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Introduction
1. BaCkground Altruistic donor

A graphical user interface (GUI) to visualize inputs and outputs Y 80,000 people awaiting kidney transplants, 16,000 transplants performed yearly. The availability of organs does not meet the

: : : - excessive demand
from the Kldne.y Paired Dpnatl_on (KPI.D) pro_gram !S developed. d Donors incompatible with their recipients can still help their loved ones get live donor kidneys
KP_D program Is based primarily on mlcro-5|mulat_|on models_ by matching with other incompatible pairs
which enable us to evaluate and compare allocation strategies

and effects of policy. There is no user friendly platform thus far éObiictive_ docie - benef | 0 from fimitad cidney d
that permits easy communications between inputs and outputs Make optimal decisions to reach the most mutual benefits (e.g., more patients save life) from limited resources (kidney donors)

in the KPD program. Thus, the developed interface will facilitate 3. solution: Optimized Matches via Constrained Graphic Optimization

the clinical research related to KPD program. d Graph: Each node represents an incompatible donor/recipient pair or altruistic donor, each edge represents a possible match
d Match: (1) Paired Donor-Patient Exchanges: 35, 2&4&6; (2) Chains for Altruistic Donors: 7=>1; (3) Combination of (1) and (2)

Algorithm System Configuration Micro-simulation Model Flowchart

Computing Engine
{Gurobi)
&

Formulation: Integer Programming 1. The software consists of a comprehensive frontend GUI in Qt

development environment and a backend computing engine
powered by optimization integer programming software, such ¢

as Gurobi.
maxXx E Y. .u nput Parameters: -
ceC ©° _ _ _ (1) Initial namber of people nput Pm‘;m:u?tms. _
dComputing Engine: the core of KPD program applies — (2) Arrival Rate (1) Base Utility Max, Min nput Parameters: Input Parameters:
st.,y. €{0,1}, vc € C, statistical data models and optimization functions to output Recinient csv (3) Altruistic Donor Percentag Ei — E“];tfhﬁgj‘ﬁm‘ v/ ©) Optimization Methods /(1) Lab Match Run Methods
i i : : : : : -C8V, . e Proba ax, Hmizat i - ;
and 2‘ y <11<i<n matching results. It is written entirely in C++ and compiled into | ponor.c (4) Match Run Period - (2) Optimization Run Period Indey/ (2) Match Run Period Index
cec (i) a binary executable code.
dGUI's Primary Role: receive and process data from users, *
select modeling criteria and KPD parameters, and then to . P—
where C is the class of all cycles or chains of length three or less - - - - - Ser Simulated Data rap - . - S ave
without or with altruistic donors, C(i) is the set of cycles or output resu_lts In easily accessible environments. GUI is Input —»|Database sttt | —> Generation Optimization Real Lab o
chains in C that contain vertex i and vy, is a vector of developed in C++ too and also compiled into a separate ) Decisio Match Run
indicators representing if cycle or chain c is to be executed executable proaram 1 3 4 7
for transplant (y.=1) or not (y, =0), u. is the expected utility of prog ' {1} { } { } '[5]' {'E']' { }
cycle c depending on edge utility e; and probability p;.
| | 2. Com_munlcatlon between the computlr_lg engine and the GUI is — T P Graphic
The solution to the above constrained carried out through input and output files. Thus, the KPD ' 1D nteger I8 10 Tnteaer | {Visualization _ Comparison
maximization provides the optimal kidney software can be easily deployed across multiple platforms, °Type String [°Blood String otential Matchin _E::::IT:::*““ and
exchange in a KPD program such as Windows, Linux and Mac OS. - Blose JEEdng || eems e dng Transplants Analysis
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GUI Software

meE Basic Components:

1. The system will allow to input data of patient/donor pairs and/or altruistic

4= 1. Read data from users donors from three sources:
1 z 3 4 5 & 7 g Recipients & X
1 Method #MatchRun... RecipientID RecipientType DonorID |DonorType |MumberofTr.. | Claimedkiliey E:::EE:ij E:g%j EEE:E::E §i§E§:§j Ezﬁzz-%gg%gi{:‘Eéig?gﬁ%%iﬁ%ﬁ?;;g%1-‘:'-5?:1,-‘:'-32,F'-33,F'-34,-‘:'-35JF'-"r3;F'-E'Eh-ﬁ-ﬁa;-ﬁ-ﬁg;-‘:’-?‘h-ﬁ-ﬂﬂﬁ?ﬁaA 2- BUIld (Secured) database D EXIStIng Secured database: BMTR (Bone Marrow Transplant ReQIStry), APD
eriod=1, Id=40, Type=PFair, Blood=0C, Gene= , ,
2 Cycle-with-ab 5 54 Pair gz an 1 10 Period=1, Id=41, Tvpe=Pait, Elood=0, Gene=00Q5, 006, . . . . . . . .
S PR | et il etk sond et hont 4910142, 7015,275270,835.857035.09 4005061084 245,546547. 3. Generate simulation data from database (Allied for Paired Donation), NKR (National Kidney Registry), SRTR
_ . Pl 1445, Tomepa, oo, Gome— o A6l A, 2, Colt, ot U1 o DR DR, DFBLDR L L2 R 3.DR 1o, S : : : . e : . . :
! Ceaccu B S N S S S P P s Ve oni—0, Conem s 4 s A2k AL 71,57 270,551 59 400 6 4 547 45 49 5165 55 4. Generate graphic visualization (Scientific Registry of Transplant Recipients), Stanford (Stanford Medical
|5 Cycle-with-a0 5 124 Pai oz Pair 4 40 Per?ngiZj ISTEDJ, Typeipagﬁ B:uugio’, Genei.ﬁ.ZS:.ﬁ.Z%:ﬁ.SDDI,ASIDI,ASZJB?,B13,52?,BZ?DS,BSE,BS?,BSS,BSQ,B4DDE,B41,B44,B45,B4E~,B4?,EF . . . . . . . . . . .
Comeni s m e aew 5w el e S G R R A oo s s s oo 7 e 5. Optimization decision: output potential matching transplants School Blood Center), UM (University of Michigan KPD Program).

P::;Ed;zj Id;54: TEE:;E:;E g:ggg;g:, g:;:;:5362?4,ASDDI,ASIDI,ASEJB?,BIS,BE?,EE?DS,ESS,BS?,BSS,BSQ,B4EIEIS,B41,B44,E45,B4E~,B4?,E_‘ | . . ] ) ) . .

B "1 7 e e e e e e o 6. Real lab match run: output ready matching transplants  Statistical models that are trained from simulated data from the existing

Donors 3 X . .

| o e e SR e -/ 7. Output and save results for analysis and comparison secured database

Patiod—2, 1455, Tvpe—pa, lood—f, Gene—Al, 544, CHS.008 DR 14, DRS2.050, W1 5.DR14,DRS1, Evi. Bt : : ' : 1ot i

P2 670 Db Shod-s, SIS U2 B0 L SR i S Major Operations:  New inputs of patient/donor and/or altruistic donor data directly from users
riod=z, Id=71, Type=AD, Blood=0, Gene=A1,E35, CWd, D06, DR 15, DRS 1, B8, CW7,D0O7, DR 105, BWE,

< 3| |P r@-:u:lf3, Idf?Z, Type=Pain, Elnndi.ﬁ., Gene=A1,638, CW6, D08, DR4,DRS3, 840, CW 10,002, DR, B4, BWE, ) ) ) o ) ) 5 5 = 5 5 . c . c
el b of I rateh runte) s Pariod—s, 173, TybemPait Hlood—p, Genoh B30, CWA. DO DR 14.DRE BB5.Cr e, Step 1: Choose menu: File -> Open -> Input file names into Read KPD Recipient and Donor File dialo 2. The system will build graphic visualization tools into the existing software for
() ¢ Period=3, Id=75, T Pait, Blood=0, G Al,B40,CW 10,004, DR5,DRSS,651,CW 1,005, 0R.1,BW4,B\Wa
Lab match run#1: 2 matches, 20,000000 utilities riod=a3, ld=7sa, lype=ral, oood=.U, bene=a1,54U, s sLIR, ,Bal, . sUR 1, . . c . . . . .
Lah match rund2: 1 makches, 10.000000 utilities Period=3, Id=7, Type=Pair, Elood=8, Gene=A1,627,CWW15,D(2,0R7,0RS3,B18,CW6,D07,DR11,DRS2, B4, 2: | menu: A || tion -> KPD D T neration -> A lan ram rs in KPD D T neration P rameter . . = = . .
e T e e e s T Slep 2: Select menu: Applicatio ata Generation -> Assign parameters ata Generation Parameters gyt analysis, which helps clinicians, donors and patients more easily
L2 mateh rn#S: 3 matches, S0.000000 et Perod=3, 14=73, Type=pal Blood=A, Gene=A1, 538, W, DQ7,DR 11,DRSZ B51, WL BWA, 65, dialog -> Push OK to confirm the parameters -> Output the simulated recipients and donors data in the Recipients : ,
- :E:, = | ypz= ::E 22= \ EEI:EE= | B ,D07,DR11,DR52,B45,CWea, D2, DRF, DRSS, BW4 BWa, . . ||Ze and asseSS the KPD ro ram
Totel successful transplont(s) pumber s 11 Porod=s, 1457, Tuombal. Blaod=B, Genochi Bis, W7 iDGD DAL | DRSS.P3%. W12, DO DR L7 B, + window and Donors window visua prog -

jjj;“djS‘dengmd=m cocien19255, gL Ry 1000000, Edgorcbablny 0 40175 2x1 Step 3: Select menu: Application -> KPD Graph Generation -> Assign parameters in KPD Graph Generation

E:;EEZE: ESEEE% EEEE%% Eggégi?igﬁﬁﬁgﬁg EESEEEW%% Parameters dialog -> Push OK to confirm the parameters -> Output the vertex and edge of simulated graph in the AC kn OW| ed g ements

rind=5, BeginvertexId=80, EndvertexId=23, EdgeUkility=10, , EdgeProbability=0. ) .

S e ERS 4, 1 Q. a0 ST Graph Build window _ . . . .

Period=5, BeginvertexId=50, EndVertexId=47, EdgeULtility=10.000000, EdgeProbability=0.285125 . . . . . . . . . .

Pt St Gttt gy 10 o0 oty 110 Step 4: Select menu: Application -> KPD Optimization Run -> Choose method and period in KPD Optimization Run 1. This research was funded by the US National Science Foundation NSF), Computing

EI{EE:E: EES?EE?EEEEZE@EﬂgE?Eiigz??;FEE‘ZEQ‘&?:}FLE'g”.EEEEE’S,EEE‘ZZEEE&“E‘?:?;EE?E%%ZES Input dialog -> Push OK to confirm -> Output the potential matching results in the Central window Research Association(CRA), and Computing Community Consortium (CCC) under grants
riod=o, oeginvertexld=aoll, En rrexld= N qelCihcy=11, N gerFrababity=L, - - . .

Perind=5, BeginvertexId=80, EndvertexId=116, Edgelltlity=10.000000, EdaeProbability=0.113205 L] L] - - = =

O e e o T o o SUED 5 SISIEel MEMUE ARIEEIEm = <10 el WEIE [RUT = Cloes Mmetnoe) ene! [pEloe] 7 < A0 il [Rum (e No. CIF (Computing Innovation Fellows)-B-66 (2010-2011).

E:Eg:g: gzgmﬁﬁzﬁg:g% ERSE?Ezﬁgzéij ESSEHE:HE::SSSSSSS: Eggzg:ggzg:“g:giggggg v dlalog -> PUSh OK to Conflrm -> OUtpUt the ready matChIng reSUltS In the Central WIndOW . 2 Thanks to Professor Jack D Kalbf|e|sch YIJIang LI and Yan Zhou Of Department Of

Step 6: Select menu: File -> Save -> Assign file name (.csv) for the current result -> Push save button to confirm ’

Biostatistics, University of Michigan.

The demo of KPD software is on the website: http://www-personal.umich.edu/~chenyanh/research.html ENAR 2011, Miami, FL, USA
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