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Abstra
tWhile typi
al s
ienti�
 works have fo
used on the te
hni
al aspe
ts of real-time development and real-time systems this paper will fo
us on the 
alori
 requirements that profoundly 
an impa
t development andnotably s
ienti�
 dissemination. Though the use of 
ookies and respe
tive proto
ols in 
omputer s
ien
eare well do
umented [1℄ we will not 
over se
urity aspe
ts, notably related to ex
essive a

umulative e�e
tsof 
onsuming large amounts of 
ookies, rather we will fo
us on there 
reation, deployment, assessmentand �nally there 
onsumption and the positive impa
t on the real-time Linux 
ommunity we were ableto observe.KeyWords: 
ookies, 
ookie life-
y
le, assessment1 Introdu
tion2 Underlying Prin
iplesTraditionally 
ookie proto
ols in 
omputer s
ien
ehave been bidire
tional. An in depth analysis of his-tori
 re
ords indi
ates though that the original pro-to
ols in fa
t were unidire
tional - bidire
tional pro-to
ols limited to the error 
ase where 
ookies werereje
ted. Unidire
tional 
ookie proto
ol have a lot ofadvantages:� They are lo
k free� Simple to implement� Portable to almost all 
avors of real-time de-velopersTo optimize the use of 
ookies we found that adonation prin
iple is advantageous, notably with re-spe
t to the speed of 
onsumption. A donation pro-to
ol is typi
ally quite simple and does not ne
essar-ily mandate a hand-shake. The only limitation wefound was that early donation, that is donation ofonly partially initialized 
ookies 
an lead to negativeresponse of the 
onsumers as well as the provider. In-terruption of 
ookie generation by 
ookie 
onsumers

also has generally been found to degrade perfor-man
e of produ
tion, thus this should be preventedby utilizing standard lo
king pro
edures, lo
king out
onsumers at this early stage - for this traditionallo
king was found to be suÆ
ient.3 Case study 13.1 The RT-Preempt a

eleration
ookie pool initializationThe RT-Preempt a

eleration 
ookie initializationneeds multiple setup fun
tions whi
h are serialized.In theory the initialization 
ould be parallelized toa 
ertain degree but no proof of higher eÆ
en
y hasbeen found in the literature. The simpli�ed sour
e
ode of the initialization pro
edure is provided be-low for 
larity. Inline fun
tions and de�nes 
an befound in appendix A, further te
hni
al des
ription inappendix B.Note that the various error 
ode pathes havebeen substituted by pani
() fun
tion 
alls to simplifythe 
ode 
ow. For the unexperien
ed 
ookie pool ad-ministrator this seems to be the safest option. There
ommendation for experien
ed 
ookie pool admin-istrators is to pat
h the initialization fun
tions with1




ommon sense and handle the various error s
enari-ous gra
efully, albeit there is no known way to handlethe pani
() in setup 
ookie in
ubator(). As far as weknow there is no ongoing resear
h to �nd a solutionfor that problem, but it might be possible to addmore in
ubator types. The default 
ase whi
h indi- 
ates a non existing in
ubator will probably remainunresolved for the next de
ades.Trivial 
ookie pool administrator helper fun
-tions have been omitted as well and 
an be retrievedfrom the standard admin library lib 
ookies-devel[3℄.Listing 1: init 
odeint r t a 
 
 
 o o k i e s i n i t ( stru
t temp plate � 
ook i e poo l ,int 
 ook i e s n e ed b i t s ,int 
 o o k i e s n e e d p i e 
 e s )f stru
t 
ook ie mass mass ;stru
t ba s e 
 on t a i n e r � ba s e 
 on t a i n e r ;stru
t 
ontent � 
ontent ;stru
t base l aye r � ba s e l ay e r s ;stru
t wrap �wraps ;stru
t raw 
ook ie � raw 
ook i e s ;stru
t 
onta ine r � 
onta ine r ;int n r 
ook i e s = 0 ;mass = mas s o f 
 ook i e s ( ) ;i f ( 
he
k s to rage (mass ) )return �EOUTOFSUPPLY;s e tup 
ook i e i n 
uba t o r ( ) ;
onta ine r = f i n d 
 on t a i n e r ( 2 0 ) ;b a s e 
 on t a i n e r = i n i t b a s e 
 o n t a i n e r (mass ) ;s t a r t b a s e t im e r (BASE RISING TIME ) ;
ontent = i n i t 
 o n t e n t (mass ) ;/�� Note : i n i t 
 o n t e n t ( ) might have taken longer than� BASE RISING TIME. This i s not a f a i l u r e .�/wa i t f o r ba s e t ime r ( ) ;b a s e l a y e r s = i n i t b a s e l a y e r s ( ba s e 
 on t a i n e r ) ;add t o ba s e l ay e r s ( base l aye r s , 
ontent ) ;/�� The f o l l ow i n g f un
 t i on s are 
 ond i t i ona l and not ne
essary� f o r the b a s i 
 var iant , but the f u l l f l a v ou r ed 
ook i e i n i t� w i l l 
 a l l them .�/i f ( 
 o o k i e s n e e d b i t s )add b i t s on 
ontent ( ba s e l ay e r s ) ;i f ( 
 o o k i e s n e e d p i e 
 e s )add p i e 
 e s on 
ontent ( ba s e l ay e r s ) ;/�� The next s t ep i s mandatory to avo id the 
ook i e r e j e 
 t i o n2



� due to in
ompab i l t y wi th the 
onsumers i n t r u s i on d e t e 
 t i on� system .�/add 
ook i e au tho r i z a t i on ( ba s e l ay e r s ) ;/�� Convert the b a s e l a y e r s�/wraps = wrap base l aye r s ( ba s e l ay e r s ) ;/�� I n i t the 
on ta iner to ensure t h a t the 
ook i e s 
an be� r e t r i e v e d l a t e r�/i n i t 
 o n t a i n e r ( 
onta ine r ) ;/�� Convert the wrapped base t r an spo r t l a y e r s to raw 
ook i e s and� s t o r e them in the 
on ta iner .�� Note , t h a t the advan
ed a l go r i t hm i s to 
 a l l the 
ombined� s p l i t and save fun
 t i on s p l i t w rap and sa v e ( ) whi
h take s� wrap , n r 
 oo k i e s and 
on ta iner as arguments Omitted here as� i t r e qu i r e s w e l l 
oord inated hand l ing o f the var i ous� r e sour
e s .�/raw 
ook i e s = sp l i t w rap s (wraps , 2 0 ) ;s ave raw 
ook i e s ( raw 
ook ies , 
onta ine r ) ;/�� Phew . The hard work i s done !�/add to in
ubato r ( in
ubator , 
onta ine r ) ;/�� The 
onvers ion from raw 
ook ies to f i n a l 
ook i e s t ake s some� t ime . Set a t imer whi
h a l e r t s us to avo id 
onvers ion to� un
omsumable 
ook i e s .�/s t a r t i n 
uba t o r t ime r (INCUBATOR TIME) ;/�� Premature removal from in
uba to r must be avo ided�/wa i t f o r i n 
uba t o r t ime r ( ) ;remove f rom in
ubator ( in
ubator , 
onta ine r ) ;n r 
 ook i e s = t r a n s f e r t o p o o l ( 
onta iner , 
ook i e poo l , 2 0 ) ;return n r 
ook i e s ;gstat i
 void s e t up 
ook i e i n 
uba t o r (void )f 3



swit
h ( in
ubato r type ) f
ase TYPE C:i n i t 
 i n 
 u b a t o r ( 160 ) ;break ;
ase TYPE E:i n i t e i n 
 u b a t o r ( 190 ) ;break ;
ase TYPEG:i n i t g i n 
 ub a t o r ( 3 ) ;break ;default : pani
 ( "No in
ubator found" ) ;ggstat i
 stru
t 
onta ine r � f i n d 
 o n t a i n e r ( int n r 
ook i e s )f stru
t 
onta ine r � ava i l ab l e , � 
ur ;a v a i l a b l e = g e t a v a i l a b l e 
 o n t a i n e r s ( ) ;f o r e a 
 h 
 on t a i n e r ( 
ur , a v a i l a b l e ) fi f ( mat
h 
onta iner ( 
ur�>
apa
 i ty , n r 
 ook i e s ) )return 
ur ;gpani
 ( "Hardware e r r o r ! " ) ;gstat i
 stru
t base � i n i t b a s e ( s s i z e t mass )f stru
t base r e sour
e � r e s ;r e s = a l l o 
 b a s e r e s o u r 
 e (mass ) ;i f ( ! r e s )pani
 ( " 
he
k s to rage i s buggy ! " ) ;return do i n i t b a s e ( r e s ) ;gstat i
 stru
t 
ontent � i n i t 
 o n t e n t ( s s i z e t mass )f stru
t 
ontent r e sour
e � r e s ;r e s = a l l o 
 
 o n t e n t r e s o u r 
 e (mass ) ;i f ( ! r e s )pani
 ( " 
he
k s to rage i s buggy ! " ) ;s t r i p 
 o n t e n t r e s ( r e s ) ;r emove 
ore f rom 
ontent r e s ( r e s ) ;return s l i 
 e 
 o n t e n t r e s ( r e s ) ;gstat i
 stru
t base l aye r � i n i t b a s e l a y e r s ( stru
t ba s e 
 on t a i n e r �b
 )f /�� F l a t t en i n g the base needs to be done 
 a r e f u l l y to avo id� root ho l e s in the 
ook i e t r an spo r t base l a y e r .4



�/return f l a t t e n b a s e ( b
 ) ;gstat i
 void add to ba s e l ay e r s ( stru
t base l aye r �bl ,stru
t 
ontent �
 )f /�� Even d i s t r i b u t i o n i s important o the rw i s e 
onsumers might� r e j e 
 t the 
onsumption due to miss ing 
ontent . Minor� uneveness i s a 
 
 e p t a b l e and prov ide s the i n d i v i d u a l tou
h� o f the f i n a l 
ook i e s .�/d i s t r i b u t e 
 o n t e n t e v e n l y ( bl , 
 ) ;gstat i
 stru
t wrap �wrap base l aye r s ( stru
t base l aye r � bl )f /�� Wrap up the ba s e l a y e r s so 
ontent , b i t s , p i e 
 e s and auth
ode� are s a f e l y en
apsu l a t ed by the base t r an spo r t l a y e r�/return do wrap base l aye r s ( b l ) ;gstat i
 void i n i t 
 o n t a i n e r ( stru
t 
onta ine r �
 )f /�� 
ook i e s r e qu i r e the 
on ta iner to be format ted wi th FAT.�/f o rma t f a t ( 
onta ine r ) ;gstat i
 stru
t raw 
ook i e s � s p l i t w rap s ( stru
t wrap �wraps ,int n r 
ook i e s )f int l ength ;l ength = wrap length ( wraps [ 0 ℄ ) + wrap length ( wraps [ 1 ℄ ) ;l ength /= nr 
ook i e s ;i f ( l ength < MIN COOKIE LENGTH)pani
 ( "Math e r r o r ! " ) ;i f ( l ength > MAXCOOKIELENGTH)pani
 ( "Math e r r o r ! " ) ;return do sp l i t w rap s (wraps , l ength ) ;gstat i
 void save raw 
ook i e s ( stru
t raw 
ook ie � r
 ,stru
t 
 on t a i n t e r �
o )f stru
t raw 
ook ie � 
ur ; 5



f o r e a 
 h r aw 
 o o k i e s a f e ( 
ur , r
 ) fl i s t d e l (&
ur�> l i s t ) ;s t o r e i n 
 o n t a i n e r ( 
o , 
ur ) ;i f ( 
 o n t a i n e r f u l l ( 
o ) )pani
 ( "Math e r r o r ! " ) ;ggstat i
 int t r a n s f e r t o p o o l ( stru
t 
onta ine r �
o ,stru
t temp plate � 
ook i e poo l ,int n r 
ook i e s )f stru
t temp plate temp plate ;stru
t 
ook i e � 
ook ies , � 
ur ;int 
nt = 0 ;
 ook i e s = dump to temp plate ( 
o , temp plate ) ;f o r e a 
 h 
 o o k i e s a f e ( 
ook ies , 
ur ) fde l f r om temp p la t e ( 
ur ) ;s av e t o poo l ( 
ur , 
 o ok i e poo l ) ;
nt++;gi f ( 
nt < n r 
ook i e s )a l e r t ( "Cookie underrun dete
ted ! " ) ;i f ( 
nt > n r 
ook i e s )a l e r t ( "Cookie over
ommit dete
ted " ) ;return 
nt ;g3.2 The RT-Preempt a

eleration
ookie pool distributionThe distribution of these 
ookies is initiated bythe allo
ation of the 
ookie pool tempplate on afree a

essible storage spa
e and the 
ookie proto
olserver is initialized. The advan
ed server te
hnol-ogy inter
epts the HTCPCP proto
ol des
ribed inRFC2324[1℄.When the developer initiates the GET method ofHTCPCP he re
eives a noti�
ation that the A

ept-Additions header �eld has been expanded and needsto be �lled in on the request. The default sele
tionfor the 
ookie addition is set to "a

ept".Most of the developers tend to 
on�rm the de-fault and therefor re
eive the 
ookie as an additionto the 
ontent requested over HTCPCP. If the devel-oper who re
eived the �rst 
ookie of the fresh 
ookiepool happens to be in a room with other develop-ers then the advan
ed HTCPCP server experien
esmassive 
on
urrent requests short time after the �rstdelivery.

3.3 The RT-Preempt a

eleration
ookie pool underrunThe time between the start of the advan
edHTCPCP 
ookie server and the pool underrun de-pends mostly on the number of developers who areable to 
onne
t to the server.A single developer is mostly unable to empty thepool in one series of HTCPCP requests even if hetries hard, but while the 
ookies should be 
onsumedrather fast due to the instability of the 
ontent it ispossible to distribute the 
onsumption a
ross severalsessions.A developer team usually empties the pool prettyfast whi
h is partially driven by the fa
t that ea
hteam member fears that it might miss the oportunityto 
onsume enough 
ookies[6℄.In the rare 
ase that the number of developer islarger than the number of 
ookies per pool allo
ationthe advan
ed HTCPCP server needs to be instru
tedby the pool administrator to split the 
ookies beforeserving until the �rst round of requests has been sat-is�ed[7℄.6



3.4 The RT-Preempt a

eleration
ookies side e�e
tsThe 
onsumption of the 
ookies has shown very pos-itive side e�e
ts. The ri
h 
ontent of the 
ookiesrequires the full attention of the developers[5℄ sothere is no ability anymore for the usual 
hit-
hatand other 
ounterprodu
tive oÆ
e habits in
ludingphone 
alls.Negative side e�e
ts are almost unknown ex
eptsome unexpe
ted prints[4℄ on the s
reen whi
h 
anbe tra
ed ba
k to the FAT formatting of the 
ookie
ontainer.4 Case Study 2 - 1 byte 
ookiesWhile mu
h of the 
ore routines of Case study 2 are
omparable to those of 
ase study 1 we will fo
us ondesign issues and only brie
y outline the main dif-feren
es to the RT-Preempt related example in theprevious se
tion.Case study 2 will fo
us on nano-kernel 
ompliantsolutions. At the lowest level the design parametersare:� width of 
ookies - typi
ally 4 bytes are used� Allignment - one or two dimensional array� sele
tion strategy - Compare and swap (CASor CAS2)� minimizing overall 
omplexity

4.1 Width of 
ookiesWhile no signi�
ant overhead for de
oding 8 or 16byte 
ookies was dete
ted, throughput seems to beoptimum at 4 byte 
ookies, we explain this withthe fa
t that resorting to smaller types in
reases theoverhead of a

ess while larger types in
ure a penaltydue to resour
e 
ontention on the side of the 
on-sumer (i.e. in
reased e�orts in garbage 
olle
tion).4.2 AligmentAlignment primarily 
on
erns with the alligment of
ontainers whi
h 
an impa
t the performan
e of keyfun
tions like save raw 
ookies and the utilization ofthe in
ubator. Obviously multibyte 
ookies requiremore thought on aligment, notably as unaligned
ookies tend to 
ause ex
eptions that 
an infuriateprodu
ers. while one dimensional arrays are simpleto use (even RT developers 
an handle this task) theydegrade the utilization of in
ubators and thus two di-mensional arrays with proper alligmment should beat least 
on
idered.4.3 Code dis
ussionThese nano 
ookies have quite obvious performan
eadvantages notably allowing unnoti
ed transition tomulti
ookie proto
ols without raising ex
eptions inother 
onsumers.Listing 2: init 
odeint nano 
 o o k i e s i n i t ( int n r 
ook i e s )f stru
t 
ook ie mass mass ;stru
t base �base ;stru
t raw 
ook ie � raw 
ook i e s ;stru
t 
onta ine r � 
onta ine r ;mass = mas s o f 
 ook i e s ( n r 
 ook i e s ) ;i f ( 
he
k s to rage (mass ) )return �ENOENT; /� s t r i 
 t POSIX! �/s e t up 
ook i e i n 
uba t o r ( ) ;
onta ine r = f i n d 
 on t a i n e r ( n r 
 ook i e s ) ;base = i n i t b a s e (mass ) ;s t o r e ba s e ( base ) ;s t a r t b a s e t im e r ( base , BASE REST TIME) ;wa i t f o r ba s e t ime r ( base ) ;i n i t 
 o n t a i n e r ( 
onta ine r ) ; 7



raw 
ook i e s = s p l i t f o l d ( base , n r 
 ook i e s ) ;s ave raw 
ook i e s ( raw 
ook ies , 
onta ine r ) ;add to in
ubato r ( in
ubator , 
onta ine r ) ;/�� note t h a t t iming i s 
 r i t i 
 a l due to � t h e s e be ing 1 by t e� 
ook i e s .�/s t a r t i n 
uba t o r h r t ime r (INCUB TIME) ;/� non�preemt i b l e s e 
 t i on �/s p i n on i n 
uba t o r t ime r ( ) ;remove f rom in
ubator ( in
ubator , 
onta ine r ) ;n r 
 ook i e s = t r a n s f e r t o p o o l ( 
onta iner , n r 
 ook i e s ) ;return n r 
ook i e s ;g Fun
tions not des
ribed were reused from CS1 so they are not relisted here. Essentially the main di�eren
e
an be seen in the init base() fun
tion whi
h is optimized for the 
ase that resour
es are available, whi
his plainly assumed. A minor improvement is to introdu
e resour
e 
onservation by dumping the sta
k iflimits are ex
eeded and thus operatiog loss-free by rebasing. Finally �ne-tuning of a

ess patterns, i.e. byprefet
hing have been introdu
ed. Listing 3: sys 
ookies 
orestat i
 stru
t base � i n i t b a s e ( s s i z e t mass )f stru
t base r e sour
e � r e s = NULL;/�� don ' t do t h i s i f you are the� on ly one at home !�/while ( ! r e s )r e s = a l l o 
 b a s e r e s o u r 
 e (mass ) ;return do i n i t b a s e ( r e s ) ;gstat i
 stru
t raw 
ook i e s � s p l i t f o l d ( int n r 
ook i e s )f int l ength ;bat
h t bat
h ;bat
h = ACCESS ONCE( base ) ;l ength = base l eng th ( base ) ;l ength /= nr 
ook i e s ;/�� i s t h i s p o s s i b l e wi th 1 by t e 
ook i e s ?�/i f ( l ength < MIN COOKIE LENGTH)8



pani
 ( "Math e r r o r ! " ) ;i f ( l ength > MAXCOOKIELENGTH) fdump sta
k ( ) ;rebase (CURRENT j FUTURE) ;greturn d o s p l i t ( bat
h , l ength ) ;gstat i
 stru
t raw 
ook i e s � d o s p l i t ( stru
t bat
h �bat
h , int l ength )f int 
ount = 0 ;stru
t raw 
ook ie �next , � l i s t ;while ( l i s t ) fnext = l i s t �>next ;p r e f e t 
h ( next ) ;
 sum fo ld ( next ) ;l i s t = next ;i f (++
ount >= l im i t ( 
onta ine r ) )break ;gi f ( ! 
ount )pani
 ( "Math e r r o r ! " ) ;else r a i s e b a t 
 h s o f t ( ) ;return l i s t ;g5 Preliminary assessmentA �rst study of 
ookie impa
t was done during the1st Real Time Linux Workshop in Vienna (TU-Wien1999) with the general response being positive - infa
t in some 
ases this seems to be the most persis-tent tra
e of the event in memory.To assess the e�e
tiveness of the proposed 
ook-ies, preliminary studies were 
ondu
ted on isolatedindividuals in Germany and Austria. Positive e�e
ts
ould be found, though it was not 
lear if these 
ouldbe generalized. To 
on�rm the �ndings a mass-studyat the 11th Real-Time Linux WorkShop was 
on-du
ted by exposing a large set of randomly sampleddevelopers to a set of pre-allo
ated 
ookies.5.1 Performan
eUnidire
tional 
ookie proto
ols typi
ally s
ale O(N)whi
h was found to be suÆ
ient due to the inher-ent limit of 
onsumers whi
h lead to fairly 
onsistentand stri
t bounds on N. While multi
ookie proto
olshave been observed generally greedy the algorithmswere found not to be suitable for 
ookie proto
ols,

optimizing for these 
ases has thus been deferred.Monitoring of low-water-marks on 
ookies is es-sential to a
hieving a good throughput, unfortu-nately the 
ookie produ
tion has still a too high la-ten
y to allow re�ll events with small periods, thuspre-allo
ated pools are the dominant strategy in use.5.2 OptimizationSurprisingly diversi�
ation has shown to be an ef-fe
tive way of maximizing 
ookie 
onsumption. Oneobservation that 
ould explain this is that we foundthat multiple 
on
urrent 
onsumers tend to sampledi�erent pools, showing a prefered pool dependingon spe
i�
 (lo
al) parameters. Thus the most e�e
-tive optimization strategy, empiri
ally found, is toinitialize sets of diverse 
ookies, and allow e�e
tiveparallel a

ess via lo
k-free me
hanisms.We also found a small number of 
onsumers de-faulted to a grab-and-run strategy - while this 
an'tbe quanti�ed e�e
tively yet, this strategy does seemto be quite e�e
tive.9



6 Con
lusionA vast improvement of produ
tivity 
an be a
hievedby an e�e
tive use of unidire
tional 
ookie proto
olsfor real-time Linux development. Although it 
anbe spe
ulated that su
h 
ould be deployed in other�elds, our 
urrent study was limited to real-time de-velopers. Both an in
rease of produ
tivity as well asbiologi
al storage 
apa
ity (notably of parti
ipating
individuals) 
ould be observed, leading to the 
on-
lusion that 
ookies have a general positive impa
ton development. Thus we 
on
lude that the use ofunidire
tional 
ookie proto
ols is advantegous andfurther development of these 
apabilities is needed.Though greedy proto
ols have been dis
ussed inthe past, we found that 
onsidering these has neg-ative impa
ts on developers long term and thus aredepre
ated.7 Appendix A Listing 4: header#ifndef OPSYS METRIC# error "Operator l i v e s in the wrong un ive r s e "#endifstru
t 
ook ie mass fgrams t wheat f l ou r ;ml t milk ;grams t yeast ;p i e 
 e s t eggs ;p i e 
 e s t apples ;grams t sugar ;some t butter ;o p t i o n a l t 
innamon ;o p t i o n a l t r a i s i n s ;g ;stat i
 i n l i n e stru
t 
ook ie mass mas s o f 
 ook i e s (void )f stru
t 
ook ies mass mass ;mass . wheat f l ou r = 500 ;mass . milk = about ( 250 ) ;mass . yeast = 20 ;mass . eggs = 2 ;mass . app les = about ( 6 ) ;mass . sugar = about ( 100 ) ;return mass ;g/� In
ubator t ype s �/#define TYPE C " 
onve
t ion oven"#define TYPE E " e l e 
 t r i 
 oven"#define TYPEG "gas oven"stru
t base r e sour
e fgrams t wheat f l ou r ;ml t milk ;grams t yeast ;p i e 
 e s t eggs ; 10



g ;stat i
 i n l i n e stru
t ba s e 
 on t a i n e r � do i n i t b a s e ( stru
t base r e sour
e � r )f stru
t bowl � smal l bowl , � l a rge bowl ;stru
t ba s e b a l l � ba l l ;stru
t board �board ;smal l bowl = get sma l l bow l ( ) ;pu t y ea s t i n t o bow l ( smal l bowl , r�>yeast ) ;add some lukewarm water to bowl ( smal l bowl ) ;s t i r y e a s t and wa t e r ( smal l bowl ) ;put bowl a s ide f o r 10min ( smal l bowl ) ;i f ( ! twiddle thumbs ( ) )do someth ing use fu l ( ) ;l a rge bowl = ge t l a r g e bow l ( ) ;put wheat f l ou r to bowl ( large bowl , r�>wheat f l ou r ) ;a dd e g g s t o f l o u r ( large bowl , r�>eggs ) ;add yea s t m ix t o f l ou r ( large bowl , smal l bowl ) ;move to dishwasher ( smal l bowl ) ;do f i f ( ! r�>milk ) fi f ( m i l k ava i l ab e ( ) )r e f i l l ( r�>milk ) ;else r e f i l l w i t h w a t e r ( r�>milk ) ;gadd some o f t h e m i l k t o f l ou r ( large bowl , r�>milk ) ;kn e ed i ng r ed i en t s ( l a rge bowl ) ;g while ( f l o u r n o t f u l l y a b s o r b e d ( l a rge bowl ) ) ;board = get board ( ) ;b a s e b a l l = remove base ba l l f r om bowl ( l a rge bowl ) ;pu t s o f t dough on f l ou r ed boa rd ( board , b a s e b a l l ) ;kneed unt i l dough i s smooth ( board , b a s e b a l l ) ;put smooth dough bal l ba
k ( ba s e ba l l , l a rge bowl ) ;
ove r bowl w i th d i sh towe l ( l a rge bowl ) ;put bowl a s ide to warm p la
e ( l a rge bowl ) ;return ( stru
t ba s e 
 on t a i n e r ) l a rge bowl ;g#define BASE RISING TIME un t i l b a s e h a s d oub l e d s i z estru
t 
ontent r e sour
e fp i e 
 e s t apples ;grams t sugar ;o p t i o n a l t 
innamon ;o p t i o n a l t r a i s i n s ;g ;stat i
 i n l i n e void s t r i p 
 o n t e n t r e s ( stru
t 
ontent r e sour
e � r )11



f s t r i p ( r�>apples ) ;gstat i
 i n l i n e void r emove 
ore f rom 
ontent r e s ( stru
t 
ontent r e sour
e � r )f remove 
ore ( r�>apples ) ;gstat i
 i n l i n e stru
t 
ontent � s l i 
 e 
 o n t e n t r e s ( stru
t 
ontent r e sour
e � r )f stru
t 
ontent � s l i 
 e s ;s l i 
 e s = s l i 
 e i n t o t h i n s l i 
 e s ( r�>apples ) ;return s l i 
 e s ;gstat i
 i n l i n e stru
t base l aye r � f l a t t e n b a s e ( stru
t ba s e 
 on t a i n e r �b
 )f stru
t ba s e b a l l �dough ;stru
t base l aye r �doughs ;int i ;dough = get the dough from bowl ( b
 ) ;doughs = s p l i t d o u g h i n h a l f ( dough ) ;for ( i = 0 ; i < 2 : i++) fput dough on f loured board ( doughs [ i ℄ ) ;do f app l y r o l l i n g p i n t o dough ( doughs [ i ℄ ) ;g while ( l ength != 40
m && width != 30
m) ;b r u s h a b i t l i q u i d bu t t e r o n f l a t d ou gh ( doughs [ i ℄ ) ;gmove to dishwasher ( ba s e 
 on t a i n e r ) ;return doughs ;gstat i
 i n l i n e voidd i s t r i b u t e 
 o n t e n t e v e n l y ( stru
t base l aye r �bl , stru
t 
ontent �
 )f d i s t r i b u t e a p p l e s l i 
 e s o n b a s e l a y e r s ( bl , 
 ) ;gstat i
 i n l i n e void add b i t s on 
ontent ( stru
t base l aye r � bl )f add 
 i nnamon i f y ou l i k e th e t a s t e ( b l ) ;gstat i
 i n l i n e void add p i e 
 e s on 
ontent ( stru
t base l aye r � bl )f a d d r a i s i n s i f y o u l i k e t h e t a s t e ( b l ) ;12



gstat i
 i n l i n e void add 
ook i e au tho r i z a t i on ( stru
t base l aye r � bl )f /�� The amount o f sugar depends on the sourness o f the app l e s .�� Note t h a t the dough 
on ta ins no sugar to have a b e t t e r� 
on t r a s t between dough and app l e s .�/d i s t r i b u t e s u g a r ( b l ) ;gstat i
 i n l i n e stru
t wrap � do wrap base layer ( stru
t base l aye r � bl )f int i ;for ( i = 0 ; i < 2 ; i++)bl [ i ℄ = w r ap ba s e l a y e r t o l o n g r o l l ( b l [ i ℄ ) ;return ( stru
t wraps �) b l ;gstat i
 i n l i n e void f o rma t f a t ( stru
t 
onta ine r �
 )f bu t t e r t h e 
 a s s e r o l e ( 
 ) ;g#define MIN COOKIE LENGHT about (4
m)#define MAXCOOKIELENGHT about (4
m)stat i
 stru
t raw 
ook i e s � do sp l i t w rap s ( stru
t wrap �wraps , int l ength )f return 
 u t t h e r o l l s i n t o p i e 
 e s (wraps , l ength ) ;gstat i
 i n l i n e voids t o r e i n 
 o n t a i n e r ( stru
t 
 on t a i n t e r �
o , stru
t raw 
ook ie � r
 )f r o l l t h e r aw 
 o o k i e i n l i q u i d b u t t e r ( r
 ) ;p u t r o l l i n 
 a s s e r o l e o n f l a t s i d e ( 
o , r
 ) ;g#define INCUBATOR TIME about (20min)8 Appendix BTe
hni
al des
ription of RT-preempt a

eleration 
ookiesModel name: Apfels
hne
kenAlternative model name: ApfelnudelnOrigin: South Germany9 Appendix C 13



Listing 5: header/� t imes in se
onds �/#define INCUB TIME 8�60#define BASE REST TIME 2�60�60stru
t base r e sour
e fgrams t wheat f l ou r ;grams t v an i l l e s u g a r ;grams t almonds ;grams t butter ;p i e 
 e s t eggs ;g ;stat i
 i n l i n e stru
t 
ook ie mass mas s o f 
 ook i e s ( int n r 
ook i e s )f int m = nr 
ook i e s / 40 ;stru
t 
ook ies mass mass ;i f ( !m) pani
 ( " n r 
 ook i e s to low ! " ) ;mass . wheat f l ou r = m � 180 ;mass . butter = m � 100 ;mass . eggs = m � 1 ;mass . v a n i l l e s u g a r = m � 50 ;mass . almons = m � 50 ;return mass ;gstat i
 i n l i n e stru
t base � do i n i t b a s e ( stru
t base r e sour
e � r )f bowl t bowl ;bowl = ge t l a r g e bow l ( ) ;push ( wheat f lour , bowl ) ;push ( s p l i t e g g (EGG JOKE) , bowl ) ;/�� no tab l y i f 
 h i l d p ro
e s s e s are i n vo l v e d�/s e t (IGNORE MESS) ;do f push ( gr ind (mass . almonds ) , bowl ) ;kn e ed i ng r ed i en t s ( bowl ) ;g while (STICKY j MESSY j !SMOOTH) ;return dough in la rge bowl ;gReferen
es[1℄ http://www.en
y
lopedia.
om/do
/1G1-128446233.html14



[2℄ http://www.faqs.org/rf
s/rf
2324.html[3℄ http://www.powells.
om/biblio?isbn=9780764554209[4℄ http://www.funnyforwards.
om/fortuneteller1.htm[5℄ http://www.waltsense.
om/storage/arti
les/20090707 MouthFull.jpg[6℄ http://www.amazing-planet.net/slike/rodents/prairie dog food �ght.jpg[7℄ http://www.osthessen-news.de/Media/09/08/News090804 3 WettessenHerren.jpg
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