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Choices are everywhere
•W e m a ke d esig n choices a ll the tim e
•W e think long  a nd  hard  a b out those choices
–But how m uch d o we think a b out the choice 
process itself?

•Are there any patterns in the choic e process?
•How d o process and  prod uct choices intera ct?
•W hat is the relation to tim e in all this?



Copyright © 2003, Oxyware Ltd 3

Choose, Check & Use pattern

t

choose check use

•M ake a choic e
• Valid ate or test that choic e (optiona l)
• Use the choic e (d eliver service )
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Ord ering  ice cre a m  -late che ck

•Late che ck (at point of d elivery)
•Possib le d elaye d  fa ilures
–M ay require extra use c ases(“Spa m  is off”)
–Dia g nostic d istanc e -context of choice is rem ote

t

Choose
flavour

Waitress
checks

Serve
ice cream
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Ord ering  ice cre a m  -e arly che ck

•Early check avoid s d elaye d  fa ilure
•But waitress’s “ca che” m ay b e out of d ate
–Tim e-of-che ck to tim e-of-use (TOCTOU )
–Business error, not a technica l error -assum ption

t

Choose
flavour

Waitress
checks

Serve
ice cream
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Late b ind ing  a d d iction
•Genera l trend  toward s later b ind ing
–Scripting  la ng ua g es, re fle ction, config ura b ility

•Most GoFpatterns introd uc e later b ind ing
•“All prob le ms in com puting  c an b e solve d  
with an extra layer of ind irection”
–Apart from  having  too m any layers of ind ire ction

•So what are the costs of later b ind ing ?
•W hy d o we ever use e arly b ind ing ?



Copyright © 2003, Oxyware Ltd 7

Early b ind ing  a d d iction
•Tem plate m etaprog ra m m ing
•Assem b ler
•W aterfa ll process -b ig  up-front d esig n
•Point solutions
–Fix tod ay’s prob lem s now, hard -wire d  approa ch

•Can a llow forward  m ovem ent on “stuck” 
proje cts
–Re d uc es ana lysis paralysis
–Chipping  a way at the prob lem
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Early v. late b ind ing

Flexib ility
Reuse
Delaye d  fa ilure
M eta d ata + c arrying  cost
Config uration overhe a d

Perform anc e (not always!)
Certainty
TOCTOU
Monolithic

LateEarly
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Exa m ples

DLLs, eva l, 
sym b ol 
ta b le, m v/cp, 
interpreter, 
se arch path

Static ally 
linke d , no 
reuse, type 
sa fety

Cod e

Virtual, 
vta b le, 
null 
pointer, 
config

Ag ile 
process, 
re fa ctor, 
tests

XML, 
form at 
failure, d ata 
d ictionary

Type O b je ct, 
store d  procsLate

Tem plate, 
overloa d

W aterfa ll, 
TOCTOU

Com pa ct, 
fast, 
inextensib le

H ard -cod e d , 
not 
b ypassa b le

Early

CallReqtsData 
form at

Business 
rules

Vend or sele ction, classic Strate g y pattern, copy-on-write string s, 
b ounc e d  cheque, d e fe nsive prog ra m m ing , …
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Bind ing  != coupling
• Bind ing  tim e is a b out when choices are m a d e
• Coupling  is a b out the am ount of share d  knowle d g e 
b etwe en intera cting  parties
– Richness of interfa c e/protocol

Sm a llta lk c alls

C++ tem plates
Loosely couple d

SMTP client and  
serverLate 

b ind

Desig n b y contra ctEarly 
b ind

Tig htly couple d
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Prevention, rem oval, tolera nc e

•Prevention of injection (choose )
• Rem ova l (che ck)
•M ask or fail (use )

t

prevent remove mask

fail
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Intent v. m echa nism
•Early b ind  failure (at point of use ) is failure of 
intent (TOCTOU )
–Everything  worke d  fine b ut it’s not what was 
wante d

•Late b ind  failure often m a nifests itself as a 
technica l error (exc eption)
–Failure of m e cha nism : file not found , etc

•How ca n we re d uc e errors of intent?
–And  what a b out errors of m e cha nism ?
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N orm a n & Dem ing  -intent

•Gulf of execution and  g ulf of eva luation
t

prevent remove use/mask/fail

what
(reqt) yes?

plan
(spec)

do (code)
check

(review)

act (rework)

check
(test)
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Prod uct to process fe e d b a ck

t

inject remove fail

metadata 
for check

prevention 
techniques

•Som etim es fe e d b a ck is too expensive
–Sa fety-critic al syste ms, hazard  lists, FMEA, etc
–Fe e d  forward  estim ates m ust b e use d  inste a d
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Prod uct v. Process
• Testing  g ives us fe e d b a ck a b out the prod uct

– Fe e d b a ck is loc alise d
•Bla m e -b a se d  (“that cod e there is wrong !”)
• Knowle d g e in d evelopers’ he a d s
• Ad aptive le arning

• But how d oes it help us prevent the sa m e errors next 
tim e?
– N e e d  for proc ess fe e d b a ck loop

•Contrib ution-b a se d  (“what c ause d  the error?”)
• Knowle d g e in the world
• Generative le arning

• JFDI v. CMM/ISO 9000 v. XP
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Ind ustry m aturity levels
t

open loop

100% inspection

sampling

preventionWe are 
here

F F Failure cost
R Removal cost
P Prevention cost
T Tolerance cost

P

T

R

t
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Ind ustry sector tra d eoffs

• Tra d ing  prod uctivity for quality?
• W hat is “g ood  enoug h” for your custom ers?

maturity/
error rate

reqd
actual

sector
oops!

goldplating?
typical
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Rem ova l is a  m ug ’s g a m e

• W ith m aturity, rem oval a ctivities will m ig rate to  
prevention or toleranc e -less testing  or reviewing

• Prevention for thing s that c an b e avoid e d
– Garb a g e  colle ction, pick lists, syntax-sensitive e d itors, static 
alloc ation, sm art pointers

– 100%  prevention, proof-b ase d
• Toleranc e for those that c an’t

– RAID, Jini, run-tim e input, exc eption sa fety, d ata b a se 
transa ctions, open plane tickets

t

prevent remove fail/mask
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Prevention is b etter than cure
•Over tim e, m ore e ffort is pla c e d e arlier in the 
process
–Earlier valid ation of choices

•Config uration che cking , type che cking
•N .B. type che cking  -rem oval not prevention

–Prevention techniques
–Mistakes c an b e rectifie d  sooner (= che aper)

•How ca n we d o e arlier che cking  b ut with 
later b ind ing ?
–Rely less on che cking !
–Split interfa c e and  im plem entation -partia l b ind
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Partial v. com plete com position

• Bind  e arly to the intent and  late to the m e cha nism
– Desig n b y contra ct, a b stra ct b a se classes, POP3, g etenv
– Invasive, e arly choic e a b out allowa b le com b inations

• Com pare this with tem plates or sig nature-b a se d  
polym orphism  (Python, Sm alltalk, C++ STL)
– All late bind ing , a d  hoc com b inations possib le

•Fax m a chine or m od em  ne g otiation of c apa b ilities

define i/f

use i/f

implement i/f define A

define B

compose A & B

t t
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Bind ing  tim e a d apters
•Early to late -lazy, flexib ility-oriente d
–Bind  e arly to i/f a nd  late to im ple m e ntation
–proxies, futures

•Late to e arly -e a g er, perform a nc e-oriente d
–Com piling  interprete d  la ng ua g es, cod e g enerators
–Ca ching , m e m oisation, re a d -ahe a d
–Optim ising  com pilers -constant lifting , inlining
–Mostly b ene fiting  from  alre a d y fixe d  choices
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Tim espan of choic e

• “Unchoose” c an b e end -of-life
– Destructor, cle a nup, unholy m ess, vend or lock-in

• Or a “rechoose”
– Re b ind , resele ction, re fa ctoring

• Orig ina l choice is invariant over the tim espa n
– TOCTOU potential

• Tim espa n of choice is a d esig n d e cision

t

choose check use use
“unchoose”
“rechoose”use… .
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Concurrency and  locking
•Lock g ra nularity = tim espan leng th
–Coarse-g raine d  locking

•Certain, slower, long er tim espan of choic e (ta b le )
–Fine-g raine d  locking

•Faster, m ore concurrency, possib le d e a d lock (row)
•Lock b ind ing  tim e
–Pessim istic = e arly b ind

•One c ase where e arly b ind  is slower
–Optim istic = late b ind

•Meta d ata (version num b er), d elaye d  failure on write b a ck
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Tim espan layering

•Hig her state fulpart of layer extend s the 
tim espan of the lower stateless part

•The stateless parts have the sa m e  span as the 
SF part of the layer b elow

Order book from website (SF)

Logon 1 (SL) Logon 2 (SL) Logon 3 (SL)

HTTP session (SF)

TCP 
stream 1 sf

TCP 
stream 2 sf

HTTP 1 sl HTTP 2 sl

IP 
1 sl

IP 
2 sl
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Conclusion
•The Choose, Check & Use pattern provid es a 
fra m e work and  voca b ulary for d iscussing :

The Tim ing  a nd  Cost of Choices


