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1 Miscellaneouscodedetails

Program code canbedownloadedrom http://www.camd.unsw.edu.au/parapolysim

1.1 Reactionsthat the codeis capableof simulating

A — B + C (initiator decomposition)
A + B — P(1) (initiation)
P(7) + M — QUi+ 1) (propagation)
P(7) A — Q%) (addition,no chainlen. alteration)
P(3) - Q(i—1) + M (de-propagation)
P(3) - Q) + B (de-addition)
P(i) + Q>) — R(3) +  S3) (disproportionation)
A(7) - B(35) (change)
P(7) + Q) — R(i + j) (combination)
P(3) + Q) - C(i, ) (complex formation)
P(7) + C(j,k) — C(i, j, k) (complex addition)
C(iz,i2...1n) — D(iy + i+ ...+ iy) (consolidationl)
C(ir, iz ...in) + P(j) — D(ix+ 2+ ...+ in+ j) (consolidatior2)
C(ir,i2...%n) + D(j1,72...jn) — E(ip+ ig+ ...+ in+ j1+ jo+ ...+ jn) (consolidatior3)
C(i1,i2...1n) + M — aryof C(ip + 1,42...19n), C(ir,i2 + 1...4y,) etc... (complex propagation)
C(1, ) — P(3) + Q> (complex scission)
C(ir,i2 ...in) — C(i1,i2 ... in! 1) +  P(in) (comple scission)



1.2 Randomnumber generation

Two sourcesof randomnumbersweretested:(a) the Mersennéelwister (MT) randomnumbergen-
eratof!! and (b) randomsfrom www.randoms.ay. Thesetwo methodseadto slight differencesin
the speedof simulationwith randomnumbersreadfrom disk yielding a speedincreaseof approxi-
mately10%in thesimpletestmodel. The MT randomnumbergeneratedhasbeenusedbeforein the
simulationof polymerisatiorkinetics? ashasthe methodof readingnumberdrom disk®! Both are
equallyvalid aslong asthe pool of randomnumbersstoredon disk is large. In the currentresearch,
all benchmarksely onrandomnumbergyeneratedisingthe MT randomnumbergeneratosincethis
methodwas deemedo be moregeneral.

40 Mb of randombits were downloadedfrom random.og (but could in principal have comefrom
any randomsource). Thesebits were usedas 2 byte positive integers, v;, in the range[0,21° !
1] andwere subsequentlgonvertedinto randomf3oats,~, in the range(0,1) usingthe conversion
v = (1 +7)/(2* + 1), resultingin 80 Mb of singleprecisionrandomnumberswith six signibcant
Pgures. Whenthesewere usedin a simulation,the entire 80 Mb Ple was readinto memoryat the
commencemerdf programexecution.Thetime takento readthesefrom disk (normally of the order
of severalsecondsyvas notincludedin the measuregimulationtime.

1.3 Compilation details

For compilationsusingthe GNU CompilerCollection(GCC), the performanceelated3agsfor Intel
Pentiumd systemswvere

-03 -fomit-frame-pointer -ffast-math -msse3 -march=pentium4

andfor AdvancedMicro Devices(AMD) Athlon systemsvere

-03 -fomit-frame-pointer -ffast-math -march=pentium3
andfor AMD Opteronsystemswvere

-03 -fomit-frame-pointer -ffast-math -march=opteron
For compilationsusingthelntel C++ Compiler(ICC), the performanceelated3agswere

-fast -fomit-frame-pointer

for Intel Pentium4 and

-03 -static -ipo -fomit-frame-pointer -march=pentium3

for AMD Athlon. Prabling experimentsvereonly conductedn the Pentium4 architecturausingthe
ICC, andtheseusedthe switches

-03 -static -ipo -fno-inline -p
andtheanalysisof theraw outputwas performedusingthetool gprof.
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Figurel: Prabling resultsof the Monte Carlo codefor simulationof the comple testsystemto 100

secondsusing 1019 particles. It indicatesthe time consumedy variouspartsof the code: update-
Tree()updateghe reactionprobability tree,pickRndReaction(thoosesa reactionto performbased
onits probability, react()manages particularfunctionat a high level by calling otherfunctionssuch

aspickRndReaction()pickRndmolecule()etc. asrequired;pickRndMolecule(yandomlychooses

molecule;logarithm()refersto the built-in log functionin the standardnathlibrary; random()gen-

erategandomintegersusingthe Mersennelwisteralgorithm;misc. corresponds$o otheroperations
suchasmemorycopying. This proble was generatedvith communicatiorturnedoff. Therelevant

excerptof the probling outputis containedn the supplementargatasection.

1.4 Structure of communicateddata

A typical packageof datausedto communicatehe statebetweervariousnodesduring paralleloper
ationappeardelow. S is thenumberof species,

description header S speciegounts| S max.chainlens.

layout nodetime, monomerauditing Ng...Ng_1 Limax0- - - Lmaxs—1
information,errorRags

S MWDs Padding

continued..

nio- .. nl,Lmax,O .. | Nso--- nMvLmax,S O, O, 0...

1.5 Profiling

Figure 1 displaysproPling resultsindicatingthe fraction of the run time consumedy variousparts
of the program.Thetaskwhich consumeshe greatesamountof time is updatingthe reactionprob-
ability tree. Interestingly the useof this tree datastructureprovided a signibcantimprovementin

performanceover the linear datastructure.The reasorthatthis steptakesa large amountof time is
that whenever a reactionoccurs,a numberof 3oating point calculationsare required: (a) multipli-

cationsto calculatethe new ratesof all reactionswhosereactantdhave changedn numberand (b)
a numberof additionsto updatevariouspartsof the tree datastructure. It is importantto notethat
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sucha graphis approximatesincethe inclusionof instructionsinto the executableto generatesuch
dataaffectsthe way the speedat which the coderunsandthe relative time consumptiorby various
functionsmay beslightly differentfor a non-prdrled executable.

1.6 Example of C codegeneratedby Haskell

This sectionassumes$amiliarity with the C programmindanguage As describedn the manuscript
proper the Haslell programanalysesa kinetic schemeand generatespecialisedC code. The fol-
lowing codeexcerptsfrom the complex testsystemdemonstrat¢A) how whenareactionwith index
reactionIndex is chosenthe specialisedC codeperformschainlengtharithmeticanddecides
which productsareformedby a particularreactionand(B) how theprogramre-calculateshereaction
probabilitieswhich have changedandupdateshereactionprobabilitytreedatastructure.

(A) Codeexcermpt demonstrating control of eachreaction

switch (reactionIndex) {

case decomposition:
no _of_res = 2; /1 nunber of products
prodl_ind = I_Star; /1 product 1 index
prod2_ind = I_Star; /] product 2 index
break ;

case decompositionFalse:
no_of _res = 2;
prodl_ind = Junk;
prod2_ind = Junk;
break ;

case initiation:
prodl ind = P;
prodl_lens[0] = 1;
break ;

case reInitiation:
prodl_ind = A;
prodl_lens[0] = 1;
break ;

case propagationP:
prodl_ind = P;
prodl lens[0] = reactl lens[0] + 1; // Denonstrates chain | ength

/1 arithnetic for propagation

break ;

case terminationAA:
prodl _ind = A coupled;
prodl_lens[0] = reactl lens[O0]
+ react2 lens[0]; /1 Denopnstrates chain |ength
/1 arithmetic for conbination.
break ;

(B) Codeexcempt demonstrating reactionchoicetr eeupdates

switch (reactionIndex) {



case decomposition:

state.reactProbTree[31] = state.reactions[0].rc * (state.ms_cnts[I]);

state.reactProbTree[32] = state.reactions[l].rc * (state.ms_cnts[I]);

state.reactProbTree[33] = state.reactions[2].rc * (state.ms_cnts[I_Star] x state.ms_cnts[M]);
state.reactProbTree[15] = state.reactProbTree[31] + state.reactProbTree[32];
state.reactProbTree[1l6] = state.reactProbTree[33] + state.reactProbTree[34];

state.reactProbTree[7] state.reactProbTree[1l5] + state.reactProbTree[l6];

state.reactProbTree[3] state.reactProbTree[7] + state.reactProbTree[8];

state.reactProbTree[l] = state.reactProbTree[3] + state.reactProbTree[4];
state.reactProbTree[0] = state.reactProbTree[l] + state.reactProbTree[2];
break ;

case propagationP:

state.reactProbTree[33] = state.reactions[2].rc * (state.ms_cnts[I_Star] % state.ms_cnts[M]);
state.reactProbTree[34] = state.reactions[3].rc * (state.ms_cnts[R] % state.ms_cnts[M]);
state.reactProbTree[35] = state.reactions[4].rc * (state.ms_cnts[P] % state.ms_cnts[M]);
state.reactProbTree[36] = state.reactions[5].rc * (state.ms_cnts[A] * state.ms_cnts[M]);
state.reactProbTree[16] = state.reactProbTree[33] + state.reactProbTree[34];
state.reactProbTree[7] = state.reactProbTree[l5] + state.reactProbTree[l6];
state.reactProbTree[1l7] = state.reactProbTree[35] + state.reactProbTree[36];
state.reactProbTree[8] = state.reactProbTree[l7] + state.reactProbTree[1l8];
state.reactProbTree[3] = state.reactProbTree[7] + state.reactProbTree[8];
state.reactProbTree[l] = state.reactProbTree[3] + state.reactProbTree[4];
state.reactProbTree[0] = state.reactProbTree[l] + state.reactProbTree[2];
break ;

case propagationA:
state.reactProbTree[33] = state.reactions[2].rc * (state.ms_cnts[I_Star] % state.ms_cnts[M]);
state.reactProbTree[34] = state.reactions[3].rc * (state.ms_cnts[R] % state.ms_cnts[M]);
state.reactProbTree[35] = state.reactions[4].rc * (state.ms_cnts[P] % state.ms_cnts[M]);
state.reactProbTree[36] = state.reactions[5].rc * (state.ms_cnts[A] % state.ms_cnts[M]);
state.reactProbTree[16] = state.reactProbTree[33] + state.reactProbTree[34];
state.reactProbTree[7] = state.reactProbTree[l5] + state.reactProbTree[l6];
state.reactProbTree[17] = state.reactProbTree[35] + state.reactProbTree[36];
state.reactProbTree[8] = state.reactProbTree[l7] + state.reactProbTree[1l8];
state.reactProbTree[3] = state.reactProbTree[7] + state.reactProbTree[8];
state.reactProbTree[l] = state.reactProbTree[3] + state.reactProbTree[4];
state.reactProbTree[0] = state.reactProbTree[l] + state.reactProbTree[2];
break ;



2 Monte Carlo profiling Braw output

% cumulative self self total

time seconds seconds calls s/call s/call name

45.65 63.46 63.46 110451220 0.00 0.00 updateTree
8.44 75.19 11.74 110451220 0.00 0.00 pickRndReaction
8.31 86.74 11.55 110451220 0.00 0.00 react
7.75 97.51 10.77 206403007 0.00 0.00 pickRndMolecule orderl
5.10 104.59 7.09 logf.J
4.55 110.92 6.33 337544612 0.00 0.00 genrand int32
4.04 116.54 5.62 round.J
2.71 120.31 3.717 __intel new memcpy
2.52 123.82 3.51 1 3.51 114.33 compute
2.47 127.25 3.43 __profile frequency
1.87 129.85 2.60 119405038 0.00 0.00 adjustMolCnt_ orderl
1.73 132.25 2.40 recvmsg
1.39 134.18 1.93 220902440 0.00 0.00 genrand real3
0.88 135.40 1.22 220902440 0.00 0.00 randomProb
0.87 136.61 1.21 116642172 0.00 0.00 genrand reall
0.81 137.73 1.12 _intel fast memcpy.J
0.19 137.99 0.26 doneit
0.15 138.20 0.21 _intel_fast_memcpy.H
0.12 138.37 0.17 _intel fast memcpy
0.11 138.52 0.15 _intel fast memcpy.A
0.10 138.66 0.14 logf
0.08 138.76 0.11 round
0.07 138.86 0.10 1 0.10 0.10 compressState
0.04 138.92 0.06 round.A
0.03 138.96 0.04 logf.A
0.02 138.98 0.03 108 0.00 0.00 strAppend
0.01 139.00 0.02 1 0.02 0.02 getConvertedMonomer
0.00 139.00 0.00 988 0.00 0.00 toConc
0.00 139.00 0.00 285 0.00 0.00 name
0.00 139.00 0.00 111 0.00 0.00 takeSome
0.00 139.00 0.00 39 0.00 0.00 conversion
0.00 139.00 0.00 18 0.00 0.00 max
0.00 139.00 0.00 2 0.00 0.01 file write_ state
0.00 139.00 0.00 2 0.00 0.00 init genrand
0.00 139.00 0.00 2 0.00 0.00 readTimerSec
0.00 139.00 0.00 2 0.00 0.00 startTimer
0.00 139.00 0.00 1 0.00 0.00 initSysState
0.00 139.00 0.00 1 0.00 114.45 main
0.00 139.00 0.00 1 0.00 0.02 monomerAudit
0.00 139.00 0.00 1 0.00 0.00 print kinetic_model
0.00 139.00 0.00 1 0.00 0.00 print state
0.00 139.00 0.00 1 0.00 0.00 print state summary
0.00 139.00 0.00 1 0.00 0.00 readTimer



3 Kinetic parameters/initial concentrations

ratecoefcient/quantity units simpletestsystem| comple testsystem
kg st 6.1" 10°° 1.97" 107*
f 0.64 0.64
ki L mol~'s? 17" 103 664
kp L mol~*s™t 340 664
kt L mol~*st 1" 108 1" 108
ke A L mol*s™! 5" 107
Kt AA L mol*s™! 1" 107
Etr L mol*s™t 5" 10°
ks 1 L mol~'st 5" 105
k_g1 st 1" 10°
ks L mol*s? 5" 10° 5" 10°
k_g st 1 " 10°
initial cinitiator mol L™+ 1" 1073 12" 1073
initial cRAET-R mol L™+ 1" 1072 5" 1073
initial cmonomer molL ! 8.3 8.17

4 PREDICI implementation and benchmarking
Miscellaneousnformationrelatingto the PREDIClimplementatiorof the models:

¥ For bimolecularterminationreactionsof areactanwith concentratiorr, PREDICI, by default,
usesthe lUPAC conventionfor theratelaw which requiresdebnition asdc/dt = ! 2 &k &c?. In
PREDICI this is eventhe casefor bimolecularreactionsn which the two reactanspeciesare
notidentical. In orderto achiese (correctnessind) concordancevith the Monte Carlo model,
for thebimoleculaterminatiorreactionbetweerunlike speciesnon-lURAC conformityneeded
to beselectedn thereactionoptions.

¥ PREDICIis notcapableof simulatingspeciesvith morethanonechainlengthassociateavith
them,for example theQ speciesn boththesimpleandcomplex testmodels.In orderto repre-
sentsuchspeciesghain length memory reactantsnustbeusedn the PREDIClimplementation,
asdescribedreviously.

¥ TheoptimisedPREDICIsimulationsusedanadaptve accurag parametewhichwaslow (circa
0.1) for the brst secondof polymerisationtime and subsequentlyncreasedo the bPnal value
over thenext 9 secondsSeemanuscrippropperfor actualaccurag valuesused.



5 Hardware configuration

Details of the hardware, further to thoseappearingin the experimentalsectionof the manuscript
propper:TheLinux machinesvererunningLinux version2.6.19.7-generandhadgccversion4.0.3
20051201 (prerelease).All PREDICI simulationswere run on Windows XP Professionalersion
2002.
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