TO BE TIM~O, A "PATCH 
FILE" M~Y BE USED: THIS CONTAINS A~~ THE DDT COMMANOS 
NECESSARY TO SET UP tlMING~ GENERALLY T~ESE CONSIST ONLY or 
SETTING UP BREAKPOINTS AND EXECUTING THE INITtA~I~ATION 
COMMANDS, BUT MORE COMP~EX OPERATIONS MAY BE NECESSARY. T~E 
PROTOCOL BELOW S~OWS HOW TO SET UP AND USE A PATCH rILE. 

.MAKE PAT1.DDT 
*@I\ DRIV.F+4S8 OR1V:r.5$B $G PUSHJ TIMSET$X SP\$$ 
*EX$$ 
EXIT 
fC 

.GET DSK TIMING 
JOB SETUP 
fC 

.DDT 

!Ii" • PAT 1 • $ Y 0 R 1 V'. r .4$ 8 0 R I V", F' ... 5 $ B $ G 
51B»ORIV.r+4 PUSHJ TIMSETSX 

SP 

NOTE THAT ArTER TYPING $"~PAT1~SY THE COMMANDS IN THE 
FILE ARE TVPED OUT AS !r "THEY HAD BEEN TYPED rROM THE TTY~ 

" 8-:- 8 
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06100 
~ 62~ra' 
tzj6300 

C 11J6400 
, 11J6500 

c 

11J660~ 
~67~~ 
0680', 

THE SV ("YANK") COMMANO IS MORE rULLV OOCUMENTtD IN THE C-MU 
DOT MODIF'lCATIONS wRiT£Ur.... IT IS RECOMMENOED THAT THE' L.A!T 
COMMAND ' I N THE F'IL..E BE: SP, AND THAT T~E CALI.S TO "T 1 ME:NO" 
AND THE REPORTING AOUTtNES BE PERrORMEO ,ROM THE TTV~ T~E 
MAIN REASON FOR T~IS IS THAT Ir OOT IS RE-ENTERED AT ANY 
POINT BErORE THE DESiRED BREAKPOINT oceURS, T~E REMAINOER or 
THE rILE WILL BE A£AO WIT~ UNDESIRABLE SlOE ErrECTS. 
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00100 
0'~200 
~~3e~1 
0;?;40~ 

0Z50U 
00600 
00700 
008V!1<J 
00ge0 
0·1000 
01::"00 
0120121 
01302 
01400 
0::'5~0 
0160'3 
01702 
~1800 
01900 
02000 
02100 
022~0 
02300 
212400 
02500 
~260el 
02700 
028Ql0 
02900 
f2l3~00 
e3100 
~3200 
e3300 
t?J34~1c1 
035~0 
0360~ 
03700 
213800 
03900 
0 4 2100 
04100 
04200 
04300 
0 4 400 
04500 
~4600 
047~0 
214800 
,,4900 
05000 
rl!5100 
05200 
05300 
215400 
05500 
05600 
057i£'0 
05800 
059210 
0,600eJ 

- MET H 0 0 0 r 1 M P L E 'M E N TAT ION • • ~ 

THE TIM~R IS REAO BY USE Or A CALL AC,CSIX8IT /RUNTIM/J 
UUO, MODlrIEDACCOROtNG TO THE MEMO CIRCULATED OESCRI8lNG 
THE HIGH-RESOLUTION TIMER IMPLEMENTATION AT C-MU. IN ORO~R 
TO OPERATE CORRECT~Y ON SYSTEMS w~ICH 00 NOT HAVE T~E 
H,ARDWARE AND SOrTWARE MOOIF'lCATIONS POR THIS, THE "TtMINT" 
PROGRAM WILL HAV~' TO BE CHANGED TO THEtR S~ECI~ICATIONS~ AS 
A WARNING. THE "JlrrY TIMER" OF THE STANDARD DEC SO~TWARE 
HAS TOO ~04RSE A RESO~UTION (1/60 OR 1i5~ or A SECOND) TO 
MAKE TIMING SHORT ROUTINES POSSIBLE, AND A~SO su~rERS FROM 
THE FACT THAT INTERRUPts rROM DEVICES GET C~ARGED TO T~E 
RUNNING JOB, REGARD~ESS or WHETHER THAT JOB GENERATED T~E 
REQUEST OR NOT. 

A L. L. TIM I N G F' I G U RES G I V E N ARE IN" T 1 C K S" • W HIe H ARE i " 
MICROSECONOS EAC~. HENCE THE 35-8IT INTEGER WHICH 
REPRESENTS TIME CAN COUNT 34,359,138,368 TICKS, OR 343,591 
SECONDS. MORE THAN ADEQUATE rOR ANV TIMINGS DONE. 

THE TIMINIT() ROUTINE IS CALLEC fROM TIMSET() AND 
PERFORMS THE F'O~~OWING ACTIONS. 1) IT TURNS orr T~E 
WRITE-PROTECT BtT IN THE ~iIGH SEGMENT, 2) IT INITI~Llzrs 
CERTAIN COUNTERS AND CREATES AN ENTRY IN THE TIME VECTOR rOR 
THE MAIN PROGRAMI 3) SCANS THE DOT SYMBOL TAB~E SEARCHING 
FOR ROUTINE NAMES (A NAME WHICH SATIsrtEs CERTAIN CRITERIA, 
BEST DISCOVERED BY EXAMINING THE CODE), 4) CREATING AN ENTRY 
IN THE TIME VECTOR rOR EACH ROUTINE rOUND' 5) REP~ACIN~ T~E 
"PUSH SREG,~REG" INstRUCTION AT THE 8EGINNING OF EAOH 
ROUTINE BY A "PUS~J SREG.TIMENT" INSTRUCTION AND EVERY "POPJ 
SREG," INSTRUcflON AT THE ENe BY A "JRST TIMEX'" 
INSTRUCTION: AND rINA~LY 6) IT qESTORES THE HIGH~SEGMENT 
WRITE-PROTECT BIT TO I'S PREVIOUS STATUS. 

THE TIMING UPON ROUTINE ENTRY IS C'~CU~ATEO AS ro~~owSi 

GRAB TIMER (OONE IN TIMENT) 
COMPUTE ~OST TtME 
ADO TIME INCREMENT TO A~L ACTIVE ROUTINESI TOTAL 

TIME 
ACO TIME INCREMENT TO CURRENT AOUTINE TIM£ 
PUSH THE NEW~V.ENTERED ROUTINE TIME VECTOR ONTO T~E 

TIME STACK 
AOO 1 TO T~E NUMBER or CA~~S 
GRAB TIMER (AGAIN CONE IN TIMENT) 

THE TIMING UPON ROUTiNE EXIT IS CA~CUL.TEO AS ro~~ows, 

GRAB TIMER (OONE IN TIMEXT) 
COMPUTE ~OST TIME 
ADO TIME INCREMENT TO ALL ACTIVE ROUTINESI TOTAL 

TIME 
ADO TIME INCREMENT ,TO CURRENT ROUTINE'S ROUTINE TIME 
POF» THE T 1 ME VECTOR. or THE: CURRENT ROUT I NE 
GRAB TIM£~ (OONE IN TIMEXT) 

~OST TIME IS T~E TIME BETWEEN T~E "GRAB TIMER" BEGINNING 
A TIMING ROUTINE AND T~AT AT ITS ENO~ 
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06100 
062Z0 
,,63121121 C 06400 
1216500 

THE TIME VECTOR is THE TABLE CON1.!NING T~E NAMES OF A~~ 
ROUTINES IN THE SYST£M, AND A~EAS TO .CCUMU~ATE STATISTleS 
FOR THEM. IT IS CURR£NT~Y 6 WOROS ~ER ENTRY TIMES T~E 
NUMBER Or ENTRIES CMAXATN) IN Sl~t~ 
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00200 
~0300 

00400 
005~0 
006~~ 
0070~ 
~Z800 
0~900 
01000 
01100 
012~0 
01300 
01400 
01500 
01600 
01700 
01800 
01900 
020~0 
02100 
02200 
02300 
e2400 
~2500 
026~0 
02700 
02800 
02900 
03000 
031~0 

- - - ~ 0 C A ~ 1 ~ A T ION MEA SUR E S • • • 

LOCALIZATION MEASURES PROVIDE IN~ORMATI0N ABOUT T~E 
DYNAMIC BEHAVIOR Or A PROGRAM WIT~ REGARDS TO ITS EXECUTION 
WITHIN CERTAIN REGIONS Or MEMORY AND ITS DATA ACCESSES. T~E 
TIMER PACKAGE CANNOT OBTAIN STATISTiCS ABOUT ITS BEHAVIOR 
WITH REGARD TO OATA ACCESSES, BUT IT CAN MONITOR THE 
INSTRUCTION LOCA~l~ATtON~ THESE MEASUR[S ARE USErUL rOR 
DETERMING THE PROFER GROUPING Or ROUT!NESOR MODU~ES rOR 
PAGING o~ OVERLAYING~ 

THE LOCALI~ATION STATISTICS OBTAIr'ED ARE SOMEW~AT 
APPROXIMATE, SINCE THE ROUTINE IS AWARE ON~Y or THE 8~OCK Or 
MEMORY WHICH CONTAINS THE RouTINE ENTRy POINT. I~ T~E 
ROUTINE CROSSES A B~OCK BOUNDARY. T~IS SH~ULD COUNT AS A 
BLOCK CROSSING, BUT DOES NOT~ IT WOU~D BE HOPED THAT A 
BLISS VERSION FOR A PAGED POP.1~ WOULD HAVE A rACILITy TO 
FORCE ROUTINES TO THE NEXT PAGE 80UNDARY, RATHER THAN SP~tT 
THEM, 

THE LOCALI~ATI0N MONITOR RECORDS 1) THE NUMBER Or TIMES 
A BLOCK WAS ENTERED (A ROUTINE WITHIN THE B~OCK WAS CALLEO) 
FROM A DIFFERENT 8~OCK ANO 2) THE NUMBER or TIMES A ROUTINE 
WITHIN THE BLOCK CA~LEO A ROUTINE IN A DIF~ERENT B~OCK, FROM 
THE REMAINDER OF THE i!MING INFORMATION, T~E TOTA~ NUMBER or 
C~L~S WHICH WERE MACE TO ROUTINES wtTHI~ THE MEMORY 8~OCK 
AND THE TIHE SPENT IN THESE ROUTINES IS OBTAINED. A SUPPO~T 
ROUTINE PRINTS OUT A MEMORY MAP ~IST!NG T~E ROUTINES WITHtN 
EACH BLOCK. MORE SOP~ISTICATEO ANALVSIS IS POSSI8~E BY 
EITHER PROGRAM OR HUMAN. 
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c 

0~100 
002-00 
0Q!3~~ 

"el40~ 
~050~ 
0~600 
007¥'J0 
"08"~ 
00902 
01000 
01100 
,,1200 
(Zl13kl0 
01400 
~15ilJ~ 
01600 
01700 
01800 
01.9210 
02000 
02100 
02200 
02300 
0241210 
02500 
02600 
02 7 ~"?J 
02800 
0291210 
03000 
,,3100 
032021 
0330~ 
03400 
03500 
03600 
03700 
03800 
03900 
04000 
041"121 
042I?JfZJ 
04300 
04400 

- - - L 0 C A ~ i ~ A T tON 0 U T PUT • • • • • 

THE LOCALI~ATION OUTPUT CONSlSTS or TWO ROUTINES, TIMSTS 
AND TIMST9, WHICH ~A~ BE C.~LED FROM T~E USER'S MAIN PROGRAM 
OR VIA DOT IN TH~ SAME MANNER THAT THE OTHER REPORTING 
ROUTINES ARE CA~LEO (SEE "USE FROM DOT" ABOVE). 

TIMST8() OUTPUT: 

BLOCK IN OUT CAL.LS TIME 
** .... •••••••••••• 

"BLOCK~ IS T~E MEMORY AOC~ESS or THE MEMORY 8~OCK. lr 
NO TRANS;ERS IN OR OUT WERE MADE. T~EN THIS IS THE ONLy 
INFORMATION ON T~E L.IN£. 

"IN" IS THE NUMBER or CALL.S MADE TO ROUTINES IN T~E 
BLOCK FROM ROUTINES oufSIDE THE BL.OCK~ 

"OUT" IS T~E: NUMBER OF" CA~~S MADE: TO ROUTINES ourSIOE 
THE BLOCK rROM ROUTINES ~ITHIN THE SLOCK. 

" CAL. L S '. 1ST 1-1 E TOT A ~ N U M B E R 0 F" C AI. L SMA 0 e: T 0 A L: L 
ROUTINES WITHIN THE B~OCK, rROM A~~ OTH~R ROUTtN£S 
("CALLS"-"IN" GIV~S SOME MEASURE or THE INTRA-BLOCK 
ACTIVITY), 

"TIME" IS THE TOTAL. TIME S~ENT EXECUTING AL.~ ROUTINES 
WITHIN THE BLOCK~ THIS IS T~E SUM OF A~~ "AOUTINE" TtM[S 
FOR THE ROUTINES WITHIN THE B~OCK~ 

TIMST9() OUTPUT: 

BLOCK RTNS 
•• **.. •••••• •••••• •••••• •••••• •••••• • ••••• 

•••••• •••••• ETC~ 

"BLOCK~ IS T~E MEMORY ADDRESS OF" T~E MEMORV 8~OCK~ 

"RTNS" IS THE NAMES O~ ALL ROu'tN~S CONTAINED IN ,~., 
BLOCK. 
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0el~0 - - - - I N T ERN A ~ DOC U M [ N TAT ION •• ~ • 
1210200 
00300 DATA GAtHERING ROUTINESI 
lZlel40eJ 
0050~ 

~H:!6"0 
2107,00 
121080~ 
0i,900 
01000 
01100 
01200 
0130_;J 
1211400 
01500 
12116~Ql 

01700 
01800 
019210 
02000 
",,21021 
212200 
02300 
~2400 
02500 
02600 
02700 
02800 
212900 
030~0 
03100 
03200 
03300 
03400 
03500 
23600 
03700 
03800 
1213900 
2142100 
04100 
04200 
0 4 300 
04400 
214500 
04600 
04700 
048"0 
214900 
0501210 
21510121 
1215200 
e5300 
05400 
121551210 
0560" 
057e~ 
e5800 
1?j5900 
21612100 

TIMENT: ALL ROUTINES LINK TO iHIS ROUTINE U~ON ROUTINE 
ENTkY. TH~ CLOCK IS READ ~ND ITS VALUE 15 PASSED TO 
TIMEIN()~ ON RETURN TO TIMENT THE C~OCK IS READ 
AGAIN TO PREVENT THE TIME SPENT IN THE TIMING 
ROUTINES rROM BEING COUNTED IN THE ROUTIN~ TIMES~ 
THIS VALUE IS STORED IN T~E C~08AL VARIABlE 
" TIM F R E ,. '. TIM E N TIS CON T A I NED I N TIM I N TIM A CAN D 
USES 14 WORDS. 

TIMEXT: ALL ROUTINES ~INK TO THIS ROUTtNE U~ON ROUTINE EXIT~ 
THE CLOCK IS READ AND ITS VA~UE IS PASSED TO 
TIMEOUTC), ON RETURN TO TIMEXT THE C~OCK IS ~EAD 
AGAIN TO PREVENT THE TIME SPENj IN THE TIMING 
ROUTINES FROM BEING COUNTED IN THE ROUTINE TIMES~ 
THIS VA~UE IS STORED IN THE G~OBA~ VARIABLE 
" TIM PRE" '. TIM EXT 1 S CON T A. I N £ C I N TIM I ~J T I t-1 A CAN D 
USES 11 WORDS, 

TIMEIN: THIS ROUTINE IS CA~LEO rROM TIMENT AND IS PASSED THE 
ROUTINE ADDRESS (~~US ONE) ANO T~E CURRENT T!M~~ 
THE INCREMENT Or TIME SINCE T~E ~AST READING Or THE 
CLOCK IS COMPUTED AND TIMACC() IS CA~~ED TO ADD tT 
TO A~L THE CUMU~ATIVE TIMES Or A~L OUTSTANDING 
ROUTINES~ T~E INCREMENT IS ALSO ADOEO TO T~E 
ROUTINE TIME Or THE CA~LING ROUTINE. A TIME VECTOR 
POINTER TO THE TIME VECTOR Or THE CA~~EO ROUTINE Is 
PUSHED ONTO THE TIME STACK AND THE NUMBER Or CALLS 
IS INCREMENTEO. ASSORTED STATISTICS ABOUT STACK 
DEPTH, NESTING DEPTH, AND BOUNOARY CROSSINGS ARE 
OBTAINED~ USES 11 WORCS~ CALLS TIMACC, TtMTRX, 
TIMERR, TIMI,.OC·, 

TIMEOUT: TH!S ROUTINE IS CA~~EO rROM TIMEXT ANO ts 
PASSED THE CURRENT TIME~ THE INCREMENT 0' TIME 
SINCE THE L.AST READING O~ THE CLOCK IS COMPUTED AND 
TIHACC() IS CALLED TO ADO IT TO THE CUMULATIVE TI~£S 
or A~L OUTSTANDING ROUTINES~ T~E INCREMENT IS A~SO 
ADOEO TO T~E ROUTINE TIME or tHE CURRENT ROUTIN~~ 
THE TIME VEC'OR POINTER or tHE CUR~~NT ROUTtN~ IS 
POPPED ~AOM T~E TIME STACK~ USES 23 WORDS. CA~LS 
TIMACC. 

TIMACC: THIS ROUT!NE IS CALLED PROM TIMEIN AND TIMEOUT AND 
IS PASSED THE 'IME INCREMENT TO 8E ADDEO. TH!S 
INCREMENT IS AOOED TO THE CUMU~ATIVE TIME or A~L 
ROUTINES POINTED TO BY POINTERS IN T~E TtME STACK, 
TAKING CARE NOT TO ADD T~E VAI,.UE TWICE TO ROUTINES 
CAL~ED R£CURSI~ELY~ USES 26 WORDS. 

TIMlOC: THIS ROUTINE IS CAL.~EO TO LOCATE T~E TIME VECTOR OF 
THE ROUTINE BEIN~ CAlL.EC~ If RETURNS AS ITS VAL.UE 
THE INDEX or T~lS RouTtNE IN THE TIMEVECTOR 
S T R U C T U R E. USE S BIN A R V SEA R C H T £ C C N 1 QUE '. USE S 2 5 
WORDS. 

TIMTRX: THIS ROUTINE IS CA~LED rROM TIMEIN TO RECO~D 
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c. 

c· 

c 

06100 
06200 
063'H~ 
06400 
2!650~ 
066~0 
067.00 
06800 
06900 
12!70~0 
07100 
07200 
0730.0 
1C'J7400 
17500 
1C'J76~0 
077010 
078eJ0 
07900 
080~0 
12)8100 
08200 
rlJ8300 
0840121 
085210 
086~0 
rlJ8700 
08800 
1C'J8900 
09000 
0910~ 
092~0 
t2193110 
09400 
09500 
09600 
219700 
0982'0 
09900 
1021210 
1011210 
1121200 
103210 
112141210 
12150121 
11216210 
121700 
1121800 
109210 
1121210 
111210 
11200 
113k'10 
114210 
1150" 
1161210 
1170" 
1180" 
11900 
1212100 

BOUNDARY CROSS!NGS~ T.KtS TWO PARAMETERS, T~E 
AOORESS or THE CALLED ROUTINE AND THE ADDRESS or THt 

'CALLING ROUTiNE. l~ THEY ARE iN otFrERENT B~OCK5, A 
TRANSITION ouT or THE CALLERS B~OCK AND ONE INTO T~E 
CALLED BLOCK ARE RECORDEO~ USES 11 WORes, 

INITIALI~ATION ROUTINESI 

TIMSET: CALLS T!MINiT~)~ ON RETURN tT READS THE CLOCK AND 
STORES THE VALUE IN THE GLOBAL VARIABLE "TIMPR["~ 
THIS ROUTINE IS CONTAINED IN TIMINT,~AC AND USES a 
WORDS. 

TIMINIT: THIS ROUTINE IS C.LLEO BY TIMSET() A~D 
INITIALIZES T~E SYSTEM BEING TIMED. IT OBTAINS 
WRITE PRivt~EGES IN THE HIGH SEGMENT, PRE~ARATORY TO 
P~ACING TRAPS IN. T~E ROUTINES. IT THEN C~EAT~S A 
DUMMY ENTRY rOR TME MAIN ~ROGRAM (rROM WHICH tT 
ASSUMES IT WAS CAL~ED) SO THE MAIN PROGRAM ~OOKS 
LIKE A CA~LING ROUTINE~ SEVERAL COUNTERS AND 
SWITCHES 'At INITIALIiEO~ T~E DOT SYMBO~ TABL£ ts 
SCANNED, AND EACH SYMBOL qE~ERRING TO A LOCATION IN 
THE ADDRESS SPACE 15 EXAMINED. IF THE SYMBOL ANO 
THE WORD IT POtNTS TO SATISrY CERTAIN CRITERIA. T~E 
SYMBOL IS CONSIOEA£O A ROUTINE NAME~ TIMrIX fs 
CALLED TO PLAC£ ROUTINE ENTRY/EXIT TRAPS, AND AN 
ENTRY iN THE TIH£VECTOR stRUCTURE IS CR£ATEO~ 
rlNAL~Y, 'HE OLD VALUE or THE HIGH·S~GMENT 
WRITE-PROTEct BIT IS RESET~ USES 1,9 WOROS~ CALLs 
TIMFIX, TIMMAK. TtMSRC, T%M50X~ 

TIMFIX: THIS ROUTINE IS CA~LEO rROM TIMINIT TO SET TIMING 
TRAPS IN TME ROUTINE~ IT IS PASSED THR~E 
PARAMETERS. TM[ AODRESS 0' THE ROUTINE. T~£ NAME O~ 
T~E ENTRv-tAAP ROUTINE, AND THE NAME or T~E 
EXIT-TRAP AOUTfNE~ THE rlRST INSTRUCTION IN T~£ 
ROUTINE II REPLACEO BV A "~USHJ (ENTRY ROUTINES" 
INSTRUCTION, T~E POPJ TERMINATING THE ~OUTINE IS 
REPLACED BY A "JRST <EXIT ~OUTtNt)" INSTRUCTI0N~ 
USES 29 wo~os·. 

TIMMAK: THIS ROUTINE IS CA~L£O TO CREATE A NEW ENTRY IN T~[ 
TIMEVECTOR !T~UCTURE. IT IS ~ASSEO THE ADDRESS 0' 
THE ROUTINE ANO ITS SIXBIT NAME. 'I' AOOING TH!S 
ROUTINE WOULO CAUSE THE TIMEVECTOR STRUCTURE TO BE 
EXCEEDED. 'N EAROA r~.G IS SET 4NO NO ENTRV IS 
CREATED. US£S 33 WOROS~ 

TIMSRC: THIS ROUTINE 15 CA~LED ev TIMINIT TO OBTAIN T~E NAME 
O~ THE MAIN PAOGAAM~ IT S[AAOHES THE OOT SYMBOL 
TABLE ~OA EXACT EQUA~ITV OF I'S P.RAMETER~ USES 25 
WORDS. 

TIM50X: TAKES A RAOIX5J SY~BQ~ (£~G~ A OOT SYMBO~) AND 
RETURNS .5 ITS VALUE THE SI~BIT NAME. A!G~T 
JUSTlrIEO~ uSES 25 WOROS~ 

TIM506: TAKES A RAOIX" CHARACTER ANO CONVERTS 'IT TO A 
SlXBIT CM.~.eTEA~ USES t' WO"~S~ 
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12100 
12200 
12300 
12400 
12500 
12600 
12700 
12813-0 
12900 
1301210 
13100 
132e!vj 
13300 
134~" 
135(Z10 
136"" 
13700 
138~0 
13900 
1 4 12100 
1 4100 
14200 
1 4 312110 
1 4 4210 
14500 
14600 
14700 
148"~ 
14900 
15000 
151"~ 
15200 
153~0 
15400 
15500 
156kHZ! 
15700 
15800 
15900 
16000 
16100 
1620" 
1630" 
16400 
1650" 
166"~ 
167"0 
16800 
169210 
1 712100 
171'00 
17 2010 
1 7300 
1 7 400 
17500 
17600 
17700 
17800 
17900 
18000 

TERMINATION ROUT!N~Si 

TIMEND: READS THE C~OCK AND CAL~S TIMEOUT() TO ~INISH T~E 
TIMING or 'H£ MAIN ROUTIN£~ THEN CA~~S TIMTOT() To 
~INISH COM~UTATION or CERTAIN VA~UES~ USES 1 
~ORDS. THIS ROUTINE IS CONTAINEO IN THE MOOULE 
TIM I NT. MAC " 

TIMTQT: CALLED BY TiM£ND TO COMPUTE AVERAGE TIMES rOR ~AO~ 
ROUTINE. A~SO COMPUTES TOTAL EX~CUTION TIME AND 
TOTAL NUMBeR 0' CALLS, USES 57 WORDS. 

REPORTING ~OUTIN£SI 

TIMLPT: SETS THE LPT SWITCH TO DIRECT OUTPUT TO T~E LINE 
PRINTER. 

TIMTTY: RESETS THE LPT SWITCH TO DIREC' OUTPUT TO THE TTY~ 

TIMWLPT: CA~LEC BY TIMPUT iO WRITE A CHARACTER ON THE 
LPT. TWO PARA~ETERS ARE PASSEDI A rUNCTION CODE AND 
A CHARACTER, T~E ~UNCTION COD£S ARE. ~I OPEN THE L~T 
AND WRITE 'HE CHARACTER GIVEN~ 11 WRITE T~E 
CHARACTER GtVEN~ 21 CLOSE THE ~PT (CHARACT~R 
I G N Q RED) " USE 5 61lJ W 0 R 0 S " 

TIMPUT: ~RITES T~£ SINGLE CHARACTER PASSEO TO Ii ON THE ~~T 
OR THE TTY, AS D!RECTED BV THE ~PT SWITCH, US~S 14 
WORDS. 

TIMSPUT: WRITES THE STRING PASSEC TO IT (is 
5-CHARACTER GROUPS) ON THE LPT OR TTY, VIA TIM~UT~ 
USES 37 WORDS', 

TIMCRLr: WRITES A CARRIAGE.R£TURN/~lN£.~E£O ~AIR ON 
THE OUTPUT OEV!CE~ USES 10 WORes. 

TIMTA8: WRITES A TAB ON THE OUTPUT DEVICE. USES 7 WOAOS~ 

TIMPR6: WRITES T~E LErt.JUSTl~IEO SIXBIT C~AA'CT[R STRING 
GIVEN ON T~E OUTPUT OEVtCE~ USES 21 WO~CS. CA~~S 
TIMPUT. 

TIMOE2: THIS ROUTINE 15 CAL~EC TO 00 NUMERIC OUTPUT. IT Is 
PASSED 3 ~'RAMtTERS, THE NUM8EA TO OUTPUT, THE wtOTH 
TO OUTPUT IT. ANO T~E BASE TO CONVERT IT BY (2<­
BASE <= 10)~ CAL~S TIMDE2 AND T1MPUT~ USES 31 
WORDS. 

TIMDEC: THIS ROUTINE IS CAL.~EC TO 00 DECIMAL. OUTPUT, IT Is 
PASS EO TWO ,aARAM£TERS, T~E VA~UE ANO T~E W! 0 Tlr. 
CAL.LS TIMO[2 AND T %.M PUT " USES 40 WOACS, 

TIMOCT: THIS ROUTINE: IS CAL.L.EC TO CO OCTAL. OUTPUT', IT IS 
PASSED TWO PARAMETERS. THE VAL,UE AND TH£ W I OT~~, 
CALLS TIMC£2 ANO TIMPUT. USES 412 "'OROS. 
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1t<1~0 
1820~ 

C 
183~0 
1840~ 
185rcH' 
1861210 
18700 
1881210, 
18900 
19000 
1 9100 
1920~ 
19300 
19400 
19500 
196130 
1970~ 
19 800 
19900 
20000 
2010eJ 
213200 
20300 
213400 
20500 
2061210 
207~0 
20800 
20900 
21000 
21100 
21200 
2131321 
214""" 
2150~ 
216021 
2170" 
21800 
21900 
222100 
22100 
22200 
22300 
224130 
22500 
22600 
227~HZI 
22800 
229"'12l 
230021 
2310~ 
23200 
23321121 
234~r2I 
23500 
23600 
2372)0 
238"''' 
239021 
24000 

TIMRE2: PUTS OUT T~E STATISTtCA~ INrORMATtON ABOUT TOT4L 
PER FOR MAN C £ • N 0 I N D I V IOU A L R 0 UTI N E PER F' 0 R MA N C ~ ',' 
USES TIMPUT. TIHSPUT, ilMDEC. TIMPR6, TtHCR~', 
TIM TAB _ TIM W L PT. USE S 2 8 4 W 0 R 0 S '. 

T!MST1: SORTS DATA BY NAME AND CALLS TIMRE2. USES TIMESORT 
AND TIMR~2~ USES 12 WORDS~ 

TIMST2: SORTS DATA BV CALLS AND CALLS fIMRE2. USES TIMESOAT 
AND TIMR~2~ USES 12 WORDS~ 

TIMST3: SORTS DATA BY ROUTINE Tl~E ANO CALLS TIMRE2~ US~S 
TIM ~ S 0 R TAN 0 TIM REt. USE S 12 W 0 R 0 S '. 

TIMST4: SORTS DATA By CUMU~ATIVC TIME· ANO CA~~S TIMRE2~ 
USES TIM£SORT AND TIMRE2. USES 12 WORDS. 

TIMST5: SORTS DATA BY AVERAGE ROUTINE TIME ANO CA~~S TIMRE2~ 
USES TIM~SORt AND TIMRE2~ USES 12 WORDS. 

TIMST6: SORTS DATA By AVERAGE CUMULATIVE TIME AND CAL~S 
TIMRE2, USES 'IHESORT AND TIMRE2. USES 12 WOAOS~ 

TIMST7: SOR1S DATA BV ADDRESS AND CA~~S TIMRE2. uses 
TIMESORT AND T1MRE2. USES 12 WOROS~ 

TIMST8: CALLS TIMSON. SPEClrVING TIMTRP AS THE PROCESSING 
ROUTINE. USES 8 WOROS~ 

TIMST9: CALLS TIMSON. SPECIrVING TIMPRT AS THE PRoctsslNG 
ROUTINE, USES a WORDS. 

TIMALL: CALLoS TIMST1 T~RU TIMST9'. USES 1~ WOADS. 

TIMSON: CALLS TIMESORT TO SORT OAT. BY ADDRESSES. SEQUENCeS 
THRU THE ADDRESS SPACE IN B~OCKS or 
2**CORE8~OCK, CA~LtNG THE REQUESTED ROUTINES 
(PASSED BV I'S CA~~ER)~ USES TtMSPUT, TIMCRLr, 
TIHWLPT. USES 68 WORDS. 

TIMTRP: ~OR EACH COR~ BLOCK rOR WHICH THER£ IS A TRANSITION 
IN OR ouT, P~!NT THE NUMBER 0' EACH KIND, THE TOTAL 
TIME SPENT IN 'HE B~OCK, AND 'HE TOTA~ NUMBtR or 
CALLS TO ROU'INES IN THE BLOCK. CA~~S TIMSPU'. 
TIMDEC, TIMOCT. TIMCR~r. USES 19 WORDS. 

TIMPRT: rOR EACH B~OCK, PRINTS OUT THE NAM~S Or THE ROUTINES 
IN TH~' 8~OCK~ USES TIMOCT, TIMTAB, TIMPR6, 
TIMCR~rf USES 50 WOROS. 

MISCELLANEOUS ROUT!NESi 

TIMESQRTa SORTS THE TtMEVECTQR OATA BY CREATING A 
SORTED INOEX VECTOR INTO THE TIMEVECTOR. THE SO~T 
rIELD IS S~£Clrl£O BY THE P.RAMETERS. THE 5 
~ARAMETERS AEQUl~£b ARE. il NUMBER 0' ENTRIES TO !E 
SORTED; 2) wAlCH WORD Or THE TIMEVECTOR TO SORT ON. 
3,4) T~E POSITION (3) AND SI~E (~) rtE~c 
SPECIrICAT10NS or THE BYTE Or THE ~ORO TO ,SORT ON, 
5) THE otREC'ION TO SORT~ T~E A~GOqITHM IS A 
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241"0 
24200 
24300 
244~(~ 

24500 
24600 
2470~ 
24800', 
24900 
25000 
25100 
252j(jJ 
2530@ 
254r2lJ 
255Qh1 
25600 
25700 
2582121 
259~0 

GE~ERALI~ATION or r~OYD~S TRE[SO~T 3 (A~GORITHM 24'. 
CAe M DEC I 196.). I T C 0 ~J" A INS F' a R ITS e: x c ~ U s 1 ve: usE' 
THE ROUTINES TIMSlrT(58 WORDS) , TIMCMP (3~ WORDS). 
TIMX~R (11 WORDS), TIHEXCH (19 WORDS). T%MESOR1 
ITSELF IS 53 WORDS ~ONG. 

Tlr'1~lF'l: 

1IMCMP: SEE TIMESORT~ 

TIMXFR: SEE TIMESO~T~ 

I'IMEXCH: 

TIMERR: A GENERAL ERROR·eATCHe:R~ ANY ERROR 
TIMERR, PASSING IT AN ERROR CODE. 
IN A SELECT EXPRESSION TO CHOOSE 
ACTION. USES 48 WORDS. 
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DE:TECTED CAL.LS 
TI-IE: eOCE IS USE:D 
THE APPROPRt4'e: 


