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The z equ ii t ai. :: I I or an i ~ ~~~ .ap~~: oach to t Lt-

dove]., r~~ of bvt ~ o~~~t I •~.j ~~y~~~t 
..

~~ - . J  appl *~~~..t ion
:;ut tw 4 1  c 1 ~ . int r ~~ I nq. Tb i. t~ I I i  t~~i,~nt i t~ i i t  ~~~ ~I nt ~ n .  

~
‘ tit tI ’t ’ ~i .‘~~

‘ ~øpm&•nt. t 1 1 ..a qt~, ~~ ~ & ~yt~t~ m~ ..

w 11 1 ~~~~~ i nt t n . .  ov.’ r a 1 ‘-H’i r~ iJ.I of t lao and/or
s u b  t L ~~~s ’il to  ~‘X t ~ :i:’1V~~ mo ett i  ic~ t iuti . ~r . ‘ t  ~ fl t~t q~n I it~d~i~’~~r oach t.~in bcn’ i I t  ‘ bc d. vt~l opaont ot ~~~J 1 1 ~~~li~~ ‘
d iso.

A con. :.r” iv.’ et~t ia~te of h. total ~nn~i~ 1 cost lot
~oftw~u’ deve!o~m.’nt in - s ; t o ~ ia~~v1y 20 bi11i~ n do11 .~ie~I 4) . Con : ~W’r t rw lb • , plun the f.~cr that et .. d.~ and f i o  n ~
t~oftwar r~ h; q~ ow~ni~ .i r.’tc ’ of af ox lsa~e1y 21—~~. i~year v ’ t ~iz~ a ‘t i ’~~ t Ps ra t e  in t h~ no (tware ).t ~ t force of
only aP~~L t Ii.5 — 17~ 141 . i~ becomes obvioun th:.~ ~omet htn~jmust b~ ~ione’ t b.’ make th . no~ ‘w.irc devr lop*eni procer.s mote
et ~ ic1~~nt . Sped I i~~~i ly. h~ nt ~ aitn’~ t~’ rlacod t n  1)
i nc~ ea~ I nq hr p t  ~~htc t  iv it y of ~

.. labo r I t’r C’ • 2)
inc c eai~inq the cc l  l . t b t l i e y  of the no (t -...~ie t~dcve i~~~~~, and 3) reduc inc~ the pttcen~~.~1.’ of total
dove opr:ent rcr.ourc~.r curt  .‘ nt ly be inoj rpt ~ l1t on
ma i t~~r~~ic .~pd ~r i i  I &ca t ion.

It is !T e Lt Af l t  to r’r .r~ c .r the incluc~en o~ tht
m1t i nt t ~n~ince and ~~ i: I i ca t  ion functions in the def init ion ~f
softwatc dcv.’ 1 ’~ ~ nt . An advc rt i~~ 1i ~‘neIi of -

~~ny
c u r r e n t l y  popul ar software development t~ chniq~ . is that
tti .~v ~~~~~~~~~~ flaiflt .~ndnCc cost&~ and headaches, a veryin tr igu:r~j  benef i t  since ma1nt .~nancc a~~cI modif ication c~~~t :;
may amount to 75~ of the total ~oftwa rc dollat ly l its S (4J .

St~ ucturcd P ; ( ~1rj r rnj nq ~cchno1s’;y is curt r-~ ly ‘ r ~ rq inq
as a ~~i L 1  ~o 1tit ion t .~ Ui i~ r. . :  I retaCnt for ~n orqdnizedapproach t o  5o[t;~ :r e dcvc1o :~-~ n t . Inti data .iitheted during
the s t r ~:ctured devc Iop:~r.’nt of a hit.ic’ scale coI ..,r’- syi tem ,
the various aspects of ~;tructured Pro.irami inq will ~‘ediscussed and eva~ uatcd. The purpo:~r of th is ~~~~ IS not ~~~~

supply any c~iso n~ iii iv n w  dim~~ ion~ to the t hoor ,- , but
rather to evaL:j t  the im ic of i t  s use on th’~ ~of tware
development  ~ ‘ oces&; . The ~a~’~ t c o ns , . t s  of f i ve  ia~~~ i
sect ions :  (1) St ru c t  ai~~d l~’ o. l ra ’nr i i rn ,  ~‘r-t Iu..1o~ iv , which
dcscrih~s and cV.~ (u~. te ~ ~~ I 1101 U: C.) n- eu  , . ~1no techniqu’’s :
(2) ~“~~n ~~‘r ~ • ‘-:h ich 1F~~~~ e5 man o,.- ;~ ’nt fIIni’tion1 in .1
st r u ~~t ~ I r i ~~c’nt : (3)  ‘~r~’ I t / ’Cm— t ~

‘ . whic h d iscu s ses
t he  hene I i t- ~ and C O St s  of t h . ~ t i l t  . irpr each t o
s o f t w a t e  devclopnn’nt: (4 )  Cnnc lu r ienr , which summarizes tL”
evaluation of ~i oathet ed ~ .i: .it’l c~ (5) R.’co~ “-en.! a’  ions ,
w h i c h  ~~ t n t  r~ rec nm.~ndat I ~ n~

; on how and when to ~~~ y the
vat iou~; Structui  t d  P r o j r a m m i  nq t H,niquc’s .
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a

The app] icat ion 100w:- ~l upon 1~ t~ t ’ -  Clear *-~t otyUti l kt y  ICMU), ~n .. . uP O m.st..•d t a c i l it y  to pur j& t h~— World Wide
Mi1it ~iz. y Co~ rnaneI and Ct~t t t  to) S~ ’;t~~ (WWMCCS) ~ta n&t ~ ADP
sy s r~~r’ , the Honeywell Series t t ~tu , of *~qnc~t$ra))y :- iored
dat a  t - t w ~~cn periods of secure ro~i :5 inti. 7~it Clear Memory
Ut il i’y w . ~i do~v . - t . ~~ ’- I by Honeywell Information 5y- : t * ~r~s ,
Feder. l ~v,:t~ rns flpo’r - - ions fF50) u,tdt’r cont r~ ct to tb.-
I)~ fef l~:e: Cotiw ~~ teat t ro: Agency IDCA ) • Command and t’ont r ~i
Technical Center. ~~~~~~ AOP Uttt ~cLora to (Cc1~ /WAO) .

As a ‘i.7 5 man—yo•ar S t c L t c t j t . - d  Proq raaring piojec i
utlIl?ing th. t .~,lent~ of :ix people over a 1 3—mont~i p r io d .
the d’vc ioprient ~... ‘k wan, for i.~• .  t ’ - ~~~~~~ ti~~~, sot . complex than
its t it le, C1e. r Memory Utility . indicates.

First, l.~caune of stc inqcnt security rcqu i~~~~~~i~~. the
prog ram i~ necr~~ a rL1y  a total ly i ndependent ~~~, ~.th nosupport f rom GCQS . t h . ’ standard Sec ICC 6000 o pe r a iA ng
syste . Fro~r ~~~~~~~

t strap of the program .~~~i the operator s
console through fina l program termInation . CNU suppli. ~tsown logic for load i ng, confi;uratlon v~~t IIi t~~ Ion andmodific ation , i nput/output cervice - , fault handling ,
c i a :  i r v i  and self—erasure .

s condly, it was required that the developed ~~~~~ bc
verifi able as to correctn . Theorctic .~l1y , Sttuct ,r c ,
Progc .~~ning r~ethodoIog1er coupled with specilication andimpl~~~-ntat  ion 1 i r . -u i’ - : wh ich SUt)mlt t •o - --  : ‘ - 1v ’ -~ ~ C
math esatical proofs of corrcctners t ould supply a univerr.
to meet this requirement.

it wa s bec z re of th e ver if l ,-d ll I t y  reouir’ — ’--” of ¶ h~
contract , as ss ll as to ‘est state—of—the—art produetivi’ y
enhancement claims all ’-~qei by the Structur ’ Proqratvtiinq
l i t e r a t u r- , t i ~ Honeywell analysts developed the Clea r
Memory Uti l i t y  in H- . S t r u c t u r -d  Prot ~ramminu environment
described on the fol lowinri pages.

2
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1.0 SIIt !CTt I! 11) PI~OCI~A’tMl~ C ‘~l
- ’i IJODORIC Y

A 1r icE d iseus:. ion of t t ic pr Inc ii. leS of
St ruc t u rt ~oi P roo ; t - f t ~~Lnq w i l l serve t~ idetti ity He
majo r 1.~~unts a:; t h s -y  re l .~r ~

- to the C1.-~ . Memory
Ut i i  it 

~
‘

The conc~ L’t t I  St f uc~ in t t i  Pru~ 1 amm i ng en~ (eJe ti in
I 9~~ when I t  ol esr.or 1. h . Di ikg: t i ‘o cot t~’~~ Stone
let t r r  to the ‘.~ H .-nt it 1.- -.’ GOr0—~t ~ t • ~t Cunn*ae,cd
IlarnifuiN [9 1 ~~~~~~~~~~~~ 

.-
~~i. Oth~ e authuri~ lol lowe-d. *..ach

a d d ir i t ~ n . w  c l i . - ’  IL ~on ~o tIi~ Structured Pro’jt.~ *inq
C. t~~hm .nol G. .toco~ Inj ~u.~ j t-~:t.~d that g t

p . : . t t tc ’  ~~~O ~.r it ’ n e  ; t i~~~: u i~~~t onl y t’,ee loqicj l
t:tru cturis : s i r r le  SI tuence~. selection (sf — i t ’it—~ ls.)
and ~~~~ It t e n  (.lo— ~~ht Ic . t  .~o—j nt i i) 1 .  Dr. Hat Ian
M c l l ~ of I r . lj x ’ cI c~ u’ cc’~iccpt .‘t no : r t  ~~z t . a  :1i~~:

to all~~ f o t ~~ rd ~i ‘. tatc’ment - hut tn~ ssted on only
one entry and on. ex it  ;‘‘ t n t  I.’ r each ~~t oit a r d  i le
II 4) . ~ il ls , a ton i w t  t h F’. T. “uker ! I I’M , pn -.- -~I the
v labih ty  of & orbin inq r h - -’ Chi”f Proqra~.~ro~ ~~~ and
the ns~v iopment Sui ”ort I. i trary w it ! .  car~ i~ r concepts
of S t ruc tu red  i’r u amm t nq 13 1.

S lowly ,  we l l—def in ed  ~ nr uc tu red io~ra~~ Sng
mcthodot q i . s  cvo lv v . Wh i le  I :;erc at .  ~~~~~~~

i ’ ’nrs  on s~’ae issuer , it is generally
rccoqnt ed t Structt :r’ .l Proqrammi ’i i-chroloq y
i r ic l u H  : •  follow i ng major el.~rcnt:. :

A. Top—down d.”’ign , construction , irr p l . s s  n ta t  non ,
and maintenance

B. l imited .11 1 strictly observed technical
rroccdure:~ :;ri~ h a:.:

1. r ic t  I unct I - - r .-il modularity of code
2. Limited pro~ r1n n -~~ r ucturcs and convention:;
3. Docu:~: -ntation sta ndacd~

C. Devcl~~~ n n t  Suppo t t l.ihrary

D. Chief Programme r Team

The apj ’ l icat ion  of the~ r r’lc-r.’n ts of St r  :ctur d
Prog : a:C r :~~t t ’c hno l oi v  t o  he drvr 1°r -- nt of the Clear
M~~n e r ;  U t i l i t y  w i l l  be di - t :C: ~rd in the fo l lowing
sect ie i ;s .

1 . I Toj~— Pe~~: 1)~~ ion

Ti b a si c  tone of St r u ct  r : r . -1 Proq t .n i rni :~~: t ~ ‘ . o ry is
a t o p — d o w n  ap pr o a c h  t o  don  i q n , c o n st i  n - ~ i n  and

3



C

i ’~~ li’rr&’n’ ut Ion . I~ach ~~~~~~~~~~~~ of nyt~tta develo~.ent is
C~~- c u t . & I  in Lop—to -- -~ - . . ‘. ‘ ~ ~snd I’ iinninq’to—end
Ut ( I L  • The ~r~~~lcm is de~ ti~t.e’:ed hi~~t a t  ci. *a~ l ly A n t  0 4

~:c rj e: , o~ lotica l ~~~~~~~ w i t h  at; few decisions s~~& at
each st’-p an ;‘t : t~~Io . 1h . ‘t t - t ic~.l ly. thit~hierar chical t~t’sign w i ll tO fCO !ti~ un9a n i l . - i  ton of -~

prob l e!t whit ion l ong r itur al ~LIIJ0tltt ~iIC boundar i tS
and each tc~ ult4nt mueJuI..~ will per form a single.
~~~~~~L i ;  Ac, ~ Li—def ined functiOn .

The f i r s t  phase of top-down design used in t I e
Clear Mt rely Ut.Ilt ty involvud tn~ construction of
l tv ~ ln—ot— al n t ract ion phrases. Continually ~- . -ing t L~
qu’ . ;t n on wh..t to do i,.’ solve a probi cs . t I,c do~~ pn~~r.be t ;an at the  r~o~~t gene ra l  level and dot ir~.d  ~ ~t-t of
p h T a 5 e t :  to dt’~ ci the th e  ort -ti l . These fsrst—lcvel

• w - r e  then broken down u”lnq the sane w~~- t~~ oapprua~h and ‘he r ’ - .u it ing ~hr :. - we re alt~o lnc.aten
down, no r exan~plc, t he ph:a~e fo r . fi rs i-I vel module
( DOTA SK) ~~~~~~ DOTASK i n& t i . t l i z e s  hardwa re- of tw a re
Conirlunicut ion ar a •~, ~~~~ up and v e ra t i e~ t !~~
int~tallation . ardware conE igurati - ,  boo’ . the
Front -~: r . f  ‘~~twork Proces vt - S (IYd’ r) • per t -ras erase
procedures , and t ’ r ~r i r , t t a s . Each of these fly .
f i t c c ’ ionc was tt ;”n d.-~~j ncd as a recond—leve l wodul’-
(f t~~~I’ , DOCI IG, DOROOT . ~~~~~~~ and DOFXIT) . The
l - - ’~ — o f — a h s f r . t ,~~ ion ~~~~~~ (or one of H-
secon f — 1~~v oI  -‘ i.j!cs ( DOCE’ I C.) w~~~: DOCFIC r’-~-ids the
software cen f i -~~ri ion d~~-cr iption, nro c’-~~~e-s r;ei- , 0 r
modi f icat ions , ve r if i.-’s wemo rv size, i- c’r[orms cen~ i-a l
hardi :~ rs r ’~ leall , t ’ -- r  fo rms MPC l’oot loadlni , and
perfor-’~- p erinL -~ra1 hardware rol i call . This
second-level module was then broken down into s~x
th ird— l~ vol rcdules (DOGCF, DOMCP, DONVER. FII C fl ,
DOMI’Cil. and RIL PU) , wh ich w o f O  also dcl m e l  w i t h
l e ve l — o f — a b s t r a c t ion phrases and the process
top—down desi;n continued .

Top-down design proceeded in this manne r until
the  gu st ion was no longer w ha t  to do but !10w to do
it. For cx a~ p lc’ : the f i n , ~I wha t  answe r for a routin.
to handle concole out: ’;t was “DISPLAY writ es a r~~~ age
to t h e  console , awaits I/O t r. - ination , and checks the
I/O status. ” Any f u r t h e r  breakdown of H is f unction
would involve asking questions such as how does it
write to  the consol- ? , or how dr~~ it awa H
te r r r inat ion?  The what phraii~ s i~~~1icd no I t i c  hut
simply clef ir’ d const it uent funC~ 

;,: nal co~~ - : ’ n tS. T his
proc e ss  resul ted in I- hr r - uccess iv :  f unct ional
deco :’  s i t  ion of the problem w i t h  t he f i na l  l .’vol of
decoi r~ as i t ion  def ining all modules of the p ro h l ’ m
solo t ion.

By applying the decor posit ion procedures

4
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dt ci j t e L  at ov&-  t o  the des I ;n of CHtI, s&- vt i~~l probh.
~t t~ f l e . P~~ .rplc .*:  o~ 1* . l—ol— .. . t - l4~~tiO!i ~atlit -~ - •

~~Pt A ch ~ u b I be I naiRl in .-x * ~ t i” ~ l it e~~tute were- (nu t
exp 1 ~ it ein~ u;h to n~wet 11 ot t b*~ des t’~r- i~~ ’qucneioni . I ’  i~i~ •‘~ ‘remt . Iy U t t  ilcuir to ke-ep loqic~ ldeci~~onr ~‘j t  e~ t he pI uct a~: anti tslfliculr . ~it
to di n t in; u L :h b* rwt -enn what and how answe~~. Ioninstanc.- , ~~

- ‘ he- & xamltle a t • ve- . on’~ eight t~ te i~p te-tI
t f u r t he r  de-c&~~pot c the t unc n ~on ul the DISPMY
module to th,ee snd ivtdu~- l ~otlules : 1) W I*itt wr i t e -~ a
ir’: ssa’ie tO the eon~ole , ~) ~A I -r .iw;* ~r ~ I/Ot& - r ’ inat ion, and JI CHECK cPte- ckp - I/O t~t 1*tUS. -

~~

steps c - i n  iI~ o b. . i t vet) as ans- *r~; to how DISPL.AYworks. Di tcultsc- ~ also arose iii recognizing when the-
i’roce~~ of askin’~ w~.it t - do had not gone far enouqh.
and in adherino to the goal of minimum d0C~ :a ~~ 1 ateach level-o (-ab :;tractAon.

Extensive r~~na ;err t-nt control had t -  be OX Ot - C i rd

during thi~ phare o t 1*- i - in  t~~ keep den *-tt-t.— ts who wrte-
not exp r icnced in :‘ruc’ t i d design t e - t’t~~- t i i U O 5  from
j urping ahead too soon. There w- .~~ a tendency to wantto ht’qtn construct ion betoro all functions had been
fully d-f in c d.

While the theorints recommend that each
level-of—a bstraction be at-tacked without any attention
to de-tails at a lower level, in this appllcat~on U
was irpo;sible to carry out adequat - funct~~~- al
decompositions withou t stopping at many ~~- i - •t —

,

suspend i ng decomposition and eval.~--iting what was golni
to take place in the nex t few -~t - : - - . It was impossible
to comp l *~tely elI~~inate l- ;-ah e t~~.

Desp ite these problems, this cn adual functienal
decomposition procedure was an extremely po~ itive
overall factor in the design phase because it forced a
total func t ional dc~~iqn rf  the systes’ before any other
activit y hcqan. Py f o rc i n i  as few d rc i S .ie r r ~ as
possible at each step of decomposition , the syst”~r wa:~
indeed broken apart naturally along logical
algorithmic boundaries . In almost every case, each
module as defined h the 1ow ~- st  level of decompos it ion
did have a single function . Exccpti’~n- - to th i’~ were afew modules which performed several closely related
func tions unique to that nc’ lule .

Another useful result of this technique was the
design of a functionally related system raHer than a
procedurally related syst-~ ~~ . This mini m iat ’d
between—module interface problems .

The second phase in top—down dc:,ign aft - r writing
the levels—of--abstraction phrases is the development

5



of .~ U ie  t a t  c-h ~ca) Vunet ion~t) Diagram (H~D) . i
tel low jnq is  i sauplc pot t ion ul u.t CMI) t unc-t ional
d i a I r  a1Tt

l i t  P e rm r a c e -  P!~ceilu,e~ — Module ~~~~~ ~~ 2 pO1i~~rh u t  tal ~~~ ion - 

~~ip
Conf iju • nt I Ofl l’ t e-c .~n~

- ng ~joc~iMP ni t -~ 11 ~at ion ~~~~Clear l’t ~~~~ ing ~~ u-
Terminal i on

COnf 11)01 ion i rec - - r  ir~p — ~idt i ~- -~~~~ 1 7.2 DO~I Ir~(.orn t Iuj u r u  i n  I) ‘ t n t ion — ~ ‘ P ile i!~c—t 2.. 1 I~
(
~~.L

kt ad C it d I~s~tipe- DOè*~t ~Pr o~c ‘~ s ~t’ T ~ at ~ a~~~ - ~~( i ~- -: - ‘

foib le ~~u:H~~- t  2 . 1. 1. 1

rro~’~~ s ~- iiorv SI?e Field
La I e- - ..‘t ? .~2 . I .Nurr- r ic i- iti d i~c ~-

Error Check
Accumul a t ’ -  T - - !  1 ‘ — an y Size

In the above d t i~~r i~~. each line has one of ~h r ’ - c
possible int erp ret atn-n . it ‘1w whole line is
underlined, it ,.— r r e c . - n t s  - -t module expannI~d in—l ine i-
indicateil P the in !-ntation of ‘he lo l lowpn~ u n
If on ly the e n t r y  in the i’;ht margin fr under l~ n - c h ,
the line re -p r . -: nt - s a modsie cxrandcd el— cwher e in ¶J’~HEP . A line w ith no underhi n in~i : : - - ‘ - - - - -~t - ~ a
lo~-~ a t— levt- 1 funct i ona l i t-v .  The “t ructurc of the
system i~ ful ly defined , inc luding the basic [unction
of each module and its r e l a t i ; a ~ ips with other
modules in the h ierarchy.  Cons t i t e t i on  and
implementation n s j  now fo l law  his Hierarchical
Functional Diagram in a top—down fashion.

The U~ D is basically a reorganiza~ i.~n and
condensation of the previ ousl y developed
level—of—ab straction phrascs . The designet finds all
idt ntical and simila r fun ction al components and p laces
them at a high enough level in the hie rarc hy so t hat
t hey  are ava i lab le for lower functions n~~ Jinq th.~~.For e x a m p l e , the DI SPI.AY m o d u l e  described earlier
would ha placed hiqh enough in the  h i e r a r c h y  to be
avai lable to all ~uhot di nat-c mod i I -~~~~ requ i r m t  console
s e r v i c e s .  A l though not an easy task , th i s ~- iocess
proved to he extremely beneficia l . It or - ; i led the
elimin a tion c~ rc-dund~ nit modul es and , with some min er
modifications , the rt-~ osiqn of modules wi th  similar

_ _ _  
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t t I IL~’ t L - n~s , t. Pu & - r e t  tire- in-c t e- ..is tog ov’~t ~l 1 ty i tt-m
et P tc-i .-ncy

1 ~~~ - ‘ add i t i on- .~ I ~ t oc.-&Iu r ~~ acco’~p Is Pa -i dur
It i ~ h~~~ e- - .~t d ..i~ i-pu t. - - - the ~;l t u~ ~~ & ta~ t I  ~ ui on) ni.
~
;ulr ~~~r t L tt ’t c y and nt- ~ tiel in 1! toni ot 1!~ ~ .-~nd out 4~~ 1
tonmats . I I -- f l e- c -&’5~~~i*~~’ 10 ~ i~t UJ) t h e  ~~ U * ~- ‘~~t~~ I 3 h * ~ . 1~ ’
at t h - ‘- t t~~e i;o SPLI t S hu~ j’,cun t f l5 tUt i c-an i:t - t~u I I ~ * ti
a top—di~ -n ~~~~~~~~~ ~ and n - - - - 1  lat’ ln- in a u~;’ -~ - le & o t p s ~
for at I •~~bi- - - of t he &h ye- lo~ nit t eas- . ‘~i c .ixplt t ~ ‘

deis~tjn o~ ~ to- ~~~~~~~~ in .~utde-d i~~ c-Io~o .~ t t ~~ n~~* a l L  t~
inç st .in’t O Jt I~~ Lt torr.ns.

1.2 Tor— f’own Con’~’ r  a’  ~ofl

The conn! uct ion p~ ase of o;’—down d4~~ol a; ’-  ~flt
1ncl nn~h- .-i Pit- tIe (1 nl ton of all coot to)  mn~ er t . n c - ;  and
data st ructun ~~ plu’t 51w .‘xpl scsi spec-if sc- .~t ton of t i L t
lao Ic (or ~-h rodulc. The Pr out ~~ Urn sqn L--” -iu .e-i --

or s p - - c I (  n c - f l  & ! ~ l.)nl;i.. ? • * .‘P t he - ¶ O ~b3 Used ¶ a i

this purpo*~e in a ,:ttirture d lto’ira- imina ari-i)Ica tion .
The l’~~. can r - .~ ~ - ‘ all the way (rue a teoe - t~~t.,nat t a t  A V t ’ — t  ype 1 InL;ua.*s• ~~ a for~ a 1 langu -~;e
COflta~ riti ; ptccL ~e i -j n t  C’ ic-il and S c- a - a nt ic
def init ions .  In Uo’ h c-.~iiOS. the putpo~ of i t t -

l a :  aoe is to f ac i l it a te  the t rans )a~ ion of
funct iona l re~;uzrcmc nt into ci~~-~~~~~’ t  ni truct :onG
USifl9 th~ ~iruc -tu red l’i e.jraeatni cons~ zuc ts (simp le
sequence , sel~ c-t son, and repet i t  ton).

During t !.- cori~ truction phast the control
interf aces and ~a structureS are define : I - -  fore tho
spec i fication language is constructed .

Specific-~ - ion lar vj.1ie i~-n cration ;-ro~c-ed~ in
to~-—c I - -- ’n fashion accord:~ u to ~hc h ierarchic al
Functiona l Dii kn r am , answering the a - - ion how to  do
it rather  t h a n  wh to do for each functional
coltlponcn? . The answers  a n ”  written in ¶b -’
spcc if icat ion lanouai° , and the result r -  f 1~~~ts the
cor’pl. - t  e io n ic  of the Frot ir  S~ach iunc~ ienal
component becomes a module . In the CoflStt ct- len of
CMIP , a few c- is - -s were encountered where an PPT
function wj; r pnt - r-ented by more than one module , but ,
in no instance , wa s  the reverse tr - :-

The specification languaoc should 1-c narrat ive
and p r e c i s e  enough to he defin i ’ ive . The lan oniat o
chosen f r C~-~t ’  was PA~ CAf ,, a formal specic lea ’ ion
lanqua -ie which f e r c t tl t - e  de n i- nnc rs  to expl ic i t l y
def ine all s t r u c t u r e s .  A lthough PM~C7.1~ sat int ie d many
of the r equirements fo r a speci fication l~rnauaqe (r-.-
“ Prognam ming ~;t ructurcs and Convent ions ” below) , th- i.e
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was unfortun at~~ly no suitable compiler available for
it on the Honeyw o l l Series tj000. Theretore , U-ic code
developed during the construction phase had to be
hand—compiled into t~~ A P .  This hand—co mn ilation
process, along with system integration and testing ,
constituted the implementation phase of system
development.

The availa bilit y of a compiler for the
specification language ~o :ld have r - - il t e d in a
considerable savings in development resources since
the hand—compilation ~.-uld haV .~ no longer been
requ ired. Not only woii~ d a lar ge portion of tn e
implementor s wo rk have been done by ‘he designers ,
but only one ze~ resentation of the logic would havt.
had to be maintained .

Dur ing CMY development, it was feasible to define
module in ter faces te føre generating the sp’ciuication
code . it was also feas i le to 1ay ou data s t r u c t u r e s
in advance but, because of deadline nressures , the
development ot all con trol inte r races and ~iat .~def ini t ions .tas not completed when con : ’ ruc t:on  c~ the
speci fication code so ans . This r -  :ulted in several
problems. Delays in construct i°rr due to incomplete
def inition of in - e r~ aces would have aeon avoided had
the interfaces been ta ll y defined prior to commenc ing
construction of the spr ’cificatL-n language. The desi ;n
of the in~ - -rnal tables would also have been ~- a r e
e f f ic ient , and construction of some of th’- modules
would have been e-’~’ mnce d. The deadli-° pressures wcre
a result of attempting ‘ - 0  meet inter na l deve1op~ont
miles tones (i.e., comp le ion of design and
construction phases). had the internal milest~’nes been
adjusted such that the recommended procedure could
have been followed , it is probable that the fin a l
deadlines would not have been adversely a f f e c t ’  i, and
construction problems would have been reduced .

The use of a specification language for laying
Out prog ram logic was very ad-;antagegus. Sliçht
deviations from t op—down construction -

~~~- - : ‘

occasionally required because of time needed tr~
research hardware specifications. This ~ - a n t  that a
module in mid—decomposition —t uld be temporaril y
abandoned , and work woulo be done on another while the
module in question wia :~ -in ; researched. A
feasibility/resear ch f ic tar considered in the schedule
prior to beginning this phase or a project leader
thoroughly familiar with the hardware would have
precluded most of these deviations; however , no severe
problems resulted .

The construction of the specification lanquage8
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was a very s t ra igh t fo rwa rd  process becaut:e the
progra m me r ‘s attention w~ s conct~ntr~ r~-cl on answer in9
tht.t question how to do it. Having just one (unction
per modul’-- , plri ; the uce of a high—level spc-cafic~ tion
language which !eou1z’- (I less  attention to ~~j~~i~ iflO
details also aiJL-d in t h A t  pt oceDs.

One problem encuintered was due to the choice ~PASCAL as .a specit icat ion lan~j u~sgo. Since no S t i l t S
6000 pit,sc;~r , c o- : i l e i  w~~ : available, and since P1~SCM~user docu:- -nlat :on c -~ not always clear. quer t ions on
the language semantics w~ to o t t~~n diffi cult to an::~ e-t.

Module hs readbac ks a (read ing the m odule code aloud
to eac h o t h ’ t )  and system _ walkthroughs w (r evi - .~lnq
the syster~i step-by—slop ) are very impor tai -t aspects o~the St- ructu t .~- d Proqramm i ng approach . In theory, each
module should - - ‘ -~ hack ‘-

~~~ Ot ~ - . - t  ir e m l e r s  of the
group, and each rjroup of modules should be walked
t hrough to check interfaces and logic. ~-‘any  r i  the
indiv idual reac tha cks were bypassed becau~.’- of the tim epressures discu :acd above. It ir - likely th-~ some
implementation probleis ‘eul-i have been avoided ii
this theory had been applied more strictly. 1~ syst--mwa ikthrough was per [er;rod approxinately onc”- a month.
This was an essential process and helped ldc ntify
in ter face problems , in addl~ ion to serving as a med ium
for design revie~~ wi th the customer. 

-

1 . 3 ~~2—D own jj~fllerrc n tat ion

The advanta ’-j es of Struct ured Prograr~-ing w r e
felt most strongly auring implementation .
Implementation is actually maae up of three d l f f r - r r n t
activities: 1) coding the functions in a
machine—recognizable language , 2) integrating the
separate modules into a complete system , ~nd 3)testing both the indi v idua l modules and the m t  - ; - ed
system . The top-down concept of S tr - ;ctured Programm ing
allows all three of these processes to occur
sieultaneou sl y, greatly sirr~~1ifying the task and
allow ing ~iost design discrepancies to r apprehended
ear ly.

Implementation rnqain proceeds accor (iino to th’-
Hier archical Function 1 Diaq r am . As each module is
coded , any modules called by it that have not yet hem
coded are represented by dummy code (stubs).
Integration and testing of a module begin withou t
having to wait for other modules to he coded .

This technique was followed very closely in
implementing CMU. Using a top—down app :oach , each

9



ma jor function and ill of its subfunctions were
usually coded , by one person, together as a t Lock of
modules. Major functions in this sense ‘-c. printer
I/O and tape I/O.

In order to allow simultaneou s testing and
generation of coi~- , subordinate modules were initially
coded as stubs. Each stub that --is ~.-: it’en supported
the required calling sequence so that ‘--n ~~~ dummy
code was repl ced by a complete module, no
modif ications w ’ -~ r~ ’- required in the calling program. &.
each module was complett~~, it w-~s integratt~d with
other completed modules ar-i tested . This completely
eliminated the complex and O ! t ’ - r ~ painful separate
integration phase. Because only a small piece of logic
was being integrated jt a time , the problems were
localized and much easier to debug . Problems were
caught early enough so that if they involveu ott~ermodules, changes we re easL~- r to coordinate. Since in
most cases the implementor was not the designer, yet
another person -

~~ mS forced to do a N readback of the
specification code, further increasing reliabil ity .

Because CML was required to be independent of
GCOS, A t could not be tested while GCOS was running .
In order to most efficiently utilize the dedicated
machine time , a debug capa bility was designed as part
of CMIJ . This capabil i ty alle-.e~i the rca l—t i~ e
insertion of breakpo i:its , select ive dump ing of memory,
and modification of the prog ram from the console. The
use of an online dehun routine is not part of the
Structured Prograni -i-ing concept; however , the
structured implementation of Ct- ’ ’ -  a l lowed maximum
benefit to be obtained from thi s capability since ~twas implemen ted early in th’-~ testing phase. Forsecur ity reasons , the debug capabi l i ty was reioved
from CMLI before delivery of the program .

Top—down implemen tation proved to be very
eff icient. Since all of the jlciorithms had been
designed previously, the progran-mer.needed only to be
concerned with the machine re; esentation of the
logic , ma king the resultant code more accurate and
efficient.

1.4 np—Down Maintenance/Mo dification

In discussing the structured development of a
software system , the maint enance and modification
phase must not be neg lectri . Indeed , in this area ,
Structured Programmi ng techniques present a
considerable potential for savings.

10



Alt ht)t!~~h t ~~~- - C I ’-u i Memot ‘/ Utili ty as not be-en
exten~ iv~ ly r odifi&-d since its ii~- l mt’nt .~~ ion , - ral
ma m t  ‘-n~’nc~ — t ype ~ t i n ~j - ~ ~. .‘ h~-cn ~~~cj o . ‘-1 t~m
1unct iona~ or ni~’.~t t - ~u which resultt-d trom t t~
op down ap~iroach to des i’- t f l  r~~do it  an ~-xt rc~melysimplt~ prou~-dute t ’  locate a piot~lem at ~~~~~ ~rmd to
isolate tht m aiu~~~s and uata sttucture& .j fftctt ~d by
t he [ix . Once a ix was t~~- - iyiu- u , it ~ a:. t !~ -;roujh I yt - s ted to ensure that no soeond.~ry errors ~ -re
introduced . Any ch~or~;~.~ made t o  t ip- ir~

,l(-~ entat  Ion
code (GMAP) were also made ta the ~~oca [1c~~ 1on Cod e
(PASCAL). This additional workload ot main’ aininq two
r .-~)rt-:a n1a tions ut  t i-a’ logic would be qi. ’ at ly  t~- - .ruced
i~ t hm speci t icat ion lunraa ’n- W~~Ce a
I a t ( J  U ~ t ’  IC

In des igning a :— ajor  modif icat i ’ -  to a So! tW t~i(-system wh ich was w r i t t . -~ usj !iu a st ruct red
philosophy , th ’- modi t i~ at ion should a l s o  t e  app r oached
in a top— dot:n tr -5 ion. T~’~ c- xac’- t .- -~-hnique employedwoul d depend upon e n:~tur e .~n-.-i eX~~er~t of the
par ticu lar modification involved . In any i- •v i - nr - , the
structured fat : -t o the -xi s tmso s..st,~ ~~~~~ u l d
utilized and maintained.

Any documen tation which is !- t ing r-~ inta i necI in
support of the system should immediately be u~ d~, t i d .
Havinq that portion e~ the documen tion support
l ib rary  online great ly  s implifies ‘h is  task .  Also , due
to the structured format of the documenta~ :~ , i t A s
easy to find the parts - t f e c t e d  by the ~;odi1i ca tion .

1.5 Pro~~ amm ing S t r u c t u r e s  and Conventions

PASCAL. was chosen as the specif icat  ion larv~uage
for the Clear tic-m ory Hti lity. The most important
factor involved in this choice was that ~~: had ~~~~ — be
“verif iable ” tor secur ity reasons. Containing
virtually no default capabilities , PASCAL. requir~ u th ’
coder to specify everything . All d i t a  Iu c~ ures in
classified as to type and usaum and symbolic
references are used i n  all cases. The lack of default
capabiliti r~ helps reduce the a m o u n t of
“incorrectnees ” which  is t u i l t  into the system . In
addition , since all aspects 0 the design are laid out
clearly, the  design is much ‘-au jer to verify.

Altho uqh strict structured Proqrarn :r i nq theory
calls for t i r e use of only three loqical structure s
(sequence , selection and rm~ etition), a very limited
use of the qot o struct ure qreatly enhanced the
readability and clarity at the code. ~;itho ut i t r  use
in forward tran :-t er of control out of ii —t hen—el se

11



structures, the logic would have become nested up to
ten levels deep, and a grea t deal ot duplicate code
would ha.- ’~ been required. Used for this purpose and as
a mechan ism for error transfer to exit procedures. the
goto greatly enhanced the cod ing.

PASCAL ’S case statement w -~s also used in an
effort to reduce the complexi’~y of i~~-.the!’~-e i se
struc tures. A usifu l  addition to the case statement
would have been an all-else capability. The .iI~ and
repeat statements w ’--re us~ a to explicitly deiTne
loops. A ltogether , over 99% of the progra’- was defined
u s i n g  the recommended Structured Programming
struc tures . It was feasible to use them in a prec ise,
efficient manner.

Each module should be designed wi th  only on’-
entry and one exit point , and control should always be
returned to the calIi.ng module. The use ot these
techniques in the development of the Clear ~ -mo r y
Utili ty resulted in a system which is easy ~ f o l l~~
and debug .

One problem encoun tered in using a specificat ion
language was that several of the analysts were
primar ily assembly—level in~pleTentors . Close
supervision and mon itoring wer .- required during the
initial specification wor st to condition analysts to
conceptual—level , rather than machine—leve l , thinking .

Structured Prograrrning calls for the use of
common conventions in the treat~ ent of data . The
explicit typing of data in PASCAL allowed all data to
be structured to the needs of the algorithms as well
as of the hardware. Several fur~ tio n~- had to ~~~‘

-

written to support unique hardware reauirements such
as poin ter han d lin g . ~owever , the data representationwas clear and straightforward.

The variant scheme was used extensively to
redefine data areas in different ways. In the
follow ing example , the packed record MSG can be
referenced both as an 80—character array (~ SG.V0) oras two a r r a ys, one 7 characters long (MSG.V1F1) and
the other 73 charac ters  long (M SG.V 1F2 )

MSG: packed record
case thrbit of
0 : (VO : packed array (1 .80) of char);
1. : (V1F1: packed array jl . .7) of char;

V1F2: packed array [8..80J 01 char );
end ;

This is a very efficient method for explicitl y

12
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documer In; the d ft t t ont w -  .- 

~ ~~pae~ IS ut iii ~~- aI

Var ia~’L~~s ~. •r c local i i d  w!it r ponsit h•. 1 ’ . is was
a 1 at iV I I y a~ y Lierauso of the modu 1 at  : i ue u

of ~ pi t a am ~i~- . :  hi n. Lx e pt Ions to thi s rt~co!~ I, .rt o.d
p r a ct  ic w. i t c w  V~~t i~ h1o~ r i ta  V : t O  t a  1.n ~~~i i ~~~t~
ha d to be u 1 ola I l ’ a use of tho oporat i :.~~ syst ~ m
nature of CMLI .

Al l  t c ret ic . ’ to dat a were sy?T -h4a I Ac and t h dat a
fla r es w - 1  o k e p t  me an I ri; U! — - -; n t houqh up 10 20
c~~~ a t ~~~~~1’ - t u  ~~ re OC~ J tui sal Jy  L ~pI1[-  : . t : .  of ti ~
ItC~~:\t wi th .;t t t c i ~;t nt a r i a  in  f~ocp r nej qua lif a d
I ( ‘ [ C L  ( f l ¼ ~

(
~., i u— i inc . In t he I 01 1 . - a :i~I - x . a : ~. 1’

lOMtb l  (lOinhi I .Ci!I .td(CIIt - ;ii a I it ; us~- d s a quali f  b r
f ur  both t tiu d~~v j C ’  ~t du (iLy; 1 ii. t) - v V a r  .1) -.- od) and
nil : ~“ r  of units (Uypot i t .  Pun i ts) Afl t~ ( r~~r.aA n tr ~ t of
the statement:

w i th  lOMt bl f fl~~nhr ) .(~‘I,id i d !  nt a ) do f - i - i; in
Ilypo f i t .  D ev Var  . J)rvCod : 1’i lid ;
Hypofig.Nunits : 2;
end;

Cod i nq was rus tric t . -d to a maximum ~ onestatement  per line , although a f u w  d a t  ~:- •nts u - o r i r e d
more than one line due to the I n t t  h of data names and
depth of indentation.

Indentat ion caunud some minor proLl -- -;s since a
consistent s et  of r u le s  was difficult t o  defin e and
enforce. A n at tempt was made t ~ ~i ihere t o  in i rnal ly
set standards as much as possible , but an automa t ic
indentation cioib i l ity would have been the ultimate
answer to this p101 1cm.

Structured Programming ca l ls  for a maximum modul e
length of a} prox im a t e ly  one } ) o l ” . Due to the
comp lexity of some of ~ the operutinq system l unctions ,
it waS not pr i ct ica l  t o  Fema in with in thi s limit for
CMU . A 1tho uyb the mean fo r the ajp i icat ion was 43
lines , 2 0 - of t h e  r:~oJ u1os had none than 100 lines and
7% had more than 200 lines . The main advanta ge 01
having short modul e:; is that the function ot a
par t icular module is sufficiently limit e d in scope to
permit great er cia r it y. For CML) , the I onue nodu i s
tended to include case statements with man y cases so
that the logic was exelu s ive rai d pa r a l l e l  . It should
also be pointed out that the~ o ~t a t i~ ticu includc not
onl y execti t able stat (’ :uent :;  hut also comments and
dat a—dot lf l if lq  S t at e l l o l it  S.

crm ’ ~; inHem ent ati on 1 : n 1 u 1 ( 1 e  w as the Ser i es
6 0 0 0 ’  s nat i vi’ ~i s s n i  1 y I a nuu ei ’ CM•\ ! . Si aict ’  no I A ~~~’Ar
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comp iler for the Series 6000 was available, t p .e
implementors hand-compiled from PASCAL to G~ A arid
then used the GMAP assembler to create ob)ect code. A
close corre lation was mainta ined between the
specification code and implementation code, mak ing
debugging extremely easy. As previously mentioned in
NTop_Down Construction TM , the use of a specification
language for which a compiler was available would have
saved a corisiderablc~ amount of development resources.

Comments in the GMAP module re fe r red  d i rect ly  to
specifica tion statemen ts, and specifica ’ ion code which
was repeated more than once (in calling :;t uuences , for
example) was always represented the same way dur ing
implementat ion. In the few cases where it w’as
necessary for purposes of efficiency to write
implementation code which did not exactly reflect
specifica tion statements , comments wer included to
clearly relate the implementation code to the
specifica tion code.

The average specification-to-implementation
language ra tio was 1 line to 2 lines , an excelle nt
expansion factor.

1.6 Documentation Requirements 
-

Structured Prog ramming theory treats
documentation as a tool which is pivotal to the
designers and implementors during system development
rather than as a necessary evil to be done at
development’ s end for  use by maintenance personnel.

For the development of CMU , five separate
documents were written. The Work Plan was written
prior to the design phase and defined the overall
goals of the project , presenting initial time
estimates and resource requirements. The Functional
Specification , Design Specification , and Test Plan
were written during the design , construction , and
implementation phases , and the Maintenance Manua l was
written after the implementation phase had been
completed . If scheduling had permitted , the
Maintenance Manual would have been much easier to
write during implementation rather than as a separate
effort. In most instances , the efficient development
of CMU was aided by meticulous at tent ion to the
concurrent creation of appropriate documentation.

For exam ple , it was natural to develop the
necessary functional specifications in parallel with
the design effort. Since the purpose of the design is
to expose entirely functional levels of abstraction
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‘and it icr a rch ica I st ’ ac I ur e , it w a :  a a a iqh t t o i  w rd
process to  summa a i.~ th is ii’ t a a t  ion in prose. 1)rrce a
fund , i ota was dot ini’d , I ~

- . :  immodi it o l y  documeat~ ci in
(lc’tai 1 . Not only wa ; the mocju le ’c I unction docUu:4 nt (d ,
hut a I so i t  S I ar t er t aces w i t  La he- r modu I ~s -~ ant ~flycon5t taint s whi ch it might r: . pose upon t t . e user . In
ad d it io n , (le nd ipt ions of to I ackqi oi nd ~ r vi c’V- ’ i a l l
object  i v -  i.’’ a nat u r al products of t !~ u r ’ .~ a
which t o ok  place at this t ime . Input out  ~
dcsc r i pt ions w r - also 1 a i i  oti in the’ dcs r ~n pl:.i to
and were inc I u(R d in t ta I unct  ionul ~~~ un~~n’ at ion.

The I)esign Sp’ c~ f j c a t  ion wa: ; w r i t t e n  dua ian; the
const ruct iOn ~)hast O f IJOVO lap .aa .-nt . Once each ii: !a i le
was decoa:a~ o:;’’d to the spec i i i  ca t  iOn I anylia ;e level and
[h. question how was sra: ’-.~- -red , a des iin ovc:~’ i w  was
wr it t en exp laining t i t O r  oughly,  a n  pro ::  , a l :oi i t  h:
used to solve t h e pr oi l -m . A : : discus: .1 above (se-
“Top—I )ow ra Const r i r c  t ion”) , COflS Idea able h c a :  a t ~~w id
have resu l ted  f r e t ;  havin g a l l  th d a t  ~t structur e: ,
fully def ined and docume nted a t  t is t ime ; Low v ’ - r ,
internal d udline pre’;sures pr - olaa 1 -d this. Tin- I)o:;iqn
Spec i f i ca t i on  included a list sirowin- : in ter— :; adu]e
dependencies and a re as  p a rt i c u l a r l y  sens :~ iv t o
change. This work was I nit i at ’d dur i rig the  des i q
phase and complet H dur m u  c o ns t r u c t  ion. IThcu: nent S
r e f l ec t ing the cur ren t  s t a t u s  of each m odule w e re  not
c reated.  Instead , this in formnt ion Wa: ;  in cl:i e 1 in
weekly s ta tus  repor ts .  Thu s p e c i f i c a t i o n  l n ; : a , a - ’e
representat ion for each module was kept up— to— da t  ~~

- and
we l l—organ ized for easy refe re nce  by t eam :- - m b ( - a S .

Maintenance documentat ion was gen e r a t e d  in
conjunction with the imp lementation of each module and
a f te r  the implementat ion phase was comp le ted .  In
addit ion to the Maintenance Manual j t~~e lf , w h i c h
thoroughly documents each module and all dat a
s t r uc tu res , extens ive comments were  coded in bo t h
PASCA L. and CHAP. These com ment s cor re lat sd  the two
different representations of CM U . In  t h i s  w ay ,  t he
speci f icat ion language to r m became the basic
documentat ion for the system . At the same time ,
deta i led impl ementat  ion convent ions  were  uocumented.
With tire except ion of a very f - w  al ior it l;a ; s
flowchart s w e r e  not used for CMU because the
spec i f i ca t i on  language c lear l y showed t he  logic. If
f l o w c h a r t s  had been n-q ui t e l , t h y would h iv e been
generated during the construct. ion phase .

Generation of test  s p o ’ i f i c a t i o nt ;  is also
accomp i ished dur incj dev el c-t sn ’n t . For th i s task t h e
tes t  spec if i cat  ion:; we re  t l ev i ’ 1 o1 od On I he o v e r t  II
system in I I nai fo niar near the ( n(i of [lie c y c le . t- Mrc h
t inc would have been saved ii ad mod ui c— b y — mod u i ’ -  t -s
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design been accomp lished during construct ion, thereby
avoiding the process of teviewing the specification
language in deta il to obtain this information.

An internal incident control system was  —

implemented durin g regression testing to report and
track problems encountered . The inc ident repor t  system
proved to be a valuable tool which not only doc-amented
the problem but provided a mechanism f-a r controlling
it through solution, retes t , and resolved status.

1.7 Development Support Librarl
The core of the entire CMU development task was a

suppor t library maintained in a form and location
convenient to all members of the development tc3~~~. A
Development Support Library (DSL) is defined as a
cohesive body of interdependent rr~ riua 1 and computer
procedures designed ‘o achieve standardized re a l— ta re ~
record keeping , docurren tati :n , and control for
projects in a Structured Programming environs -nt. The
DSL, as implemented for the development of C~~~,consisted of an online library of current
documen tation and specificati on language (maintained
through the use of the timesharing text edi n r ) and an
offline library composed m ainly ot copies of all
documentation , program listings , and status re ports.

Access to both the online and offline libraries
was str i c tly con tro l led by the programming secretary,
who~ was the only person other than the chie t
programmer who knew the password to the online files.
System designers signed out current listings of
modules from the offline library, made changes to the
listings , and returned them to the programming
secre tar y, who then applied the changes to the online
library. Had additional programming secretary
resources been available , it would have been
beneficial to maintain the imp lementation code (over
23,000 lines of GMAP) as part of th? online library.
However , the implementation code for CMU was
maintained in compressed card format by the
implementation programmers.

The offline library served as the project
archives. Past versions of all documentation ,
specification code listings , and implementation code
listings were maintained in an orderly fashion. A11
status information was also maintained as part of this
1 i bra r y .

The use of this support library produced several
very positive effects. Having a historical backup was

16
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~-a 1(~ less wh ii’ do ve lupi nq the spec 1! icat i ~n lan’;~L.;.-and hay in- a I - -~~~ u p  co~~ies Of ch ec : :  ~:itjt ion :. 45 u:;~~1 ulfor the cre~a t 1( u )  of n’’~ h-cum - ra t s whoa e n’~ct i on5 01
the new docut- •‘-:a t cou l - !  1 .  e x t  a act .d fr om o Il
docut i - r: t s . in add I ion , t ti” use of a c’nt ral 11 bra t y
c o n t r i b u t e d  t o  c i r eu r .  cohest.’ . ness , givr:a ~ rhe feelin g
of a common pa

1 • 8 h’ (‘hit ~f Pr e- : • T• am

The Ch Ic-f Prog ramme r ‘learn (CPT) concept w~ the
basis for ti e - or qan i zat i o’~ of tie’ c:~~t d ’ - : - :  I : : ‘ : t  t a ’ k
f o r c e . As dc l  m e d  in tie I t t e r . cc , ‘he - .

of a chief p r o c j r a m ::- ’r  , a -a c k u p p r - ’:..r~mer , a
prog ramming r:~~.~’r .-t ary , a ria ~.‘ .Jit ~~ rc 1  suppor t
prog r &ira: ~ers us n q u i a e ’a. The chi ct rag:. : :1 is the
architect of the systen anu holds pa i;rary
responsibility for the p re je ct. l i e  chief 1-rouramme r
should not be ass iined cod i am ’ ; dut ies hat. ~hOU 1Cm be
free to desigm -’ and prov icr~- overall control to the
structured oe’.mi- : :  st pu - -’:cnz. The backup prograsa:’~rshould pa rticipa t -~ in all of Ut cc function s and serve
as a research assistant. The bulk of the cod i ng should
be performed by support pm ,-ogrammers. The programm ing
secretary enters all code , maintains t h e  support
li br a r y , and controls ali computer runs.

Because of the complexity of the project and
because this was the first attear ; t at Structured
Programming for the people involved , the CPT cunc ’-; t
was modified for use with C”h 1 . Four peop le (One of
them designated as admini strator) served as the
nucleus of the project , handlin ci design and other
chief/backup functions. The ideal situation would h~av ’
been for a sing le person to act as t h e  chief
programmer and make all design decisions for the
system. There was some vacillation during the early
stages of the project in interpretin a techniques
described in literature , and some time was lost in
organizing the Structu red Programming approach .
Although Structured Programmin g d id  make manag ing the
project easier , it should he emphasized that tb-
adm inistr ative workload was not eliminated . Tire heav-
technical load precluded j-roper attention to
administrative tanks such as interfacing w i t h
management ano monitorin g system developmont .

As the project progressed throu qh con struction
and implementa ti on , people were added to the pr oj - c t
as pro q r amm e rn . ‘iho organiza tion al struc ture w~ s a
very pos it ive i.-ctor here since ind iv idual  tasks w er e
well— defi ned and there was litt i ’ confusion or overl ap
of dutie s at this level. A prog r :m :i - er cou ld quickly
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become fami l i a r  w i t h  PASCAL and the implementat ion
conven tions and begin implementing the sp ecif.ic utU n
code.

The programmin g secretary he ld complete
responsi bili ty for the organizat ion and maintenance of
the support l ibrary in addition to the •:ntry ,
creation , and production of all documents . For a
projec t the size of CMU , these tasks exhausted the
resources of one ~-erson . As a z .sa l t ,  other t - i s k :~
normall y r e s e rv e d  tor the pro-u ammi:.-~; ‘:ecrt -ta ry ts ta  to
be done by other personnel. All implementation code
was keypunched by external support personnel.
Programmers were responsible for ccnt ro lli nq all
computer runs. Additional proqr a:r~~m n a  secretary
resources would ha’;.- improved the organ iz~~t i-an , but
were not avail - a h i T -- . St i l l, the n r - ai r a :’- ’- .-r was
successfully kept away from the computer until th e
testing phase and w33 not burdened with koypunchina or
excessive administrative procedures. The only real
probiem encou nt. -red in this area was the qua l it ’-’ of
the keypunch i ng , and it w oul d have been impr c ,’~-d it
the programming secretary had done it.

Although additional personnel would have been
required for strict adherence to the Cr’I’ concept , it
probably would not have been cost-effective to hire
them . 

.
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2.0 ~~~~~ I

2. 1  P l a n n i n i

~ , m fly of the di f f I cii It icr ; one-aunt .-r .‘d du r I nq CMII
deve 1 opmont c i  n be rae. -d di r ‘e t I’’ to -.o’ cond I ions
wh ich  arose ear Iv  in t h- ~ cair a s.’ of the t as k .  Fir~~t ,the re ourc r - q ui r .- E ~ e f l~ S m I t  ma ! Iv were iou sly
un d- -r e ’c’ ar n a t - - . ~(ceri (l l y, module construction waS
sci~~. L I d  to 1 aone c~’ric u i rent w ith the Dec i- i n
Spec if ica t ion deve loi ment

Be tore the r .e - - a u r c t ’  requirement prob lem was
r c - so i- .’ .-d , the tas k  inq st a’~ : ‘ n t  W a S  amend. (t t Wi C e, the
cale ndar t un. allot ted to the t ask :‘ - a r e  th~.n doubled ,
and the cost more than trip led the original es t lir-a t .

The oriuina l  est  i:t ,.t w.~s bus~-d on a qualitative
evaluation 01 t usk cou~ - l . ’x i~. v , s i z e  - a t  m t  - : . ‘~~ user
commun ity ,  pro q r :sr i nq lan~~uagcs , Icarnin~ c u a v . - s ,
etc . ~tuch ci the resource es’~ j i r t a t  ion o r rot was uue to
the assumption that I/O and Cont i ;ur at i~ n
Desc r i pt iun /V~ a i t  icat ion could h-a ~: ily ::-tod f r o m
GCOS Startup. ‘l’he task an - i s ta t  • : : nt. sp.-c i  ! icallv
requir U t ha t  I) the pr o a r  am “be ~eri I i atlc as to
correctness ” , and 2) “ piocedure s f o r  th i s  t ~sk will
follow a Structur ~ d Prour ~rn’:il i nq anproach” . GCOS
Star t- i s , in c o n t r a s t  , w a s  desiqn- d ‘.-.- i th osals of
memory and ex e cution time e ffici enc ie s. Thus
adaptation fr,s-r GCOS Startup would have introduced a
large component of unstructured ccde into CMU.

At the time of the first task amends -nt , t w o
months into the task , the I/O portion oF tb task was
s t i l l  i n  i ts e a r l y s t a q e s , and the full maqnitude of
the r :sou I CO ( s t  ima t ion problem was not yet apparent
In re t  respe ct , the I/O port ion of the t a s k  was on t h e
cr i t i cal p at h . Its drs i ’tn should haVe hequn earlier ,
and mr - or e per son rr ’~ 1 sl m ou I d have been initially
assi i nc’d. Downstream , the learning curve was such that
it became d i tt i c u l t  to add a second I/O des i gner.

The fi r nt task omendm ?nt added seven calendar
weeks to the task , but still relied on adaptation f r o m
GCOS star tup . ~h - n  tire f i r s t  amendment did not solve
the pr - a i l s , thc - cont a act or undertook a ma j or
ic—evalua tion of the t as k .  The re—evaluation took
place four  months into the task , in p ara l le l  w i t h
c omp let ion  01 t b —  Desi~~n S pe c i f i ca t i o n .  Tire second
task arnendm- ’nt q rew  out of that  re— eva luat ion , and a l l
delivery miles I or en I r cm t h a t  a ire ndi s  - n t have 1-a en met
At the I. in. - of the second task amcrr ’loe nt , a co nsc ious
dec is ion wa s  made to  f o l l o w  a f u .l ly— s t a imc t u r  ed
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approach and w r i t e  all I/O and conf igurat ion
process ing logic from scratch . Also , the w r t t i n Q  of
the Maintenance ~~nua 1 was r,!sch,~dJ led to commence
a f te r the del ivery of the sof tware.  

—

The re-evaluat ion ~.?—ich led to the secon d tas k
amendment suogest ’- , in c a r t ,  what , can be done. to
obtain more accurate ‘stirrates on Future projects.
Instead of a t te r r r - t i na  to  i - s t i ma te  reso u rce
requirements t o t  t r e  ent i r .- ro j ect  be fo r e -  a d.- ’-a i led
anal ysis has tak e-n rlace , first a Punctiormal
Specification should be sked separat .-ly. Only when
that task is done should contractual est ima es I .~ ma~i.’
for Design Speci: acation resources. Similarly , no
contractual estimates should be made for the
Implementation task until the Design Speci fication
task is comp lete.

The second cond it ion which con t r ibut .  to
development problems , module c o n s t r u c t io n  1 -e t o r e
Design Specification completion , was in part an
outgrowth of the resource estimation problem. The
calendar time allotted to the task necess arily torced
some overlap. It was felt that the design and
construction could r-roceed in parallel , coordm nat . U
such that  desian of a r raj o i  prograr -- block woi ld  be’
completed be fo re  construct ion of, that block began.

The progress of the task suffered because of the
overlap. The analysts were forced to switch ret ’—a tedly
between desian locic and constrii c~ ion logic and ,
coPseciuentlv, were less efficient at each. The da’~a
s t ruc tu res  were  not comolet r~lv de f ined  be fo re
construction. Pecuired changes to some data structures
took loncer because of the need to modif y procedural
code affected by the chances. Other data structur es
could have been r e s t r u c t u r e d  t o r  more e f f i c ir - n t  usace,
but were  not because it would have recui red changing
too much of the existing procedural code.

At the very least , the I/O design should have
been scheduled earlier than it was. Ideall y, the
Design Spec i f i ca t i on  should have been de l ivered b e f o r e
construction began.

2.2 Personnel

A s descr ibed above (“T he Chief  Programmer Team ”)
CMII was s t a f f e d using a v a r i a t i o n  of the CPT concept .
A design team was used instead  of one chief and one
backup programme r , and some functions which , in
theory,  should have been pe r fo rmed  by the pro gramming
sec re ta ry  were  de legated  to programmers and overhead
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suppor t service s . ~h r e  eal&~ndar  t is . ’ and art ~.thi i t ion~ 1
par t — t i me pi oq r .tu,,Ii I riq s~’e ret  -~ a y you Id have i.,e~- n
re..!uir.d to s t  a re t l y  a t - p l y  the CI’T cone- - ; t  . I~~o~I tlit’
app 1 i cat to n  I ..~ 

. n t t t re t , t he de~ I ‘;n wo uld I. av e been
f l i er .  - P i t -  - ‘~~~~‘ ‘ne.iii S , and a irl i t t t) !I
eonst ruer i’’n/ imp l ement at ~~‘:r pro- i rai r- mers woulu ~~~~been ( I ’ ’ f  o t i  t d .

~ t t r e t  ut- ed Proq r amm i:rq t heory includ es “e ’rolt .’i~
pr - ra mn i ia’ ’ as a bearot it. ror (‘~-~t ’ , L - t .  f i t  was
n e i t h e r  eosr l~~t .’ r t ~i ea~~il’

,
~ attaine d , at ~hetc wa~inde .. -d a ben .’ t it . A CP 1’ or q .n isa t I on r&’ou i r.’s peopl.~wh o ar t ’ a .‘ cept  iv. t o  t e.iin Ioyal~ y e : - ‘ a  can l- t ’

motiv ated to di sa’ I .ic.~’ ~- j a sub - j ’.’e ! - t i ens
~‘, . i  i lt’ the (‘“tt) I .~~~ ha ’ ~ v no n-e~ n. cowt oroa of “ pa ixnn j
donna , the dcc l iners w”re r .cnior m d i - .’ r~:~ al~~, many
of whom wet.’ ac as t o r d  to sole cur a ody o t ~progru:~:ni n 1 task. ~~~~~ iv~ t i - n  for t.’~-m loy..lt -,- ~~i5

provid e-a at I i  r s~ lv or h-nt at ion t. a a ininy in
St ruetured t ro -a r -i ;r .m 1 ~- i cone.~ - t s. This mot mvat  inn w a’~reinforc ed by p t a  ressu r u ~ nu by he vi s iii ty of
an Inc ividna [‘s ~.ork dna ir..J modul e rc~idt’j c ..:; ~,nd
Sy S t O l wal kt hr outj hs.

‘.-;li t em er -~. U duri n~r the t as k  was a o r up ego in
addition to the m div idua l eacs. Croup fire r ale was low
dur ing the r e— e v i l  ~ia t .  ion ~.: ich proc -Ut -U tht second
task amendn’ent , i i ’ I t rpr  s - i and rerta inn - i !-~ i-ih as
milest one s tht - r s,  I t • r w. r . - success I u 1 ly mci.

I f  the  CPT cone- ~-t ha- i been St r i ct ly asr’l ied ,
ma gnitude ot the individu al i — I  ic ~- - io pa ~ I’ i- -.~- — ‘ a id
probably have b- -en less at the bco innino . The team
loyal tv  benefit would also have’ b- - .n ~‘nba ,~’.’d 1—v
add it i onal module re a d b- ~ c~ s which had I’ee~ si canned but
were bypassed because of d o U  I ines. The des ion rev iews
i—vst em wa 1 kthrou ihs) with the cust.o ’ie r wet .- immensely

benef ic ia l, as the c a i s t  s- - r was inc luded i~ the
process i nstea( 1  ~ f becom ing an adversary.

Althou gh the opc- ratin q system natur e of CMII
requ i red i ts  deve lopers  to he seni ‘i prsirsin :rer s , no
above ave r a ¼ le  t a lent was recu i red because ef he us’-
of Str u ct rir -ad Pro grammi n g . In stat t i inj a pr iect ,
however , a manager should r i o t . accuse that St a uct tired
Progransniny is a repi acei~- ’nt 1 or qual i f ied p i  sonn — 1
The dev&- lopan e nt team membe r should be I air i ii Or w i t h
St ruct. aired l’roçj F urn i zig theory and techniqu es rid ,
ideally, have had experience on other p ro jec t  us i nq
Structured Pr-ag r aim i ny

Tra ining w a s  a v i t a l  pa r t  of the C~-~U suc cess ,
benc h  t i m -i d i r e c t ly f r o n t  clone adli -ronce to
St rue t n t  sd 1 rug r anun i ng convent i oat . . Mi xt- d success was
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observed in t h .  addition of prog r ammers to the team in
midst ream . Recause s- ! the documentation produced ,
ear ly addit ions t o  the team were quickly trained and
soon cont r ibut ing to the task. Latc- a , tecause the
second amendrent t o the task delay~’L1 the production of
the Maintenance M anual , , document a tion lagq.-d behind
the design , in d training became more di f a icu lt . In
this respe ct , a t  woul d have been better a t the task
amendment had s t i l l r~~au ic ed tha~ the documentation i- .
kep t concurren t .

CMII was a complex sy stem , and the learning curve was
such that it ~~~ : flo cust- .ffectjve to add a
programme r on a tempor arj bas is shorter than two
mon ths.

2.3 Co n tr ol

Productivity arid morale or .- enhanced by incre as ed
visibili t ’,’ of the r-ro gram as i t  pr-acflt-5ses t w i r d
compi’— ’  ion . S - ruc tu r ed  Proa r ammi ng theory inco rporat .’s
module readhacks , syst .-m wal kthroughs, and the
Developme nt Support L i b ra ry  to boost v i s i b i l i t y .

For CMU , the na~~i- .
-’r -at modu le rea dbac~s was

reduced because of t ime pressures,  bu those w - A c h did
occur helped nromo- • - dialogue. ‘s ore t i — ’~ should have
been al lot ted so that every module could have b’-en
subjected to a readback . The authors of thi s doc’jr’en ,
for exam ple, have performed Nmodule readhacks TM as each
section of the docum .~-nt has been outlined and drafted .

System wa lkthroughs took ~h’~ form ot design
reviews w i t h  custome r par t ic ipat ion.  had  t ime
permitted , internal system walkthroughs would also
have been desirable. The design reviews were scheduled
at an average frequency of once per month and
concentrated primaril y on the zesign anc construction
phases of the sk. The custome r feedback provided
invaluable and t imely insights to both custome r arid
contractor. The custooer became progressively more
knowlcd~ieable about the consequences of each systemrequirement and was able to meani no fully discuss
technical and aesthetic considerations - a t  ex -al icitly
provided by the taskin g statement. The contr a ct -ar -~ 05
able to implement many of these considerations or
negotiate altern a t ives based on first—hand knowledqe
of the customer needs. ‘:- - i ~.h’- r custome r nor contractor
should be ex pected to read the other ’s m ind . There is
no substitute comparable to the comnu nication provided
by design rev iews , and t he i r  sched~a 1irui  is strong ly
encouraged for future pro jects .
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As predict - in t i e  l i t,- r~~tu r e . th e use of t t . ~-Development Sut ~.or t f~ ihi azy also oni. ~nced j~roq rasn
visibility. Team i ’ ~~ b is  ns~y La) !  ill or take VaC Jt IOn
durin g a task. ‘the re must t - ~ w [jt t.-n a s ’~. 11 US .‘ i t  1
coisr u it ica ion d a t  i i a r -~~~~ 1 i - i  -:t per r
Concerning program visit -h it’.’ , t i - a  ma in Lie n -:! j t
der iv~ U from the 11 hi ary was the ci tm i f lat  ion of
question of where to look ta r up— to-date
documentat ion.

CMU manaq ’sent co. ’ m l  also lni~ uded l:ork i Ian
mileston e charts , inte r a )  w..ekly status t - ~ .o t s ,
exter na l monthly s t a ~ t iS  ropo ’ ’ s , t he l ’ rror strat ion
Test Plan , an incident r. ‘- - .rt a r : -r syst~ :r , deve ]ors:-ent
team meetings , and in—process review s .

The Work Plan mi lesto ne char t s  provided a gauge
against which n rogress could he r i - oa red .
Unfortunately, until the second task an-end r.t , they
wer e also a source ot frustrat ion. r ,~~~

.,, th r( cour cc~estimation problem was corr — •cird , internal  milestone
char ts expanded the Work Plan charts and provided an
excellen t control for r c : - i r c e  al locat ion and
cost—effective decisions. For example , the Program
Maintenance Manual coul.a not have bt - n  d’.-1 j-:’.- a - .d On
time if everything cl- sire d i ,; t. h- analysts had te rn
included. The pot-srtial prr- : h -n was recoyni s- o oil y
enough so that the scope of th.~ doc-i. ent could be mad’
c o s t — e f f e c t i v e  while optimiz ing the quali~~ within
that constraint.

Of course , the milestone chart gauges would hay ’-
been useless without r,on .ttorin g . The internal and
external status reports kept management and t h e
customer formally apprised of progres s and nroblerr s on
a timely basis.  The s ta tus  repor ts  are included in the
Development Support Library archives. They great ly
aided the development of this document , a s i  they serve
a s a guide to e f f e c t i v e  irm a - ac me - a t  of fu ture ’
Structured Programming tasks.

The Demonst-ration Trst Plan and the incident
reporting system provided increased confidence in the
ac curacy o the program . ~3ot h , ho-..’~ ver , sh e- a id have
been formulated earlier than they wer e ’. The
Demon stration ‘1:-st Plan wars written after t h~ fl.-s - i~1n
Specification bu t was has -U more on the Fian ~ct  ional
Speci fication and on the code which ha d been
constructed up t o that  point .  if the module
descr i p t ions in the  D e s i a n t~p oc i 1ic a ti on had included
the testing requirements I or each modul e ’, t
Demo nstration Test Plan would have I n easier to
asse r h I - — and would have pa ovid -U a more i iqor ous test
Simil a rly, the (‘Xper ience with the incident r -j - ort ing
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system indicates that it should have been instituted ,
at the latest , with the first implementation code
assembly. Even more benefit would have been der ive d if
It had been established during construction and/or
des ign. Unresolved incidents were summa~ ized in the
internal status reports. Thus exception path incidents
were not allowed to be overlooked.

Development team meetings and in—process rev iews
were held on an as—needed basis and aided
communication interna lly as wel l  as w i th  customer
management. Human nat ure be ing what it is, the
internal meetings occasionally served to unveil

• accumulated grievances separate trom the meeting
agenda. On a large project such as CMU these internal
meetings should be formall sLrieduled weekly or at
least bi—weekly. in-process reviews should also be
forma lly schedul-~-J 

- once per quarter and/or once per
major milestone is suggested .

I

I’
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3.0 UENEF ITS/COSTS

3.1 Produc tivit y

One measure of p roduc t i v i t y  is the an-aUnt of time
spent on each phase o. the project. Over a 13—month
time 

~ 
n o d , six people worked on CMU . Time spent in

difterent phases is summarized as follows:

A. Design
1. Hierarchical Fun ctional Diagram (HFD) — 14MM
2. Specification Language (PASCAL) — 2 iY~35 M!-~

B. Implementation and Testing
1. Implementation and Integration Testing —

2. Regression Testing — 2.Y~ 1
16.

C. T r a i n i n g — 2~ 5M’1
7. 5MM

D. Programming Secretary (Documentation)
1. Design Specification — 2MM
2. Test Plan — lMtt
3. PASCAL Code — 4MM
4. User ’s Guide — 1MM
5. Maintenance Ma n u a l  — 2MM

10MM

To tal - 69MM

The above f igures show that approximately 51% of the
man—months for the ent i re  p ro jec t  was spent in the
design phase. If training and documentation activities
were excluded from this calculation , the design phase
would account for a full 68% of the total .  If a PASCA L
compiler had been used to qene rate the GMAP instead of
the somewhat tedious process of hand—co mpiling , the
implementation time would have been reduced
drastically, and a substantial improvement of these
already impressive s t a t i s t i c s  would have resulted .

This emphasis on design resul ted in a very  fas t
and efficient implementation. This would have been
even more evident had the chief progr armer had more
time to design and review code. in addi t ion, it must
be emphasized that this was the first experience with
structured system development for the design team , and
the learning ov e rh ead will be g rea t ly reduced in
future projects.

A second measure of productivi ty is the  a m o u n t  of
code produc ed durin g each Structured l’rogramm i ng
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phase , su Mma r ized as follows:

A. Hierarchical Functional Diagram (HFD) — 1000
lines

B. Specification Code (PASCAL)
1. 205 modules
2. 10,837 executable statements
3. 43 executable statements/module average

C. Implementation Code (GMAP)
1. 23,623 lines
2. 70 lines/day/person of debugged GMAP —

counting only implementation and test time.
(22 lines/day/person if design t ime also
included) .

D. Documentation — 1,933 pages
1. Design Specification — 532 pages
2. Test Plan — 162 pages
3. PASCAL Code — 500 pages
4. User ’s Guide — 192 pages
5. Maintenance Manual — 547 pages

Note: The Functional Specification is not included in
the list above because it was produced before the
programming secretary was hired .

The above figures reflect a 1—to—2 expansion
ratio from PASCAL to GMAP . Because of a task
amendment , the Maintenance Manual was produced
following delivery of the so f tware .  Otherwise , all of
the documentation listed above was written by the
programmers as a natural byproduct of the design and
implementation processes. Had this been done “after
the fac t,” the cost would have been considerably
higher.

3.2 Reliability

An important measure of the effectiveness of a
development scheme is the number of er rors  found in
the system which is developed. The following
statistics were accumulated in an attempt to aad this
perspective to the productivity figures.

A. Func tional Design — onl y two signif icant
errors were discovered which i nvo lved
modifications to the functional design (HFD) .
For example , the MPC bootloading was i n i t i a l l y
designed to be done after peripheral hardware
roilcall. Because of security requirements ,
the sequence of events had to be reversed.
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B. 1 )’-tai l ’-d 1) -sign — onl y f i ve  s ign i f i cant  design
e r r o r s  w - N- (‘flC OU n t e r ed which i nvol ~- ed
m d i  f ici t ions to the spec i Ii cat ion lanquaqe
(PA:~ChI,) . For examp le , the or ig inal des i j n for
processi nq of the i-M I ’  clear object dech did
no t. al1o~-: b r  its lm— P it word representation ,
and some rudes ign ~.-as required.

C. Irrplementation Code (GMAP) — an average of two
i-u rors per mrodu ] e ~.ere found (pr ima r i ly
keypunch e - r t o r s  which were quickly caught ) .

D. Rcqress -ion Testing — 3 9  errors , mainl y minor
implement - i t  ion errors such as misspellings in
er ro r  inessa ies , were  uncovered.

F. Customer post delivery 0/A — only nine errors
w e r e  r e p o r t e d .  These errors were alJ minor
imp lemen tmt ion errors which had not been
caught in predeliv ory testing and were
p r i m a r i l y  in the  a r e a s  of c o n f i g u r a t ion ca rd
and clear command editing .

These fiqu re s reflect a very h i g h  deg ree  of
reliabili ty, proving that the rather impressive
produc t i on  f i q u r es are not discredited by an excessive
erro r iate . The small number of errors is attributed
to the precise design and implementation techni ques
dictated by Structured Programming .

3.3  T r a i n i n 9

The t a c t  that there was a moderate overheao in
training costs , especi ally in the earl y phases of
developm ent , is attributable to lack oil f a m i l i a r i ty
with Stru ctured Programming . In addition to this ,
there was a ce r ta in  amount of formal training to
familiarize team members wi th the d e v e l o p m e n t a l
approa ch and the PASCAL lanm u ag e. For the initial CMU
task fore - this accounted tom - approxima te ly five
man— m onth s of t ime. Durinq the development of CMI I ,
three new people j o i n e d  t h e  t e a m  an d had  to be brought
up to sp~- - ci. This proved to be a very  easy task for
several :vasons:

1) The hiqhl y organ ized and logical breakdown of
the p roj ec t ,

2) Availa b ility of document ation ,
3) I-:xp l ici t f u n e t .  iona 1 des iqn , and
4) I:xp l i c i t  construct ion of specification

language .
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3.4 Maintainability

Struc tur ed Prog ramming enhanced the
maintainability of CMU . The specification language
served as a guide to the interpretation of the
implementation language and an overall view of the
capabilities and relationships was readily obtainable
from the HFD . The team members found it very easy to
unders tan d an d follow one ano ther ’s modules.

Because of the ease of understanding ,
modifications to the system were usually
straightforward , and their impact upon other modules
was easy to determine.

3.5 Management 
-

In developing CMU , skilled personnel were still
r equ i r ed , despite the use of Structured Prog r amming
techniques. The CMU development team was composed of
senior people with an in—depth understanding of
hardware/ sof tware interfaces and operating system
design problems . Given sufficient time and a true
chief programme r , the task would not have required so
many senior people.

Structured Programm ing did not eliminate the
administrative burden of the pro ject .  However , because
the organization was so formal and individual tasks so
well—defined , the burden of day—to—day direction of
indivi duals was eased .

It w~s also found that communications between
individuals was much easier , making it a
st ra ight forward job to evaluate the progress of the
task. Initiall y, estimatin g the time requirements
proved to be a difficult problem. Detailed knowled- m e
of project requirements was still required before
accurate time estimates could be made. To the extent
that Structured Programming aided in defining wha t  had
to be done , it helped in the es t ima t i on  process , but ,
prior to the comp letion of the Design S p e c i f i c a t i o n ,
it was d i f f icul t  to gauge completion time figures
accur ately.

A thorough design should have been comp leted
before total time—to—complete project estim ates were
made. All estimates made after the design was
completed were very accurate because few unforeseen
problems were encountered. This is attributable to
some extent to the use of Structured Programm i ng .
Management must understand that when considering a
Structured Programming approach , the design must be
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completed in suf f ic ient  detai l  to ident i fy potent ial
prob lem a reas  bd’fd ue “ h i rd ”  mil e stones a r -  set. T h is
is not reall y unique to Structured Progr all m ing h -caus e
even in traditional development environments accurat (-
milestones are  much easier to set after “~ 11 ”
potential problem areas have been i d e ntifi- d . The main
bene t it of Structured Programm i ng to the I)1anrdiflg
function is th at the organized and discipi m e d
approach to design makes it easier to identity problem
areas earl y in the development cycle before
imp lementation is begun.

3.6 Other

The consistency which comes from following
Structured Programming standards was beneficial in
several ways. Adherin g to coding conventions made it
easy for the team members to understand ea ch other ’ s
code. rho use of documentat ion standards and a
programming secretary to create the documents online
resulted in the production of high quality, useful
documents.

The organization or the Chief Programme r Team
allowed each individual to have a specialized task.
Team members were not required to function in multiple
capaci t ies.  Senior talent was d i rected at comp lex
design e f f o r t s ;  less experienced programmers undertook
imp lementation; and the programming secretary entered
documentation and maintained the support library.
Having various members perform in their specialties
resulted in high quality, efficient output at all
levels.

Another positive characteristic of the CMI)
development was that all aspects of the system were
more visible to the project members. The support
library made each module immediately available to
everyone , aiding communica tions tremendousl y . All
aspects of the design were laid out in a readable
format. System walkthroug hs and program readbacks
resulted in more than one person being famil iar with
each funct ional i ty.
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4.0 CONCLUSIONS

4.1 Negative

1. Time pressure forced fewer readbacks than desired.
Allocating sufficient time for a detailed readback
of each module would have further reduced the error
rate and also the number of design modifications
made during implementation.

2. Additional design support would have freed the
chief programme r and backup programmer to rev iew
code and perform other control duties.

3. Nonavailability of a PASCAL comp iler resulted in a
significant increase in implementation time.
Certain PASCAL semantic problems were unanswerable
and had to be solved by making an interpretation
and enforcing it. PASCAL was not ideally suited for
an operating system application because certa in
hardware—speci f ic  functions could not be properly
represen ted .

4. It was , at times , difficult to interpret the
definitions of Structured Programming techniques
and structures found in the l i terature.

5. An additional part—time programm ing secretary would
have enabled online entry of source code and taken
away from the programmers the workload of running
assemblies. The programm ing secretary could not
have accomplished the testing for CMI ) as suggested
by the literature because a considerable amount of
debugging was done online while testing . The online
nature of the debugging was not a requirement of
Structured Programming but rather of the operating
system nature of CMI) .

6. The initial time and resource est imates for CMI)
development were inaccurate because they were
calculated before the functional design was
completed .

7. Time const ra in ts  forced the construct ion phase to
begin before the functional design was completed.
This should not have been done.

8. Due to the inexperience of some development team
members in Structured Programming applications , a
certain amount of vacillation occurred (especially
during the ear l y phases of the p ro jec t)  in apply ing
Structured Programming theory.

30



-- - - -  - -- —

~~

-- --

~~

4.2 Positive

1. Produc t i v i t y  was i n c r e a 5 - r d  because no sepa ra te
testing phase wss re q u i r - d . All test ing was done
parallel to imp lementat ion.

2. Emphasis on design and common convent ions resul ted
in extremely reliable code with rel ativel y few
errors detected during implementation and testing .

3. Documentation quality was enhanced.

4. Maintenance and modification of CMU was facilitated
due to the structured format of the design , code ,
and documentation .

31

_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _



5.0 RECOMMENDATIONS

5.1 ~~~aniza tional/Managerial Recommendations

Program mana gers should consider it imper at ive to —

seek a task definition which is a comprcmise between
1) making recuirements specific to aid top—down
design , and 2) keeping the reQuirements flexible
enough to allow cost—effectiveness tradeoffs and
program evolution. It is much easier and more
cost—effective to analyze and compromise before
signing the contract than to amend a task downstream .

There for e, one of a manager ’s first objectives
should be to determine the complexity of the task. A
quantitative complexity assessment can then be used to
determine whether , and how , a task is to be subdivided
and which documents will be required . To i l lustrate a
method for complexitç’ assessment , the follow ing chart
is adapted from a Department of Defense publication on
documentation standards (see (1) below )

7

11) DOD Manual 4120.17-M , Automated Data  Sy~ tern Pocumentat ion
Standards Manual , December 1972.
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WE I GHT ING FACTOR ___________________________—
Factors 1 2 3 4 ___________

1.. Origin— None Miniim~n Limited Co~~~r rab1 ?
ality (~eprogram (Stricter (New Inter— (Ex: r~j
Required on t;e~ R~çuire— faces) Stat~—ot— State—el:—

Equipment) ~r- ~nt s) P~rt) Art)

2. Degree of Highly Restrictcd Limited Multipurpose lory ~- h’x ih1~
Generality Resti icted (Parameter— (Sore format (Range of (bro~d ra~:-~e

(Single ized for a flexibility) subjects) of su~ ~
-

Purpose) range of matteL cn d~~~er-
canacities) ent e- i i’or~~

3. Span of Local or Ccm~onent Single Multi— DOD ~orh~wide
Operation Utility Ccmmand Con~nand Ccint~r’.d

4. Change in None Infrequent Occasional Frequent Continuous
Scope and
Object ive 

_________ ______________ ________________

5. Equip—ant Sinqie Single Multi— Multi— Master Control
Canpiexity Macaine Machine Computer Computer System

Standard Extended Standard Extended
Peripherals Peripherals Peripherals Peripherals

6. Personnel 1 — 2 3 — 5 5 —  10 10 — 18 > 18
Assigned

7. Development Under 15K 15K — 75K 75K — 300K 300K — 750K > 750K
Cost

8. Criticality ADP Routine Personnel Unit Sur— National
Operations Safety vival Defense

9. Average > 2 wks 1 — 2 wks 3 — 7 days 1 — 3 days < 24 hrs
Required
Response to
Prog r am
Changes

10. Average > 2 wks 1 — 2 wks 1 — 7 days 1 — 24 hrs < 1 hr
Required
Response
Time to
Data Inputs 

________________

ii. . Programming High—Level High—Level High—Level Assethly Machine
Language(s) + limited + extensive

assembly assembly

1.2. Concurrent None Limited Moderate Extensive Exhaustive
Software
Development 

____________ ____________ ____________ _____________ ________________

Column Totals 3xl 3x2 lx3 4x4 1x5

33 3 6 3 
— 

16 5

33
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The underlined items and the numbers entered at the
bottom of the chart illustrate how the chart could
have been used for CMU . The next chart indicates
suggested subtasking and documents based on total
system complexity:

(1)
:omplexity Documents Subtasks

.2 — 16 UM unified

— 26 EJM OM MM DT unified

— 38 FS DS DT design
- . UM OM MM implementation

36 — 50 FS formulation
DS DT design
UM OM MM RT implementation

— 60 FS . formulation
DS DT design
UM OM MM implementation

- RT - quality assurance

Where sep’arate subtasks are indicated by the above
char t, each subtask should be completed before the
succeeding subtask is begun. Ideally, estimates should
be made and contracts signed for a given subtask only
when the preceding subtask is complete.

Na tu r a l ly, specific task requirements may
necessitate changes in the above scheme . For examp le ,
the calculated complexity value of 33 for CMU should
probably be raised because of its independence from
GCOS and the requirement that it be verifiable.

(1) DS~~ Design Specification
DT = Demonstration Test Plan
FS = Functional Speci f icat ion
MM = Maintenance Manual
OM = Operator Manual
RT = Results of Testing
UM = User Manual
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Anothe r item which i rw ~t t~ cons id r ~~d before
siqni;n~ of t h ’ -  couti .rct i:; the ~;ch . - - i - ~ l inq o~m i l es t o ne s . For a contr act of more ILin ! lo x ima , ‘~

ly
3 mont hs dura t  ion , t lo re shou l d not be a hi0~per~— onnel ce’r~ -i m ont in oide r to m ’eI a ea1r’n~Jjrd e a d l i n e .  To ,il low lot tr a in in q , v~~ca t  ion , ilI!li ~,e tc . ,  a f i o u re  o f  ~3 O — 9 o :- is a i .~ il is ’  ic rnaxi .u:n ,
dependi n~i en tas t

~ &wrati&in and nui: h~’r ol ~~~ sun~ass igned.  The cont act ml ‘ t n e ~ mu~~t e1.~t e to the
var ious  St ructure~i Pr ’iran r~ i no h~ises .
indicated , t i n t ’ f o r  re s e a rc h  and /or  t ra i r~in; .: ~ he
f ac to r ed  into the in ii c s  t •ri~ sch t d U  I . Lea n i n ;  c u r ve s
are ~dd it ional {-~c t o  r s . ~;u i l  ic i -n t  t ime rnus t  he
allowed to enable p r edict ion of F’unct ienal
Speci f icat  ion , Design Spec it icat ion , and
implementation — all in prcpei scqu - nc’.• .

Contractor —cus t ome r co m municat ion should also be
formal ized be fo re  the conLrac t  is S i o n ed .  T~ u -s i g n
rev iew should L- scheduled at least  of lce a :: on tb ,
possibly tw ice a month it more t han two desi- in” is  are
assigned . An in—process t e v i  ow should be scht-dulcd
once per quar ter , and written stjtw ; rep ort . should be
sent to the customer once a month.

if four or more persons are assigned t o  t~~ - t ask ,
a CPT organization is sugocsted. Otherwise , an
individual or a development team may be assi n t- J  t o
the task .  For most t a s ks , t he chief pro~ ra:n r w i l l .
also serve as task leader. In a very  laiqe  t a s k , task
l eader sh i p  may he a s s i g n e d  to  the h:~ckup r. - -~ramme r 0!
to another individual. A pro qrammi ni secr.’t a m ~

‘ shoul d
be assigned mm di  atel y to process de~ i-an
documentat ion. Addi t ion of roo ra mme shou l d be
de fe r red  until the implemen t a ti on phase of t he  t - ~sk.

Immediately after s iqn:n-a of the contract , the
task leader should develop a ‘~\ork P u n  tor the
Functional Spec i f i ca t ion , rt~~ i i re  w t e k l v  st .:tus
reports f rom all t a sk memb ers , schedule ~;-~e k l v  t a s k
member nieeting s, and institu te an incident repot tin y
system . As the system is ocu igned , t he w o r k  P1~~n
mi lestones for succeeding task  phases should be
expanded throiiq h a decompos it ion process unt i l
internal m i lestone cha r ts  arc  deve loped to moni t. or
tas k prog ress on a week ly  bas is.

Once t he initial task planning has been
comp leted , t he task  leader  must ensure that necessa ry
t raining is prov i dod , docuine ntat ion is u p — t o — d a t e ,
modu le rcadbac ks  and sys te m wa lk t l i r ouqhs  a r e
per formed , and c u s t o m e r — c e n t  r a c t  or c om mun i cat  ion is
ma m a i  ni- -i. These t as k  leader ren} )o ns i h iii t i es are
independent of tas k s i ze .
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It is not necessary to implement all aspects of
Struct ired Programming in order to der ive some
benef it. However , there is a recommended hierarchy for
implementation of particular techniques whi ch should
be followed. Figure 5.1.1 represents this hierarchy
and illustrates the int.-rdependencies which exist.

For example , it w o u ld be co u nte r [ . r o duct iv .~ to
s tar t  wi th  a ch ief mroq ra mme r but not use the
structured coding tecu n iques. 1ie~ ov~ r , benefit can be
obtained f rom structured coding te nni ues and
top—down design even in the absence of a programm ing
s e c r e t a r y  and chief programme r team or ganization.
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5.2 Desi gn Recommendations

Top—down design should be used wherever possible.
Ideal candidates are tasks or subtasks which require
development of a complete program or a complete
module. If a task involves a series of minor changes
to a nonstructured system , tradi t ional methods may
prove more cos t—ef fec t i ve ,  between the two extremes , a
task may be internally subd ivided so that top-down
des ign is applied to as many of the task elements as
possible. The fact that a task requires modif ication
of an existing system does not necessarily mean that
Structured Programm ing must be abandoned .

-

- The exact form of top—down des ign for a
particular task depends on task complexity, d iscussed
above u n d e r  “Organizational/Managerial
Recommendations ” . The design should progress in
sequence from 1eve ls~ of—a bstraction , to HFD , toFunc t ional Spec i f i c a t ion , to Design Specifica t ion. The
Design Specif ica t ion should identify the da ta
structures, module interfaces , module logi c , and test
cri teria for each module. If required for the task , a
Demonstration Test Plan should be developed from the
Functional Specif ication and the test c r i ter ia  within
the Design Specification.

One final design recommendation concerns data
structures. Dynamic (execution—time ) storag e
allocation is more eas ily ma intained and modi fied . The
tradeoff is a higher memory and run—time requirement.

5.3 Implementation Recommendations

The top—down approach should be followed for
implementation as for design. Module readbacks and
system walkthroughs are vital; even if a task has only
one person assigned , that person should seek out the
manager , the mana ger ’s delegate , or a peer fo r
consu ltat ion.

Module stubs should be coded , as required , to
- enable integrated testing . Unit testinq may be

required for operating system modifications , but
testing of each such unit should be integrated .

The implementation phase is also the time when
the Maintenance Manual should be written. it should be
a descendant of the Desiqn Specification , and should

L 

be developed parallel to the impl ’mentation code. If
changes are made to functionality or desiqn , the
corresponding documents must be modified.
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5 . 4  coding R e c o m m en d a t i o n s

To maximize t h e  efficiency of the  St ructured
Prog raima i ng anproach , the impl em ent af ion laniuage must
support the Structured Programming loqical str u ctur r~s.
A compiler mu st be availabl e . Por example , C~ U could
have h~ eii implemented to a great ex t e n t  in Ph/ I rather
t h a n  C1~’l ’P .  Such an i mp l e m e n t a t i o n  would have
sacr i f iced l i t t le  of the prec is ion of p1~SC1~L, hut
would have reduced both implementation e f f o r t  and
mainten ance effor t .

Once the imnlementat ion lanquaqe has been chosen ,
the use of the loqical structure s mu st he enforced.
The qoto statement is to be avoided except as
specifically justified on a casc’—hy—case basis. When
used , the 9oto m u s t  be res t r ic ted  to a fo rward  jump
within a module.

Symbolically— r e f e r e n c e d  data s t ruc tu res  are
highly recommended for ease of maintenance and
modification. The use of variants to explicitly define
d i f ferent uses of a record is particularl y helpful.

Debugging is immensely aided by the convention of
narrow module interfaces. A module can be easily
understood with one entry arid one exit. Module length
may vary slightly depending upon the type of
application. The çeneral goal should be to restrict
module size to approximatel y one page or 50—75 lines.
It should be emphasized that this is a general goal
and may be impract ical for some modules.

Also recommen ded are the conventions of indented
code and a maximum of one statement per line. Coirments
should be used l iherally, both l ine—by—l ine and in
paraqraph form to enhance the communication provided
by the symbolically —re fe renced  data .

5 .5  Documentation Pecor rniendations

The docwnentat ion produced should be commensurate
wi th  the complexi ty of the task (see
“Organivationa l/~ anageri al Pecommendat ions ” above)
Each document should be developed concurrentl y w i t h
the appropriate task phase — f o r  e x a mpl e , the
Maintenance Manual should be written parallel to
top —down impl a~ientat ion .

F’or ease of modification , the documentation
should b~ maintained online. The quality is optimized
by assi gnment of a progra mming s e c r e t a r y  to f o r m a t ,
e n t e r , update , and produce the docum e ntat ion.  A

39



~~- j L ~~~~~. i 4 ~~~~~~~~~~ __ . — —  ----- --—-

history file or archives should be maintained offline ,
primarily to provide online file error recovery, and
also to provide a record of good and bad decisions as
a guide for fu ture tas ks.

5.6 Maintenance Recommendations

Patches should be made only for emergencies. When
a change is made to the implementation code , the
corresponding change should also be made to the
Maintenance Manual, Design Specification , and/o r
Functional Specification. In the case of CMU , the
construction (PASCAL) code would also require
updating. Online documentation eases the updating
burden.

A means should be provided for coordinated
dissemination of program and/or document changes.
Obsolete documentation should be explicitly identified
and removed from circulation.

A new prog ramme r must be trained before being
permitted to modify a program . To modify CMU , a
programme r must be conversant with the documentation ,
the PASCAL code , and the GMAP code. Module readbacks ,
system walkthrouqhs , and testing should be considered
as important for maintenance as for develooment. They
may, in fact , be more important because of the
newcomer ’s relative inexperience with the particular
system . In ceneral , the Structured Programming
techniques used to develop a system should continue to
be applied during the system ’s maintenance.
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SUMMARY

There are certain “un ivers a l”  software
development techni ques which both Structured
Programming and traditional development methods have
in common. While CM U definitel y benefitt ed from: 1)
disciplined organization , 2) modular code , and 3)
coding conventions; a traditional environment would
also have derived benefit from such technicucs. The
success in this development was due not onl y to the
use of these methods but , to a great extent , to the
use of other techniques unique to Structured
Programming — the Chief Programme r Team and a top-down
approach to design , construct ion, and implementation.

41



~pr~ ~~~~~~ 
- - 

~~
— -—- -

~
-• ---~~~--- — -- - - --- - -~~-- -~ - • - - -~

----——~-~~-- - _ _ _ _

APPENDIX A

T ” T

I

H
,~~tfl U) 

~~~~~~~ Z C ~ ~~

____ ______________  ____________________________ 4~~O~.L.3 O Q.. ~~~~~~ 

—

- 

~~ 42



- - -  -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - --~~~~~~~~~~~~~~~~~ -~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~ — - -~~~~~~~-

BIBLIOGF~APF 1Y

1. Aron , 3. D., Est im ci t i~ q ~~sources f o r  Large Pro9~~~mming
Systems , f-SC ~, 9 — f U~3 Federal Systems Center
IBM , Ga i th e r s h u r g ,  Md., 1969 , pp 1—21 , c i t ed  in

~~ ~ ‘e Pro q r a m m i n ~ Series Vo l ume II ,
January 1975.

2. Baker , F. Terry, “Chief Prog rammer Team Management of
Production Progrc~irminy ,” IBM Systems Journal ,
November 1 , 1972.

3. Baker , F. Terry and Mills , Harlan D., “Chief Programmer
Teams ,” Datamation , December , 1973.

4. Boehm , Barry W . ,  “So f tware  Eng ineering ,” IEEE
Transact ions on Co~p~~ er s , December , 1976.

5. B~hm , C. and Jacopini , G., “Flow Diagrams , Turing
Machines and Languages With Only Two Formation
Rules ,” Communicat ions of the  ACM , May 1966 , Pp
366—371 .

6. Brooks , Freder ick P. Jr.,  The ~y~ hica 1 Man-Mont h Essay~
on S o f t w a r e  Engine~~ ~~, Addison—Wesley, 1975.

7. Canning , Richa rd S., “The Advent of S t ruc tu red
Programming ,” EDP ~~~~~~~~~~~~~~~, J u n e , 1974.

8. Dahl , 0. 3. et ed , Structur ed Proq~~~~~ n , Academic
Press , 1972.

9. Dijkstra , E. W ., “GOTO Statement Considered Harmful ,”
Communications of the ACM , March , 1968.

10. Donaldson , James R ., “Structured Programming ,”
Datarnation , December , 1973.

11. Honeywell Information Syste ms , Structured Proqrammin9
Guidelines , Vol.; 1 & 2, Aerospace Division , St.
Petersburg,  F’lof ida , July 1976.

12. Honeywell Informat ion S y s t e m s , ~~‘stem: Deve io 1~rnc’nt
L i b r a r y ,  Fede ral Systems ();erat ions internal
paper , McLean , Virg inia , 1976.

13. McCrac ken , Daniel D., “Revolution s in Programming , an
Overv i ew ,” Dr e r :ber , 1 9 7 3 .

43



14. Mills , H. D., “Top—Down Programming in Large Systems ,”
Current Computer Sciences Symposium 1, New York
Universi ty , Randall Rustin (i~d . ) ,
Prentice—Hall , June 1971 , pp 41—55.

15. Peters, Lawrence , “Mana g ing the Transi tion to
Structured Programming ,” Datamation, May, 1975.

16. Yourdon, Edward , Techniques of Program Structure and
Design, Prentice—Hall , 1975.

44 



-

~~~~~~~~~~~

- Unclassified
SECURITY C L A S S I F IC A T I O N  OF THIS  PAGE (W ~,.n Oat. b~nt,,.d)

DED
~~~’. f~nr I Iu E~rrATInkI DA I E READ INSTR U CTION S
~~~~‘ ~~~~~~~~~~~~ ‘ ‘~~~~~ ‘ ‘~~~~‘ ~~ BEFORE COMPLETING FORM

I. REPORT NUMB ER ~~. GOVT ACCESSION NO. 3. RECIPIENT’S C A T A L O G  NUMB ER

7Rl2-I 7~ 
/ 

_ _ _ _ _ _ _ _ _ _ _ _ _

4. TITL E (and ubtttle) 5 T YPE O F REPORT S PERIOD COVER ED

WWMCCS ADP STANDARD CLEAR MEMORY ! FINAL
MAGNETIC STORAGE UTILITY 3/29/77 - 6/20/77
STRUCTURED PROGRAMMING EVALUATION 6. PERFORMING ORG. REPORT NUMBER

TECHNICAL REPORT TASK 621 , SUBTASK 2 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1. AUTHOR(s ) S. CONTRACT OR GRA NT NUUBER(.)

Jeff Karas Contract
Robert Hickey DCA100—73—C—0055
Don MacKellar

9. PERFOR MI NG O R G A N I Z A T I O N  NAME AND ADDRESS ¶ 0. PROGRAM ELEMENT . PROJE CT . T A SK
AR EA S WORK UNIT NUMBERS

Honeywell Information Systems
7900 Westpark Drive
McLean , Virginia 22101

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Defense Communications Agency June 20, 1977
Command & Control Technical Center ‘a . NUMB ER OF PAGES

WWMCCS ADP Directorate Reston , Va. 22090 44
¶4 . MONITORING AGENC Y NAME S A O DR ESS~if different from Controlling Office) 15. SECURITY CLASS. (of thi. report)

Unclassified
ISa. O E C L A S S IF I C A T I O N ’O OW W G R A D I N G

SCHEDULE

16. D I S T R I B U T I O N  S TA T E M E N T  (of t h i s  Report)

7. DISTRIBUTION S T A T E M E N T  (of the •batracl enter ed in Block 20, ii different from Report)

~S- SUPPLEMENTARY NOTES

19. K E Y  WORDS (Continue on rove r ., aid. ii nec.es.r). and I d e n t if y  by block number) 
—

Structured Programming WWMCCS Software
Operating Systems
Productivity Results
Chief Programmer Team

- Top-down Design
2g~ AB S T R A C T  (Con Ilnue on rover.. eid. It nere..dry and identify P y block number)

The Clear Memory Utility (C-iU) Structured Programming Evaluation
Technical Report examir~es Structured Programming development
techniques used during the development of a stand-alone , ~‘Thini-
operating system~~uti1ity which clears all magnetic storage of
the Honeywell Series 6000  computer between period s of classified
processing . The effects of the use of the Chief Programmer
Team and top—down design , construction and implementation on
productivity , reliability and verifiability are examined .,

DD ~~~~~~~ 1473 EDIT ION OF I NOV bS IS OB SOLE T E lJnclars i ed
S E C U R I T Y  C L A S S I F $  ~ r .ON o~ T H I S  P A C E  (14’-en J t . r ~~ F nfe re ,f ’

~ 


