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« Legacy systems
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* le teach: 3
LY T 7 « from scratch development
 projects up to 10kLOC
« clLear problems
« cholce among good options
« delivery == retirement
 They get:
 malntenance
e support in production
« uncomfortable requests

« Legacy code & documentation

Formal
Methods
O & Tools

>O | -
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The World Runs on Legacy

« 43% of banking systems built on COBOL [R]
« 15% of new applications built in COBOL [G]
« 75% of business data processed by COBOL [G]
« 80% of in-person transactions run COBOL [R]
e 95% ATM swipes rely on COBOL code [R]
« 180-200[G], 220[R] billion LOC in use

- one codebase up to 250 MLOC [Bankia]
« Reminder: PL/I, HLASM, 4GLs,

[G] Gartner 2003, [R] Reuters 2017
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BabyCobol

 One language
« to condense SLE’s worst fears

« Small enough to be implementable
« within one paper
O ONe course

« Each language feature represents
« one actual problem
« from a 2GL/3GL/4GL
«a Lot of interplay

«# BF, # INTERCAL, ¢ COBOL

Formal
Zaytsev, Software Lanquage Engineers' Worst Nightmare, SLE’20 ‘OFE S?ﬁiﬂi@‘ -
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aka @

BabyCobol LYK LT W 7Y, T ’/',\

]
BabyCobol is a project in language design aimed at creating a language that is, on one hand, small enough to be quickly implementable (fully or partially) within any framew ’ . L/‘"

support its features, and, on the other hand, complex enough to cover typical problems of legacy language processing. If you learn how to compile , you stand a go P
implementing a reasonably good compiler for any contemporary programming language. If you show how your language extension works on , it has a g¢: / kf
being applicable to any reasonable modern object-oriented programming language. If you can handle with your tool and with your skills, you are ready to face th: E

software modernisation, codebase migration and legacy language processing in general. At this day and age, being future proof means being able to handle software of the p /- .

Features: N/

ACCEPTI ALTERI COPYI DATA DIVISION DIVISIONI EVALUATEI GO TO| IDENTIFICATION DIVISIONI ﬂ LOOPI MOVEI MULTIPLYI
PERFORME PROCEDURE DIVISIONI SIGNAL

ADD DISPLAYJ DIVIDE

NEXT SENTENCEI

SUBTRACT

Origins

o (i [ cono (o [ e |

Mentions

e UTwente EEMCS Faculty, Formal Methods and Tools, , a news item, 3 February 2021

. . “for boldness in seeking real-world test cases for modern software language engineering tools by mining languages from the distant
past’, 22 December 2020

. A , a paper published at , doi: , 15-16 November 2020

. A , a pre-recorded presentation at SLE@SPLASH, 13 November 2020

. , Breaking Parsers: Mutation-based Generation of Programs with Guaranteed Syntax Errors, IFIP TC-2 WG 2.11 on , invited/impromptu presentation, Sorbonne Université, 20
February 2020 (first implementation of BabyCobol in Prolog capable of generating hundreds of BabyCobol programs)

. , BabyCobol: The Challenge to Program Generation Tool Developers, IFIP TC-2 WG 2.11 on , invited presentation, Sorbonne Université, 17 February 2020

. , Legacy and Software Renovation, guest lecture, Universiteit van Amsterdam, 9 December 2019

° , Blind Men and a Room Full of Elephants, keynote, Vrije Universiteit Brussel (VUB), 28 November 2019
h -t-t D S: // S'L e b 0 k . g i-t h U b . i 0 / b a b y BabyCobol is a project by a.ka. @ . Page Iasfu;ﬂ:;:ii in March 2021.

W3~ m v css 3/
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BabyCobol i1n a Nutshell

- ADD/SUBTRACT/MULTIPLY/DIVIDE + EVALUATE

« ACCEPT/DISPLAY + PICTURE

» MOVE (CORRESPONDING)

«GO TO + ALTER + PERFORM

« Divisions, paragraphs, sentences, statements
« Expressions can be contracted

« Qualification needs to be sufficilent

Zaytsev, Software Lanquage Engineers' Worst Nightmare, SLE’20
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Lexical Analysis

m

i _RVY-— _ _ UNIVERSITY Methods
Rainer Gerhards, CC-BY-SA, 2006, Punch-card-cobol OF TWENTE.‘ Fﬂ; & Tools ‘!
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Lexical Analysis

« Indentation 1s punchcard-driven FUNC : PROC OPTIONS(MAIN);
. . DCL IF FIXED DEC(3,0) INIT (1);
parsing starts at X column DCL THEN FIXED DEC(3,0) INIT (1);
« Tine contlinuation markers DCL ELSE FIXED DEC(3,0) INIT (1);
* Whitespace 1s 1nsignificant e
« pbut used for disambiguation THEN THEN = IF
ELSE ELSE = THEN;
« Keywords # reserved ’
« can be used as field names DISPLAY( IF );
. : . DISPLAY( THEN );
Lexical 1imports DISPLAY( ELSE ) :
« COPY A REPLACING ===B=== WITH ===C=== END;

Formal
Methods >
O & Tool

S
20
'
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Syntactic Analysis

e IF > 100
« IF > 100
 IF = 100

« IF NOT =
e IJF (X < 10
 IF NOT =

X
X
X
« IF X > 100
X
(
X

OR
OR
OR
OR
10
OR
42

Y < 10 THEN STOP.

< 10 THEN STOP.

10 THEN STOP.

< 10 AND NOT 0 THEN STOP.

OR 100 THEN STOP.

> 100) AND O THEN STOP.

AND (Y < 10 OR > 100) AND O THEN STOP.

10
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GO TO Considered Harmful?

o To Statement Considercd Harosful

Koy Words sad Phrases: g0 10 ststament, jom intnctes,
runeh instruetive, ssadisonal cluus, slteriative slusse, e

itive L peogram wibalivy , prograa. seqae
CR Cotmgreien: 422, 523, 834
Korron

¥or & number of years | have beer, familise with the clwery
=

ety of n 1o MaTaTADRS 1t 1o progratm hey prodsse. Meeo
mennily T dimeoversd why Une wwe of e o (0 slalenent has ek
disaatrien offects, wad | bosse ooavizosd 1hat 1he ge o waia-
mwat abould ke absliedad from all “Bigher lovel” prograrosming
Ianginges (0. eveyihing ascept, parhaps, plain mechice code).
AUt visne T ol ook, wiinch b mech imporianee to this G5
cowery; 1 now st sy eonsiderniinns for publieation hreanse
15 very peeest disrussions in which the subjess turced m, | bave
Town arged to do
My frut remark s thac, althoogh tho prograsiars aotivity
be hem constrveted o eoeroet pesgram, the proess
Aking place wnder conteot of hie program o the tree aubject
matter of Ns activity, for i 3 this jovemss that, has 1 seeceplish
e demieed et 4 s 1hin provem thet o s dymamie bekarie

bees mads, the "making ol the earvarpeading proem (s dee.
ated 1o tAn maehine

My ovend reuack o that eur ivillrual povees
rared 10 o rolathonm and that wie powen |
Precanas eretving im thae e Tlatirly pooly davaicped. Yer
that ressce we should do (ua wies progiamens avare of eur
lisitatines) cur viment %o sharien the comepiual gp betwam

Lot s 00w consider how we can charartesse e progress o &
pevecen. (You may think about this question it & very coaseete
[ o s

ey
have b fix in order m.‘ we cun rede 1ho pescoss waill th very
wsne poin ) 1 the pes
g matevwats  Toe tho parpae of 1his disecmsion rgrid
a8 the deseripiinns of wughe asvions) i s auleient 3 peint in 18
Pregram (v o & podat betvees 1we suosssive aclion
. (1 e abaores of g 16 stasemencs 1 ona pormit mysel! the
Syutactie ankigiity in the bast. thres Wonde of the previeds sen.
tence; if we panms thers s “pucomsive (acticn deseriptins )
waceusive i et wgas; if we puran as *(weecossive wlion)
deseriptions” wi mean sucesssive in time.) Lot w ral sirk &
Potter (o b ektnle place in the boxs o “Sestund indos.”
Whes we fscbule conditions] dsises (if I thes 4. aliernsuve
clasaes (i 1 then AT elne 43), shoiee awes 2 (wacduced by
An)), ---An....mp-.
sivms o inivecdueed by J. MeCaethy (1 — K1, BY — B3,

- charaseerited by & single texiual index.

e o slngle sextu o
o tostad Indes .-..-4 o the interier 91 & prosedire bady 1he

Volume 11 / Number 3 / Mareh, 1963

dymami: pocgrem i ook charscterisnd when we alss give (o which
el of the procedure we refer. Witk the (nsiuskon of prossdires
wr can rharieiense 1he Progoems of the process vis & sequence of
ntanl indiens, the longlh of his wryiesen bairg sgeal to the
dysami: depih of provedure ealling

s 50w ensicier repatition elusen (be, while B repeat 4
or repoat A umtil 4. Logieally speaking, sach clacacs are bow
xpoves repaizion wD the aid of
easore of vaden | don’t wish 1o ex
clade them) 0 th eae hand, repetivion classes can be
nated quite ssmlictably with prescet day fnite ayopment | on
the ceker hasd, (e maseing gacieen kiows as “industion”
takees uy wol) o pped Lo retain wir datedde o0 the
Vrocomers wetiersied by repetision cluases. With the inclasien of
the rupacicion claene texcual indstee are To beager sufficient te
dameritoe Uhe dymareis pocyroms of U precsss. With sash sutry bste
b Tepetiting came, boerver, we caa ssociaie & s-called “dy-
Gamie (e, iwioeshly seuniing the orfisal sumber of L
corrmapeading eurmoos rpricica. As repetition
procedure calls) may bo applind sestedly, we fu
Progrens of the prosess eas abansn e uriyiely charactarised by &

b wishas or ot They pewide indopondeet scordinates in vhish
1 deseribe the progrws of the

process
Why ds ww ol seeh indepentert ssardinatas? The mases
o—and thin seezms %0 b iberval to proceases Lt
wa cau intecpret e valus of & variable caly with mapest o U
progress of the process. If we wish 10 ceunt the number, n sy, of
o0n, wo ean achivns this by ineress-

of cocedinatas in which to deseribe the procens progeems. Ussally,
eupla take fnte wecvnst e well the valuen of o well shosen

L the L O of che quation bocme k1 e to
e 1hat ing of thees vabse b 0 bo undemteed
LY ‘lz -x--«nmnm con, of coume, sill
progress uekquely by & sausser sxanting the mmber of s
perfaraied since prograss start vie. & Kind of mrmaliead ek
e, althesgh waiqoe, is utterly
....mu. In ek e rd
{Tir 1o daktn al thwse puints of peogresm where,
..,‘ " -.-._ e wewibor of porvons in the rosm faines aeel
Tho 40 40 eeteamnt a4 it stands s jut o peimitive; it s too

rogard aed
By weol elnim tiaal e clanwns meuthrond sre exbanative in the sexee
AN Sty Wil sty Al etk whasever clacaes ase sugpiod
{04 stortisn chasase) thay sheuld ntiafy th mquiremens Sat &

e jurucess i ol
T s bt 12 sad thin ek 4 i sskaveiodgimes. An T o
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A Case against the GO TO [EWD215]

EWD215 - O

A Case sgsinzt tne GO TO Statewent

by Cdsger W.Dijketra
Technelegicel University

Eindhaven, The Netherlands

Since @ nuntor of yesrs I am familior with the observation that the

Juality of programners is = decceasing function of she

noity of go to

stotementa in the programs they produce. Later I discovered why the use of
the go to statement hac ouch disostrous effects ond cid I becoms eonvinced
that the go to statement snould be abolished from all "highsr level®™
programming languages (i.e. sverything except -perhaps- plain machine code).

AT that time I did rot attach too much importance to this discovery; 1 now

submit wy consideratione for publication because in very recent discussions
Go To Statement Col
Key Words sad Phrases
bruneh instruetin, ssad)
itive chause, progam la
CR Cotmgrien: 422, 5.23,

in which the subject turned up, T have been urged to de so.

My first remerk is that, mlthough the progranwer's activity snde when

Karror
For s nummber of years | he has constructed a correct program, the process taking place under control

that 1he quality of progn)

deini iy of g v weacamens of his program is the true subject motter of his activity, for it is this

seanily T dimeoversd why

process that has to effectuste the desired effect, it is this procees that

in ite dynemic baraviour hss to satisfy the desired specifications. Yes,

ence the program Fac teen mede, the "making" of thes corresponding process is

delegated to the rachine.
[pp—

matter of Ns aciivity, for |
My weconc remark is that cur intellectusl powers are rather geared to

master static reletions and that our powers to visiulize procecses evolving

®380n we should do (as

in tire ore relatively ncorly developed, For that

wise programeers awsre of cur limitations) our utrost best to shorten the

conceptusl gap betweon the static program and the dynamic process, to make

the correspondence bebween the progrem (spread out in text zpace) and the

x

proceas (spresd out in tise) sw trivial as pooeible.

e progress 1hat (1e tean g of Uhees vahns s 10 b UDGRIOL

-

wles
achude cordhiet dauoes (if B thea ), smeranive
W0 Uhen AL wlne A2), ohoiee ol od by
. Hcwrn (el of (A1, 42,
sivmn 1 inivoduend by J. MeCartly
1in = Bn), the fare roonaies that (he gmigress of the pesonss .
e (h-ruunldbl-nuk textual indes

As o i ot Inagenge prooebi we wat o duds
Uhat s ingle sentind el ' o> loape suficioat. T the raoe thas
* tocteal index poincs to the isterier of & prooedurs bady the

Volume 11 / Number 3 / Mareh, 1968

Witk she g0 Lo siateosent soe o, of coume, sl descride the
progress velquely by & cousser saaating the pumber of wetioes
jaraued sitce progras start (vie. & kind of ormaliead sk
The difficabny in the mich & coerdinaie, aliheagh wnlqor, io viterly
andedsle [ ——
o o -

taere

The 40 W elbteamet 34 it atands s just wo primiiive; it s oo
b imvitation to make & mwes of 060's progeam. One oan
rogard aud appreciate the claeses sonsidernd as hridiing e e |
donel :I--m-l tae chanans meuthraed sre exbasstive in the sezse
[P p—— clacsen ase puggreiod
prodemmprani Sy i sutoty st mepomment that &
progaumr indpen: wedate yviem o0n be _xmuu ™
duslie the presms fn ! belptul il

s burd 1o sad thin Wik & i sskavviodgnans. Am T Lo
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B
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Dynamic Semantics

« G0 TO

« considered harmful
 ALTER?

 not considered
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Static GO TO

PROCEDURE DIVISION.

EXIT-ON-ERROR.
GO TO EXIT-UPDATE-RECORD.
EXIT-UPDATE-RECORD.

EXIT-ROLLBACK-RECORD.
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Alterable GO TO

PROCEDURE DIVISION.

ALTER EXIT-ON-ERROR TO PROCEED TO EXIT-ROLLBACK-RECORD.

llllllll

EXIT-ON-ERROR.
GO TO EXIT-UPDATE-RECORD.
EXIT-UPDATE-RECORD.

EXIT-ROLLBACK-RECORD.
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Computable GO TO

PROCEDURE DIVISION.

MOVE "EXIT-ROLLBACK-RECORD"™ TO HANDLER.

EXIT-ON-ERROR.
GO TO HANDLER.
EXIT-UPDATE-RECORD.

EXIT-ROLLBACK-RECORD.
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Summary of BabyCobol

« Hard to parse

« indentation, whitespace, keywords, contractions,
« Hard to analyse

« name-based assignment, sufficient qualification,
« Hard to execute

« control flow self-modification
« Still easier to handle than legacy

Zaytsev, Software Lanquage Engineers' Worst Nightmare, SLE’20
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Software Evolution: Retrospective

« A an 1dea, 1t works
e minor detail can be polished
« Narrative % Complexity
« plot thickens differently than challenges
« Gamification led to a product 1line
« focus: data types vs control structures
« Series of small tools
- instead of one compiler/interpreter
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Conclusion

Software Language Engineers’ Worst Nightmare

Vadim Zaytsey
Univ ‘ersiteit Twente
Enschede, The Netherlands
vadim@grammarware.nel

Abstract 1 In!roduction
Many techniques in softyare language engincering get theiy Legacy languages designed jn the second half of the Jagt
first validation by being prototyped to work on oneparticu- century, are gl dominating some domgins like the finan-
lar language such as Jay, Scala, Scheme, or ML or 3 sypset cial sector, and have ample presence in other highly criticq]
ofsuch a language, Claims of s, generalisability, as yel] 55 domains such as insurance, logistics, manufacturing and .
discussion on Ppotential threats to thejr external validity, are ary. Even in the Programming community index TIOBE [68]
often based on authors' o hoc understanding of the world  Janguageg Jike COBOL (#27), FORTRAN (#30) and RPG (s35)
outside their usual comfort zone, 1o facilitate and simplify e constantly looming next to modern f; eshly designed ang
° r\ such discussions by providing a solid measurabje ground,  regularly updateq languages like Dart (426), 3oq), (#29) and
WWe propose a language calleq BabyCobol, which was specifi- - Kotlin (¢35, Only 4 small fraction of the userg of gyc, lan-
5 C cally designed to contain featyres that tum processing legacy  guages are happy customers deliberately making s e,
e brogramming languages such g COBOL, FORTRAN, pL,1, nological choice for its actyq] benefits, the rest are forceq
. e REXX, CLIST, and 4GLs (fourt), generation languages), into by circumstances into maintaining business-criticq] systems
e such a challenge. The language is minima) by designso that g are to0 large and complicated to replace, rewrite or
1 can help to quickly find weaknesses inframeworks making  ayey reengineer. Many owners of gyop legacy codebases
them inapplicable to dealing with legacy softyare. However,  jnyeg substantially into thejr renovation, be it replatforming,
applying new techniques of software language engineering rearchitecting, reverge cngineering, language migration or

and reverse enginering to syl 5 small language will por anything else that is still  yigpje option for them,

be too tedious and overwhelming. BabyCobo] ya designed Developers of compiers, debuggers, development environ-
in collaboration with industrial compiler developers by sys- Ments, program restructuring tools, fact extractors, testing
. tematically traversing featyres of several second, third anq automation frameworks, etc, need to be ready to tackle ]|
fourth generation languages o identify the core culprits  kinds of challenges posed py legacy languages. vet, sucp,

ipmaking development of compiler fo. legacy languages challenges often remain somg gorq of sacred knowledge for
difficult, developers with intimage familiarity with said legacy fapy.

o Buages. Many new techniques are being proposed and pub-
CCS Concepts; . Software and its engineering — Spe- lished, targeting languages foy Which itis much casier to fing
y m a n clalized application fanguages; Compilers; - Social ang €nough open source code for €Xperimenting, enough docy.

professional topics — Soiuygy maintenance. mentation for comprehension, gy enough freely available
base compilers to extend o COmpare to. With this project,
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e would like o bridge the gap providing a description

2 . softwa , te SLE
g engincering software migraion eaching SL. for a lab-made language they exemplifies an entire cojoe.

tion of issues that make it 5o challenging to tackle Jegacy

: ACM Reference Format; y

— o Vadim Zaytsev. 2020, Software Language Engineers’ Worst Night- languages. Ingpireg by languages like MiniJava [5) and Feah-

mare. In Proceedings of the 13th AC). SIGPLAN Internationgl Con- erweight Java [: 33], that are extremely useful for academic

Jerene on Sotware Languoge Ensineering (SLE 20) Novempey 1r- earchers t apply their knowledge g techniques on (see

A P e y O U 17,2020, Virtual, Usa. ACM, s, York, NY. USA, 14 pages. hrpe S 2 .

doiorg/10.1145/3426425, 3426933 Proposing a new language calleq BabyCobol. Unlike the

E 20 Novemr 157 2 T No Pronounceable Acronym, which yu. specifically designed

— I I 20 a
0 O ® 1o 20 COYTiEt held by th e oy, Publcationight lcensed 10 have “nothing at gl 1 Jormon with any other major
toACM language” [76] and hence il gy the category of uselessly
e the abor's vesion o the w1 ot Bere foryour personal  esoegie languages, BabyCabol yyas designed to exhibit ot
0 U r‘ 0 0 Presgporredistsbuton. The defnitue Vergn o of the actual real ife probepms encountered in compiling ang

rccedings ofthe 5 cy migating legacy languaper
s We present the language design across the next fevy soc.
tions, and then return to the ron] legacy languages driving
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