
REPORT ON THE ANSI X3J6 MEETING 
Lynne A. Price 

Supported by TUG, I spent January 25-29 in 
Lancaster, Pennsylvania attending a meeting of the 
ANSI X3J6 Text Pmceaeing Language Standards 
Committee. The committee is d- a standard 
language with facilities for text editing, text fop 
matting, and generalized markup. For text edit- 
ing, the object is to identify basic editing func- 
tions and a macro facility so that an individual 
user can take a personal macro file from system 
to system and not need to learn a new editor for 
each computer. For text formatting, the object is 
to be able to produce readable output on Merent 
systems from a single source file. It is under- 
stood that line breaks, hyphenation, page breaks, 
and so on cannot be preserved across different 
facilities. The output devices considered include 
daisy-wheel printers, word-processing equipment, 
and high-resolution typesetters. Text markup refers 
to labelling elements of a documenttitlee, chap 
ters, footnotes, etc. The goal for generalired markup 
is to itemize the elements needed for common types 
of documents, eo that input for various document 
formattem could be automatically prepared from a 
source file containing the text to be formatted in- 
terspersed with markup codes. Thus, preprocea- 
sors might exist to translate source files from the 
standard markup language to 'QX input form, to 
SCRIBE input form, to APS-5 input form, etc. 

Of the fifteen individuals in Lanurster, ap 
proximately half were committee members (to join, 
an individual must attend two meeting6 and pay 
$100). This attendance is fairly typical, although 
the mailing list has about sixty names. The com- 
rnittee has been meeting four timea a year, for week- 
long sessions. The next meetings are scheduled 
for Phoenix in April, Edmonton in Augut, New 
Hampshire in October, and the Bay Area in January 
or February. If the current schedule, which cab for 
completion of the standard in 1983, can be met, only 
three meetings will be required next year. Once the 
standard is approved, the committee will continue 
to have short meetings once or twice a year; activity 
will then increase as the five-year review approaches. 

I can forward a copy of the notryet-completed 
draft standard (dated just before the Laneaater 
meeting) to any interested TUG member. The X3J6 
formatting language has been greatly influenced by 
the concepts of boxes and glue aa used by '&X It 
is currently assumed that it will be easy ta trans- 

late, in both directions, between the eventual stan- 
dard language and '&jX. Several committee mern- 

bere alee belong to TUG. However, none of the X3J6 
members in Lancaster yet has acceaa to QjX. As 
a 'I@C user, I was repeatedly able to contribute to 
the discuseion. During the week, topics pertinent 
to formatting ranged over paragraph justifidon, 
word spacing, letter spacing, line spacing, leadera, 
rules, and page layout. I learned quite a bit about 
typesetting. Subtopica I found most intereating in- 
volved generaliaations of structures and algorithms 

u d  by m- 
It is very clear that X3J6 can benefit from in- 

volvement by TUG. There are advantages to the 
community as well. X3J6 is formed of in- 

dividuals knowledgeable in both typenetting end 
automatic text proceesing. Until the '@X langusge 
stabiliaen, X3J6 can comment on ita applicability 
to general, non-mathematical typeeetting. There 
heu always been interest within TUG in a possible 
"Son of w; X3J6 may be an outlet for future 
generalisations. Finally, X3J6 and TUG have a 
common interest in separating font d e n  from eel- 
of typewtting equipment. For the a h  reasons, I 
recommend that TUG continue to finance a repre= 
eentative at  X3J6 meetings. Although we granted 
the Finance Committee authority to make this ded- 
sion in Cincinnati, we can all provide input to the 
process through TUGboat, mail, and telephone. 

FDEED-POINT GLUE SETTING 
AN EXAMPLE OF WEB 

Donald E. Knuth 
Sfanford University 

The "definitive" version of ie being written 
in a new language called WEB, which ie a mixture 
of and PASCAL. I will soon be publishing a 
complete manual about WEB, but in the meantime I 
think it will be weful to have an example of a fairly 
short piece of code written in "web" form. Therefore 
I have prepared the accompanying program, which 
aleo wvw another function: It illuatratm how to 
remove the last veatigea of floating-point arithmetic 
from the new T&jX 

The eleven pagee that follow this introduction 
contain the example program in ita "wovenn form, 
including the table of contents and the two indices 
that are generated automstically. I hope the reader 
can guess bow WEB works juet by looking at this 
particular example. The PASCAL version of the 
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prowar or will eventually appear in the e r n e  format, 
only it will be somewhat longer. 

The twelfth page, which is page 23 of this h u e  
of TUGboat, is an example of the output generated 
by the fixed-point routines. And the page after that 
is the actual PASCAL program that was produced 
from the 'tveb". (This PASCAL code isn't very 
readable, but it is intended to be read only by the 
PASCAL compiler, except in rare emergencies. It 
does contain cross-references that show where each 
numbered part of the web has been inserted.) 

Following the PASCAL code I have attached an 
example page of the WEB file, which is what I ac- 
tually typed into the computer. This file, GLUE. WEB, 
was the source of everything else. A program 
called TANGLE took GLUE. WEB as input and produced 
the PASCAL code GLUE.PAS as output; I never 
looked at that output, I just let PASCAL compile 
it. Another program called WEAVE took GLUE. OIEB ae 
input and produced GLUE. TEX as output. (A sample 
page of GLUE. TM appears after the sample page of 
GLUE.WEB, ao that you can see what WEAVE does.) 
When processed GLUE. TM, the result was the 
eleven pages that I mentioned first; you should read 
these eleven pages first. 

How much computer time did this all take? I 
didn't gather exact data, which is not easy to ob- 
tain on our time-shared DEGlO computer, but 
the following approximate times are fairly accurate: 
TANGLE took two seconds to convert the WEB file to 
the PAS file, PASCAL took two seconds to convert 
that to a REL tile, the system loader took two seconds 
to get the program in memory, and the program 
produced its output in a small fraction of a second. 
Furthermore WEAVE took four seconds to convert the 
WEB file to the TW fde, ?J&X took 40 seconds to con- 
vert that to an output file (in this case a PRESS 
file for the Dover printer), and the hardcopy output 
was printed by the time I walked down one fiight of 
stairs to the printer room. You have to multiply the 
TANGLEPASCAL-load-run time by about 5, since 
I went through five pasees while debugging, and you 
hiwe to multiply the WEAVE'QjX-print time by 2, 
since thia is my second draft,. 

How much human time did it take? I spent a full 
day considering various ways to do the necessary 
fixed-point mputations, until deciding that this 
acheme was preferable to another that was baaed 
on two 16-bit integers instead of powers of 2. I 
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spent about t h  hours writing the WEB code, about 
two hours typing it into the computer and editing 
it as I went, and about two houre proofreading and 
debugging. 

The bugs turned out to be mostly typographical 
or related to fussy details, since the web structure 
made my program eo clear (to me at least) that I 
was pretty sure it was correct as I wrote it. Here are 
the bugs I remember making: 

1) I forgot that WEB doesn't allow me to use its 
special notation for octal constants in a com- 
ment, unless the constant appears in "PASCAL 
moden. 

2) In one place I typed 'global' instead of 
'Global', so WEB could not matcb the two 
namea. 

3) I I& a dollar mgn off at  the end of a formula. 
(This later caused QjX to give an error message 
that I had an extra right brace; t4m it said 
I couldn't do eomething-or-other in restricted 
horizontal mode.) 

4) I forgot that PASCAL doesn't allow a function 
to return a structured type. 

5) I forgot to declare the variables a, b, and c in 
one p d u r e .  

6) I used 'unite' instead of 'udeln' in one place. 
7) I left off the begin and end Ut now sur- 

round the module called (Compute c by long 
division ) . 

8) I used s instead of ss in the g s d e d  "easy 
case.". 

Note that there are bugs in my uslp of WEB, in my 
use of PASCAL, in my use of 'QiJC, and in my a l p  
rithm. But I believe the total number of bugs would 
have been a lot more if I had programmed separately 
in PASCAL and written a separate description in 
l$$. And Obe final documentation is not only better 
than I know how to make by any other method, it 
also is guaranteed to be a documentation of exactly 
the program as it describes, since the documentation 
and the program were generated by the same WEB 
source file. 

As I gain more experience with IIEB, I am finding 
that it signiscantly impraves my ability to write reli- 
able programs quickly. This is a pleasant surprise, 
since I had designed WEE mainly as a documentation 
tool. 
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- 
2 INTRODUCTION 

1. Introduction. If is being implcmcntod on a microcornputor &a& doe, =bit ddiLion and 
subtraction, but with multiplic&ion and division restricted (a l b b i t  mulWplii and divton,  it un dill 
do the eomputotiona aaaociaCcd with the acuing of 3 u c  in a suitable way. TLi program illurfrrtar oat 
dubion (lo the problem. 

Another purpose of Ibis program is to provide Ibe first Shorta oumplc of the use d m. 

2. The program itself is written in standard PASCAL. It begb wiLb a normal program header, mmt of 
which will be f l l d  in with other pub of thi "web' u wc are ready to inkoduce *en. 

program CL UE (input, output 
fype (Types in the outer b l d  6)  

var (Globals in the outer block I) 
procedure L i t i a l i t c  ; { thia procedure geta W i g  rtukd } 

vu ( Locai variables for i n i t i r l i d o  m ) 
begin (Set initial values 10) 

end; 

8. Here arc two macroe for aomrnon programming W i  

define kt(#) sii # + # + 1 { increaae r iairbk by unity ) 
define &cr  (#) = # +- t~ - 1 {dareme a variable by unity) 
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54 GLUE TI119 PltODLLM A N D  A SOLUTION 3 

4. . T h e  problem and a solution. Wc arc ~ n c c r n e d  here with the "sctting of ghcn that occurs when a 

box is bcing packaged. Let z l ,  . . . , z, be integers whose sum s = z l  + - +  + X ,  is positive, and let t be 
another positive integer. These zi rcprcscnt scald amounts of glue in units of spt ( d e d  pointe), whcm one 
spt is 2-l6 of a printer's point. The othcr quantity t reprcscnts the total by which the glue should etrctcb 
or &rink. Following thc convcntiona of m 8 2 ,  we will assume bhat the integers we deal with are less l h a  
2a1 in absolute value. 

After thc gluc has been set, the actual amounts of incremental glue spaec (in spt) will be the intcgen 
j(zl),  . . ., j(s,), where j is a function that we wish to compute. We want f(z) to bc nearly proportional 
to 2, arid we also want the sum j (21) + . . + j (z,) to be nearly equal to t. If we were using floating-point 
atithrnetic, we would simply compute /(z) = (t/s) .z and hope for the best; but the goal here is to compute 
a suitable j using only the bed-point arithmetic operations of a typical "16-bit microeornpukr." 

The solution adopted here is to dctcrmine integers a, 6, c such that 

j(z)  = 12-'cl2-"xJj 

if z is positive. Thus, we take z and shift it right by a bits, then multiply by c (which is 215 or Icss), and 
shift the product right by b bits: The quantities a, 6, and c are to be chosen so that this calculation Jocsn't 

cause ovcrflow and so that j(zl) + . + j (2,) is reasonably dose to t. 
The following method is used to calculate a and 6: Suppose 

Y = m+ Izil. 
I l s S n  

Let d and e be the srn3jlest integers such that t < 2ds and y < 2'. Since s a ~ d  t are leas than 2a1, we 
hve -30 < d < 31 and 1 5 e 5 31. An error message is given if d + c > 31; in such a ease some z, 
has lzml 2 2=" and we are trying to change l ~ m l  to I(t/s)zml > 2d+*'2 > - 2a0 spt, which QX das not 
permit. (Consider, for example, the "worst casc" situation zl = 230 + 1, 2 2  = -z3O, t = 231 - 1; surely 
we necd not bother trying to accommodate such anomalous combinations of values.) On the other band if 
d+ e 5 31, we set a = e - 16 and b = 31 - d- e. Notice that this choice of a guarantees that [Z-"zJ < 21e. 
We will choose c to be a t  most 215, so that the product will be less than 2a1. 

The computation of c is the tricky part. The 'ideal" d u e  for c would be p = 2"+'t/s, since j(z)  should 
be approximately (tls) - z. Furthermore it is better to have c slightly larger than p, instead of slightly 
smaller, since the othcr operations in /(z) have a downward bias. Thcrerore we shall compute c = [p]. Since 
~ + ~ t / s  < 2a+b+d = 215, we have c 5 2'' as desired. 

We want to compute c = [pl exactly in all cases. There is no difficulty if s < 215, since c can be computed 
directly using the formula c = [(2"+'t + 8 - l)/aJ; wc have 2'+'t < 2''s < ZaO. 

Othcrwisc let s = 812' + so, whcre 2'' 5 sl < 2" and 0 5 so < 2'. Wc will essentially carry out a 
long division. Let t be "normalized" so that 2j0 5 2ht < 231 for some h. Then we form the quotient and 
remainder of 2ht divided by 81, 

2ht = 981 + ?'. 

It follows that  2h+1t - gs = 2'r - dog = R, say. If 0 2 R > -s we have q = [2"+'t/s1; otherwist 
we can replace (q ,  R) by (q f 1, R T s) unlil R is in the correct range. It is not Jificult to provc.that 9 

needs to be increased at most once and decreased at mast seven times, since 2'r - so9 < 2'sl < s and 
s0q/s 5 (2ht/d1)(s0/2's1) < 231/s: 8. Finally c = [2°+b'h"gl; and we have a + b - h - 1 = -1 or -2, 
since 228+' 5 21'8 = 2"+'+d-18 < - 2"+bt < 2"+b+d.y 215s < 23"+' 230 5 2ht < 231. 

An error analysis airows that tbcsc valucs of a, b, and c work s~~isfactorily, cxccpt in unusual eascj when 
wc wouldr~'t expect tl~crn to. We have 

-b o+b 
j ( ~ )  = 2 (2 t/s + 00)(2-az - dl) - Ot 

= ( t / s ) ~  + 802'0'b~ - 812*t/s - 2'b008r - 8% 

where 0 5 Oo, 81, O2 < 1. Now 0 5 002-"-'z < 2s-e-b = 2d+e-15 and 0 812at/s < 2s+d = @+'-I6, 

and thc othcr two tcrms are negligible. Therefore j(zl)+. ..+j(zn) divers from 1 by a t  most about 2a4e'1sn. 
Since zd+' spt is largcr than the Jargcst sbrctching or si~rinking of gluc after cxpansion, Ghe error is 3 worst 
about n/32000 times as much as this, so it is quitc rcawnable. For cxamplc, even if fill glue is being used to 
strctch 20 inches, tllc crror will still be less than & of an in&. 
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4 TI!& PROllLEM AND A SOLUTION CLUE 55 

I. To aum up: Given thc positive in@- a, t, and g aa above, we set a 4- [lg yJ- 15, b c 20-[Cyl-[Jg t j r ) ,  
and c t r2'-)*t/el. The irnplemcntatbn below $bows bow to do tbe job in PASCAL without using large 
numbere. 

6. wants to have t11c glue-setting information in a 32-bit data bype d c d  glue2aPio. The PASCAL 
implementation of m 8 2  has glue-ratio = red, but altcrnabive dcfinitiona of glue-ratio are explicitly allowad. 

For our purposcs we ahdl kt slue-rdio be a rceord t h d  is packed with chm fields: The aqari will hold 
the p i t i v e  i n w r  a + 16, tbe bgart will bold the nonnegative integer 6, and the cqart will hold fbc 
nonncgativc integer e. Note that we have only about 25 bib of information in all, ao i t  lou ld  Bt in 32 bib 
with ease. 

Types in the outer block 6 )  = 
glue-ratio = packed record apcrrt: 0.. 31; { the qusntiw a + 14 in our derivation) 

b-part : 0 . . 31; ( the quantity b in our derivatiin ) 
cgart : 0 . . ' 100000; ( the quantity c in our derivatiin ) 
end; 

rcakd = integer; {this data type is used for quantities hi 6pt units) 
This code io  wed in retion 2. 

7. The real probkm is to define the procedures that, QX nccda to deal with urch glw,tatio vrlwr: (a) Given 
scaled numbers s, t, and y as above, to compute the wtrcaponding glue-rdo. (b) Given a waled number z 

and a glue-ratio g, to compute tht d e d  number I(=). (c) Given a glue-ratio 9, to print out r, dccimd 
equivalent of g for diagnoetic purposa  
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8. Glue multiplication. The easiest procedure of tho t h m  just mentioned ie  thc one that is needed 

maat often, namcly, the computation d J(z). 
PASCAL doesn't havc builtin binary Aift commands or built-in exponentiation, altlrough many compufen 

do haw this caprbiliby. Thcrcfore our arilhmctie routinos u# an array ullcd 'W-to,Lhc', eonaning po- 

of two. Divisions by powers of two arc never done in the PrOgI'aIIlS bebw when the dividend is -ti-, 
cro the opcrationa can d c l y  be replaced by right a h i b  on machines for which this is most w p r o p r b .  
(Contraty to popular opinion, the PASCAL operation 'z dil '  m nat the same as ahifling t right one biaug 
place, whcn z b a ncgativc odd inlcger, if the computer w two's complement uithmctic. But diibion ir 
equivalent to shihing when s is nonnegative.) 

(Globals in the  outer block 8 )  za 
tw,to,& : uray [O . .30] of integer; ( two,~oAe [k]  = f ) 
See dso ~~ctfons IS .ad 20. 

T h i i d e m u w d 1 n r c ~ 2  

9. (Local variables for initialization #) r 

k: I . .30; { an index for initializing LwoAfl ie  ) 
This code is wed in rcLion 2. 

1 The gluc-multiplication function f trrr now be writtea 

define go a g .a-part ( convenient abbrevirtioar ) 
define gb r g . b-part { as alternatives to ) 
deflne gc ?EZ g.c+rt ( PASCAL'S with 8tatemait) 

Ctnetion glue,mult(t : rcakd; g : gluc,r&): integer; {returns /(t) aa b e ,  .ssuming that t >_ 0) 
begin it ga > 16 then  z 6 z dfv h1)0,to,CheIgu - 161 (right shift by a p b  ) 
elem t c t  *tw,to,&(l6--ga];  (kftshiftby -apl.ecr) 
glue,mult +- (r r gc) div tctro,to,thc [gb 1; (right sbift cz by b plrea) 
end; 



TUGbost, Volume 3, No. 1 17 

8 GLUE SIETTINC GLUE #It 

la. Glue rstting. Tbc glue& procedure c o ~ & ~ ~ ( n r  a, b, and c by the metbod explained above. 
d m  not normally compute the quantity y, but it would not be dillkuli fo mrkt it do ro. 

This proccdurc would be a fuwtion that returns s glut-ratis, if PASCAL would dJou hmctisn, to produce 
records ;as values. 

procedure gluejiz(r, t, y : acaled; v u  g : glue,ratio); 
var a,  b ,  e: integer; { components of the desired ratio) 

k,h: integer; (3O-~lgsJ,30-[lgtj) 
$8: integer; {original (unnormalizcd) v d w  of r )  
q , r ,  v :  integer; { quotient, remainder, divisor ) 
UJ: integer; (2') 

begin (Normalise 8, t, and y, computing a, k, and h I?,& 

i f t  < a  then b c 1 5 - a - k + h e b e b c I I - a - & + h i  
i f b  <Ofhen 

begin write-ln( ' ! i~I5lcersi~e~jgluo. *); (error m v  ) 
b - 0; c +- I; { make f (z)  --- \2'.iJ ) 
end 

else bcgin if k 2 16 then {eaay case, a < 216) 
c c (t div two-to-the Ih - a - b ]  + $8 - 1) div rr 

else ( Compute c by long division 14); 

end; 
ga * a  + l a ;  gb c- b ;  gc 6 c; 
end; 

13. (Normalize a, t, and y, eomputiig a, k, aud h 18) s 

begin a c 15; k + 0; h c- 80 +- 0; 

while y < '10000000000 do { y is known b be positive) 
begin dccr(o); g + v + y; 
end; 

while a < '10000000000 do {a is known ta be padthe) 
begin incr (k); 8 c a + a; 
end; 

while t < '10000000000 do { t is known to be poeitive) 
bcgin iner(h); t c- t + t; 
end; 

end 
Thin code h used in oection 12. 

14. {Compute e by long division 14) = 
begin w - two-lo-the 116 - k]; v + a8 2iv w ;  q +- t div u; r + ((t mod v) w) - ((a mod ~rr) q); 
if r > 0 then 

begin iner (9) ;  r + r - rr; . . 

end 
else while r 5 -8s do 

begin decr(q); r c r -t 88; 

end; 
i f a + b + t - h = - 1 7 t h e n  c+-(q+l)div2 (1 -16fk-h)  
else c + (g + 3) dhr 4; 
end 

This code is used in metion It. 
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515 GLUE CLUE-SET PRINTING 7 

15. Glue-set printing. Thc &st of Lhe three proccdurea we nccd is prinLgluc, whicb display8 a gk - ra t i o  

in symbolic decimal l o r n  &fore constructing such a procedure, we 1d1 coneider some umplcr r4tinq 

copying them from 'm. 
define unitg E '200000 { 2", represents 1.0000) 

(Clobals in thc outcr block 8 )  f = 
dig: array 10 . . 151 of 0 . .  9; {for storing digits) 

16. h array of digits is printed out  by printdiga. 

procedure print,dqs(k : integer); {printa dig()  - l] .. . diglo]) 
begin while k > 0 do 

begin deer(k); tutik(chr(ord('0') + dig jk])); 
end;  

end; 

17. A nonnegative integer is printed out  by prinLht.  

procedure ptint,int(n : integer); {prints an intcgcr in decimal form) 
var k :  0 . . 12; {indcx to current digit; we assume that 0 n < 10'~)  
begin k c 0; 
repeat  dig ( k ]  +- n mod 10; n - n d i v  10; iner(k); 
until n = 0; 
print-digs ( k  ); 
end; 

18. And here is a procedure ta print a nonnegative reolcd number. 

procedure prin~8caled(s : aeded); { prints a scaled rcd, truncated to four digit.} 
vcu k :  0 . .3; {index to current digit of the fraction part} 
begin print-int ( a  div  unity); { print the integer part ) 
8 c ( ( 8  mod unity ) * 10000) div unit8 ; 
f o r k  4-Oto3do 

begin dig [k] 4- a mod 10; a - r dlv 10; 
end;  

write ( ' . '); prinLdiqs(4); 
end; 

19. Now we're ready to print a gluc,ratio. Sina  the effective multiplier is 2'+'e, we will diIry the 
scaled integer 2'6'a'be, takiag care to print something spacial if this quantity is terribly large. 

procedure print,glue(g : glue,ratio); (prints a glue multiplier) 
var d :  -32 . .31;  (thequantity 1 6 - a - b )  
begin d + 32 - ga - gb; { the amount to shift e ) 
while d > I5 do 
begin write('2x'); deer(d); ( indicate rr~ultipks of 2 tor RIG e m )  
end;  

if d < 0 t h e n  print-sealed(ge div two-to-the [-dl)  {shift tight ) 
elre print-acakd(gc two,to,tAeId]) {shift left) 
end; 
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20. The driver program. fn order to b t  t b k  toutinor, wc win ruome that the input Ple con* 
a soqucncc of test cases, where each tost case conebb of the integer n u m b  t, zr, . . . ,%, 0; fie f i n d m  
case sbould be followcd by an additional sera 

' '. 

( Globals in the outer block 8 )  += 
x :  array [I . . 10001 of rcafed; { the z( ) 
t: sealed; { the desired total ) 
m: integer; (the test case number) 

21. Each case will be proeesscd by the folluwing routine, which -ma tbat t h u  already beem red. 

procedure test ; { proccssa the next data w t ,  given t and m ) 
var n : 0 . . 1 0 0 0 ;  {thenumberofiteuu) 

k : 0 . . 1 0 0 0 ;  {runsbhroughtheitems) 

y: acded; { m ~ l S i 5 n l z l l )  
g : glue-ratio ; { the compukd glue multiplier ) 
s :  sealed; {the sum zl+ .*-+zn) 
Is:, scaled; {the sum /(ZI) + + /(in)) 

begin mite-ln('Teetl)drtW~etLplmb.rtl', m : 0, ' : '); 
(Read x i ,  . . . , z, n); 
(Compute s and v P); 
if s 5 0 then write,ln( 'In~alidlJdrtrt~(a0np08iti~.u1pr) ; W a m e t ~ ~ . e j u t . a ,  #) 
else begin (Compute g and print it M); 

(Print thc values of z i ,  / (xi) ,  and the fotob %); . end; 
end; 

22. (Readz1 ,..., z, 2%)" 

begin n c 0; 
repeat iner (n); read(z [n]); 

until z [n] = 0; 
deer (n) ;  
end 

This code ia wed in section 21. 

23. (Compute r and 2s) s 
begin 8 t 0; y c 0; 
for k c 1 to n do 

begin s c s + z[k]; 
if y < abs (z [k)) then y +- abr(z [k]); 
end; 

end 
This code is used in wctioa 21. 

24. ( Compute 'g and print it 21) = 
begin glueJiz ( 8 ,  t ,  y , g); {set g , perhaps print an error rn- ) 
writc('~~C1ue~ratio~ie~'); ptint,gfw(g); mi te -hr ( '~ ( ' ,  pa - 16 : 0, ', ', 0)  : 0, *, ', gc : 0, '1 '); 
end 

This code is used in nection 21. 
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25. (Print the ,dues  of. ziJ /(x& md the Lotab 25) a 
begin tr - 0; 
for k + 1 to n do 

begin cmite(z Ik] : 20); 
if' z [k] 2 0 then y + glue-md(x I&), g) a h  c -*d( - t  I&), gk 
&te,ln(~ : 15); td + t4 + 1; 
end; 

witcJn('l,JTotalr ', r : 13, tr : 15, *~<t .rmo.~' ,  t : 0, ') '); 
end 

Thia aoda ia used in mtion 11. 

26. Here is the maio program. 

begin initiolirc; n, t 1; rcd( t ) ;  
while t > 0 do 

begin teat; mcr(rn); r e d ( t ) ;  
and; 

end. 
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10 INDEX GtUS $27 

27. Index. Ucre arc the ~~(tb. w h '  NiOm i d r U k n  am wed L (L* prqrr, d w b .  
various topica are d k d  

a: U. r: 12 
aqart: &11. v: a 
abr: 23. e l l .  
6: 12. m: 18, 18, 19,24, a. 
bqart:  b11. ~ h :  12,21,24,2~. 
c: 12. =: UPD. 
c-part: hl l .  V:  &a 
chr: 16. 
d :  u. 
dccr: 13, 14, 16, 18,22. 
dig: & 16, 17, 18. 
div: 8. 
error analysis: 4. 

9: ll,ua* 
go: ll, 12, 19,24. 
gb: U, 12, 19, 24. 
ge: U, 12, 19, 24. 
CLUE: 2. 
glue&: 12, 24. 
glue-mult: l& 25. 
glue-ratio: B, 7,  11, 12, 15, 19, 21. 
h: u. 
hairy matbanatica: 4. 
incr : 3, 13, 14, 17, !22, 38. 
initialize: 2, 26. 
input: 2, 20. 
integer: 6,.8, 11, 12, 16, 17,20. 
k: U,Ula .  
m: a. 
n: a. 
ord: 16. 
output: 2. 
print-dip: 17, 18. 
printglue: 1 5 , a  24. 
printint: U, 18. 
print-scaled: U1, 19. 
program header: 2. 

9 :  12. 
r :  u. 
read: 22, 26. 
r e d :  6. 

8 :  u, 21. 
scaled: &11, 12, 18,20,21. 
shifting: 8. 
88: u, 13, 14. 
1:  12, a. 
teat;  &26. 
ts: 25. 

two-to-the: 8, 9, 10, 11, 12, 14, 19. 
unity: 18. 
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527 GLUE 

( Compute c by long divirion 14 ) 
(Compute g atld print it 24) 

(Compute 8 and y 23) 

( Clobals in the outer block 8 ) 
(Local variables for iDiLiolization 9)  

( Normalire a, t ,  and y, computing a, k, and h is) 
( Print the valucs of xi, f (z,), 'and l&i btab 26) 

. . 
(Read 21, .-.., s,, B) 
(Set initial values 10) 

( Typcs in the outer black 6 ) 

MODULE NAMES 11 
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Test data s e t  number 1: 
Glue r a t i o  i t  1.3111 (0,14.18206) 

30000 33334 
40000 44446 
50000 66567 
60000 68668 

f o t r l s  180000 200004 (versus 200000) 
T e s t  data  s e t  number 2: 

Glue r a t i o  I s  0.0111 (0.21.23302) 
30000 333 
40000 4 44 
60000 666 
60000 666 

Tota ls  180000 1998 (vmrsur 2600) 
Test da ta  s e t  number 3: 

Glue r c t i o  i s  71.4101 (8,0,18281) 
8000000 671281250 

-9000000 -642686836 
8000000 571281250 

4000 274218 
7000000 499857363 

Tota ls  14004000 1000007282 (versus 1000000000) 
Test da ta  s e t  number 4: 

Glue r a t i o  i s  0.0000 (8,24.16335) 
8000000 28 

-9000000 -32 
8000000 28 

4000 0 
7oaoooo 24 

Tota ls  14004000 48 (vorsus 100) 
Test da ta  s e t  number 6: 

Glue r a t i o  5s  2x2~2~2x2~2x8681.0000 (-6.1.17362) 
800 4444672 00 

-900 -500025600 
800 444467200 
400 222233800 
700 388908800 

Tota ls  1800 1000061200 (varsus 1000000000) 
Test da ta  s e t  number 6: 
1 Excessive glue. 

Glue r a t $ o  i s  2 ~ 2 x 2 x 2 ~ 2 ~ 2 ~ 2 ~ 0 . 5 0 0 0  (-6.0.1) 
800 61200 

-900 -!376OO 
800 61200 
400 25600 

-700 -44800 
Tota ls  400 25600 (versus 10000Ob000) 

Test da ta  s e t  number 7: 
I n v a l i d  data (nonposi t ive sum): t h i s  s e t  rojectad. 
Test  data  s e t  number 8: 

Glue r a t i o  i s  0.0000 (1,30,11931) 
60000 0 

-59999 0 
90000 0 

Tota ls  9OOOl 0 (versur 1) 

Page 1 
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{2)PROGRAM GLUE(INPUf.OUTPUT): 
TYPE{6)GLUERATIO=PACKEO RECORD APART:0..31:BPART:O..3l:CPARf:O..32788; 
END:SCALED=INTEGER:VAR{8)TWOTOTHEIARRAY[O..3O]OF INTEGER: 
{15)DIG:ARRAY[O..15]OF 0..9:{20)X:ARRAY[l..1000]OF SCALE0;T:SCALED; 
H:INTEGER:PROCEDURE INITIALIZE;VAR{9}K:1..30:BEGIN{1o}~Wo~~T~~[~~:~l; 
FOR K:=I TO 30 DO TWOTOTHE[KJ:=TWOTOTHE[K-IJ+TWOTOTHECK-I):EHO; 
(11)FUNCTION GLUEMULT(X:SCALEO:G:GLUERATIO):INTEGER: 
BEGIN IF G.APART>16 THEN X:=X DIV TWOTOTHE[G.APART-16]ELSE X:=X*fYOfOmE 
[16-G.APART]:GLUEMULT:=(X*G.CPART)DIV TWOTOTHE[G.BPART]:END: 
{12)PROCEDURE GLUEFIX(S.T.Y:SCALED:VAR G:GLUERATIO):VAR A.B,C:IWTEGER; 
K,H:INTEGER:SS:INTEGLR:Q,RRV:INTEGER:W:INTEGER:BEGIN{l3)~EGI~ A:*16: 
K:=O:H:=O:SS:=S:WHILE Y4073741824 DO BEGIN A:=A-1;Y:-Y+Y:EID: 
WHILE $<I073741824 DO BEGIN K:=K+I:S:=S+S:END: 
WHILE T<1073741824 DO BEGIN H:=H+l:T:=T+T:END;END: 
IF TcS THEN B:=15-A-K+H ELSE B:=14-A-K+H: 
IF B<O THEN BEGIN WRITELN('1 Excessive g1ue.');B:=0:C:-1: 
END ELSE BEGIN IF K>=16 THEN C:=(T DIV TVOTOTHE[H-A-B]+SS-1)DIV SS E m (  
14)BEGIN W:=TWOTOTHE[l6-K]:V:ISS DIV W:Q:=T DIV V; 
R:=((T MOD V)*W)-((SS MOD W)*Q):IF R>O THEN BEGIN Q:=Q+I:R:-U-SS; 
END ELSE WHILE Re--SS DO BEGIN Q:=Q-l:R:=R+SS:END: 
IF A+B+K-H=-17 THEN C:=(Q+l)DIV 2 ELSE C:=(Q+3)DIV 4;END:END; 
G.APART:=A+l6;G.BPART:=B:GCCPART:=C:E#D; 
{16)PROCEDURE PRINTDIGS(K:INTEGER);BEGIN WHILE KrO DO BEGIN K:=K-i: 
WRITE(CHR(ORD('O')+DIG[K])):END:END:{17)PROCEDURE PRINTINT(W:INTEGfR); 
VAR K:O..l2:BEGIN K:=O:REPEAT DIG[K]:=N MOD 10:N:=N DIV lO;K:=K+l; 
UNTIL N=O:PRINTDIGS(K):END:{18)PROCEDURE PRINTSCALED(S:SCALED): 
VAR K:0..3:BEGIN PRI#TINT(S DIV 65636); 
S:=((S MOD 65536)*10000)DIV 65536: 
FOR K:=O TO 3 DO BEGIN OIG[K]:=S MOD lO:S:=S DIV lO:END:WRIT.E('.'); 
PRI~TOIGS(4):END:{l9)PROCEDURE PRINTGLUE(G:GLUERATIO):VAR D:-32..3$; 
BEGIN D:=32-G.APART-G.BPART:WHILE b 1 5  DO BEGIN WRITE('2x'):D:-0-1;- 
IF 0<0 THEN PRIWTSCALED(G.CPART DIV TWOTOTHE[-D])ELSE PRINTSCALED(6. 
CPARToTWOTOTHE[D])END~{21}PROCEOURE TEST:VAR N:0..1000:K:0..1000; 
Y:SCALED;G:GLUERATIO:S:SCALED:TS:SCALED: 
BEGIN WRITELN('Test data set number ',M:0.':'):{22)BEGIN N:-0: 
REPEAT N:=N+l:READ(X[N]):UNTIL X[M]-O:N:=N-l:END:{23)BEGIN S:-O;Y:*O; 
FOR K:=l TO N DO BEGIN S:=S+X[K];IF YcABS(X[K])THEN Y:-ABS(X[KJ):EIID: 
END;IF S<yO THEN WRITELN( 
'Invalid data (nonpositive sum): this set reject8d:)ELSE BEGIN{24)W611 
GLUEFIX(S.T.Y.G):WRITE(' Glue ratio i s  '):PRINTGLUE(G): 
WRITELN(' ( ' .G .APART-16:0 . ' . ' ,G .BPART:O, ' , ' ,G .CPART:O,* ) * ) ;ENO;  
(25)BEGIN TS:=O:FOR K:=l TO N DO BEGIN 'WRITE(X[K]:20); 
IF X[K]>=O THEN Y:=GLUEMULT(X[K],G)ELSE Y:=-GLUEMULT(-X[K],O); 
WRITELN(Y:l6);TS:=TS+Y;END: 
WRITELN(' lotals'.S:i3,TS:iS,' (versus '.T:O.')'):END:END;END; 
{26)BEGIN INITIALIZE;M:=l:READ(T);WHILE T>O 00 BEGIN TESt:M:-M+l; 
READ(T) :END:END. 
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\N12. Glue se t t ing .  
The \\{glue\,fix) procedure COmputeS $a$, SbS, and ScS by t h e  method exp18lned 
above. \TEX\ does no t  normal ly  cotfpute t he  q u a n t i t y  SyS, .but 
i t  would n o t  be d i f f i c u l t  t o  make i t  do so. . . 

This procedure would be a func t ion  t h a t  r e t u rns  a \\{glue\,ratio). i t  \PASCAL\ 
would a l low funct ions t o  produce records as v r l w s .  

\Y\P\4\&{procedure)\1\ \37S\\{glue\,fix)(\\s,\39\\t.\39\\y:\\{scaled}:\~\3 
~\mathop{\&{var))\\g:\\{~lue\-ratio})S:\6 
\4\&{var) \37S\\a.\39\\b.\39\\cS: \37\\{integer);\C{conponents o f  tho des l r r d  
ra t io ) \6  
S\\k.\39\\hS: \37\\{integer);\C{S30-\lfloor\lg s\c f loorS.  $30 - \ l f l oo r \ l g  
t \rf  loorS}\6 
\\{ss): \37\\{ integer} : \ C { o r i ~ i n a l  (unnorrnrl ized) value of $sS}\O 
S\\q.\39\\r,\39\\vS: \37\\{integer):\C{quotient. remainder. dlv isor)\6 
\ \w: \37\\{integer);\C{SZtlS}\2\6 
\&{begin) \37\X13:Normal i z e  SsS. St$. m d  SyS, computing S d ,  SkS, and ShS\X:W 
\ & { i f }  S\\ tc\ \sS \i\&{then)\S 
S\\b\K15-\\a-\\k+\\hS\ \&{else) S\\b\Kl4-\\a-\\k+\\hS:\2\6 
\& { i f )  S\\b<OS \ l \&{then}\6 
\&{begin) \37S\\{write\,ln)(\.{\*t\ Excessive\ glur.\'})S:\C{error rwssago)\6 
S\\b\KOS:\5 
S\\c\Kl$:\C{make Sf(x)=\lfloorZt{-a)x\rfloorS)\6 
\&{end)\6 
\4\&{el se) \&{begin} \37\&{ i f }  S\\k\G16S \l\&{then)\C(easy case, S$d2+{16)S)\6 
S\ \c \K ( \ \ t \ma thb in { \&{d iv } } \ \ { two \ , to \ , tha ) [ \ \h - \ \ a - \ \b ]+ \ \ ( ss } -1 ) \~  
{biv))\\{ss)S \6 
\4\&{else) \X14:Compute \ \c by long division\X:\2\6 
\&{end) ;\2\6 
S\\{ga}\K\\ a+l6S;\5 
S\\{gb}\K\\ bS;\S 
S\\{gc)\K\\cS;\B 
\&{end) :\par 

\ M U .  \PS\X13:Mormalize St$, St$. and SyS. computing $a$, SkS. and tht\X\S$\O 
\&{begin) \37S\\a\Kl5S :\5 
$\\k\KOS;\5 
S\\h\KOS;\5 
S\\{ss)\K\\sS:\B 
\&{while) S\\y<\O10000000000S \I\&{do)\C{\\y I s  known t o  be posl t lva)\6 
\&{begin) \37S\\{decr)(\\a)S;\S 
S\\y\K\\y+\\yS;\6 
\&{end} : \Z\6 
\&{whi 1 e) S \\s~\010000000000S \t\&{do)\C{\\s I s  known t o  be posl  t l v r } \ 6  
\&{begin) \37S\\{incr)(\\k)S;\6. 
S\\s\K\\s+\\sS; \6 
\&{end) : \Z\6 
\&{whi le} S\\t~\010000000000S \l\&{do)\C{\\t i s  known t o  bo p o s l t l v ~ ) \ 6  
\&{begin} \37S\\{incr)(\\h)S;\d 
S\\t\K\\t+\\tS;\B 
\&{end) ;\Z\6 
\&{end}\par 
\U sect ion 1 2 .  

\M14.  \PS\XIO:Compute \\c by long d iv is ion\X\SS\ i  
\&{begin} \37$\\w\K\\{two\-to\,the}[l6-\\k]S:\6 
S\\v\K\\{ss}\mathbin{\&{div}}\\wf:\S 
S\\q\K\\t\mathbin{\&{div}}\\vf:\5 
S\\r \K( ( \ \ t  \mathb in{\&{mod}}\\v)\ast\\w)-((\\{ss~\mathbln{\&{m~d)}\\w)\ast~\ 
01s: \6 
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e* Glue set t lng.  
The I glue-f 9x1 procedure computes Sat, $bS, rnd  St$ by the method explained 
above. \TEX\ does not normally corguto the  quant i ty  SyS, bu t  
i t  uould n o t  be d l f f  i c u l t  t o  n rko  i t  do so. 

This procedure would be a funct ion tha t  returns 8 /gtue,ratia/, i t  \PASCAL\ 
would al low functions t o  produce records 8s values. 

gp  procedure glue,fix(@ls.~lt,~ly:scaled:varI,lg:gt~o~rat~o): 
var9la,@lb,%lc:integer: {congononts o f  tho dosirad *&ti@) 
B!k.Blh:integer: ($30-\ l f loor \ Ig s\rf loorS, $30-\ l f loor \ Ig t \ r t loorS}  
B!ss:integer: {o r ig ina l  (unnormallzed) value o f  k S )  
Blq.Blr.R!v:integer: {quotlent. roaalnder. divisoc) 
0lw:integer; {S2tlS) 
begin &Normalize SsS, St$. and SyS, colput lng S& SkS. m d  SISb:  
i f  t cs  then bc1S-a-k+h@+else bc14-a-k+h: 
i f  be0 then 

begin write,ln(*l Excessive glue.'): {error  rosra@e} 
b*O: eel: {make Sf(x)=\lfloor2+{-r}x\rtlootS} 
end 

else begin i f  kLl6 then {easy case. Ss<Zt{lS)S) 
c-( t  d i v  two,to,the[h-a-b]+rs-l) d i v  s t  
e lse @<Compute I c l  by long d l v l s i o n h :  
end ; 

ga-a+l6: gb-b; gccc: 
end: 

8 e4loraal i ze SsS.. .W- 
begjn a45:  k*O; h+O: SPS: 

whi le y~e~10000000000 do { ly l  i s  known t o  be posit ive) 
begin decr(a) : y-y+y: 
end : 

whi le s~e'l0000000000 do { l s l  i s  known t o  bz pos i t l v r )  
begin incr(k): s-s+s: 
end : 

whi le t~e'i0000000000 do {I tl i s  known t o  be posl t ivo)  
begin incr(h); t+t+t: 
epd : 

end 

6 64ompute JcJ  ... @>- 
begin r-tro,to,the[16-kj: v+ss dlv m: qct div  v; 
r + ( ( t  mod v)*w)-(.(ss mod w)*q): 
i f  r>O then 

b e ~ i n  lncr(q): r+r-$8: 
end 

else while rS - ts  do 
begin decr(q); r+r+ss: 
and : 

i f  a+b+k-h=-17 then c-(q+1) d i v  2 {S1;16+k-a$) 
e lse c+(q+3) d lv  4: 
end 


