
[SUPERCEDES AND REPLACES LOCAL RULE #IV] 

$upreme <!Court of jfloriba 
No. AOSC07-38 

INRE: JUROR SELECTION PLAN: LEE COUNTY 

ADMINISTRATIVE ORDER 

Section 40.225, Florida Statutes, provides for the selection of jurors to serve 

within the county by "mechanical, electronic, or electrical device." Pursuant to 

that section, a majority of judges within the circuit in which the county resides 

must approve, and the chief judge of the circuit must submit, a description of the 

method for selecting jurors to the Supreme Court of Florida. Section 40.225(3), 

Florida Statutes, charges the Supreme Court with the review and approval of the 

proposed juror selection process, hereinafter referred to as the "juror selection 

plan." 

The use of technology in the selection of jurors has been customary within 

Florida for well over a decade, and the Supreme Court has developed standards 

necessary to ensure that juror selection plans satisfy statutory, methodo.Iogical, and 

due process requirements. The Court has tasked the Office of the State Courts 

Administrator with evaluating proposed plans to determine their compliance with 

those standards. 



On March 27, 2007, the Chief Judge of the Twentieth Judicial Circuit 

submitted the Lee County Juror Selection Plan (originally submitted as Twentieth 

Judicial Circuit Local Rule #IV Amended) for review and approval in accordance 

with section 40.225(2), Florida Statutes. The proposed plan reflects changes to 

both hardware and software used for juror pool selection in Lee County. 

The Office of the State Courts Administrator has completed an extensive 

review of the proposed Lee County juror selection plan, including an evaluation of 

statutory, due process, statistical, and mathematical elements associated with 

selection of jury candidates. The plan meets established requirements for approval. 

Accordingly, the attached Lee County Juror Selection Plan, submitted by 

Chief Judge Hugh Hayes on March 27, 2007, is hereby approved for use. 

DONE AND ORDERED at Tallahassee, Florida, on July 9, 2007. 

ATTEST: 
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IN THE TWENTIETH JUDICIAL CIRCUIT IN AND FOR THE STATE OF FLORIDA 

LOCAL RULE #IV 
-Amended-

IN RE: SELECTION OF JURORS BY COMPUTER IN LEE COUNTY 

WHEREAS, the present method of selecting jurors can be expedited without additional 

expense or loss of the sanctity of random selection by the use of an electronic computer available 

for use by Lee County, and 

WHEREAS, in accordance with Florida Statute§ 40.011, the source of such selection is 

from the database of names from the Department of Highway Safety and Motor Vehicles, 

restricted to Lee County, which is in a computer compatible form and in the custody of the Lee 

County Clerk of the Circuit Court, and 

WHEREAS, in accordance with Florida Statute § 40.011, the source of selection is also 

from the list of those whose names do not appear on the Department database, but who have filed 

with the Clerk of the Circuit Court an affidavit prescribed in the cited statute, it is therefore, 

RESOLVED that the Rules of the Twentieth Judicial Circuit for procedure in all courts 

of Lee County in which jury trials are held shall be amended to include this additional Rule 

adopting the following alternative plan for the selection of persons for grand or petit jury service; 

I. EQUIPMENT: The equipment used in the jury selection application will be a Dell 

PowerEdge 2850 Server with 2 Intel Xeon 3.2Ghz processors, 2 GB of memory and 140G of 

RAID 5 disk space running Windows 2003 Server operating system, located in the secured 

computer room of the Lee County Clerk of the Circuit Court. 

2. ALTERNATIVE METHOD OF SELECTING VENIRE; 

a. The source from which names shall be taken is the same as that which is described 

above in accordance with Florida Statute § 40.011. On a quarterly basis, the Lee County Clerk 

of the Circuit Court shall obtain a computerized listing of names from the Department of 



Highway Safety and Motor Vehicles. The Clerk of the Circuit Court will protect the listing and 

tapes and keep them securely stored. 

b. The Clerk of Circuit Court of Lee County is designated the official custodian of the 

computer records of the lists to be used in jury selection and shall ensure they are not accessible 

to anyone other than those directly involved in selection of venires, as herein provided. 

Functions of the Clerk of the Circuit Court may be performed by his deputies. 

c. The entire list of drivers license holders, identification card holders, and those who 

have filed affidavits pursuant to Florida Statute§ 40.011 (hereinafter "eligible jurors") may 

comprise the master jury list from which venires will be selected according to the provisions of 

paragraph 2(d) below. Alternatively, the Chief Judge or his or her designated representative, 

with the aid and assistance of the Clerk of the Circuit Court, may select the master jury list for 

the year by lot and at random from the entire list of eligible jurors using the method described in 

the attachments hereto. 

d. The Clerk of the Circuit Court shall cause jury venires to be selected from the final 

jury list programmed into the Lee County computer using the method described in Attachment 

"A" (Method of Jury Selection For Lee County), Attachment "B" (Jury Selection Algorithm For 

Lee County) and Attachment "C" (JSI Juror Candidate List Processing Methodology), and in 

accordance with directions received from the Chief Judge or his or her designated representative. 

e. The initial jury selection programming may exclude persons who have been 

previously excluded for physical infirmities or inability to comply with other non-correctable 

statutory qualifications. A detailed description as to how the list of excluded persons is 

developed and maintained is set forth in the attachments hereto. 

f. Attachments "A", "B", and "C" shall be incorporated into this Local Rule as if fully 

set forth herein. 
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IN RE: SELECTION OF JURORS BY COMPUTER IN LEE COUNTY 

STATE OF FLORIDA 
COUNTY OF LEE 

CERTIFICATE 

I HEREBY certify that, pursuant to Florida Statute § 40.225, a majority of judges 

authorized to conduct jury trials in Lee County, Florida, have consented to the use of the 

electronic system which is described in an attachment hereto, and requests the approval of the 

Supreme Court of Florida for the use of such system in Lee County, Florida. 

DATEDthisa_~of ~I ,2007. 

History.- Local Rule #IV (March 20, 1998). 
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Attachment "A" 

METHOD OF JURY SELECTION FOR LEE COUNTY 

Lee County juror source list processing: 

Candidates for Lee County petit and grand jury venires are drawn from a list of licensed Florida 
residents as provided by the Florida Department of Highway Safety and Motor Vehicles (i.e., 
drivers list) combined with a list of all residents indicating a desire to serve as a juror (i.e., 
affidavit list) in accordance with F.S. 40.011. 

The drivers list is drawn quarterly by the Clerk of the Circuit Court for Lee County from the 
Department of Highway Safety and Motor Vehicles (DHSMV) via the Florida Association of 
Court Clerks (FACC) (see notes 1 and 2) and is maintained, by the Clerk, in accordance with 
F.S. 40.011 and 40.022. 

The Clerk of the Circuit Court shall purge the final jury selection list of those persons statutorily 
excluded from juror service as specified in F.S. 40.013 and 40.022. Additionally, the Clerk of 
the Circuit Court shall, at least once a month, purge the jury selection lists of names of those 
persons: 

I. Adjudicated mentally incompetent; 
2. Convicted of a felony; or 
3. Deceased. 
4. Other persons as the Chief Judge directs. 

All persons so excluded are compiled in a suppression list and provided to JSI to aid in the 
production of the final candidate list. 

At least once a year, the Clerk of the Circuit Court for Lee County will provide the driver's list, 
the affidavit list and the suppression list, a minimum number of juror candidates required (not 
less that 250) and a set of seed values to Jury Systems Incorporated (JSI) who will perform the 
actual selection of candidate jurors. A detailed description of the selection process as performed 
by JSI is provided in Attachment "C". A description of the random number generator used in the 
selection process is provided in Attachment "B". 

The seed values provided are used by JSI to initialize the random number generator which forms 
the basis of the mechanism by which juror candidates are selected" ... by lot and at random ... " 
as per F.S. 40.225. The Clerk of the Circuit Court will provide JSI with two seed values such 
that the first seed value will be between 0 and 31,328 and the second value will be between 0 and 
30,081. 

These values are selected and calculated as follows: 

Initial values will be drawn from the top ten most active stock index as published in The News­
Press Business & Money Section on the Wednesday prior to the request to JSI. Starting with the 
first stock on the list, the value in the thousands digit of the trading volume will be used to create 



the first seed value. Values will be read sequentially down the list (including leading zeros) until 
a number in the range of 0 to 99,999 is read. The second seed value will then be read from the 
next set of five active stock indexes exactly as the first. A copy of this page will be retained. 
For example, the following list would provide two seed values of 02604 and 45893 

Svmbol 
F 
LU 
PFE 
EMC 
NT 
MOT 
GE 
T 
EWH 
EWJ 

Volume 
11740,800 
8 592,800 
7,576,400 
7,190,500 
6,764800 
5,674400 
5,525,900 
5,108,500 
4969200 
4,553,100 

0 
2 
6 
0 
4 

4 
5 
8 

9 
3 

These seed values will be converted to the required range using the formula 

initial value 
( *(upper -lower+!))+ lower 

range_base 

where intial_ value is determined from the stock list as above, the range base is I 00,000 (from the 
range 0- 99,999), upper is the upper allowable limit of the seed value to be calculated and lower 
is the lower allowable limit of the seed value. All division is floating point division and the 
result is truncated to the next lower integer. 

For example, using the initial_ value's selected above, 

02604 
seed 1=( *(31328-0+1))+0=815.807=815 

- 100000 

45893 
seed 2 = ( • (30081- 0+1)) + 0=13805.532=13805 

- 100000 



Juror candidates will be notified sequentially beginning with the first name on the final candidate 
list provided by JSI. The Clerk of the Circuit Court will select the number of names from the list 
required to fill current need in each notification cycle. The number selected will be the total 
number of jurors required minus any persons whose service comes due for this period as a result 
of a previously court approved postponement. These individuals are tracked separately. 
Subsequent juror call ups will begin with the first name following the last named used in the 
previous notification cycle. 

If the final juror candidate list is exhausted before the next full candidate selection cycle, an 
additional list of names may be requested from JSI without repeating the source list processing 
as the JSI process randomizes the entire name list of eligible persons in Lee County regardless of 
the actual number of names requested by the Clerk of the Circuit Court. Thus, JSI has an 
additional pool of names over and above the number requested by the Clerk of the Circuit Court 
already processed and available. 

To ensure the integrity and verifiability of the selection process, the Clerk of the Circuit Court 
will retain a copy of the full final juror candidate name list as developed by JSI along with the 
number of candidate names requested in each cycle and the initialization values provided to JSI 
in a restricted manner as per F.S. 40.02(2) and F.S. 40.221. 

The Clerk of the Circuit Court will purge, monthly, the final juror candidate lists of those persons 
recently identified as felons by the Florida Department of Law Enforcement as per F.S. 
40.022(4). 

Notes: 
1. The Florida Association of Court Clerks is merely a "pass-through" used by the Department 

of Highway Safety and Motor Vehicles to distribute the licensed driver file. The Florida 
Association of Court Clerks performs no manipulation, filtration, purging, etc. to the file 
received from the Department of Highway Safety and Motor Vehicles. The Department of 
Highway Safety and Motor Vehicles purges those on the list under the age of 18 and filters 
out all non-Lee County residents prior to forwarding the list to the Florida Association of 
Court Clerks. 

2. All name lists are provided to JSI as .ASCII text in no particular sequence or order 
3. Jury Systems, Inc. does all of the processing of the data in-house using their own employees 

and equipment. The only exception to this is the optional NCOA (National Change of 
Address) process which is outsourced to an NCOA provider. If the NCOA option is 
requested, the file is then sent to an outsourced NCOA provider. The list is then returned to 
Jury Systems, Inc. and ready to be loaded into the Jury Plus System. Only the purged and 
most accurate source list is loaded into the Jury Plus System. 



Attachment "C" 

JSI JUROR CANDIDATE LIST PROCESSING METHODOLOGY 

The following are the steps that comprise JSI's Juror Source List process in Florida; 

1. CREATE EXTRACT FILE AND SUPPRESSION FILE 
The Suppression File is created from JURY+ historical data. The Suppression File 
consists of records of jurors that have been permanently excused, temporarily excused, and 
exempt for other reasons according to client requirements. 

The Extract File is created from JURY+ Next Generation database. The Extract File 
consists of records of all jurors that have been loaded. From the Extract file, a Suppression 
file is created using Clients suppression requirements. 

2. CONVERT DRIVERS FILE TO STANDARD FORMAT 
Every file processed must be in the JURY+© standard format (see attached document 
entitled CDF-Candidate Data File) so that the software understands where, within a record, 
the various data fields are located. 

3. CONVERT DECEASED FILE TO STANDARD FORMAT 
Use the same method described in step 2. 

4. CREATE A MATCH KEY FOR EACH DRIVERS AND EXTRACT RECORD 
The Match Key consists of the Drivers-ID 

5. SORT BOTH THE DRIVERS FILE AND EXTRACT FILE BY MATCH KEY 

6. UPDATE DRIVERS FILE FROM EXTRACT FILE BY MATCH KEY 
Every Drivers File record is compared to every Extract File record by Drivers-ID. When a 
match is found, the Voters-ID, SSN(Social Security Number), and PID(Person-ID) fields 
are checked for data. The fields that are without data will be replaced with their respective 
fields from the Extract File. 

7. CREATE A MATCH KEY FOR EACH DRIVERS AND EXTRACT RECORD 
The Match Key consists of the Full Name, Street Address and Date of Birth 

8. SORT BOTH DRIVERS FILE AND EXTRACT FILE BY MATCH KEY 

9. UPDATE DRIVERS FILE FROM EXTRACT FILE BY MATCH KEY 
The programs consider two records with the same Name and Address to be duplicates only 
if; 
• The two birth dates are equal 
• If either birth date is blank or zeroes 



Every Drivers File record is compared to every Extract File record by Match Key. When a 
match is found, the Drivers ID, SSN, and PID fields are checked for data. The fields that 
are without data will be replaced with their respective fields from the Extract File. 
The Match Key build, sort, and update process are repeated using the Residential Address 
on both Files. If there is no Residential Address on any given record, the Mailing Address 
is used again. 

10. CREATE A MATCH KEY FOR EACH DRIVERS AND EXTRACT RECORD 
The Match Key consists of the Person-ID (PID) 

11. SORT BOTH THE DRIVERS FILE AND THE SUPPRESSION FILE BY MATCH 
KEY 

12. REMOVE INTERNAL DUPLICATES WITHIN DRIVERS FILE BY MATCH KEY 
If the Person-ID of one record matches that of the next record on the file, the first record is 
discarded. 

13. SUPPRESSION MATCH BETWEEN THE DRIVERS AND SUPPRESSION FILES 
BY MATCH KEY 
Every Drivers File record is compared to every Suppression File record by PID. Drivers 
File records that are not on the Suppression File are written to the new Drivers File. 

14. CREATE A MATCH KEY FOR EACH DRIVERS AND SUPPRESSION RECORD 
The Match Key consists of the Full Name, Street Address and Date of Birth 

15. SORT BOTH THE SUPPRESSION AND DRIVERS FILE BY MATCH KEY 

16. SUPPRESSION MATCH BETWEEN THE DRIVERS AND SUPPRESSION FILES 
BY MATCH KEY 
The programs consider two records with the same Name and Address to be duplicates only 
if: 
• The two birth dates are equal 
• If either birth date is blank or zeroes 

Every Drivers File record is compared to every Suppression File record by Match Key. 
Drivers File records that are not on the Suppression File are written to the output Juror 
Load File. 

The Match Key build, sort, and matching process are repeated using the Residential 
Address on the Suppression File and the Juror Load File. If there is no Residential Address 
on any given record, the Mailing Address is used again. This will eliminate duplicates 
where one file has a PO Box in the mailing address and the residential address in that field 
and the other file has the residential address in the mailing address field. A report of the 
eliminated duplicates is provided. 

17. ELIMINATE INTERNAL DUPLICATES ON THE JUROR LOAD FILE 



This process determines if there are any duplicates among the Juror Load records. If the 
Match Key of one record matches that of the next record on the file, the first record is 
discarded. 

The Match Key build, sort, and matching process are repeated using the Residential 
Address on the Suppression File and the Juror Load File. If there is no Residential Address 
on any given record, the Mailing Address is used again. This will eliminate duplicates 
where one file has a PO Box in the mailing address and the residential address in that field 
and the other file has the residential address in the mailing address field. A report of the 
eliminated duplicates is provided. 

18. ELIMINATE JUROR LOAD RECORDS WITH INVALID ZIP CODES 
Each Juror Load record is evaluated as follows: 

a) If the Zip Code of the Mailing Address is blank the record is rejected 

b) If the Zip Code of the Residence Address is not fonnd in the County's list of valid zip 
codes, the record is rejected. 

c) If the Zip Code of the Residence Address Is found in the County's list of valid zip codes, 
the record is then evaluated as follows: 

• If the Zip Code of the Mailing Address is found in the County's list of valid zip codes 
the record is kept. 

• If the Zip Code of the Mailing Address is not found in the County's list of valid zip 
codes, and the client has told us to reject out-of-County mailing addresses, the record 
is rejected - otherwise the record is kept. 

d) If the Zip Code of the Residence Address is blank, the Mailing Address is evaluated as 
follows: 

• If the Zip Code of the Mailing Address is found in the County's list of valid zip codes 
the record is kept. 

19. CREATE RANDOM NUMBERS AND JUROR IDS 
'N' number ofrandom numbers are created where 'n' is sufficient in relation to the number of 
records on the Juror Load File. Each seven-digit random number is then prefixed with a two­
digit value that represents the year (i.e. '24' is 2004 and '25' is 2005). See Attachment B, 
document entitled "JURY SELECTION ALGORITHM FOR LEE COUNTY." 

20. APPLY RANDOM NUMBERS TO RECORDS IN THE JUROR LOAD FILE 
Each record in the Juror Load File is assigned one of the random nine-digit Juror 
Identification Numbers. 

21. SORT THE JUROR LOAD FILE BY JUROR ID (JID) 

22. CREATE SEQUENTIAL NUMBERS AND JUROR IDS 
As more and more clients choose to load jurors more than once per year it has become 
necessary to load randomly sorted jurors with a sequential no because when random numbers 
are generated twice in the same year there is no guarantee of uniqueness between the 
occasions. That is, the unique JID 190001203 generated in January of 1999 has a chance of 



being generated again in July of the same year. If 190001203 is generated and assigned to a 
juror in July and a record with that JID as its key is loaded into the JURY+ database, it will be 
rejected as a duplicate. Thus, once the Juror File is randomized using the random JJD, a new 
sequential JID is applied to each record. In January the JIDs might run from 19000000 I 
through 190050000 for 50,000 jurors. In July the starting JID would be 190050001 and for 
another 50,000 records would go through 190 I 00000. 

23. APPLY SEQUENTIAL NUMBERS TO RECORDS IN THE JUROR LOAD FILE 

24. SELECT THE REQUESTED NUMBER OF RECORDS 

If the Juror' Load File contains 132,428 records but the client only wants 
50,000, the first 50,000 are selected and written to the final output Juror 
Load File. The balance of the Juror Load File is kept in the data vault at 
Jury Systems Incorporated. Due the low cost of hard disk space these days, 
many clients have opted to load their entire Juror Load File into JURY+. 

25. SEED VALUES 
There are two seed values that are typed in as parameter values. They are a maximum of 5 
digits a piece. Different values are passed than that of the previous loads' seed values. Jury 
Systems, Inc. arbitrarily creates the values. 

26. VERIFICATION 
Jury Systems, Inc will take the names of the potential jurors that have been loaded into the 
NextGen application and download them onto a Compact Disc. Jury Systems, Inc. will then 
write the seed values used in the process on the outside of the Compact Disc and forward 
them to the Lee County Clerk of the Circuit Court. 



Sample Statistics 

Client ID: DVL Name: Duval, FL Period: Load 2004 
Episode: 100632 

Raw Files Conv #of recs #good #bad** 
forimarv) Drivers: Note: Voters and Drivers fields are filled in only when 

Voters: we are perforn1ing a McrgefPurge, otherwise 

Other: 593,955 593,955 use the OTHER fields!!! 

Comments: 

Input Files #of recs #ofDMV # ofROV #of other #miss src #of inval Data Conv. 
Drivers: 
Voters: 
Other: 593,955 593,955 I I I 593,955 

Sunnression: 122,826 I 01,517 20,7861 5231 I 122,826 
Comments: NGSuoo=l 1,659; ClassicSuoo=! l 0,684; Dead File=483 

Special Dup Elim #of recs #ofDMV #ofROV #ofother #miss src # ofinval 
Recs sunoressed: I 

Output: I 
N/Aor Comments: NIA 

Merne/Purge #of recs #ofDMV #ofROV # of other # miss src # of inval 
Drivers: 
Voters: 
Other: 

Mail Dups found: 
Resi Duos found: 

Voters/Other Out: 
Merged Master: 

NIA or Comments: NIA 

PmonID Dup Elim #of recs #ofDMV #ofROV # of other # miss src # of inval 
Internal Dup found: 5 5 

Recs sunnressed: 8,947 8,947 
Recs passed: 5'85,003 585,003 

Special Dup Elim #of recs #ofDMV #ofROV # of other # miss src # of inval 
Recs sunnressed: 55,7181 55,718/ I I I I 

Output: 529,2851 529,2851 I I I I 
NIA or Comments: Matching bv SSN 



Supression Stats #of recs #ofDMV #ofROV # of other # miss src #of inval 
Mail Recs sunn: 6,279 6,279 

Mail Recs passed: 523,006 523,006 
Resi Recs sunn: 68 68 

Resi Recs passed: 522,938 522,938 

Cleansine Stats #of recs #ofDMV #ofROV # of other # miss src # of inval 
Resi Int Dup found: 86 86 
Mail Int Dup found: 

Zio Code process: 1,190 1,190 
Cleansed Master: 521,662 521,662 

NIA or Split for NCOA: NIA 
Balance of Split: 

Comments: 

Load Results #ofrecs #ofDMV #ofROV #of other # miss src # of inval 
Total Loaded: 80,000 80,000 

... Bad Zips: 
No First or Last Nm: 

Balance File: 441,662 441,662 
Date: 3/29/04 Source File Total (ROVillMV/OTHER) = 593,955 



Juror Source List Processing Flow 
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Attachment "B" 

JURY SELECTION ALGORITHM FOR LEE COUNTY 

JURY+ Next Generation 

Universal Random Generator 

Detailed Design & Functionality 

Notice 

Techniques contained in this document are 
considered proprietary to Jury Systems 
Incorporated. They may not be revealed or 
released to any party without the express 
written consent of Jury Systems Incorporated. 

This material may not be copied or reproduced 
In any form without the express written 
permission of Jury Systems Incorporated. 

©October 2006 
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JURY SYSTEMS 
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JURY+ Jury Management System 
Universal Random Number Generator 
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JURY+ Jury Management System 
Universal Random Number Generator 
Detailed Design and Functionality 

1. Introduction 

This document describes the theory and structure of the random number generator that is 
used by the JURY+ Jury Management System to perform those jury management 
business functions that require randomization. 

The random number generator employed by the JURY+ software is the "Universal" 
generator which appeared in an article written by George Marsaglia and Arif Zaman 
who are part of the "Supercomputer Computations Research Institute and Department 
of Statistics" at The Florida State University, Tallahassee. Also contributing to the article 
was Wai Wan Tsang a member of the "Department of Computer Science" at the 
University of Hong Kong. 

The article (titled: "Toward a Universal Random Number Generator" is included in its 
entirety as an appendix to this document. 

Doc:# \Jib\word\techref\marsagli.doc 16 
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JURY+ Jury Management System 
Universal Random Number Generator 
Detailed Design and Functionality 

2. The Definition of the Universal Random Number Generator 

The Universal generator algorithm is a combination of a Fibonacci sequence (with lags 
of 97 and 33, and operation "subtraction plus one, modulo one") and an "arithmetic 
sequence" (using subtraction). 

It passes ALL of the tests for random number generators and has a period of 2144 and is 
completely portable (gives bit identical results on all machines with at least 24-bit 
mantissas in the floating point representation). 

The Universal random number generator employed by Jury Systems Incorporated in its 
JURY+ application software is a true, exact implementation of the algorithm defined in 
"Toward a Universal Random Number Generator" and thus all randomness tests for that 
process published in statistical literature applies to the JURY+ implementation. 

Doc# \llb\word\techref\marsagll.doc 17 
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JURY+ Jury Management System 
Universal Random Number Generator 
Detailed Design and Functionality 

3. Development of the Universal Random Number Generator 

··~ 

In June 2006, the Florida State AOC required that all randomization for purposes of jury 
selection be accomplished using the Universal Random Number generator described in 
an article titled "Towards a Universal Random Number Generator" by George 
Marsaglia. The Universal Generator is a combination generator. It combines two 
different generators, the first of which takes two user seed values, converts them into 4 
seed values and generates a sequence of 97 random numbers. These number become 
"seed" values for the second random generator which uses them in a combination 
process to combine the series of random numbers, producing a "Universal" value. 

Previously, Jury Systems Incorporated used the "Marsaglia" random number generator 
which is a feedback shift register (FSR) method to generate uniform random numbers 
between 0 and 1, inclusive. The method was named for and based upon the idea of 
George Marsaglia (1965) who developed a coupled random number generator called 
super duper. Super duper couples a multiplicative-congruential generator with an FSR 
generator. This generator was subjected to extensive testing by Rand Laboratories and 
shown to pass all randomness tests for all sample sizes likely to be encountered in the· 
JURY selection process. This routine is a 2-seed routine, in that each number in a 
random sequence is provided based on two seed values. 

Using the referenced article and a published C-language implementation of the 
Universal random generator (both of which are included as an appendix to this 
document), Jury Systems Incorporated created a version of the routine for integration 
into its JURY+ application for use in Florida and any other site that may desire it. The 
JSI implementation was done in August of 2006 and is a COBOL version of the routine. 
A copy of the JSI implementation is also included in an appendix. 

Doe# \lib\word\techref\marsagll.doc 18 
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JURY+ Jury Management System 
Universal Random Number Generator 
Detailed Design and Functionality 

4. JURY+ use of the Universal Random Number Generator 

Wherever randomness is requisite in the JURY+ application, the Universal generator is 
employed. Those application functionalities include the following: 

• 

• 

• 

Source List Processing 
When source lists are processed to supply juror names to JURY+, each member of 
the list is assigned a random number. The list is then sorted by the random number 
(known as a Juror Identification Number - JID) and the first 'n' records are selected 
per client requirements. 

Juror Summonsing 
When it is necessary to summon jurors to a specific court and date, the full set of 
eligible jurors is assigned a random number. The list is sorted and the first 'n' 
number of jurors are selected. 

Panel Selection 
When requests for juror panels are received at the assembly room, the user 
initiates a computer program to create a panel of the requested size. The computer 
program provides a randomly ordered list of jurors available for service at that 
moment. 

Each juror in the pool is assigned a random number. Once all jurors have thus been 
assigned a temporary unique number, the list is ordered by that number. Once the 
panel jurors are selected from this list, the panel jurors are re-randomized and a 
Case Information Sheet listing them is produced assuring that each juror has an 
equal opportunity to be the first seated for voir dire. 

• Reporting 
Many of the JURY+ reports allow the user to select list of jurors that re ordered 
randomly. 
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5. Logic Specifications for the Universal Random Number Generator 

The Universal Generator is a combination generator in that it combines two different 
random generators to provide a random series that passes every randomness test. The 
principal component of the two has a very long period, about 1036• It is a lagged-Fibonacci 
generator based on the binary operation x times y on reals x and y. 

The Fibonacci generator has an extremely long period and appears to be suitably random 
based on results of stringent tests that were applied to it. However, there is one test which 
it fails: the "birthday-spacings test. In order to get a generator that passes all of the 
stringent tests the first generator is combined with a second generator. 

The choice of the second generator is a simple arithmetic sequence for the prime modulus 
224 -3 = 16777213. 

Detailed information regarding the theory behind the Universal Random number generator 
is provided in the published article included as appendix C of this document. The article 
provides a Fortran language version of the algorithm. 

Sometime after the original article appeared, the Fortran program was converted into a "C" 
programming language implementation and published. The "C" version is included as an 
appendix to this document. 

For implementation into JURY+, JSI developed a COBOL language implementation of the 
Universal generator by duplicating the logic published in the "C" program. The JSI version 
is also included in an Appendix to this document. 

To the greatest extent possible, the variable names used in the JSI version directly 
correspond to identically named variables in the "C" implementation. This makes the 
comparison of the two sets of logic much more straight forward. 

A review of the "COBOL" version shows that there are two entry points (distinct processes) 
in the Universal Algorithm. The first entry point is a routine "1000-set-seeds" (this 
corresponds to the subroutine called "RMARIN" in the "C" version. 

The 1000-set-seeds routine implements the "first" random generator in the Universal 
process. Using two seed values supplied by the user, it creates four seed values and uses 
them to create a Fibonacci sequence of 97 random numbers. This series of random 
numbers is used in the creation of the Universal random number. 

Additionally this routine creates a representation of a second sequence (initially set to 
362436/16777216 and referenced by variables "C", "CD", "CM"). The Fibonacci series and 
this series are combined (in the random number generation routine below) to create a 
Universal Random number. 
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The second routine is 2000-Gen-Rand (this corresponds to the "RANMAR" routine in the 
"C" program). This routine generates a Universal Random number by combining the two 
sequences (series) set up in the 1000-set-seeds routine. 

First, two entries from the Fibonacci series (referenced with variables "I" and "J") are 
subtracted from each other, (the first time a Universal random number is requested the 
two entries referenced are 97 and 33 respectively) giving the basis for our Universal 
random number. 

After the basis calculated, it replaces the Fibonacci number referenced by "I" (in 
preparation for the next time a universal number is needed). Then, both references ("I" and 
"J") are decremented. When either of the reference indicators ("I" or "J") reach zero, they 
are reset to their initial value (97 and 33 respectively). Thus the series of 97 numbers is 
processed in a circular fashion. (All of this is in preparation for the next request for a 
Universal random number). 

Finally, the next number in the second series (which was initialized in 1000-set-seeds and 
are represented by variables "C", "CD", and "CM") is computed and combined with the 
basis random number (via subtraction). The result is returned to the calling program as a 
"Universal" random number. 
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6. Validation of the Universal Random Number Generator 

As indicated in the ''Towards a Universal Random Number''. the statistical "randomness" of 
this routine has been thoroughly tested and documented. It is also clearly explained that 
an appropriately coded algorithm, regardless of the language ii is written in or the 
computer ii is executed on, produces exactly the same "random" sequence when given 
identical seed values. 

Thus, the validation (and thus proof of randomness) becomes one of showing that two 
different implementation. produce the same known results when given appropriate seed 
values. 

The JS.I implementation produces the same results as the program on which it was 
modeled. The "C" version of the program indicates the following test to insure a properly 
functioning Universal random number generator algorithm: 

Use IJ = 1802 & KL = 9373 to test the random number generator. The 
subroutine RANMAR should be used to generate 20000 random numbers. 
Then display the next six random numbers generated multiplied by 

4096*4096 
If the random number generator is working properly, the random numbers 
should be: 

6533892.0 14220222.0 7275067.0 
6112232.0 8354498.0 10633180.0· 

These are exactly the results produced by calling the JSIRAND1 routine with seed value 
1082 and 9373 and viewing the 20001 through 200061h random numbers .. 
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I. APPENDIX A ·The Universal Random Number Generator Program 
(C-Language Version) 
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/************************************************************************ 
/************************************************************************ 
This random number generator originally appeared in "Toward a Universal 
Random Number Generator" by George Marsaglia and Arif Zaman. 
Florida State University Report: FSU-SCRI-87-50 (1987) 

It was later modified by F. James and published in "A Review of Pseudo­
random Number Generators" 

Converted from FORTRAN to C by Phil Linttell, James F. Hickling 
Management Consultants Ltd, Aug. 14, 1989. 

THIS rs THE BEST KNOWN RANDOM NUMBER GENERATOR AVAILABLE. 
(However, a newly discovered technique can yield 

a period of 10A600. But that is still in the development stage.) 

It passes ALL of the tests for random number generators and has a period 
of 2Al44, is completely portable (gives bit identical results on all 
machines with at least 24--bit mantissas in the floating point 
representation) , 

The algorithm is a combination of a Fibonacci sequence (with lags of 97 
and 33, and operation "subtractiori plus one, modulo one") and an 
"arithmetic sequence" (using subtraction). 

On a Vax 11/780, this random number generator can produce a number in 
13 microseconds, 

************************************************************************/ 

#include <stdio.h>. 
#include <stdlib.h> 
#include <math.h> 
#include <time.h> 

#define TRUE 1 
#define FALSE 0 

float u[97"), c, cd, cm; 
int i97, j97, test; 

int rmarin(int ij, int kl); 
int ranroar(float rvec[], int len); 

/************************************************************************ 
This is the initialization routine for the random number generator RANMAR() 
NOTE: The seed variables can have values between: 0 <= IJ <= 31328 

0 <= KL <= 30081 
The random number sequences created by these two seeds are of sufficient 
length to complete an entire calculation with. For example, if several 
different groups are working on different parts of the same calculation, 
each group could be assigned its own IJ seed, This would leave each group 
with 30000 choices for the second seed. That is to say, this random 
number generator can create 900 million different subsequences -- with 
each subsequence having a length of approximately 10~30. 
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Use IJ = 1802 & KL = 9373 to test the random number generator. The 
subroutine RANMAR should be used to generate 20000 random numbers. 
Then display the next six random numbers generated multiplied by 4096*4096 
If the random number generator is working properly, the random numbers 
should be: 

6533892.0 14220222.0 
6172232.0 8354498.0 

7275067.0 
10633180.0 

************************************************************************/ 

int rmarin(int ij, int kl) 
( 

float s, t; 
int i, j, k, 1, m; 
int ii, jj; 

/* Change FALSE to TRUE in the next statement to test the 
random routine.*/ 

test = TRUE; 
IF ( ( IJ < 0 I I IJ > 31328 ) I I 

( KL < 0 11 KL > 30081 I 

pr.intf ( ''RMARIN: The first random number seed must have a " 
"value between 0 and 31328\nu); 

printf (" The second random number seed must have a 11 

"value between 0 and 30081"); 
return l; 

i (int)fmod(ij/177.0, 177.0) t 2; 
j (int)fmod((double)ij, 177.0) + 2; 
k (int)fmod(kl/169.0, 178.0) + l; 
1 (int)fmod((double)kl, 169.0); 

for ii=O; ii<=96; ii++ 
( 

s = (float)O.O; 
t = (float)0.5; 
for ( jj=O; jj<=23; jj++ ) 
{ 

) 
u[ii] 

m (intlfmod( frnodi(double)i*j,179,0)*k, 179.0 ); 
i j; 
j k; 
k m; 
1 (int)frnod( 53.0*l+l.O, 169.0 ); 
if ( frnod((double)l*rn,64.0) >= 32) 

s = s + t; 
t = (float) (0.5 * t); 

s; 
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c (float) ( 362436.0 I 16777216.0); 
cd (float) I 7654321.0 I 16777216.0); 
cm (float) (16777213.0 I 16777216.0); 

197 = 96; 
j 97 32; 

test = TRUE; 

return 0; 

int ranmar(float rvec[], int len) 
( 

float uni; 
int ivec; 

if ( !test 
printf ("RANMAR: Call the initialization routine {RMARIN) " 

"before calling RANMAR.\n"); 
return 1; 

for ivec=O; ivec < len; ivec++) 

uni= u[i97] - u[j97]; 
if ( uni < 0.0F ) 

uni = uni + 1.0; 
u[i97] =uni; 
i97--; 
if ( i97 < 0 ) 

i97 = 96; 
j97--; 
if ( j 97 < 0 ) 

j97 = 96; 
c = c - cd; 
if ( c < 0. OF ) 

c = c + cm; 
uni = uni - c; 
if ( uni < O.OF 

uni = uni + 1.0; 
rvec(ivec] = uni; 

return O; 
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·~. 

II. APPENDIX B - The JSI Implementation of the Universal Random Number 
Generator (COBOL-Language Version) 
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2 IDENTIFICATION DIVISION. 
3 PROGRAM-ID. JSIRANDl. 
4 AUTHOR+ Jury Systems Incorporated. 
5 DATE-WRITTEN. June 2006. 
6 DATE-COMPILED. 10-Nov-06 06:53. 
8****************************************************************** 
9*(c)************************************************************** 

10*YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY11YYY* 
11 •YY-1Y1Y1Y 111 111 ¥11 ¥¥¥ 1¥1 ¥¥1Y1Yi'Y [RJ Y* 
12*YYYYYYYYYYY yyyyy yyy yyy yyy yyy Y yyyyy 1111111* 
13*1¥¥¥¥1¥1¥¥ 1¥¥¥1 ¥¥¥ fyy ¥¥ 1¥1¥1 11¥¥¥1¥ 11¥¥¥¥1* 
14 •11¥ 1¥¥ 1¥1¥1 ¥11 fyy yyyyyyy ¥11YY ¥11* 
lS*YYY ¥1 1¥11¥1 11 1¥1 yy yyyyyy 1¥¥1111111 11¥¥111* 
16*YYYY 1¥11¥¥11 yyy YYY ¥¥¥1¥ ¥11¥111¥¥11 11111¥1* 
1?*11¥111¥¥11¥11¥11111¥111111¥¥¥¥¥1¥11111111Y111¥111111111111111111• 
1B*Y111¥11111111¥¥1111111¥¥111111¥11YY111¥¥¥111¥¥¥¥1¥1¥111111111111* 
19*YYYYYYYYYYYYYYYY N E X T G E N E R A T I o N YYYYYYYYYYYYYYYY* 
20*YYYYYY11¥¥111111¥1¥1Y111111¥1¥11111111111Y1YYYYYYYYYYYY111¥11YYY* 
21*¥¥11¥11¥1¥111¥1111111111111¥111111¥1111111¥1111111¥¥1111¥¥¥11111* 
22*YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYFrom Jury Systems IncorporatedY* 
23****************************************************************** 
24****************************************************************** 
25** COPYRIGHT (C) 1998, by Jury Systems Incorporated ** 
26** All rights reserved. An unpublished work. ** 
27** 
28** 
29** 
30** 
31** 
32** 

'33** 
34** 
35** 
36** 
37** 
38** 

TRADE SECRETS NOTICE: ALL RIGHTS RESERVED. This material 
contains the valuable properties and trade secrets of Jury 
Systems Incorporated, a California corporation, embodying 
substantial creative efforts and confidential information 1 

ideas and expressions, no part of which may be reproduced 
or transmitted in any form or by any means, electronic, 
mechanical, or otherwise, including photographic and 
recording, or in connection with any information storage 
or retrieval system without written permission from 
Jur~ Systems Incorporated, 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

39****************************************************************** 
40****************************************************************** 
41** ** 
42** PROGRAM DESCRIPTION: ** 
43** ==================== ** 
44** 
45** 
46** 
47** 
48** 
49** 
50** 
51** 
52** 
53** 
54** 

JSIRANDl Produce a uniform, normal and exponential 
random number. 

This routine uses logic of a 4 seed Universal random 
number generateor as described and documented by 
George Marsaglia and adopted by the State of Florida. 

The MicroFocus calling sequence is as follows: 

CALL JSIRANDl using JSIRAND-PARM-BLK. 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

55** ** 
56**---------------------- Modification Log ----------------------** 
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57** mm/dd/yy uuu - xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
58** 

** 
** 

59************************************************~***************** 

60 ENVIRONMENT DIVISION. 
61/ 
62 CONFIGURATION SECTION. 
63 SOURCE-COMPUTER. 
64 IBM-PC. 
65 OBJECT-COMPUTER. 
66 IBM-PC. 
67/ 
68 INPUT-OUTPUT SECTION. 
69 FILE-CONTROL. 
70 
71 DATA DIVISION. 
72 FILE SECTION. 
73 
74****************************************************************** 
75*** W 0 R K I N G - S T 0 R A G E S E C T I 0 N *** 
76****************************************************************** 
77 WORKING-STORAGE SECTION. 
78 
79***********1<* 
80*** Constants 
Bl************* 
82 
83 78 
84 78 
85 

78-dflt-seed-IJ 
78-dflt-seed-KL 

86************* 

value 1082. 
value 9793. 

87*** The ·following working storage data names for the various work 
88*** fields are taken directly from the document provided by the 
89*** State of Florida. This makes logic comparison between the two 
90*** program and document simpler. 
91*** 
92************* 
93 
94 01 workintegers. 
95 05 I pie x(04) comp-5 value 0. 
96 05 II pie "(04) comp-5 value o. 
97 05 J pie x(04) cornp-5 value o. 
98 05 K pie x (04) comp-5 value o. 
99 05 L pie x (04) comp-5 value o. 

100 05 M pie x (04) cornp-5 value o. 
101 05 IJ pie x (04) comp-5 value o. 
102 05 KL pie x (04) comp-5 value 0. 
103 05 i-temp pie x(04) comp-5 value o. 
104 
105 01 floatValues. 
106 05 u comp-1 occurs 97. 
107 05 c comp-1. 
108 05 CDl comp-1. 
109 05 CMl comp-1. 
110 05 s comp-1. 
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111 
112 
113 
114 
115/ 

05 T 
05 UNI 

comp-1. 
comp-1. 

116****************************************************************** 
117*** LINKAGE SECTION *** 
118****************************************************************** 
119 LINKAGE SECTION. 
120 

* 121 COPY "JSIRAND. OWS''. 
122*---------------------------------------------------------------* 
123* * 
124* 
125* 

JSIRAND.UWS * 
* 

126* (c) Jury Systems Incorporated, 1998 All rights reserved. * 
127*---------------------------------------------------------------* 
128* * 
129* This copylib defines data fields needed as arguments for * 
130* the JSIRAND subroutine, * 
131 * * 
132*- - - - - - - - - Modifications - - - - - - - - - - - - - -* 
133* mm/dd/yy uuu - xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx * 
134* * 
135* * 
136 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

137 78 
138 78 
139 
140 01 
141 
142 
143 
144 
145 

JSIRAND-78-SUB-NM 
JSIRAND-78-RANDl-SUB-NM 

VALOE 'JSIRAND'. 
VALOE 'JSIRANDl'. 

14 6 
147 
148 
149 
150 
151 
152 

JSIRAND-PARM-BLK. 
05 JSIRAND-FC-FUNC-CODE PIC 9(01) 

88 JSIRAND-FC-SET-SEEDS 
88 JSIRAND-FC-GEN-RAND 

05 JSIRAND-SEEDl PIC 9(05) COMP-5 
05 JSIRAND-SEED2 PIC 9(05) COMP-5 
05 JSIRAND-NBR-AREA. 

10 JSIRAND-RAND-NBR PIC 9(07). 
10 FILLER PIC 9 (01). 

05 FILLER REDEFINES JSIRAND-NBR-AREA. 
10 JSIRAND-RAND-NBR-8 PIC 9(08). 

05 JSIRAND-NOTUSED PIC X(08) 

153*** End of JSIRAND.UWS *** 
154 
155/ 

VALUE ZERO. 
VALUE 1. 
VALUE ZERO. 
VALUE ZERO. 
VALUE ZERO. 

VALUE SPACES. 

156****************************************************************** 
157*** P R 0 C E D U R E D I V I S I 0 N *** 
158****************************************************************** 
159 PROCEDURE DIVISION 
160 
161 0000-MAIN. 
162*---------* 
163*** 

USING JSIRAND-PARM-BLK. 

164*** Either generate a uniform random number or initialize the 
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165*** seed values depen~ing upon function request. 
166*** 
167 
168 
169 
170 
171 
172 
173 
174 
175 

IF JSIRAND-FC-SET-SEEDS 
PERFORM 1000-SET-SEEDS 
SET JSIRAND-FC-GEN-RAND 

176 

ELSE 
PERFORM 

END-IF 
CONTINUE. 

0000-PGM-EXIT. 
177*-------------* 
178*** 
179 
180 EXIT PROGRAM. 
181 
182/ 
183 1000-SET-SEEDS. 
184*--------------* 
185*** 

2000-GEN-RAND 

TO TRUE 

186*** Initialize starting values from seed values passed in 
187*** by user. 
188*** 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 

MOVE 
MOVE 

JSIRAND-SEEDl 
JSIRAND-SEED2 

TO IJ 
TO KL 

*> Insure seeds are in proper range 
if IJ < 0 or IJ > 31238 

move 78-dflt-seed-IJ to IJ 
end-if 
if KL < 0 or KL > 30081 

move 78-dflt-seed-KL to KL 
end-if 

*> Take 2 user input "seed" values and convert to 4 seeds 
compute I function mod(IJ/177, 177) + 2 
compute J = function mod{IJ, 177) + 2 
compute K function mod(KL/169, 178) + 1 
compute L function mod{kL, 169) 

*> Fill 
PERFORM 

UNTIL 

a 97 element 
VARYING II 
II > 97 

array with random distribution 
FROM 1 BY 1 

MOVE ZERO 
MOVE 0.5 
PERFORM 24 

COMPUTE 

MOVE J 
MOVE K 

TO S 
TO T 
TIMES 

M = 
FUNCTION 

TO I 
TO J 

MOD(FUNCTION MOD(I*J, 179) * K, 179) 
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219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240/ 

MOVE M TO K 
COMPUTE L = 

IF 
FUNCTION 

FUNCTION MOD 
COMPUTE S = 

END-IF 

MOD (53 
(L * M, 
S + T 

COMPUTE 
END-PERFORM 
MOVE S TO 

T = 0.5 * T 

U(II) 

* L + 1, 169) 
64) >= 32 

END-PERFORM 
COMPUTE C 
COMPUTE CDl 
COMPUTE CMl 

362436 I 16777216 
7654321 I 16777216 
16777213 I 16777216 

*> Initialize I and J which will be used as indexes 
*> by the generation module. 
MOVE 97 TO I 
MOVE 33 TO J 
CONTINUE .. 

241 2000-GEN-RAND. 
242*-------------* 
243*** 
244*** Generate a uniform, normal and exponential random number 
245*** 
246*** Be sure that the "set-seed" function has already been called 
247*** 
248 
249 
250 
251 
252*** 
253*** 
254*** 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 

IF I = ZERO OR J = ZERO 
PERFORM 1000-SET-SEEDS 

END-IF 

Use the previously generated table to create the new number 

COMPUTE UNI = U(I) - U(J) 
IF UNI < ZERO 

ADD 1 TO UNI 
END-IF 

*> Put the current Random number into the table for use in 
*>later iterations ... 
MOVE UNI TO U(I) 

*> Recycle 
*> random 
SUBTRACT 
SUBTRACT 
IF I = 0 

MOVE 
END-IF 
IF J = 0 

I and J when they reach the beginning of the 
array 
1 FROM I 
l FROM J 

97 TO I 

MOVE 97 TO J 

Doc# \lib\word\techref\marsagll.doc 32 



'. 
JURY+ Jury Management System 
Universal Random Number Generator 
Detailed Design and Functionality 

273 END-JF 
274 

COMPUTE c = 

IF c < 0 
275 
276 
277 
278 
279 
280 
281 

COMPUTE 
END-JF 
COMPUTE UNI 
IF UNI < 0 

ADD 1 
282 END-IF 
283 

c - CDl 

c = c + CMl 

UNI - c 

TO UNI 

284 *> Shift fractional bits left 24 times giving whole decimal 
285 *> number. 
286 COMPUTE JSIRAND-RAND-NBR-8 = (4096 * (4096 *UNI)) 
287 
288 *> Compute 7 digit random number by dropping leas significant 
289 *> digit and rounding 
290 COMPUTE JSIRAND-RAND-NBR ROUNDED 
291 = (4096 * (4096 * UNI) I I 10 
292 
293 
294 CONTJNOE. 
295 
296*** End of jsirand2.CBL *** 
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Ill. APPENDIX C - Toward a Universal Random Number Generator By George 
Marsaglia and Arif Saman 
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tou i$ !hey are not able IQ produce the same 
S«(u1111ce of vaifables In a wide variety of oom· 
puters. Such a nqulremcnt seems essential for an 
cxperimcnlal wient1c that lacks standardized 
equipment for veriry;ng results. 

We addre~ tlte<e deficiencies here, suggesting a 
combination gencratw .tailored partioolady for re­
producibility !n au CPU's with at leut 16-bil 
integer arithmetic. The random numbers them­
selves are rtals with 24-bit fractions, uniform on 
[O, 1 ). We prolllde a 1oggested Fortral\ implen>en· 
tation of this ~ univcr481" geMrator. togciher With 
suggested srunple output with which one may verify 
that a partlC'Ulor compul« produ<lCO """"'llY the 
somo bit .patterns as the computers enumerated in 

the abstract. The Fortran oode is !IO straightfor· 
ward thn1 versi<ins may be readily wrin~n tor 
other langua~; "° far. correspondents have writ· 
ten or confirmed results for &6ic~ Forlr-ttn1 Pnscn.I, 
C, Modula Jl and Ada versions. 

A list of desirable properties for a random 
number generator mlgbt in.elude: 

(1) RandomnesJ. Provid<>s a sequenl'C oJ inde· 
pendent uniform ra11dom variables suitable for all 
rea.sonable applications. In purticular, pas.'IC$ alt 
the latest tests for randomness and independence, 

(2) Long pqdlJd. Able to prodooc, without re­
peating !be initial sequcucc, all of the random 
variables for lhe hug:o sample,, thal cutJent oom· 
puter speeds make JIOSSible. 

(3) EfliciellC)'• Execution is rapid. with modest 
JMrnory rcquitemen.ts. · 

(4) Rep()'(ltabilit}'. Initial conditions (seed val­
ues) completely .determine the l'i!Sult!ng sequence 
of i:andom variables. 

(S) /'()N(lbi/ity. Identical sequences of random 
variables may be produC<:d in a wide vor'lety of 
computers. for givc.n $la:rtln& values. 

(6) Homogenelry. AU subsets ol bits ol the 
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numbers must be random, front the most- to the 
least-signifiJ;llllt bits. 

2. Otolce of the method 

We seol< ~ genemor that has all ('lf these desirable 
properties. (All? Well, almost all: the generator we 
propose falls sbon on efficiency, for 11 · Is s!Qwcr 
than some of the srandard, simple, machine.de­
pendent generators. But all of the standard gener· 
a1ors fail one or more of the stringent tests tor 
randomness. Sec Marsaglia, 1986.J 

Our choice is a combination generator. It com· 
bin.,. I\\'<> dU1eren1 genemtorn. The principal ·com­
ponent of the two has a very long period, about 
IO''. lt is a lagged-Fibonacci generator based on 
the binary operation x • y on reals x ·and y de· 
fined by 

x· >'~{if x >y then x-y. else x -y + l }. 

Ultimately. we require a sequence of reals on 
[0, 1): Ui. Uz, t.;, ... , each. with a 24·bl! fraction. 
We ¢lloos:e ;i.i bits booause it is the most oommon 
fraeti<1n sl:r.e for single-precislo1:1 Mais and because 
the operation x • y can be carried out exactly, with 
Ito loss of bits, in most romputerS-thtJoe with 
reals having fractions of 24 or more bits. 

This choice allows us IO u~ a lagzed-FibQn~cci 
generator, designated P(r, •· -), as the basic C-Om• 
ponenl of our unlveisal generat<w. It provides a 
sequence of r<!Bls by means of the operation x • yi 

The Ja,gs r and s are chosen so that tho :1«1nence 
ls satlsfact<lrily random and hi!$ a very long period. 
If the' initial (~)values, x,, x,. ... , x, arc each 
24-bit fractions. x1 • l,;t"'. then the ~ltlng se­
quence, getternted by ""• = x._, • x._,, will pro­
duco a sequenre with period and struct\ll'e ldentl· 
cal to that oi the corresponding sequence of in· 
tcgcrs. 

/ 1 , 12, /_,_, ... t- With l,..•l,,,_,,-1.tr-r mod2u. 

For suitahle cboiccs of the lagK r and s the 
period of th<! sequence Is (2""-I)X2'- 1• 1be 
need to ~ ,. large for long period and ran· 
domness mu.$t be balanced with !he ...,,ulting 

memory costs: u table of the r moSI recent x 
values musl be st<>red. We have chos;in r • 97, 
.t • 33. The .resulting cost ot 97 storage locatiom 
for the circular list needed to implement the gen­
erator seems re~sonable. A few hundred memory 
locations more or less Is no longer 1he problem it 
used to be. The period of the te$Ulti11g generator is 
(224 

- 1) x 2~. about 212
", which we boost to 2"' 

by the other part of the combination generator, 
described below. Methods for establishi11g periods 
for lagged-Fibonacci generators are given in 
Mmaglla and Tsay (l 9SS). 

3. 'The second part of the wmblnatfon 

We now turn lo chOice of a generator to combine 
with the F(97, 33, •) ch<>sen above. We arc not 
content with tbat gtlncra.tor alone, even though it 
has an extremely long period and appears to be 
suitably random front the stringent tests we have 
applied to it. Bui it fails one of the tests: the 
birthday-spacings test. A typical version of this 
test goes a£ follows: let each of the generated 
values x 1• x2,, .. , repre11on1 a .. birth.day" io a 
"year" of, say, 2H days. Cboasc, say, m R 512 
birthdays, x,, .'<,. .... x.,. Sort these to get -~m <: 
xf.l> ~ .. • • < Xrm')• Fo.rrn spacings Yt. ~ Xcn' 1:. = 
Xt2., - Xnp Yl = Xo> - X<z,, .... , Ym = X(.wl- x,M-i)· 
Sort th¢ spacings, getting Ym "Y<>J o;; • • • .,.y,.,). 
The teiit $tatlstic is J, the nnmber o! duplicate 
values in the S(lrted spacing$, i.e., illitiali1.e J <- 0 
then for i • 2 to m, put J .... J + l if Y\•>M Yu-ii· 
The resulling J should have a Poisson d1Stribution 
with mean l\ .. m' /(4n) • m' ;2'"'. 

Lagged.Fibonacci generators F(r. s, ')fail this 
test, unless the lag r is more than. 500 or the 
blnwy operation • is mult!plicallon for odd in­
tcget$ mod 2'. Tho count J, the numbor of dupli­
ciue $paeings, is o.oly asymptotically P-0lsson df's­
tributed, requiring that n, the length of the year, 
be larger. Applications of the birthday spacings te.•l 
1ypically choose n to be 100000 or more-for 
example, using the leftmost 18 or more bits of the 
TIUldom number to provide a "birthday''. 

Detailod d.lscu•rlon of the lei!! and test results 
will appear elsewher.,, but here are results of a 
tyP!oai test on four different generators (sec Table 
I): two lasged·Fibonacci generators usiltg subtrac-
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t'ahlll!'. 1 
A birthday~paci~ teM for foo,. gencr&t(ln;.. 

d.upliaito- numbe:r F(!17. 33, •) 
'!'ocillgS t!:itpec«ed observed 

0 36.79 41 
I 36.79 16 
? 18.3'1 18 

~3 8.03 ;!$ 

"CJti.aqutre ror l d.f, <Ill.I 
prob<hillty of bc<lct fll 1.0000 

tion, a lagged-Fibonaooi generator usiog mu!tiplJ. 
cation on odd integers, and a popular oongruentl41 
generator, x~ = 69069x •. _,, all for moduli!$ zn. 
The lef'tmQst 2!5 bit' are used to <:boose one of .Sl2 
birthdays. Thus n • 215 and m = 29, so J should 
be Poisson distributed with ;\ - m' /(4n) - l. Of 
the four, only the F('n, 33, •) and the congruen­
tial generator pass. Tbe two lagged-Fibonacci gen­
erators using subtraction fail the tllSL 'lbeir 
dupllClll.,.spacing oou.11ts are far from Poi.sson dis· 
tributed. and. reJJialll so, wfultevet the cll<)i~ of 
seed values, (and for a wide \'ariety of choices of 
"· m and lags r. • as well}. 

In order to get a generator that passes all tho 
stringent tests we have applied, we haw resorted 
10 combining !he F('J7, 33, •) generator with a 
sec<ind generator. Combining different generators 
has strong thooretical support (see Marsaslia, 
19$6). 

Our choice of the second generator is a. simple 
arithmetic sequence for the prime modulus 2,. - 3 
- 16777213. For an initial Integer /, subsequent 
integers. are 1-k, I - 2k, I- 3k,, . • ,mod 
16717213. This may be inlplemented in 24·bil 
reals, agllln with no bits lost, by letdng the initial 
value be, sny c • 362436/17666216, then forming 
successive 24-bit reals by the ()perati<ln c • d, do­
Cined as 

c•d-{if.c;i.d then.c-d, 

else c-d+ i6777il3/16777216}. 

Here d is some · CQ!lvwtient 24-i;>it rational, say 
d= 7654321/16177216. Themultlng sequence has 
period 2111 - 3, and while it is far too ~u for 
use alone, it SCl"JU, whon combined by means or 
the • operation w!th. tht F(.97, 33, •) sequence, to 
provid~ a composite sequence that meets all or the 

.flSS, l4, -I f"(97, 33, ") rwn.gruen6nl 
00..M<I cbserved ob.'"..ervtd 

i9 41 36 
14 33 37 
34 20 2(1 

v 6 7 
-------··--·--·-·..--· 

56.91 IS3 D.29 
1.0000 OAJ.2 0.33 

criteria mentioned in the introduction, except for 
efficiency. All of the operations in the combina­
tion generator are simple and efficient, and tho 
generation part is qllite simple, bm the setup 
procedure, setting the initial 97 x wlues, is mo.re 
complicated than the generating procedu1 ... We 
now turn to details of Implementation. 

4. lmplemenration 

We have two binary operarions, ea.ch able to pro­
duce ex•ct milhmelic on reals wilh 24-bit frtt, 
tion.s: 

x •y - {If x :> y then x - y, else x - y + l }, 

c•d- (if c;;. d then c-d, 

else c- d + 16777:213/16777216}. 

We require compmer instrucdons that will gener­
ate two sequences: 
X11 >:;i, Xj.,~··-X-;n, X'931•••• 

with Xn~X11 _9,.•.'(n_,,, 
C1,t'2t C3,•••1 

with c. ~ c._, o{76S4321/l6777216). 

Then produce the combined sequence 

Uj_, U:_. U,,,.p .. , wilh q,_ = x" • c.~ 

The c S¢CjUCllCC nquires only one initial vu!U<:, 
which we arbitrarily Ollt lo c1 - 362436/16777216. 
The x sequenee requires 97 initial (seed) value;;, 
each a real of the form 1/16777216, with 0 <I.; 
16777215. The main pr-Oblem in lmplementlng tht 
universal generatQt is in finding. a suitable way to 
set tho 97 Initial values, a way that i$ both rltl'ldom 
and CO!lsiStl'llt ftom one computer to another. 

37 
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TJlhlt> 2 
Fottt.t.n &ubptogn:ms ror iniliaUzin.g a.nd ~1un1 (JNI 

SUBROUTINE llSTART (l, J, K. Ll 
RllAL U(91) 
COMMON /Sin'!/ U, C, CD, CM, I!', .JP 
00211-1.91 
s-o. 
T•-.5 

OO:!JJ<•l,24 
M* MOD(MOO(f•J, l19)•K, 1'19) 
t-J 
J11!1-X: 
K•M 
L * MOil(»• 1..~ I, 169) 
lf(MOOU.•M, 64}.0l!.J2) S" S+T 

3 T•.:5•T 
2 U(ll)•S 

c- 361436./16777216. 
CD•· 76543ll./l&nn216. 
CM "'I6777113./16m:n6. 
IP•97 
JP•33 
RETURN 
END 

The F(97, 33, - mod l} generator l• quit~ 
robust. !11 tha.t It gives good restitl• even '"' bad 
initial values. Nonetheless, we fetl that the initial 
table •hnuld ilMOlf he filled by means of a good 
g<metat<>r, -0ne that need not be :tmt b=nse ii is 
used only for the setup. Of cour.sc, we might ask 
!bat the UStt provide 97 seed values, each with an 
exact 24-hil fraction, but that sums too great a 
burden. After considerable experimentation, we 
reooltllllelld lho following procedure: 

A$Sign 'llllllltt bil-by..bit to the initial table 
U(l), 0(2). •.. , U(91) with a ranoom S«!Ucnce of 
bits b1, bi, b~,.... Thus U(l) - O.b1ba ... o,., 
U(2) - O.bi'Sbu • •• ""' and so on. The $«jlleRCC Of 
bits is getierated by combining two ditfetent gcn­
era10rn, eoeh suitable for exact mwlcmontat!Ol\ in 
any computer: on~ a >-lag Flbonacci gooeralor 
using multiplicatiou, the olher · an orcfinary llOll· 
gruentlal generator for modulw 169. 

The two sequences that are combined 10 pro­
duce bits b,. b,, b,,. . ., are: 

.>it "2:1 ,Y3,. ?A11•••t 

with 1.-1 •• ,xy._,xy •• 1 modl79, 
z,,, Z:t., ZJ, Z4,.~., 

with ~. - Slz,. 1 + l mod '169. 

C• • 4' 

C••• 
C••i; 
C••• 
C•• •· 
C••• 

FUNCTION UNI() 
FIRST CALL !lSTART (J,J.K, L) 
WITH (, J, K, I.. INTEGERS 
FkOM I TO 168. NOT ALL I 
NOT!': RSTAl\TCl!ANOl!S I, J, K, L 
SO IJE CAREFUL IF YOU REUSE 
THEM IN Tttl! CA1L11'10 PROORAM. 
REAL U(97) 
COMMON /S!rrl/ li, C. CD, CM, IP, JP 
UNI Q ll{lP) ·· U(ll') 
ll'{UNl.LT.0.1 UNI• l,,'Nl+I. 
U(IP)wUNI 
l'f' • lt-1 

IF(IP.EQ.0) IP• 97 
JI'• ll'-1 

IY(IP.llQ.0) JP~'IJ 
c-c-co 
ll'(C.LT.O.) c M c ... CM 
U~U•UNl-C 
IF'(IJNJ.LT .U) UNI - UNI+ l 
ReTURN 
END 

Then b1 in the sequence of bits ls formed as the 
slxlh bit <Jf tho product y1.z,. using operations 
which may b~ carried out in most programming 
languages' b, • {If y1z, mod 64 < 32 then 0, el"" 
1}. 

Choosing the small moduli l 79 and 169 ensures 
that arithmetic wiU Ix> exact in all oomputen, after 
which combining the two generators by multipli­
cation and bit extraction stays wltltin the range of 
16-bit integer aritbmetfo. The ies11lt is a sequence 
of bits th.at passes extensive tests for randomness. 
and thus sums well suited for initializlng a uni· 
versa! generator. 

The user's burden is reduced IO providing three 
seed \'alues for the !J·lag flbonacc.i sequence, and 
one seed value for the congroential sequence '• = 
S3z.- 1 + 1 mod. 169. For Fortran implcmenta· 
lions (see Table 2) of the universal generator, we 
r«:0mirumd that a tabla u(l}, .•• ,0(97) bc$ba~. 
Jn (labelled) COMJ.ION, wilh a setup routine, say 
llSTJJ!l(l, J, x, L) and the function subprogram, 
UNI(}, Chat. teiums the requir"4 uniform variate • 
An alternative approach is tn have a single •'llb· 
program that in¢1udeo an en1ry for the setup pro­
cedure, but not an Fortran compUeIS allow multi· 
ple entries to a subprogram. The seed values for 

·-· ........... _______________________ _ 
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the $.etup o.re r. 1, K and L. Here I, l, K must be in. 
the range l to 178, and not all 1, while L may be 
any !01.tger from 0 to 168. H (positive) Integer 
values are ~igned to 1, 1, K. L oUtside the spcci.· 
filld rang""1, the generator will still be satisfactory. 
but may not produt» ""'actly lhe samot bit patterns 
in difftfenl oomputer.s. b~use of uni:enainties 
when integer operations involve more than 15 bUs. 

To use lhe geoerator, one lllUJt first call 
Rrn1RT(1. ~. 1<, x.) to set up the tabl.e in labellt.'Cl 
common, then get subsequent uniform random 
variables by using UNI() in an expression as, for 
example, in i,: - UNt( ) or Y ~ 2. • tn<I( ) -
ALOO(mn()), etc. 

5. Verifying lhe unlverullty 

We DOW suggest a short Fortran program for 
verifying lhat tile u!lh'mlll gcn.crator will produce 
0><aetly the same 24-bit reals that other computets 
produce, C-Onveralon lo an equivalenf Basic, Pas• 
cal or other program should be transparent, but 
those who wish to may get the setup, generating 
and verification program$ for varlou! languages 
by writing to IM authors. 

Assume . !hen that you have implemented the 
UNI routine with II.$ llSTART $C!Up pre<:edure in 
yaur compnier. Running the short progiam or 
Table 3, or an equivalent, should produce the 
output as shown in Table 4. 

If it does, you will almrut certainly have a 
univwsal random number generator that passes all 
the standard tests, and all the latest-more strin­
geot-lestS for randomne!.s, has an lncrt.'Clibly long. 

CALL RSTART(l2, 34, 56, 78) 
00611-t, 20005 
X•UNJ() 

6 IF'(ll.11t20000) 
prlni 21. (MOD(INTl.X• 16.• • l).16), IM l, 7) 

21 FORMAT(SX, 7(3) 
llN'l) 

T•blo 4 

11 l ll J 0 4 

u 8 \~ II 11 14 
6 IS 0 2 3 LI 
5 14 2 14 4 8 
7 ts 1 10 12 2 

0 
0 
0 
0 
0 

period, about 2'44, and, for given RSTAR'I' values· r, 
1, K, 1., produees the same sequence or 24-bit reals 
as do &lmOlit a1l other commonly-w;ed contputcrs. 

Good luck. 

M.,..gllo, Cl. (191t6), A oumnt view of rondoon number s•m:l'· 
4!01$. Ccmpottr S<:imctt w S1a1111~'' P•oc. 16rh Si"•'I" 
fn.s.v/41.-Y, Atla>tta, Marr:h: 19/U fBl:scvfer Sc:ien~ hblldim.,. 
AmslCrdam). 

M•n<Jl!J.o, G, Md L.H. T<ay (l98S), M•tri<>:• •nd Ibo •I"-"'"" 
of ·.i:aJtdom nwnbtir l!lOqUCDCe\!$1 Utt/UU' A/gMra Appl 67~ 
147-156. 
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