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SOFTWARE—PRACTICE AND EXPERIENCE, VOL. 197}, 607685 (JULY 198%)

The Errors of TEX*

DONALD E. ENUTH
Compuser Science Department, Stanford Untversity, Stanford, California 94305, USA

SUMMARY

This paper is a case study of program evolution, The suthor kept track of all changes made to
TgX during o period of ten years, including the changes made when the original program was.
first debugged in 1978. The log book of these errors, numbering more than 850 items, appears
28 an appendix to this puper. The errors have been classified into fifteen categories for purposes.
of analysis, and some of the noteworthy bugs are discussed in detail, The history of the TEX
project can teach valuable lessons about the preparation of highly portable software and the
‘maintenance of programs that aspire to high standards of reliability.

wey worps  Errors  Debugging  TEX  Program evalotion  Language desgm  True confrasions

INTRODUCTION

I make mistakes. I always have, and I probably always will, But T like to think that 1
learn something, cvery time 1 go astray. In fact, one of my favourite poems consists
of the following lines by Piet Hein:'

The road to wisdom? Well, it’s plain
and simple 1o express:

Err

and err

and err again

but less

and less

and less.

I am writing this paper on 5§ May 1987, exactly ten years since I began to work
intensively on software systems for typesetting. | have certainly learned a lot during
those ten years, judging from the number of mistakes I made; and I would like to
share what 1 have learned with other people who are developing software. The best
way to do this, as far as [ know, is to present a list of all the errors that were corrected
in TEX while it was being developed, and to attempt to analyse those errors.

® TEX is a trademark ol the American Mathematical Sociecy.

0038-0644/89070607-79439.50 Recetved 19 September 1988
© 1949 by John Wiley & Sons, Lid. Revised 28 November 1988

1978~1989 : Donald Ervin Knuth : The Errors of TeX

« [ZILTYX LD R | EFEEN SR
FILK E. 9X—X{EELATOIS L
EIEDEHAFTELTHREKL-
1989F M EFHEX

s AR AT LI TeX I D 10EIZES
BZBECETOYSLELE. B
Fh(Z/{5NT=-850IEH O IT5—0O
GHESWL. 150D T D iEEIR
RLI=m#I DX

Source: Software — Practice & Experience, eds. Cambell, J. and Comer, D., Vol.19, No.7, 1989, PP. 607-685
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The history of “Defect Engineering” #1 : The Errors of TeX

. 7L X LOFEE (an algorithm awry)

. AFBEFE(XEEL (a blunder or botch)
—EMFEIERARESDI-H D EXEL (a clean-up for consistency or clarity)
T—42t&1E D ER1E (a data structure debacle)

. $hEE D& (an efficiency enhancement)

S bNT-#EE (a forgotten function)

—iR1EE - (X 8EH D B & (a generalization or growth of ability)

% &% D ZE (an interactive improvement)

EENEE (a language liability)
 EDa—ILEIDAE H75H8 &+ (a mismatch between modules)

P. FBHETE D185 (a promotion of portability)

Q. fmE M3E3K (a quest for quality)

R. B4 D581k (a reinforcement of robustness)

S. BESN DL F1)7 (a surprising scenario)

T. b&o&LT-FR4E (a trivial typo)

A
B

C
D
E
F.
G
l.

L.
M
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The history of “Defect Engineering” #1 : Rfal&EILT 3

» E(BIETEDRAITDOXRME (Levell)
EELLEHTTOWVEDEBRDAAE LT TRD(T)
ELLEZ T =ELCEE(ZERD(B)
ELLEIDTW=REETHDETNS(F)

- =)L (L)

EHDOEFBARTZE (M)

» Levell kY —EREELLVERE (Level2)
— ZILOdYXLXRKE(A)
- T—AEELEDRY (D)

= HEEMIE I DIRETEMI SR (Level3)
- EXE1L(C)
— FhEMER L ()
- —#&1E(G)
- *EEME ()
- BHEHE(P)
- RHEQ)

Figure 5. Accumulated ervors of TEXTE, divided into fifteen categonies /
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Boris BeizerlZ& 59 %8 (19834 ) € RIAEIZx T B RMan 585 D Lb 245

s NTDHFBIZDODNWTHRR=1DTH 5., H#), IEEED/\NT DR HEICET HIZEILIRE(ANSISTE)ZHAL LD
tL,T—h\ HESLEIL T+ THo=1=HIZErEL 1=,

» ZITIE, INTEAMMDEFIZFE - RAVM O AT LTHIET 5, T—&z(;t F123416Jf&>%>o_0)-r\4/|~~/
AT LIZ ?ﬁ%ﬁﬁ&ﬁf—ﬁé#&)l IXJEVWSTEBEETD, IxIE, SENTDHEEIET AEED-HOD T

ELTHWS, =&,
3XXX LY I I T DEETRR
32xx MIBRER
322x HXFER R
3222 BETAR
3222.1 RRE

ZNOREOREDI—KIE, DRl ITHD, fz&EZ 1L, 9xxx, 39xx, 329x%, 3229, 3226.9ThH b, KU
MBS AN ER MBS, CCISHET 10D EDTH D, 1EzE UTHEBYTHD,

OXXX EXPDEDIRR]

39xx EXOHEDIEERER]
329x ROFEDOITUNELRR |
3229 EANFEOTHAFTHERER )
32229 : RAOFEONEELRER )
= NEETIE, WAWARLGAIFIEFLERINO T —RAEIWNETESIIITTH=MHIZ, COLILEFICLSER

’f/I“/ZTA’H*FH'd'é;é:( L=,

Source: Boris Beizer, “Software Testing Techniques”, Van Nostrand Reinhold; 1990 ISBN 978-0442206727
MYz 7TAMEE—BEL. RERIE. TLT/ATDORAHLEDF=OIZIR—)R /(' — (&), Boris Beizer (R3), /NEFR & (BHER), 1L5# B (BIER) , 1994, ISBN-13: 978-4822710019
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HWWED IMBLRELD
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42, REGEITAH 2

= AE)—=1)—=oDH:
Statel , State2 ; State3: “
— FIC R Bah —FAEYLET DY —ABEBL\DSEN,
if%lsb AFNTIKRE %hé‘nf REE JYUVUMEIEULTZIKEE

TESTIS T —#ixasal MEE LELE,
S LAIRPE. £ -l TESTIG EXE [ 00010465 BHTE,

FALD] TR A TS TESTIE B34 T L3,

i Testl6 x|

OIS LT ER IR T D TR T 0

E{*T LSS, FO0LDENE T ERE LTS
:

TEST1e o —RR R -
: TEETIe. E)(E FELZ 000100000465

= )J—JL. g
Eh% 00 00000 Ce=6228+ EIP=00000465 EFLGS=00000246
= P 0030151’0

001 7% S1=
ED)( FEeR0000 ES Q000 EDI= 00020000 5320000

Bytes at C5:E
26 Ga 06 00 00 2% 46 f6 ob 56 Of

Stack dump:

b 52 bb 00
I

AEYERERNRRIZEBLID
AEn(=1)—yL). %>
MNME1ET %4K5E

£ 74451
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Attributes * * Attributes
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Chapter #3
The needs of “Defect Modeling”
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INI—2 1) BRIV S IEES— XD H
s AU — Y REH I TOAENR, 2822
HEpg75451 -

16: } catch (Exception e) {
17: }

B RIHG734512 -
16: } catch (Exception e) {}
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INF—22) TLESID LGN I FIET A fRigEs

= TALIRAL ITNOOP 1 &LVS &R, ALER AR

BRI 511

16: } catch (Exception e) {

17: /I A7z L (NOOP)

18: }

B RY pA 754512

16: } catch (Exception e) {

17: [l ZTIZIEHE M TELAKX

18: }

© 2013 IBM Corporation
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INF—23) T2 [ERO =T B AIERBHTELED ]

= FISMLEARZRH SN=RIAAVNT VSN TINS

BRI -

16: // } catch (Exception e) {

17: /1 Logging(msglD, message.toString(msgIiD));

18: /] fis.close();

19: /1 I Z7ANoB—XIZKHBLI-HE. T5—Raise+ &R
20: /[ addActionError(e);

21: /I showError();

22: 1/ }

© 2013 IBM Corporation
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BilE1-a) FISMLENRIT TS

=17:
=]12:
=13:
= 14:
=15:
= 16:
=17:
= 18:
=10:

} else {

try {

//log.debug( "REMOVE_SESSION--->" + paramString);

Il ZDRIRIEDISE . SessionlZEAHNITHIRT
this.session.removeAttribute(paramString);

} catch (Exception e) {

© 2013 IBM Corporation
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Chapter#3

Defects are also artifacts
(REGLEF- AT THS)
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A) 1B 9 58 1 (Perception ):
BR(TAPY ELRKEHETHL) PR (HAEEMEEEMR)T5E. RMALTH-RABREEFELT
[RFaNFIIZFHET AL IZRERBRNICRREROZ AL, BB E OHA - BE/ NI —V EDBEIZE->TER,
ZIREM

—nff

B) 82419 %#E A (Cognition ):
BEZBE LT HEELERMZOLOFEMBLRBATESILS(2HEIE,

MELERMBEOEKRD T, IREEER T IEXFEELC A MERFREOME) . HFICEEHOREMERE T S
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JCETHIETRED
BRENKILT D
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Chapter3: /\J&RHE T HEDKNDENE
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Chapter X:
Defect Engineering and the future
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To be continued .....

© 2013 IBM Corporation



VIR DI FFRR RS 4
ST s
a —TpA— Softwars Testing

®
>
o
>
4
-
©
L
—



