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* This process doesn't always work properly

- EXxcessive clotting — e.g. thromboembolisms
- Insufficient clotting

* To treat these problems, we use drugs to change
the behaviour of platelets' signalling networks

- ... such as aspirin
- ... or specialised anticoagulants

- ... or — more Interestingly — combinations of the
above
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e 2008: Carl Ritson et al.
built a large-scale
simulator of artificial

nlatelets for the TUNA

oroject; simple physics,
nut no real behaviour

e 2010: ATS rebuilt
simulator using CoSMoS
tech; same behaviour, but
supports interactive use
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e Meanwhile, AG was TR @ PIP2
modelling platelet ===
signalling under the PLC @PIP3
effects of various sl
drugs; good behaviour, PRédn )

but No physics | = TR L

i i a’*in r== TR7
 Both the signalling CW020'6©T&’9 © "
and the physics : _;__ms Aspirin
matter! 01 @)
« Combine the models? @ k.
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ldentify signalling metamodel: hybrid Petri nets

- ... hybrid because they have continuous guantities
rather than discrete tokens

- ... but the graphical language is convenient!

ldentify an appropriate (subset) signalling model
based on AG's existing one

Define a domain-specific language for hybrid
Petri nets so we can automatically generate the
code AG wrote by hand...

Give each cell in the simulator its own Petri net
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TXA2ext | TRT

Model <

TR XA @ (X1

// Place(name, initial concentration)
NodePtr txa2 ext (new Place("TXA2 ext"
NodePtr aa (new Place("AA"
NodePtr coxl (new Place("COX1"
NodePtr txa2_int (new Place("TXA2_int"

// Transition(name, substrate, product,
NodePtr trl (new Transition("TR1", trl
NodePtr tr2 (new Transition("TR2", tr2
NodePtr tr3 (new Transition("TR3", tr3







e Success!

e ... thatis, the technology works; we haven't yet
calibrated the combined model

» Platelets can now amplify the damage signalling:
you don't need to emit (unrealistically) large
signals into the bloodstream any more

 Can adjust signalling model parameters in real
time and see the physical effects

Abertay
University



Where next? Better metamodel tool support?

We actually want to use this for cancer, rather
than blood clotting — same modelling
technologies, but more complex problems

... for example, helping to design drugs that affect
tumour morphology when growing into tissue —
less invasive, easier to remove

For this, we need a more sophisticated physical
model too...
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atsEaries: ~ atsEcepheus: - atsaElibra: ~
top - 121341171 up 268 days, 21335, 3 users, load average: 26,06, 26,63, 24,78 | top - 12:34:11 up 282 days, 19242, 1 uzer, Lload average: 22,46, 22,48, 18,90 top - 12134310 up 280 daysz, 2:03, 1 uzer, Lload average: 25,02, 23,31, 19

Taskz: 370 total, 21 running, 348 szleeping, O stopped. 1 zowhie Tasksz: 345 total, B running, 332 zleeping, B stopped. 2 zombhie Taskz: 312 total., & rumning, 306 zleeping, O stopped. 1 zombie
Cpuls): 47.3%us. 1.4%=y, 0,08ni, 51.3%4id. ©.6%wa, 0,0¢hi, O.08=i. O,0dst Cpulz): 77.18us. 14,8482y, 0.0¥ni, 8.4804d. ©0.0%wa, 0,0%hi, 0.08=i. ©,0¥st Cpulz): 81.8%us. 13,842y, 0.0ni, 4.8%id. ©.6%wa, 0.0%hi, 0.08=i. 0,6
Memy 12322180k total, 474268k used. 784792k free, 104486k buffers Mem; 12322188k total, BO07EBdk wsed, 7314496k free, 95792 huffers Memy 12322180k total, d625836k used, 7E96344k free, 103062k buffers
wap: 2333730dk total, BEEEE7EK used, 17770728k free, 452188k cached wap: 22837304k total, 3130788k used, 2024E51Bk free, 39526k cached wap: 223437304k total, 826552k wsed, 22610752k free, 392082k cached

WIRT RES 5 " TIME+ COMMAND ) LISER 'R NI YIET RE: U EMEM TIME+ COMMAND PID LSER PR NI VWIRT RES 5 ZMEM TIME+ COMMAND

31816 tg33 200 01321 127w 9524 5 119 1,1 0305.75 java 28073 593 20 0 1393w 153w 9895 5 181 1.3 0:160,34 java 2B51E ty93 20 0 1350m 145w 9548 5 172 1,2 009,77 java

31795 tg93 200 0 1337w 130m 9528 5 164 1.1 ©3106,64 java 24919 ty93 20 o 1372m 450m 9620 5 127 3.7 ©3125,22 java 26324 ty93 20 9 1393m 388w 9576 5 138 3.2 ©3124.33 java

31643 ty33 2600 & 1325m 431m 3576 5 164 4,1 ©125,68 java 24311 ty33 2600 & 1383m 413m 9620 5 123 3.4 ©123.46 java 26216 ty33 26 @ 1395m 382m 9576 5 131 3.2  ©125,85 java

31E95 tgd3 200 @ 1367m 478m 3576 5 191 4.0 ©325,88 java 24754 ty33 20 @ 1498m BOGm 3620 5 120 4.2 ©126,04 java 26285 ty33 20 @ 1418m BOYm 3576 5 130 4.2 ©126.44 java

28710 ats 200 @ 1gIm 8934 BEEE B 180 9,1 6:11,71 cellmodel 24837 ty33 20 9 1475m 418m 9620 5 117 3.5 ©323,45 java 26383 ty33 20 © 13939m 438m 9576 5 111 3.6 ©325,15 java

28711 ats 200 0 1EIm 8732 BER4 B 100 0,1 122,30 cellmodel 24783 ty33 200 0 1324m 441w 9620 5 13 3.7 0323,38 java 25623 thk243 200 © 3553m 960 894 5 100 0,0 20874:08 java

31BES tg93 20 0 1437w dd0m 9576 5 BB 3.7 0323.82 java 28076 993 20 0 1326m 148w 9572 5 101 1,2 307,35 java 26385 tg93 20 0 1330m 230m 9552 5 99 2.4 0316.56 java

28708 ats 206 1Bm Tom BA12 R 48 9,1 3343.59 cellmodel 17387 ats 200 6 1BIm FE32 B228 R 1o o1 7327.37 cellmodel 19335 ats 20 6 1BIm FEYE BZEB R 96 9,1 7314.70 cellmodel

28709 ats 20 0 16w Tom 8720 R 4o ©,1  5:102,43 cellmadel 17390 ats 200 0 16w 7496 5264 B 160 ©,1  7:28,02 cellmadel 26267 ty93 20 9 1313m 339w 9576 5 93 2.8 ©3119.47 java

31756 th243 20 B Z8m 11iZm 92 R 76,9 09082 R 24332 ty33 2600 & 1393w 479m 9620 5 90 4.0 ©325,35 java 26185 ty33 26 @ 1353m 396m 3576 5 8 3.2  ©3121.84 java

31768 th243 2 B Z8im 113m 924 B 769 ome® R 24363 ty33 20 @ 1418m B26m 3620 5 88 4.4 9:28,04 java 26363 ty33 20 @ 135Bm 19m 3562 5 74 1,6 ©313.86 java

31758 th243 2o B Z8om 1MIm 924 B B 6,9 o034 R 24961 ty33 20 9 149dm 345m 9620 5 87 2,9 ©319,89 java 19336 ats 286 1BIm 7796 BRIZ R M 9.1 V124,78 cellmodel

31753 th243 20 6 Z8om 11Zm 924 B 6 0,3 oo E 24803 ty33 200 9 1399m 339w 9620 5 47 2,8 0320,27 java 26239 ty33 20 © 1456m 468m 9576 5 BE 3.3 O327.20 java

31754 tk243 2 0 280w 112w 924 R 6 6,9 o8 R 17389 ats 20 6 1BIm YE0d B2EB R 35 9,1 4:24,06 cellmodel 26345 ty33 20 0 1393w 326m 9YE 5 B 2,7 318,16 java

317ET th243 20 0 Z8owm 112w 924 R 6 6,9 o8 R 17386 ats 2006 1BIm Y92 B284 B 34 9,1 3382.72 cellmodel 19333 ats 20 & 1BIm 7EYE B2EB R 56 9,1 4336.70 cellmodel

31758 th243 20 0 Z8owm 113w 924 R 6 6.9 o8 R 24323 ats 2 0 16936 1424 qWE R 1 6.6 0:00,23 top 19334 ats 20 6 1BIm 7692 5288 R 43 o1 4:43.03 cellmodel

31761 th243 2 B Z86m 113m 324 R 6 6.9 omaH R 2069 root -2 & 3328 188¢ 1880 5 ao0,8 5B121.,91 watchdog 1681 =geadmin 29 & 97604 2398 1756 5 G 6,0 3542077 sge_execd

atsEauriga; ~ atsEcorons: - atsEpisces: -

top - 12134312 wp 282 days, 20355, 2 users, Lload average: 21,96, 22,34, 18,93 | top - 12134112 up 282 days, 20322, 1 user, load averagey 23,79, 22,86, 19,36 top - 12:34:12 wp 280 days, 1354, 1 uzer, load averagey 25,99, 23,21, 19

Tasks: 320 total, 5 running, 314 sleeping, © stopped, 1 zowhie Tasks: 399 total, 5 running, 394 sleeping, © stopped, © zomhie Tasks: 317 total, 5 running, 312 sleeping, © stopped,  © zombie

Cpuls): 78,.8%us, 16.2¥sy, 0.0¥ni, B5.0%id, ©,0%wa, 0,00hi, 0,0¥si, ©,0¥st Cpuisy: 79,.8%us, 15.8%sy, O.6ni, B.0%id, 9.4%wa, ©.0%hi, 0,0¥si, 6,0¥st Cpuisl: 77.8%us, 18.8%sy, 0.02ni, 4.1%id, 0.0%wa, ©O.0%hi, ©0.0%si, 6.9

Mem: 12324360k total, 5726052k wsed, 6537000k free, 104330k huffers Memy 12322180k total, 2380628k wsed, 9933952k free, 33424k buffers Memy 12322180k total, 9157048k wsed, F165132k free, 33480k buffers

Swap: 23437304k total, 103151Bk used, 22405488k free,  B39588k cached wap: 2337304k total, 1278036k used, 22159268k free, 399788k cached wap: 2337304k total,  49579Bk used, 22940508k free,  41157Bk cached
) 1SER PR Wl MIRT RES SHR #HEN TIME+ COMMAND 1 IJSER PR Wl MIRT RES SHR Ll ZHEM TIME+  COMMAHD PID USER PR HI MIRT RES SHR <HEM TIME+ COMMAND

2495 t933 20 0 1336w 169w 9860 5 1BE 1.4 0:11.28 jawa 26755 ty93 20 @ 1396m 280m 9564 5 186 2,3 ©316,08 java 22219 ty93 260 o 13dom 168m 9552 5 145 1.4 ©310,88 java

2479 tg33 20 & 1317w 153m 9860 5 141 1.3 9:16.54 jawa 26808 ty33 26 @& 1356m 280m 3584 5 175 2,3 ©116,09 java 21898 ty33 26 @ 141om 378m 3576 5 128 3.1 ©3123.45 java

224 tg93 2o 6 1434w 458w 9576 5 127 3.8 912619 java 20876 ty33 20 & 1336m 162m 9548 5 189d 1,4 908,19 java 21952 ty33 20 9 1333w 47w 9576 5 117 3.5 ©324,E7 java

2297 tg93 28 6 1362w 432w 9576 5 111 3.6 9:25.56 java 20914 ty33 20 & 1363m 165m 9548 5 1ed 1,4 ©307,89 java 22007 ty33 20 9 1498m 3Mm 9576 5 M3 2,8 922,08 java

2214 tg33 20 0 1354w 528w 9576 5 106 4.4 032Y.69 java 20781 tg93 20 0 1395w 185m 9552 5 102 1.5 03160,00 java 14937 ats 20 0 1BIm 7700 5285 R 100 0,1 319,88 cellmodel

2158 tg33 200 0140w 49w 9576 5 99 4.1 0325,98 jawa 20840 tg93 200 0 1400w 161w 9548 5 101 1,3 0:08,63 java 14936 ats 20 0 1BIm 7BBE B2YE R 100 0,1 716,09 cellmodel

2374 993 20 0 1368w 347w 9BYE S 99 2.8 012,42 jawa 13679 ats 20 o 16Im 7664 B2BE R 160 ©,1  7:18.47 cellmadel 21923 ty93 20 o 1416m 366m 9576 5 98 3.0 ©3121.35 java

27288 ats 20 0 1Bm TAMEB2E R 98 o0 712241 cellmodsl 13681 ats 2600 9 16w 7660 B2BE R 190 ©,1  7125,16 cellmadel 14943 ats 20 & 1BIm 7EE9 B280 B 97 @1 T115.78 cellmodsl

27288 ats 20 6 1BIm 7Rdd B9 R 95 o1 712215 cellmodel 16622 th243 200 o 3512m 948 890 5 190 ©,0 20875:40 java 21976 ty33 26 @ 1367m 424m 3576 5 96 3.5 ©322.77 java

2363 tg93 2o 6 1deom 449w 9578 5 93 3.7 0325 21 java 20958 ty33 20 © 13%9m 151w 9548 5 93 1.3 908,42 java 22037 ty33 20 © 13939m 389w 9576 5 W 3.2 ©322,01 java

2183 tg93 2 6135w 516m 9576 5 83 4.3 9:26.39 java 20911 ty33 20 9 13%6m 136m 9528 5 96 1,1 907,45 java 22133 ty33 20 9 1478m 31¥m 9576 5 85 2.6 ©319.21 java

2260 tg33 200 0 1409 500w 9576 5 85 4,2 0:28.68 java 20927 593 200 0 1337w 14dm 9828 5 92 1,2 307,47 java 21869 tg93 20 0 140dm 552w 9576 5 82 4.6 032651 java

2339 tg33 200 01377 505w 956 5 79 4.2 326,81 jawa 13580 ats 20 0 1BIm YBEE 5260 R 43 0,1 4:53.57 cellmodel 22079 593 20 0 1326m 324m 9576 5 B9 2,7 321,15 jawa

2727 ats 20 o 16w 7660 B2EO R 43 o1 4:22.45 cellmadel 13682 ats 20 6 1BIm YBEO B2E0 B 43 o1 4:58.44 cellmodel 22046 ty33 20 o 1408m 345w 9576 5 73 2.9 9120,95 java

272BE ats 200 9 16w 7660 B2E4 R 43 ©,1  53106,69 cellmadel 26751 ty93 200 0 932 1404 M7z 5 1 6.6 0:90,06 hash 22075 ty33 260 o 1359m 353w 9576 5 B3 2,9 ©319,82 java

1015 at= 2o B 16836 1408 2R 1 6.0 0:90.48 top 1974 sgeadmin 20 @ 97680 3172 1876 5 ao0,8 313,57 sge_execd 14934 ats 28 6 1BIm TR0 5292 R B5 ©.1  5105.64 cellmodel

1B62 sgeadmin 20 @ 98620 2976 1784 5 1 0,8 383161,39 sge_execd 20281 ats 29 B 16998 1392 9698 B G0 099,23 top 1607 sgeadmin 28 & 97600 3444 1836 5 1 0,8 362159,93 sge_execd

atsEcapricorn: ~ ats@Eleo: - atsEscorpius: ~

top - 12234012 up 24 days, 1:32, 1 user, load average: 21,82, 22,07, 13,51 top - 12:34:11 wp 280 days, 2313, 1 wser, Lload average: 20,87, 22,19, 18,82 top - 1230311 we 30 days, 23:28, 1 user, Load average: 25,14, 23,19, 18,

Tasks: 283 total, 5 running, 278 sleeping, © stopped, © zomhie Tasks: 294 total, 5 running, 288 sleeping,  © stopped, 1 zomhie Tasks: 328 total, B running, 321 sleeping, © stopped, 1 zombie

Cpulsd: 71.7%us, 16, 7%=y, 0.0Eni, 11,5%id, ©,1%wa, 0,0¢hi, 0,0¥si, 0,0fst Cpuisy: 73,9%us, 20,3%sy, 0.0Ini, 5.8%id, 0.0%wa, 0.0%hi, 0,0¥si, 6,0fst Cpuis): 86, 7Hus, 11.8%sy, 0.0%ni, 1.5%id, 0.0%wa, O.0¢hi, 0.0¥si, 6.0

Mem: 12324360k total, 2670192k used, 9B5MESk free, 102152k buffers Mem: 12322180k total, 1950384k used, 1031796k free, 103284k buffers Mem: 12322180k total, 5130136k used, 7192084k free, 97472k huffers

wap: 23437304k total, 673160k used, 22864144k free, 382108k cached wap: 23437304k total,  4B8777Ek used, 22949528k free, 294712k cached wap: 23437304k total , 244k uzed, 23428060k free, 385104k cached

WIRT RES SHR 1l #MEM TIME+ COMMAHD 10 LISER E Wl YIRT RES 1] EHEN TIME+ COMMAND FID LISER PR HI YIRT RES SHR ZHEM TIME+ COMMAHD

29775 993 20 O 1960m 219w 9564 5 202 1,3 0314,59 Java 23745 ty33 20 9 13%3m 278m 9608 5 297 2,3 ¢14.41 java 27152 ty33 20 0 1402m 28m 9576 5 133 3,2 032204 Java

2971 933 200 9 1362m 24m 9564 5 180 2,0 ©315,67 java 23980 ty33 20 9 1324m 149m 95592 5 182 1,2 908,50 java 27204 ty33 20 9 1492m 372m 9576 5 128 3.1 922,79 java

29620 993 200 0 1812m 492m 9576 5 126 4,1 027,96 java 23820 ty33 200 0 1404w 192m 9592 5 191 1.6 ©312,44 java 2727 ty33 200 ©13%5m 389w 9576 5 125 3.2 ©322,71 java

29534 993 200 © 1398w 4%0m 9576 5 119 4.1 328,78 jawa 23775 993 200 0 1333w 177w 9880 5 172 1.5 03160.58 jawa 27283 993 20 0 1422w 332w 9576 5 124 3.3 323,38 java

29600 ty93 200 01429 50w 9576 5 117 4.2 328,76 java 23793 t493 20 0 1366w 156m 9895 5 127 1.3 0:07.84 java 27340 593 20 0 1412w 402w 9576 5 122 3,3 0323.64 java

21547 ats 200 9 16w 7664 K272 R 97 ©,1  5165,73 cellmadel 23858 tg93 200 9 1334w 144m 9588 5 193 1.2 ©3107.49 java 27179 ty33 260 o 1491w 30dm 9576 5 115 2,5  ©3120,80 java

21850 ats 2600 9 16Im 7532 B3d B 92 o1 5:163.44 cellmadel 23859 ty33 2600 @ 1351Im 13%m 3576 5 191 1,1 ©3106,47 java 27233 ty33 26 @ 1326m 353m 3576 5 196 2,3 ©120,70 java

21549 ats 200 9 1gIm 7656 B248 B 87 9,1 5:155,56 cellmodel 16183 ats 200 9 1gIm 7912 6436 B 180 9,1 7:23,B4 cellmodel 27043 ty33 20 9147w 4w 9576 5 97 3.6 ©323,87 java

21548 ats 20 9 16Im 7340 5520 B 86 9,1 5:57.72 cellmodel 16182 ats 200 9 16w 7700 5390 B 190 9,1 7:31,64 cellmodel 27070 ty33 20 9 1498m 430m 9576 5 95 3.6 ©324,25 java

2004 sgeadmin 20 @ 97595 3088 1994 5 o660 21:98,39 =ge_execd 15185 ats 20 6 1BIm YBO4 5295 R 100 0,1 7:04.52 cellmodel 27096 593 20 0 1347w 365w 956 5 92 3.0 321,08 java

2481 raot -2 @ 3925 1880 1580 5 ao0,0  4112,12 watchdog 16184 ats 20 9 1EIm 7776 BB3Z R 93 0,1 7:28,62 cellmadel 27253 993 20 0 13%6m 236m 9YE 5 85 2.5 318,47 jawa

21543 ats 20 043876 1436 892 5 o000 000,32 orted 2947 sgeadmin 20 © 99732 3108 1848 S o 0,0 330127,68 sye_execd 27290 593 20 0 1373w 28w 9576 5 B4 2.3 0120.B6 java

28292 ats 20 0 16936 1336 M2 R Go60 000,48 top 23241 ats 2 0 16936 1384 QB R G960 099,23 top 18666 ats 20 6 1BIm 7664 B2E2 R ¥3 9.1 5146.42 cellmodsl
1 root 23 B §3[2 B9 AR5 o8 019,43 init 1 root 2 B 5352 B1E BR4 5 LI 2:24‘91 init 18663 ats 28 6 1BIm 7768 BB R BE 9.1 5id.61 cellmodel
2 root T ] 85 a0, 919,12 kthreadd 2 root JEL ] ] G5 o0 099,95 kthreadd 18585 ats 28 o 1BIm 7360 BEIZ R B2 9,1 563,89 cellmodel
3 root RT o 9 L0 03 0 00 00008 m1gr‘at1on.="€l 3 root T o ] ] [ o 6,0 '3':11. migratiog a6, ats 200 6 161m 7E656 5256 R B3 &,1  5:48,98 cellmodel
4 root éc h Q g p,0 '02 ?ér ot Ml ] t@h@fd L . soFtd tI;B ﬁa% 968 R 1 0,0 9:060,12 top

[ e scales S HWEMN .~ .







e Thanks to EPSRC, Nuffield, and our

Edinburgh

collaborators at York, Kent, Dundee,

and St. Andrews

* Any questions?
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