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Supplemental Methods  

Establishment and serial transplantation of transgenic patient derived xenograft 

(PDX) models 

Eight to 16 weeks old male and female NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ (NSG) mice 

(The Jackson Laboratory, Bar Harbour, ME, USA) were kept in individually ventilated 

cages (IVCs). The animal rooms were fully air-conditioned with a temperature of 20-

24°C and 45-65% humidity according to Annex A of the European Convention 

2007/526 EC. The maximum stocking density of the cages corresponds to Annex III of 

the 2010/63 EU. The cages were constantly filled with structural enrichment and the 

animals had unlimited access to food and water. The animals were inspected daily and 

scored weekly. Signs of monitoring were a body condition score (BCS), posture and 

movement, behavior, condition of care, eyes and breathing. Humane endpoints were 

a BCS of <1, marked lameness or inability to move. Animals with apathetic behavior 

and no reaction to external stimuli, as well as swollen eyes or swollen peritoneal area 

and gasping also lead to a termination. In therapy trials, loss of body weight beyond 

15% for more than two days or beyond 20% relative to day of treatment start resulted 

in termination. Establishing serially transplantable ALL PDX models in NSG mice from 

patient material, re-isolating PDX cells from murine spleen and bone marrow (BM), 

PDX cell culture, lentiviral transduction, enrichment of transgenic cells and in vivo 

bioluminescence imaging (BLI) were performed as described previously (1-5). In brief, 

up to 1 x 107 fresh or thawed transgenic PDX ALL cells were injected into the tail vein 

of mice. To monitor engraftment, tumor growth and treatment response, tumor burden 

of mice was regularly assessed by IVIS Lumina II (Caliper) with Living Image version 

4.4 software (PerkinElmer) starting at day 14 after transplantation and additionally, 

50µl peripheral blood (PB) was repetitively collected from the tail vein starting at day 

28 after transplantation. PB was analyzed by flow cytometry after staining for murine 

CD45 and human CD38 (2). At advanced leukemic disease, at defined time-points or 

at signs of clinical disease (rough fur, hunchback, reduced motility, paralysis) mice 

were sacrificed by exposure to CO2 or cervical dislocation and ALL PDX cells were re-

isolated from murine BM and/or spleen for further analyses. 
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In vivo treatments 

Mice were treated systemically with vincristine (VCR) i.v. once per week and/or with 

cyclophosphamide (Cyclo) i.p. once per week and/or with venetoclax (ABT-199, 

SelleckChem) 100 mg/kg p.o. five times per week. In all combination treatment 

experiments, VCR was applied two days prior to Cyclo; In combination treatment 

experiments of all three drugs, venetoclax was applied on days 1-5, VCR on day 3 and 

Cyclo on day 5 of each treatment week. VCR and Cyclo were diluted in sterile PBS for 

efficient application, ABT-199 was dissolved in 1% Carboxymethyl cellulose and 5% 

DMSO. Animals of the control groups were treated with solvent (PBS) by the same 

route of administration. Drug concentrations were calculated from clinically relevant 

concentrations converting the human doses to mouse equivalent doses based on body 

surface area and differences in metabolism as described (2, 6, 7).  

Drug dosages of VCR and Cyclo were further optimized for each PDX sample 

individually to ensure tumor reduction by at least 2 orders of magnitude: parental ALL-

199 and mice in the multiplex or pretreatment experiment received 0.15 mg/kg VCR 

and 70 mg/kg Cyclo; ALL-50 received 0.25 mg/kg VCR and 70 mg/kg Cyclo; ALL-265 

received 0.3 mg/kg VCR and 70 mg/kg Cyclo. In the ALL-199 “low dose” treatment 

course 0.1 mg/kg VCR and 50 mg/kg Cyclo was used, in the short term treatment 

scheme, mice bearing ALL-199 or ALL-265 received 0.5 mg/kg VCR and 100 mg/kg 

Cyclo and in the “high dose” treatment scheme, mice received 0.6 mg/kg VCR and 100 

mg/kg Cyclo. Mice were closely monitored to prevent signs of treatment toxicity and 

sacrificed as soon as clinical signs of sickness became apparent (weight loss, rough 

fur, reduced motility, hunchback).  

Criteria to define sensitive, persisting and resistant cells were as follows:  

Sensitive: imaging values in the “descending phase” in repetitive imaging, 2-3 weeks 

after start of treatment. Persisting: imaging values “stable” in repetitive imaging at or 

below 1% relative to start of treatment. Resistant: imaging values in the “ascending 

phase” in repetitive imaging; values rise by at least 10x compared to tumor burden at 

the persisting stage, despite continuous treatment. 

 

Drug holiday experiments: resistant ALL-199 derivatives were injected into mice (n=1 

per derivative) and grown without treatment. At BLI signals ≥ 1x1010 p/s, PDX cells 

were re-isolated from murine BM and up to 5x106 cells were re-transplanted into next 

recipient mice. The procedure was repeated twice, resulting in approximately 6 month 
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of drug holiday. In the fourth passage, cells were injected into two mice per derivative. 

One mouse was left untreated while the other mouse received chemotherapy, starting 

at a BLI signal ≥ 1x109 p/s. Treatment response was analyzed by repetitive BLI.  

 

Pretreatment experiments: mice were treated with chemotherapy or with PBS as a 

control for six weeks, before donor ALL-199 PDX cells were injected. ALL-199 cells 

were either injected in low numbers (n=5 mice per group) to analyze tumor growth by 

repetitive BLI and compare growth between pre-treated and untreated mice, or in high 

cell numbers to achieve a high tumor burden (n=5 mice per group) and initiate 

treatment with combination chemotherapy; treatment response was monitored by 

repetitive BLI.  

 

Multiplexing PDX  

For the multiplex in vivo experiment, individual PDX samples were selected to i) be 

suitable for transduction and in vitro cultivation; ii) cover a range of different ALL 

subtypes (Ph-like, hyperdiploid, TCF3-TBX1, KMT2A-AFF1, DUX4 fusion); iii) cover 

different stages of disease (initial diagnosis, first and second relapse); and iv) have a 

similar passaging time in vivo. PDX cells were marked by one or more fluorochromes 

(eGFP, mCherry, mtagBFP, iRFP or combinations of these) as described (1, 8). 

Transduced cells were kept in vitro for 3 days, followed by enrichment by FACS. A mix 

of all samples was injected into two mice to expand the transgenic cell populations. At 

high leukemic burden, cells were re-isolated from mice and individual populations were 

enriched by FACS. Fluorochrome expression profiles of each sample were recorded 

by flow cytometry and samples were mixed again. Resistant PDX ALL-199 cells, which 

were known to proliferate slower than untreated PDX ALL-199, were injected in a larger 

proportion (10x) compared to untreated PDX ALL-199. For ALL-50 and ALL-707, fewer 

cells had to be injected as less cells could be isolated from donor mice. Individual 

samples were injected in the ratio: 1x ALL-199U, 10x ALL-199R, 0.07x ALL-50, 1x 

ALL-265, 1x ALL-502, 0,75x ALL-707.  Fluorochrome profiles of the mix were recorded 

as well and cells were injected into groups of mice (n=12). Engraftment was analyzed 

by repetitive BLI. At BLI signal ≥ 1x109 p/s, mice were randomly assigned to one of 

three groups (n=4 per group). One group was sacrificed, PDX cells were re-isolated 

from murine bone marrow and composition of the PDX population was analyzed by 

flow cytometry. One group received polychemotherapy for three weeks, one group 
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received PBS as control. At the end of the experiment, PDX cells were re-isolated from 

murine bone marrow and fluorochrome expression analyzed to identify individual PDX 

populations. Relative proportion of the individual PDX sample within the mixture was 

determined for each PDX sample in each group. Proportion after treatment and in the 

PBS treated group was normalized to start of treatment.  

 

 

Determination of doubling time of PDX in vivo 

In vivo doubling time was calculated by non-linear fitting of an exponential growth curve 

to data points of repetitive in vivo imaging using GraphPad prism. Doubling time was 

based on two different time points ((x1|y1) and (x2|y2)) and calculated as follows: 

Doubling time = ln(2)/k with k = (ln(y2)-ln(y1))/(x2-x1). 

 

Exome Sequencing and data analysis  

DNA isolation and exome sequencing was performed at LaFuGa (Gene Center, LMU 

Munich). Murine bone marrow containing PDX-ALL cells was thawed and human cells 

were enriched. gDNA and library preparation was performed using QIAmp DNA Blood 

Mini Kit (Qiagen, Düren, Germany) and quantification by Nanodrop and Qubit dsDNA 

HS Assay Kit. Exome libraries were prepared and multiplexed using SureSelect 

Human All Exon V6 kit. Sequencing was performed using Illumina HiSeq 1500 and 

NextSeq 2000 systems with 100 bp or 150 bp paired-end reads. For data analysis and 

quality assessment, sequencing reads with original length of 150bp were trimmed to a 

length of 100bp at the 5’ end to ensure consistent mapping. All sequences were 

trimmed based on base calling quality (min 13) at both ends. Sequence reads 

containing “N” bases and reads with length smaller than 50 nucleotides after trimming 

were discarded. Reads were mapped to the hg19 reference genome using BWA-aln 

0.7.10 with default parameters. Mapped reads were filtered based on mapping quality 

(min 13) and reads not mapping to annotated protein coding regions were discarded. 

Reads likely arising from PCR duplicates were removed using samtools rmdup. On 

average, about 43 million high quality reads per sample were used in the analysis 

(range 29,575,575 - 58,527,169), resulting in an average target coverage of 80x. 

Sequencing reads were realigned around insertions and deletions using GATK 

IndelRealigner. Sequence variants in individual samples were detected using samtools 

mpileup and VarScan 2.3.7 using a minimum variant allele frequency (VAF) of 20% 
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with a minimum coverage of 10x and the number of variant supporting reads ≥3, and 

a base calling quality of 20. Low evidence variants found in donor sample were 

subtracted to call variants gained in all other samples. Low evidence variants in donor 

sample were called using reduced cutoffs: VAF ≥5%, coverage ≥1x, number of variant 

supporting reads ≥1, base calling quality ≥6. The translational effect of sequence 

variants was annotated using SnpEff 4.3 and the Ensembl GRCh37.75 annotation. 

Copy number alterations were detected using GATK DepthOfCoverage and 

OptimalCaptureSegmentation as previously described (9). The following cutoffs were 

applied: mean exon coverage ≥10x, number of exons per segment ≥2, size of 

segments ≥100kb, and number of segments per chromosome ≤10. Four samples were 

excluded from further analyses due to poor sequencing quality (ALL-199 D3, ALL-50 

D6, and two ALL-199 untreated control samples). VAF were filtered based on their 

genomic position and frequency. Mutations in regions of copy number loss were 

extracted by filtering for the respective genomic regions Protein-coding  

genes assigned to these genomic regions were extracted using Ensembl Biomart with 

genome assembly GRCh37.p13 (10).  

 

Targeted sequencing of recurrently mutated genes 

To obtain a high sequencing depth of identified TP53 mutations in ALL-199, an 

established sequencing panel of 68 recurrently mutated genes was utilized. 

Experimental procedure and data analysis was performed as previously described 

(11).  

 

Transcriptome sequencing with prime-seq and differential gene expression 

analysis 

Murine bone marrow containing PDX-ALL was thawed and 2000 human cells were 

enriched by FACS based on GFP expression. Cells were sorted into 100 µL RLT Plus 

Buffer (Qiagen, Düren, Germany) supplemented with 1 % β-Mercaptoethanol. 

Samples were flash frozen and stored at -80 °C until further processing. RNA 

sequencing was performed using prime-seq (12), a bulk version of the single cell RNA-

seq method mcSCRB-seq (13). In brief, samples were digested with Proteinase K and 

nucleic acids were isolated using SPRI Beads and DNAseI digestion was performed 

on beads. Reverse transcription of the isolated RNA was done using barcoded oligo-

dT primers and a template switching oligo. Exonuclease I digestion was performed to 
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remove excess primers. cDNA was amplified using Kapa HiFi HotStart polymerase 

and quality was assessed using capillary gel electrophoresis. Library preparation was 

carried out in triplicates with 0.8 ng cDNA input each using the Nextera XT Kit (Illumina, 

San Diego, USA). Fragments of 300-900 bp size were selected by agarose gel 

electrophoresis and library sequencing was performed at LaFuGA (LMU, Munich) with 

Illumina HiSeq1500 (Illumina, San Diego, USA) with paired-end reads. Sequencing 

was designed to cover barcode and UMI sequences with 28 bp in the first read and 

cDNA fragments with 50 bp in the second read and aiming for at least 10 Mio reads 

per sample. Raw fastq files were processed using the zUMIs pipeline (14). Reads were 

mapped to a concatenated genome of human and mouse (hg38, mm10) and Ensembl 

gene models (GRCh38 v.84,GRCm38.85) were used for quantification of gene 

expression levels. Samples were analyzed in two different batches according to the 

same protocol with minor modifications. The first batch was carried out using individual 

amplification of cDNAs, the second batch using pooled amplification for less bias and 

improved quality. To correct the batch effect resulting from the use of different prime-

seq sequencing time points, an empirical Bayesian method or the methodologies 

implemented in the limma package of R were applied as described previously (15, 16). 

Normalization of read counts was performed using the voom function (17). Differential 

gene expression was calculated using the DESeq2 and limma packages in R following 

recommended workflows (16, 17). Differential gene expression was calculated 

between resistant and untreated samples and significantly upregulated transcripts in 

resistant samples were defined with the following cut-offs: p < 0.001 and log2 fold-

change >1.  

Differential gene expression analysis (t-test) between 1p-deleted (n=15; derivatives 

D4-D8) vs. 1p non-deleted (n=10, derivatives D1-D2) resistant derivatives and 

corresponding data visualization were done using the R2: Genomics Analysis and 

Visualization Platform (http://r2.amc.nl). BCL2 expression in high risk B-precursor ALL 

samples was analyzed from the R2 deposited dataset “Tumor ALL (B) - Carroll - 98 - 

MAS5.0 - u133p2” (based on GSE7440) (18). 

To test the association between BCL2 and overall survival, we used the publicly 

available microarray data set consisting of 449 AML patients treated in different trials 

of the Haemato-Oncology Foundation for Adults in the Netherlands (HOVON). The 

data were a part of a publicly available cohort analyzed by Affymetrix (GSE14468) (19, 

20). 
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Protein expression analysis 

Proteome analysis was performed as described previously (21). Murine bone marrow 

containing PDX ALL was thawed and human cells were enriched by FACS based on 

GFP expression and washed thoroughly in PBS twice. Cells were lysed in 1% SDC 

buffer, incubated (15 min, on ice), boiled (5 min, 95 °C), sonicated for 20 cycles and 

boiled (5 min, 95 °C). Proteins were digested with LysC (1:100 ratio) and Trypsin (1:100 

ratio) for 16 hours at 37°C and reaction was stopped using 5:1 2-propanol/1% TFA. 

Resulting peptides were de-salted on equilibrated styrenedivinylbenzene-reversed 

phase sulfonated (SDB-RPS) StageTips, washed once in isopropanol/1% TFA and 

twice with 0.2% TFA, eluted with 60 µl elution buffer (80% ACN, 1.25% NH4OH) and 

dried under vacuum. The dried peptides were resuspended in loading buffer (3%ACN, 

0.3% TFA) and subjected to mass spectrometry (MS).   

MS analysis was performed using Q Exactive HF-X Hybrid Quadrupole-Orbitrap Mass 

Spectrometer (Thermo Fisher Scientific, Waltham, USA) coupled to a nanoflow EASY-

nLC1000 HPLC (Thermo Fisher Scientific, Waltham, USA). App. 500 ng peptide was 

loaded onto a 50 cm column with 75 µM diameter, packed in house with 1.9 µM C18 

ReproSil particles, and column temperature was maintained at 50 °C (Dr. Maisch, 

Ammerbuch, Germany). Peptides were separated using a gradient of a two-buffer 

system of 0.1% formic acid and 60% ACN plus 0.1%formic acid for 140 min at a flow 

rate of 300 nl/min. The survey scans were acquired at a resolution of 60,000 FWHM at 

a AGC target of 3 x 106 ions (300-1650 m/z, 200 m/z, maximum filling time 20ms), 

followed by HCD (high energy collisional dissociation) fragmentation of Top15 

dynamically chosen ions. The MS/MS scans were detected in the Orbitrap at a 

resolution of 15,000 FWHM. Data analysis was performed using Maxquant version 

1.5.5.2 (22). The MS/MS spectra were searched for tryptic peptides using a target-

decoy approach with a reverse database from the reference Uniprot Human (version 

2016) proteome and list of potential contaminants by the build in Andromeda search 

engine. Settings were adjusted as follows: max. of two missed cleavages allowed, 

minimum peptide length of seven amino acids, Carbamidomethyl of cysteine (C) as 

fixed modification, oxidized methionine (M), acetylation (protein N-term) as variable 

modification, false discovery rate of less than 1% at the levels of peptide and protein 

identification. The proteins were assigned to the same protein groups if two proteins 

could not be discriminated by unique peptides. The label-free quantification was 
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performed with the MaxLFQ algorithum (23) requiring a minimum ratio count of two. 

Match between run feature was enabled for identification of peptide across runs based 

on mass accuracy and normalized retention times. After filtering of artefacts, such as 

reverse hits and contaminants, Perseus software was used to analyze Maxquant 

output tables (24). 

 

Gene set enrichment analysis 

Gene set enrichment analysis was performed using GSEA Desktop Application 

Version 4.2.3. (25, 26). Expression datasets of resistant and untreated PDX ALL-199 

cells of transcriptome and proteome analysis were submitted to GSEA using 1000 

permutations, Chip platform Human_ENSEMBL_Gene_ID_MSigDB.v7.5.1 and gene 

sets Hallmarks (h.all.v7.5.1.symbols.gmt), KEGG (c2.cp.kegg.v7.5.1.symbols.gmt) 

and GO Terms (c5.go.v7.5.1.symbols.gmt) and analyzed for gene sets enriched in 

resistant samples. 

 

CRISPR/Cas9 dropout screens in ALL PDX samples 

CRISPR-Cas9 dropout screens were performed using a protocol that we had optimized 

to be performed in vivo in PDX models (27, 28). Cloning of humanized Streptococcus 

pyogenes (hSp) Cas9 into lentiviral vectors was previously described (5). 

Fluorochrome marker was changed to mCherry using restriction cloning and cutting 

sites for NotI and SalI. Cloning of sgRNA libraries was performed as previously 

described (28), except that a H2Kk-mtagBFP marker was used to allow both magnetic 

enrichment and FACS enrichment. The CLUE pipeline was used to generate a library 

of 1196 sgRNAs, including sgRNAs targeting candidate genes, non-targeting negative 

controls and sgRNAs targeting essential genes as positive controls (28-30), Resistant 

ALL-199 cells were first transduced with the Cas9 construct and cultured for 3 days in 

vitro before cells were enriched by FACS sorting for mCherry and injected into one 

mouse per resistant derivative. At high tumor burden, cells were re-isolated from 

murine bone marrow and percentage of Cas9-positive cells was assessed by flow 

cytometry. Cas9/mCherry positive cells were enriched by FACS sorting and this 

procedure was repeated twice to generate a pure population of Cas9-positive PDX 

cells. Cas9-positive cells were injected into groups of mice (n=5-6) for expansion. At 

high tumor burden, cells were re-isolated from murine bone marrow and transduced 

with the sgRNA library, aiming for a maximal transduction efficiency of 30% to achieve 
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single integrations of sgRNAs. Cells were cultured for 3 days in vitro before 

transduction efficiency was analyzed by flow cytometry and transduced cells were 

magnetically enriched using the H2Kk-marker. Cas9- and sgRNA-library double-

positive cells were injected into groups of mice, aiming for at least 100x coverage per 

sgRNA within the homed population, i.e. at least 2.4x106 cells were injected assuming 

a homing frequency of 5% with a library size of 1196 sgRNAs. One fraction was used 

as input control. For the screen using D5, n=11 mice were injected with 2.4x106 cells 

per mouse. For the screen using D7, n=11 mice were injected with 6x106 cells per 

mouse. At BLI signal ≥ 1x109 P/s, mice were randomly distributed and either sacrificed 

(treatment start) or treated with polychemotherapy (treated) or solvent (PBS). After 

three weeks, cells were re-isolated from murine bone marrow and samples were 

subjected to NGS as previously described (28). Significant dropouts were identified 

using the model-based analysis of genome-wide CRISPR/Cas9 knockout 

(MAGeCK)(31) using the MAGeCK pipeline based on the Galaxy server (32). To 

analyze the evenness of sgRNA read counts in the library plasmid pool, fraction of 

sgRNAs was plotted against fraction of total read counts and GINI Index was calculated 

(33). 

 

Barcoding of PDX cells 

Barcodes were cloned and PDX cells transduced as previously described (8). For 

barcode analysis, gDNA was isolated from the pelleted, flash-frozen ALL PDX cells 

using the DNeasy Blood and Tissue Kit (Qiagen). When the total cell number exceeded 

5*106 cells, the sample was split into two columns and combined after elution. Based 

on the fraction of human cells as measured by Flow Cytometry, the total number of 

human genomes per 5 µl of gDNA was calculated and gDNA was concentrated using 

a SPRI bead clean-up to achieve more than 1000 genomes per sample to ensure 

comprehensive barcode detection. The Library amplification protocol is based on 

SiMSen-Seq (34, 35) consisting of a barcoding PCR and an adapter PCR; the first 

PCR adds unique molecular identifiers (UMI) in a limited number of cycles to ensure 

uniqueness of the UMI’s, the second PCR adds the necessary sequencing adapters 

and sample indices needed for Illumina sequencing. To ensure recovery of the full 

barcode complexity in the gDNA, the reaction was performed in triplicates. Due to the 

low on-target ratios in some samples the barcoding PCR was performed for 6 cycles. 

Based on the results of a PCR cycling test, samples were amplified for 20 - 28 cycles 
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to a final concentration between 1 and 5 ng/µL. Each Replicate was indexed with a 

unique i5 index and an i7 index that was shared between all replicates of a sample. 

Library quantification was performed using picogreen (Thermo Fisher) and all samples 

were pooled equimolar. The final library was quantified and correct amplicon size was 

confirmed using capillary gel electrophoresis (Agilent, Bioanalyzer DNA HS). Barcode 

sequencing was performed on an Illumina HiSeq 1500 instrument for 110 cycles 

covering the barcode and UMI sequences. Raw fastq files were demultiplexed using 

deML (https://github.com/grenaud/deML). Barcode assignment and clustering of 

barcodes to account for sequencing errors and polymerase errors was performed 

using bartender (36). Clusters with a distance of less than or equal to 4 were collapsed. 

All further processing and visualisation was performed in R version 3.6. To account for 

differences in sequencing depth counts were transformed to cpm. Replicates were 

combined by taking the average cpm value per barcode. 

 

 

Statistics 

All statistical analyses were performed using GraphPad Prism 7.05 or R 3.6.1. 

Statistical testing between two groups was performed using unpaired t-test. 

Comparison between more than two groups was calculated with one-way ANOVA 

followed by Tukey´s multiple comparison test. Levels of significance were defined as 

follows: p > 0.05: n.s., p ≤ 0.05: *, p ≤ 0.01: **, p ≤ 0.001: ***. Correlation of flow 

cytometry and bioluminescence in vivo imaging signal intensity was calculated using 

non-linear regression. 
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3RVLWLRQ 5HJLRQ 0XWDWLRQ 6DPSOH 9$) ��5HDGV

&KU���������� ([RQ��VSOLFH VLWH &!7
'� ��� ��

'RQRU �� ����

&KU���������� ([RQ �� &RGRQ�5�����
'1$�ELQGLQJ GRPDLQ LQV&

'� ��� ��

'RQRU �� ����

6XSSOHPHQWDO 7DEOH 6�� 73�� PXWDWLRQV LQ UHVLVWDQW $//����

6XSSOHPHQWDO 7DEOH 6�� 7UDQVFULSWRPH RI $//���� � 3URYLGHG DV ([FHO ILOH

6XSSOHPHQWDO 7DEOH 6�� 3URWHRPH RI $//���� � 3URYLGHG DV ([FHO ILOH

*URXS 1XPEHU�RI�JHQHV 1XPEHU�RI�VJ51$V

8SUHJXODWHG�LQ�3URWHRPH �� ���

8SUHJXODWHG�LQ�7UDQVFULSWRPH ��� ���

8SUHJXODWHG�LQ�3URWHRPH�$1'�
7UDQVFULSWRPH � ��

3RVLWLYH�FRQWURO �� ��

1RQ�WDUJHWLQJ�FRQWURO 1$ ��

7RWDO ��� ����

6XSSOHPHQWDO 7DEOH 6��� &RPSRVLWLRQ RI WKH VJ51$ OLEUDU\

6XSSOHPHQWDO 7DEOH 6��� 0$*H&. DQDO\VLV RI &5,635�&DV� LQ YLYR VFUHHQ
� 3URYLGHG DV ([FHO ILOH

6XSSOHPHQWDO 7DEOH 6�� ([SUHVVLRQ RI JHQHV RQ �S�� LQ �S�GHOHWHG YV� �S�:7
UHVLVWDQW GHULYDWLYHV RI $//���� � 3URYLGHG DV ([FHO ILOH

6XSSOHPHQWDO 7DEOH 6�� &DQFHU�UHODWHG PXWDWLRQV LQ UHVLVWDQW $//��� � 3URYLGHG DV
([FHO ILOH

6XSSOHPHQWDO 7DEOH 6�� *HQH VHW HQULFKPHQW DQDO\VLV� *HQH VHWV HQULFKHG LQ
UHVLVWDQW YV� XQWUHDWHG $//���� LQ 7UDQVFULSWRPH � 3URYLGHG DV ([FHO ILOH

6XSSOHPHQWDO 7DEOH 6��� *HQH VHW HQULFKPHQW DQDO\VLV� *HQH VHWV HQULFKHG LQ
UHVLVWDQW YV� XQWUHDWHG $//���� LQ 3URWHRPH � 3URYLGHG DV ([FHO ILOH
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6XSSOHPHQWDU\ )LJXUH 6�� $Q LQ YLYR PRGHO RI DFTXLUHG UHVLVWDQFH LQ 3'; $//�
&RPSOHPHQWDU\ GDWD WR )LJXUH �

$ � % 3'; FHOOV DFTXLUH UHVLVWDQFH GXULQJ SURORQJHG WUHDWPHQW SUHVVXUH� &RPSOHPHQWDU\
GDWD WR H[SHULPHQW GHSLFWHG LQ )LJXUH �$�)�
$ 5HSUHVHQWDWLYH LPDJLQJ SLFWXUHV RI PRXVH �'�� DV GHVFULEHG LQ )LJXUH �%�
% 4XDQWLILFDWLRQ RI ELROXPLQHVFHQFH LPDJLQJ �%/,� VLJQDOV FRPSOHPHQWLQJ )LJXUH �&�

,QGLYLGXDO PLFH RI VLQJOH WUHDWPHQW JURXSV� XQWUHDWHG DOO UHPDLQLQJ PLFH QRW LQFOXGHG LQ
)LJXUH �& DUH VKRZQ�

& � * 0XOWLSOH[HG DQDO\VLV RI WUHDWPHQW UHVSRQVH RI � 3'; $// PRGHOV LQ WKH VDPH PRXVH�
&RPSOHPHQWDU\ GDWD WR H[SHULPHQW GHSLFWHG LQ )LJXUH �+�,�
& *DWLQJ VWUDWHJ\ IRU DQDO\VLV RI 3'; PXOWLSOH[ H[SHULPHQW� 3'; FHOOV RI � LQGLYLGXDO 3';

SRSXODWLRQV ZHUH LVRODWHG IURP RQH UHSUHVHQWDWLYH PRXVH DQG ZHUH GLVWLQJXLVKHG E\ VSHFLILF
IOXRURFKURPH PDUNHU FRPELQDWLRQV� 1HJDWLYH SRSXODWLRQ UHSUHVHQWV PXULQH FHOOV�

' 4XDQWLILFDWLRQ RI ELROXPLQHVFHQFH LPDJLQJ �%/,� VLJQDOV RI PLFH RI WKH PXOWLSOH[ H[SHULPHQW
GHVFULEHG LQ )LJXUH �+� (DFK GRW UHSUHVHQWV � PHDVXUHPHQW DQG HDFK OLQH UHSUHVHQWV �
PRXVH �Q � SHU JURXS�� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW SHULRG�

( 3URSRUWLRQ RI HDFK 3'; VDPSOH IURP WKH H[SHULPHQW GHVFULEHG LQ )LJXUH �+ ZDV PHDVXUHG
E\ IORZ F\WRPHWU\ EHIRUH LQMHFWLRQ �LQM�� DQG DIWHU UH�LVRODWLRQ IURP WKH PXULQH ERQH PDUURZ DW
VWDUW RI WUHDWPHQW� 0HDQ ��� 6' RI HDFK 3'; VDPSOH LQ � PLFH DW WUHDWPHQW VWDUW LV VKRZQ�

) 'DWD DV LQ )LJXUH �,� H[FHSW WKDW WKH QXPEHU RI 3'; FHOOV UHODWLYH WR WKH WRWDO QXPEHU RI FHOOV
LVRODWHG IURP WKH PXULQH %0 LV VKRZQ� 2QH GRW UHSUHVHQWV WKH 3'; SRSXODWLRQ RI RQH 3';
$// VDPSOH ZLWKLQ RQH PRXVH�

* 'DWD DV LQ )LJXUH �,� H[FHSW WKDW 3%6 FRQWURO JURXS LV VKRZQ� 3URSRUWLRQ RI HDFK 3';
VDPSOH WUHDWHG ZLWK 3%6 ZDV QRUPDOL]HG WR WKH PHDQ SURSRUWLRQ RI WKH UHVSHFWLYH VDPSOH
ZLWKLQ WKH PL[ DW WUHDWPHQW VWDUW� 2QH GRW UHSUHVHQWV WKH 3'; SRSXODWLRQ RI RQH 3'; $//
VDPSOH ZLWKLQ RQH PRXVH�

+± . $FTXLUHG UHVLVWDQFH LQ $//����
&RPSOHPHQWDU\ GDWD WR H[SHULPHQW GHSLFWHG LQ )LJXUH �-�
+ 4XDQWLILFDWLRQ RI LPDJLQJ VLJQDOV FRPSOHPHQWLQJ )LJXUH �-� ,QGLYLGXDO PLFH RI VLQJOH

WUHDWPHQW JURXSV� XQWUHDWHG PLFH DQG DOO UHPDLQLQJ PLFH QRW LQFOXGHG LQ )LJXUH �& DUH
VKRZQ�

, 3URSRUWLRQ RI 3'; $//��� FHOOV LQ PXULQH %0 ZDV GHWHUPLQHG DQG LV GHSLFWHG DV ER[SORW
ZLWK PHGLDQ� ��WK DQG ��WK SHUFHQWLOH DQG PLQ�PD[ LQGLFDWHG E\ ZKLVNHUV� HDFK GRW
UHSUHVHQWV RQH PRXVH� FRORUV DV GHILQHG LQ )LJXUH �$� 


� S � ����� E\ RQH�ZD\ $129$
IROORZHG E\ 7XNH\¶V PXOWLSOH FRPSDULVRQV WHVW�

- &RUUHODWLRQ RI LPDJLQJ VLJQDOV �)LJXUH �- DQG 6�)� DQG 3'; SURSRUWLRQ LQ PXULQH %0 DV
GHWHUPLQHG E\ IORZ F\WRPHWU\ �)LJXUH 6�*�� HDFK GRW UHSUHVHQWV RQH PRXVH� &RUUHODWLRQ
FXUYH DQG 5ð ZHUH FDOFXODWHG XVLQJ QRQ�OLQHDU UHJUHVVLRQ�

. $FTXLUHG UHVLVWDQFH LQ $//����� ([SHULPHQW ZDV SHUIRUPHG DV GHVFULEHG LQ )LJXUH �$�&�
H[FHSW WKDW $//���� ZDV XVHG DQG PLFH ZHUH WUHDWHG ZLWK ��� PJ�NJ 9&5 DQG �� PJ�NJ
&\FOR� 4XDQWLILFDWLRQ RI ELROXPLQHVFHQFH LPDJLQJ �%/,� VLJQDOV LV VKRZQ� (DFK OLQH
UHSUHVHQWV RQH PRXVH IRU 9&5 �Q ��� &\FOR �Q ��� DQG FRPELQDWLRQ WUHDWPHQW �Q ����
'DVKHG OLQH LQGLFDWHV WUHDWPHQW SHULRG�
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6XSSOHPHQWDU\ )LJXUH 6�� )XQFWLRQDO FKDUDFWHUL]DWLRQ RI 3'; $// DW GLVWLQFW VWDJHV
IROORZLQJ WUHDWPHQW VWDUW� &RPSOHPHQWDU\ GDWD WR )LJXUH �

$�& 5H�WUDQVSODQWDWLRQ SUHVHUYHV VHQVLWLYH SKHQRW\SH�
([SHULPHQWDO SURFHGXUH �$�� ,Q D ILUVW SDVVDJH �OHIW SDQHO� $//���� �%� RU $//���� �&� FHOOV
ZHUH HQJUDIWHG LQWR 16* PLFH DQG HLWKHU WUHDWHG �JUH\� Q � $//����� Q � $//������ IRU � RU �
ZHHNV ZLWK FRPELQDWLRQ FKHPRWKHUDS\ �WUHDWPHQW ZDV SHUIRUPHG DV GHVFULEHG LQ )LJ� �
H[FHSW WKDW ��� PJ�NJ 9&5 DQG ��� PJ�NJ &\FOR ZHUH XVHG� RU ZHUH OHIW XQWUHDWHG �EODFN� Q �
$//����� Q � $//������ &HOOV ZHUH LVRODWHG DQG UH�WUDQVSODQWHG LQWR VHFRQGDU\ UHFLSLHQW PLFH
DQG WUHDWHG DJDLQ ZLWK WKH LGHQWLFDO WUHDWPHQW UHJLPHQ �PLGGOH SDQHOV� \HOORZ� Q � IRU $//�
���� Q � IRU $//������ RU OHIW XQWUHDWHG �EODFN� Q � IRU $//������ 7KH SURFHGXUH ZDV UHSHDWHG
IRU D WKLUG SDVVDJH �ULJKW SDQHOV� \HOORZ� Q ��� ,Q SDUDOOHO� SUHYLRXVO\ XQWUHDWHG FHOOV RI $//����
�%� RU $//���� �&� ZHUH HQJUDIWHG DQG WUHDWHG ZLWK WKH VDPH WUHDWPHQW UHJLPHQ� VHUYLQJ DV
FRQWUROV �PLGGOH DQG ULJKW SDQHOV� JUH\� Q � IRU $//����� Q � IRU PLGGOH SDQHO RI $//����� Q �
IRU ULJKW SDQHO RI $//������ *URZWK ZDV PRQLWRUHG E\ UHSHWLWLYH LPDJLQJ DQG LPDJLQJ VLJQDOV
ZHUH TXDQWLILHG DQG DUH SORWWHG IRU HDFK SDVVDJH� 'DWD RI PLGGOH SDQHO RI $//���� LV DOVR
VKRZQ LQ )LJ� �%� HDFK OLQH UHSUHVHQWV RQH PRXVH� 'DVKHG OLQH DQG WKH V\ULQJH V\PERO
LQGLFDWH WUHDWPHQW SHULRG�

' $QDO\VLV RI JURZWK LQ VHFRQGDU\ UHFLSLHQW PLFH� 4XDQWLILFDWLRQ RI LPDJLQJ VLJQDOV XVHG WR
FDOFXODWH GRXEOLQJ WLPH RI $//���� DQG $//���� LQ )LJXUH �& DQG �' LV VKRZQ�

( $QDO\VLV RI WUHDWPHQW UHVSRQVH RI $//���5 LQ VHFRQGDU\ UHFLSLHQW PLFH� ([SHULPHQW ZDV VHW
XS H[DFWO\ DV GHVFULEHG LQ )LJXUH �' H[FHSW WKDW $//���5 �UHG� Q �� DQG DGMXVWHG GUXJ GRVHV
����� PJ�NJ 9&5 DQG �� PJ�NJ &\FOR� ZHUH XVHG� 'DWD IURP XQWUHDWHG $//��� FHOOV �JUH\�
PHDQ ��� 6' RI Q �� PLFH� GHULYHG IURP H[SHULPHQW GHVFULEHG LQ )LJXUH �- DV LQFOXGHG IRU
FRPSDULVRQ� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW SHULRG�

)� + 3UH�WUHDWPHQW RI PLFH GRHV QRW LQIOXHQFH FHOO JURZWK RU WUHDWPHQW UHVSRQVH�
([SHULPHQWDO SURFHGXUH �)�� $//���� FHOOV ZHUH LQMHFWHG LQWR 16* PLFH ZKLFK ZHUH HLWKHU
SUH�WUHDWHG ZLWK FRPELQDWLRQ FKHPRWKHUDS\ �Q ��� WUHDWPHQW ZDV SHUIRUPHG DV GHVFULEHG LQ
)LJ� �� 9&5 ���� PJ�NJ� &\FOR �� PJ�NJ� IRU � ZHHNV EHIRUH FHOO LQMHFWLRQ RU LQWR FRQWURO PLFH
ZLWKRXW SUH�WUHDWPHQW �Q ���� 1 � PLFH SHU JURXS ZHUH LQMHFWHG ZLWK ORZ FHOO QXPEHUV DQG
HQJUDIWPHQW DQG JURZWK ZDV PRQLWRUHG �*� E\ LPDJLQJ� 1 � PLFH SHU JURXS ZHUH LQMHFWHG
ZLWK KLJK FHOO QXPEHUV DQG DW KLJK OHXNHPLD EXUGHQ� DOO PLFH ZHUH WUHDWHG ZLWK FRPELQDWLRQ
FKHPRWKHUDS\ �WUHDWPHQW ZDV SHUIRUPHG DV GHVFULEHG LQ )LJ� �� 9&5 ���� PJ�NJ� &\FOR ��
PJ�NJ� IRU � ZHHNV� (QJUDIWPHQW DQG JURZWK �*� DQG WUHDWPHQW UHVSRQVH �+� ZDV PRQLWRUHG
E\ LPDJLQJ� (DFK OLQH UHSUHVHQWV RQH PRXVH�

,�± -�5HVLVWDQFH�UHPDLQV�VWDEOH�GHVSLWH�SURORQJHG�GUXJ�KROLGD\��&RPSOHPHQWDU\�GDWD�WR�
)LJXUH��(�
, 'RXEOLQJ WLPHV RI UHVLVWDQW $//���� GHULYDWLYHV '��'� ZHUH FDOFXODWHG EDVHG RQ LPDJLQJ

GXULQJ VHULDO SDVVDJLQJ DV VKRZQ LQ )LJXUH �(� (DFK GRW UHSUHVHQWV RQH PRXVH� HDFK FRORU
LQGLFDWHV RQH GHULYDWLYH� 2QH�ZD\ $129$ IROORZHG E\ 7XNH\�V PXOWLSOH FRPSDULVRQV WHVW
UHYHDOHG QR VLJQLILFDQW GLIIHUHQFH�

- &RPELQDWLRQ &KHPRWKHUDS\ RI WKH �WK SDVVDJH ZDV UHSHDWHG ZLWK DGGLWLRQDO PLFH KDUERULQJ
$//���� '� �Q �� DQG '� �Q �� FHOOV� (DFK OLQH UHSUHVHQWV RQH PRXVH� HDFK FRORU LQGLFDWHV
RQH GHULYDWLYH� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW SHULRG�
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6XSSOHPHQWDU\ )LJXUH 6�� &1$V RI UHVLVWDQW GHULYDWLYHV RI $//����� &RPSOHPHQWDU\ GDWD WR
)LJXUH �$�(�
&1$ RI GRQRU $//���� 3'; FHOOV� XQWUHDWHG $//����8 DQG UHVLVWDQW $//����5 GHULYDWLYHV DV
GHWHUPLQHG E\ ZKROH H[RPH VHTXHQFLQJ� /RVVHV FRPSDUHG WR JHUP OLQH FRQWURO DUH GHSLFWHG LQ
EOXH DQG JDLQV LQ UHG� &XW�RIIV IRU D FRS\ QXPEHU VHJPHQW� PLQ� VL]H �0E� PD[� ILYH VHJPHQWV SHU
&KURPRVRPH� FXW�RII IRU &1$ FDOO ���� RU !���� UHVSHFWLYHO\�
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6XSSOHPHQWDU\ )LJXUH 6�� *HQRPLF FKDUDFWHUL]DWLRQ RI UHVLVWDQW GHULYDWLYHV RI $//���
&RPSOHPHQWDU\ GDWD WR )LJXUH ��

$ ([SHULPHQWDO SURFHGXUH� $//��� 3'; FHOOV ZHUH PDUNHG VR WKDW HDFK FORQH UHFHLYHG DQ
LQGLYLGXDO EDUFRGH� &HOOV ZHUH DPSOLILHG LQ PLFH IRU � ZHHNV� WKH UHVXOWLQJ SRSXODWLRQ RI �
���

FHOOV FRQWDLQHG DSSUR[LPDWHO\ ��� GLIIHUHQW EDUFRGHV ZLWK DQ DYHUDJH RI ��� FHOOV SHU
EDUFRGH� $OLTXRWV RI LGHQWLFDOO\ EDUFRGHG FHOOV ZHUH UH�WUDQVSODQWHG LQWR PLFH DQG PLFH ZHUH
VXEMHFWHG WR ORQJ�WHUP FKHPRWKHUDS\ ZLWK UHVXOWV VKRZQ LQ )LJXUH �-� 0LFH ZHUH VDFULILFHG DW
GHILQHG WLPH SRLQWV� %DUFRGH DQG ZKROH H[RPH VHTXHQFLQJ ZDV SHUIRUPHG�

% %DUFRGH DQDO\VLV� 7UDQVGXFHG $//��� FHOOV EHIRUH LQMHFWLRQ LQWR PLFH �,QSXW�� EDUFRGHG
$//��� FHOOV IROORZLQJ DPSOLILFDWLRQ �'RQRU� DQG FHOOV IURP VL[ $//���8 DQG VL[ $//���5 PLFH
IURP H[SHULPHQWV GHVFULEHG LQ )LJXUH �- ZHUH DQDO\]HG IRU EDUFRGH GLVWULEXWLRQ� (DFK FRORU
UHSUHVHQWV DQ LQGLYLGXDO JHQHWLF EDUFRGH FRUUHVSRQGLQJ WR DQ LQGLYLGXDO OHXNHPLF FHOO PDUNHG
EHIRUH WUDQVSODQWDWLRQ LQWR WKH DPSOLILFDWLRQ PLFH� ZKLOH JUH\ LQGLFDWHV WKH VXP RI DOO
EDUFRGHV� FORQHV SUHVHQW DW D IUHTXHQF\ ORZHU WKDQ �����

&�' &1$V RI XQWUHDWHG DQG UHVLVWDQW GHULYDWLYHV RI $//����
&1$ RI GRQRU $//��� 3'; FHOOV FRPSDUHG WR SULPDU\ SDWLHQW OHXNHPLD VDPSOH �&� DQG &1$ RI
$//��� 8�� 8� DQG $//��� '��'� FHOOV FRPSDUHG WR GRQRU �'� DV GHWHUPLQHG E\ ZKROH H[RPH
VHTXHQFLQJ� /RVVHV FRPSDUHG WR JHUP OLQH FRQWURO DUH GHSLFWHG LQ EOXH DQG JDLQV LQ UHG� &XW�RIIV
IRU D FRS\ QXPEHU VHJPHQW� PLQ� VL]H ���NE� PD[� ILYH VHJPHQWV SHU &KURPRVRPH� 'DWD RI '�
KDG WR EH H[FOXGHG GXH WR SRRU VHTXHQFLQJ TXDOLW\�
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6XSSOHPHQWDU\ )LJXUH 6�� 619 DQG WUDQVFULSWRPH DQDO\VLV RI $//�����
&RPSOHPHQWDU\ GDWD WR )LJXUH �(�*�

$ 5HPDLQLQJ GDWD RI FKU �� 619 DQDO\VLV RI $//���� GHULYDWLYHV QRW LQFOXGHG LQ )LJXUH �( DUH
VKRZQ�

% 9$) RI WKH WZR GLIIHUHQW DFTXLUHG 619 LQ 73�� LQ '� DQG '�� VHH DOVR 7DEOH 6��
& 9ROFDQR SORW RI JHQHV GLIIHUHQWLDOO\ H[SUHVVHG LQ �S�QRQ�GHOHWHG �$//���� '� DQG '�� YV �S�

GHOHWHG �$//���� '��'�� GHULYDWLYHV� *HQHV PDSSLQJ WR WKH �S�� VPDOOHVW UHJLRQ RI
RYHUODSSLQJ GHOHWLRQ �652� GHILQHG LQ GHULYDWLYHV '��'� DUH PDUNHG LQ UHG�

' )ROG EDU SORW UHSUHVHQWLQJ WKH WRS �� PRVW GLIIHUHQWLDOO\ H[SUHVVHG �S�� 652 JHQHV LQ $//�
��� �S�QRQ�GHOHWHG YV �S GHOHWHG GHULYDWLYHV�

& '

)ROG FKDQJH

7RS���GLIIHUHQWLDOO\ H[SUHVVHG JHQHV�RQ��S��
,Q�$//����

'LIIHUHQWLDO�H[SUHVVLRQ RI �S���JHQHV
,Q�$//����
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ORJ� �IROG FKDQJH ��S�QRQ�GHOHWHG�YV���S�GHOHWHG�
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QRQ�FRPPRQ YDULDQWV LQ�$//���

6XSSOHPHQWDU\ )LJXUH 6�� *HQRPLF FKDUDFWHUL]DWLRQ RI UHVLVWDQW GHULYDWLYHV RI $//���
&RPSOHPHQWDU\ GDWD WR )LJXUH ��
&DQFHU�UHOHYDQW� QRQ�V\QRQ\PRXV DQG QRQ�FRPPRQ YDULDQWV RI XQWUHDWHG DQG UHVLVWDQW $//���
3'; FHOOV FRPSDUHG WR GRQRU $//��� 3'; FHOOV DV GHWHUPLQHG E\ ZKROH H[RPH VHTXHQFLQJ�
&RORU LQGLFDWHV PXWDWLRQ LQ WKH UHVSHFWLYH JHQH LQ WKH UHVSHFWLYH VDPSOH� 0XWDWLRQV ZHUH VRUWHG
E\ JHQRPLF SRVLWLRQ� 'HWDLOV RQ PXWDWLRQV DUH SURYLGHG LQ VXSSOHPHQWDU\ 7DEOH 6��
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7UDQVFULSWRPH $//����
8QWUHDWHG

6HQVLWLYH
3HUVLVWLQJ 5HVLVWDQW

=�VFRUH
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UHVLVWDQWSDVVDJHGB'
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3URWHRPH $//����

8QWUHDWHG

5HVLVWDQW

3URWHRPH $//����

6XSSOHPHQWDU\ )LJXUH 6�� 7UDQVFULSWRPLF DQG SURWHRPLF SURILOLQJ RI 3'; $//���� FHOOV DW
GLVWLQFW VWDJHV RI LQ YLYR WUHDWPHQW� &RPSOHPHQWDU\ GDWD WR )LJXUH �*�,

$ ([SHULPHQW GHVFULEHG LQ )LJXUH �+� +HDWPDS RI ��� GLIIHUHQWLDOO\ H[SUHVVHG JHQHV ZLWK S �
���� EHWZHHQ $//����8 DQG $//����5 LV VKRZQ� *HQH OLVW LV SURYLGHG LQ 7DEOH 6��

% ([SHULPHQW GHVFULEHG LQ )LJXUH �,� +HDWPDS RI WRS �� GLIIHUHQWLDOO\ H[SUHVVHG SURWHLQV
EHWZHHQ $//����8 DQG $//����5 LV VKRZQ� 3URWHLQ OLVW LV SURYLGHG LQ 7DEOH 6�

& 3ULQFLSDO FRPSRQHQW DQDO\VLV RI SURWHRPH GDWD� (DFK GRW UHSUHVHQWV RQH PRXVH�

&ŝŐƵƌĞ ^ϳ
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6XSSOHPHQWDU\ )LJXUH 6�� &5,635�&DV� VFUHHQ RI %&/� LQ UHVLVWDQW $//���� GHULYDWLYHV�
&RPSOHPHQWDU\ GDWD WR )LJXUH �

$ /HQWLYLUDO FRQVWUXFWV� /HIW� ([SUHVVLRQ RI KXPDQL]HG FRGRQ�RSWLPL]HG 6� S\RJHQHV &DV�
�K6S&DV��� OLQNHG WR D PDUNHU �P&KHUU\� YLD D �$ SHSWLGH DQG XQGHU FRQWURO RI WKH VSOHHQ
IRFXV�IRUPLQJ YLUXV �6))9� SURPRWHU� 0LGGOH DQG ULJKW� ([SUHVVLRQ RI WKH VJ51$ OLEUDU\
�PLGGOH� RU RI DQ LQGLYLGXDO VJ51$ �ULJKW� XQGHU FRQWURO RI WKH +� SURPRWHU� OLQNHG WR D PDUNHU
�+�.N�PWDJ%)3� XQGHU FRQWURO RI WKH ()�Į SURPRWHU�

% 7UDQVGXFWLRQ DQG HQULFKPHQW RI $//���� '� FHOOV WUDQVJHQLF IRU WKH &DV� FRQVWUXFW� )ORZ
F\WRPHWULF DQDO\VLV RI &DV� H[SUHVVLRQ LQ UHVLVWDQW $//���� '� EHIRUH WUDQVGXFWLRQ� RQ GD\ �
DIWHU WUDQVGXFWLRQ DQG DIWHU WZR HQULFKPHQW VWHSV E\ IORZ F\WRPHWU\�

& 5HDG FRXQW GLVWULEXWLRQ RI VJ51$ OLEUDU\ SODVPLG DIWHU FORQLQJ DV GHWHUPLQHG E\ 1*6 DQG
FRXQWLQJ RI UHDGV SHU LQGLYLGXDO VJ51$ �ORJ�� UHDG FRXQWV SHU VJ51$��

' 5HDG FRXQW GLVWULEXWLRQ RI RQH UHSUHVHQWDWLYH VDPSOH IURP H[SHULPHQW GHVFULEHG LQ )LJXUH �$
SHU LQGLFDWHG JURXS DQG WLPH SRLQW� VJ51$ ORFXV ZDV DPSOLILHG IURP SXULILHG 3'; J'1$ DQG
DQDO\]HG E\ 1*6�

( 4XDQWLILFDWLRQ RI LPDJLQJ VLJQDOV GXULQJ LQ YLYR HQJUDIWPHQW DQG WUHDWPHQW IURP H[SHULPHQW
GHVFULEHG LQ )LJXUH �$� 2QH OLQH UHSUHVHQWV RQH PRXVH� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW
SHULRG�

) 0$*H&. FRPSDULVRQ RI 3%6 YV� VWDUW IURP H[SHULPHQW GHVFULEHG LQ )LJXUH �$� 3ORWWHG LV S�
YDOXH YV� IDOVH GLVFRYHU\ UDWH �)'5� IRU HDFK LQGLYLGXDO FRPSDULVRQ� 2QH GRW UHSUHVHQWV RQH
JHQH �SRROHG DQDO\VLV RI � VJ51$V SHU JHQH�� 'DVKHG OLQHV LQGLFDWH FXW�RII RI S  ���� DQG
)'5  ����

* ([SHULPHQW GHVFULEHG LQ )LJXUH �$ ZDV UHSHDWHG H[FHSW WKDW $//���� '� FHOOV ZHUH XVHG�
4XDQWLILFDWLRQ RI LPDJLQJ VLJQDOV GXULQJ LQ YLYR HQJUDIWPHQW DQG WUHDWPHQW� 2QH OLQH UHSUHVHQWV
RQH PRXVH �Q � WUHDWPHQW VWDUW� Q � 3%6� Q � WUHDWHG�� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW
SHULRG�

+ 0$*H&. FRPSDULVRQ RI WUHDWHG YV� 3%6 �XSSHU SDQHO� DQG 3%6 YV� VWDUW �ORZHU SDQHO� IURP
H[SHULPHQW GHVFULEHG LQ )LJXUH 6�*� 3ORWWHG LV S�YDOXH YV� )'5 IRU HDFK LQGLYLGXDO
FRPSDULVRQ� 2QH GRW UHSUHVHQWV RQH JHQH �SRROHG DQDO\VLV RI � VJ51$V SHU JHQH�� 'DVKHG
OLQHV LQGLFDWH FXW�RII RI S  ���� DQG )'5  ���� 6HH 7DEOH 6� IRU GHWDLOHG JHQH OLVW�

, 5HDG FRXQW GLVWULEXWLRQ RI RQH UHSUHVHQWDWLYH VDPSOH SHU LQGLFDWHG JURXS IURP H[SHULPHQW
GHVFULEHG LQ )LJXUH 6�*� VJ51$ ORFXV ZDV DPSOLILHG IURP SXULILHG 3'; J'1$ DQG DQDO\]HG
E\ 1*6�
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6XSSOHPHQWDU\ )LJXUH 6�� %&/� LQKLELWLRQ VHQVLWL]HV UHVLVWDQW GHULYDWLYHV WR FKHPRWKHUDS\�
&RPSOHPHQWDU\ GDWD WR )LJXUH �

$ +LJKHU %&/� P51$ H[SUHVVLRQ FRUUHODWHG ZLWK VORZ HDUO\ UHVSRQVH� %&/� P51$ H[SUHVVLRQ LQ
GLDJQRVWLF VDPSOHV RI FKLOGUHQ ZLWK KLJK�ULVN %�SUHFXUVRU $//� FRPSDULQJ SDWLHQWV ZLWK UDSLG �0�
PDUURZ� ��� EODVWV� Q ��� DQG VORZ �0� PDUURZ� !��� EODVWV� Q ��� HDUO\ UHVSRQVH DW GD\ �
WRZDUGV D VWDQGDUG IRXU�GUXJ LQGXFWLRQ WUHDWPHQW �S������ W�WHVW� GDWD ZHUH UH�DQDO\]HG IURP WKH
SXEOLFO\ DYDLODEOH GDWDVHW *6(������

% +LJK %&/� P51$ H[SUHVVLRQ LV SURJQRVWLFDOO\ XQIDYRUDEOH LQ $0/� 5HDQDO\VLV RI D SXEOLFO\
DYDLODEOH PLFURDUUD\ GDWDVHW FRQVLVWLQJ RI ��� $0/ SDWLHQWV WUHDWHG LQ GLIIHUHQW WULDOV RI WKH
+DHPDWR�2QFRORJ\ )RXQGDWLRQ IRU $GXOWV LQ WKH 1HWKHUODQGV �+2921�� 7KH GDWD ZHUH SDUW RI D
SXEOLFO\ DYDLODEOH FRKRUW DQDO\]HG E\ $II\PHWUL[ �*6(������� 7KH DVVRFLDWLRQ EHWZHHQ JHQH
H[SUHVVLRQ DQG RYHUDOO VXUYLYDO ZDV DQDO\]HG ZLWK WKH &R[ SURSRUWLRQDO KD]DUGV PRGHO� 7KH
H[SUHVVLRQ RI WKH %&/� JHQH ZDV VLJQLILFDQWO\ DVVRFLDWHG ZLWK SRRU RYHUDOO VXUYLYDO �+5  �����
S  �������� &XW�RII IRU KLJK %&/� H[SUHVVLRQ ZDV GHILQHG E\ WKH WRS ��� RI %&/� H[SUHVVLRQ� DOO
UHPDLQLQJ VDPSOHV ZHUH GHILQHG DV %&/� ORZ�

& ,QGLYLGXDO PLFH RI FRQWURO JURXS VKRZQ LQ )LJXUH �(� 2QH OLQH UHSUHVHQWV RQH PRXVH KDUERXULQJ
$//���� '� FHOOV ZLWK QRQ�WDUJHWLQJ FRQWURO VJ51$� 'DVKHG OLQH LQGLFDWHV WUHDWPHQW SHULRG�

' ,PDJLQJ SLFWXUH RI WZR PRUH UHSUHVHQWDWLYH PLFH HQJUDIWHG ZLWK $//���� '� FHOOV IURP
H[SHULPHQW GHVFULEHG LQ )LJXUH �*+ SHU JURXS DW G� DQG G�� RI WUHDWPHQW�
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