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Genstat Newsletter No.I!

EDITORIAL

This issue of the Genstat Newsletter appears, experimentally, in typeset form. In the past, a major
factor slowing the production of the Newsletter has been the difficulty of generating multi-font
output on word processors: we hope that the new approach may overcome this source of delay.
Readers' comments on the format of this issue would be welcomed, to help determine our future
strategy.

It is the editors' intention to devote a future issue of the Newsletter largely to the Third Genstat
Conference, which takes place in Orsay, on the outskirts of Paris, in October (for details, see p.73).
It would help considerably if authors of conference papers could prepare these in a form suitable for
publication.

We look forward to meeting as many Genstat users as possible at the conference.

STATUS REPORT

Genstat 4.04 was released to ARC System 4 users in February. A large number of errors was soon
revealed and this version was replaced by a much improved 4.04A, six weeks later. This version has
been transferred to the new VAX 780 at Rothamsted and a few more errors discovered.

The source code of 4.04 will be sent out to convertors in July, with distribution of the VAX version at
about the same time. Meanwhile, the Prime and IBM conversions are in progress at Rothamsted.
The number of permanently licenced sites continues to grow at about five per month; by the end of
June the total number of such sites was 220. In addition to this, there is a growing trend for existing
sites to order further copies of Genstat.

Lists of all known Genstat sites, classified by country and machine range, are given below. Anyone
wishing to contact another site should first approach the Genstat Co-ordinator at NAG Central
Office.

GENSTAT SITES LISTED BY COUNTRY

AUSTRALIA

APPLIEOCOUPUTINGNEOLANDSH AUSTRALIA
AUSTRALIAN OEP HEALTH CANBERRA
CSIRO AUSTRALIA (COiiP RESEARCH)
CSIRO (COTTONRESUT) NARRABRI NSH AUSTRALIA
CSRLIHITEOSYONEV AUSTRALIA
INST FAMILY STUDIES MELBOURNE AUSTRALIA

MITCHELLCOLL/AGRISEARCHBATHURSTNSM AUSTRALIA
NSN DEPT AGRIC HAYMARKET AUSTRALIA
S AUSTRALIA OEPT AGRIC ADELAIDE
S AUSTRALIA INS TECH (COM CEN) POURAKA
SEQEBBRISBANE AUSTRALIA
TASMANIANTREASURY
UNCLE BEN'SOF AUSTRALIA NOOONGA VICTORIA
U ADELAIDE (MAITE INS) S. AUSTRALIA
UADELAIDESAUSTRALIA
U AUSTRALIA NAT (COMSERCEN) CANBERRA
U JAMES COOK (COM CEN) N. OUEENSLAND AUS
UMACOUARIE (CDMPCENT) NORTHRYDE AUSTRALIA
U NEM ENGLAND (COM CEN) ARMIOALE AUS
UOUEENSLAND (PRENTICE COMCEN) ST. LUCIA AUS
USYONEYNSM(FISHERLIB)
U TASMANIA (CDMP CEN) HOBART AUSTRALIA
U M AUSTRAL IA (RAINE MED STATS) NEOL ANDS
VICTORIA DEP OF AGRIC MELBOURNE AUSTRALIA
M AUSTRALIA DEPT AGRICULTURE S. PERTH

AUSTRIA

USALZBURG(EDV)AUSTRIA

BELGIUM
UGHENT STATE (CEN DIG COM CEN) BELGIUM

BRAZIL
EMBRAPABRASILIA BRAZIL

CANADA
AGRICULTURE CANADA CE FARM DTTAMA
ONTARIO INST STUDIES EOUC (CANADA)
PACIFIC BIOLOGICAL STNNANAIMD
UMCGILL (MATHS)
U TORONTO(FACDENTISTRY)CANADA

CHILE
UCHILE(AGRON)SANTIAGODECHILE

COLOMBIA
CIATCALICOLUMBIA

DENMARK
OANMARKS GEOLDGISKE UNDERSOEGELSE KOEBENHAVN
ELSAM FREDERICIA DENMARK
KDEBENHAVN SC ECDN BUS ADMIN DENMARK
NEUCC LYNGBY(EDB-CENT)DENMARK
NOVORES INSTBAGSVAERDDENMARK
RECKU KOEBENHAVN DENMARK
RIGSHOSPITALETKOEBENHAVNDENMARK
U AALBORG(COMP CENT)DENMARK
UAARKUS(RECAU)
UDOENSE(OATACENTER)DENMARK

EIRE

AGRICULTURAL INST DUBLIN
GUINNESS DUBLIN EIRE
UCDLLCDRK (CDMPBUREAU)EIRE

FRANCE
CENT AIR ST-CYR FRANCE
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CENTINTERNAT RECH OERHATOL VALBONNE FRANCE
CENT NAT RES ZOOTEC JOUY-EN-JOSAS FRANCE

CESAJOUY-EN-JOSASFRANCE

INSERUVILLEJUIF FRANCE

UPARISSUD (HATH) FRANCE
U PAUL SABATIER TOULOUSE

UTAC LINAS-UONTLHERY FRANCE

WEST GERMANY
INSTNUUSTATKOELNH. GERMANY

UBERLINFREEH. GER.

UBERLINTECH(INSTSTATOEK. SOR]
UOUISBURG(HSRZ)W. GERMANY
U DUSSELDORF(RZ) H. GERMANY
U HOHENHEIM STUTTGART M GERMANY

UOSNABRUECK (RZ)NGERMANY

HONGKONG
U S POLY COMP CENT HONG KONG

ICELAND

U ICELAND (COMP SER) REYKJAVIK

INDIA
ICRISAT PATANCHERU APINDIA

ITALY
CINECABOLOGNA ITALY

lATA-CNRFIRENZE

ISTIT APPLCALCOLOROMA ITALY

UFIRENZE(CENTDICALC)ITALY
UGENOyA(INSTDIMAT) ITALY
UNAPOLI (CENTROOI CALC) ITALY
UPAOOVA(CENTCALC)
UPAVIA (CENT CALC)
U ROMA (CENT 01 CALC INTERFAC) ITALY

JAPAN
FUYO TOKYO JAPAN

KUWAIT
UKUMAIT(COMSER)ADELIYAH

MALAYSIA
UPERTANIANHALAYSIA. SERDANG

MEXICO
U MEXICO NACIONAL AUTONOMA

THE NETHERLANDS
CIVO-INST TNO ZEIST NETHERLANDS
EUROPEAN SPACE AGENCY
GIST-BROCADES N.V.DELFT NETHERLANDS
INST TNO THE HAGUE NETHERLANDS
ITALWA6ENINGENNL
LANOINRICHTINGSOIENST UTRECHT NETHERLANDS
PRDEFSTATION TUINBOUW ONDER GLAS NETH
U UTRECHT (SOC WET CEN OAT ANAL) NLANDS
UNAGENINGEN AGRIC(COUP CEN)NL

NEW ZEALAND
DSIR (PHYS t ENG) LONER HUTT N. ZEALAND
LEVIN HORTIC. RES. STN. LEVIN N. ZEALAND

N. Z. FOREST PRODUCTS TOKORDA NEW ZEALAND
N. Z . WIN WORKS & DEVELOP WELLINGTON NORTH N. Z.
N. Z. STATE SERVICES COMMISSION(CSD)
U AUCKLAND (COM CEN) NEW ZEALAND
U CANTERBURY (LINCOLN COLL) N ZEALAND
U MASSEY (CDMP CEN) PALMERSTON NORTH N. Z .
UOTAGD(COMPCEN]DUNEDINNZ
U WELLINGTON (COMP CEN) N ZEALAND

NIGERIA
IITA IBADANNIGERIA
U AHMADU BELLO (COMP CEN] NIGERIA

NORWAY
NORSKREGNESENTRALOSLO

U TROMSO(EDB-SENTRET)NORWAY

PAPUA NEW GUINEA
PAPUA NEW GUINEA NAT COMP CEN WAIGANI

PORTUGAL
LAB NAC ENG S TEC INO. LISBOA PORTUGAL

SENEGAL
INST SENEGALAIS RES AG (OCEANOG) DAKAR

SOUTH AFRICA
PREMIER GROUP JOHANNESBURG S.AFRICA
S AFRICAN DEPT AGRIC (BIOMET S DATAUET) PRETORIA
U FORT HARE SOUTH AFRICA
U NATAL SA (COMP CEN)
U SOUTH AFRICA PRETORIA

SWEDEN
ULUND (COMP CEN] SWEDEN
U STOCKHOLM (OZ DATA CENTER) SWEDEN

UUPPSALA(DATACENTER)SWEDEN

SYRIA
C.E.R.S. SYRIAC/OSYSTIMELEEDS

ICARDAALEPPO SYRIA

TAIWANR.O.C.
PIGRESEARCHINSTTAIWAN

TURKEY
UEGE(E.H.B.ENS.)IZMIR TURKEY

UNITED KINGDOM
A. &A.E.E. BOSCOMBEDOWN

AERE (COMPSCI)HARWELL
ASSOCIATEDOCTEL

BP INTERNATIONAL LTD LONDON

BRITISH - AMERICAN TOBACCO SOUTHAMPTON

BRITISH SHIP RES ASSN WALLSEND

BUSINESS STATISTICS OFFICE NEWPORT(VIA CCA)
CADBURY SCHWEPPES LTD BIRMINGHAM

CAMBRIDGE COLL ARTS t TECH (COM CEN)
CEGBNW REGION STOCKPORT

CLINICAL RES CENT HARROW

DES MOWDEN HALL DARLINGTON

DOE BUILDING RES STN GARSTON

OOE(TRRL)CROWTKORNE
FORESTRY COMMISSION FARNHAM

GKN TECHNOLOGY LTD NOLVERHAMPTON

6LAXD OPERATIONS UK GREENFDRD

GLAXO OPERATIONS UK ULVERSTDN

GREATER LONDON COUNCIL(DCTR-GNL'S DEPT)
HMGCCMILTONKEYNES

HOME OFFICE(SRDB)LONDON
HUNTINGDON RESEARCH CENTRE

IMPERIAL CANCER RESEARCH FUND LONDON
IMPERIAL TOBACCO(ITL)BRISTOL
INST NAVAL MEDICINE GOSPORT
INST OCCUPATIONAL MEDICINE EDINBURGH
LEATHERHEADFOOD RES ASS

LIFE SCIENCE RESEARCH OCCOLD SUFFOLK
HAFFGUILDFORD

MEAT 8 LIVESTOCK COMMISSION.BLETCHLEY
METAL BOX READING
MET OFFICE BRACKNELL

MIN AG FISH FOOD (ADAS) WEYBRIDGE
MDD(A8AEE)BDSCOMBEDOWN
MRC NAT INST MEO RES MILL HILL
NAPIER COLL CDMM 8 TECH (COM CEN) EDINBURGH
NAT FOUNDATION ED RESEARCH SLOUGH
NATURE CONSERVANCY COUNCIL HUNTINGDON
NAT RADIOLOGICAL PROTECTION BOARD DIDCOT
NEGAS(COMPSERV)LEEDS
NERC COMP SERV BIDSTON BIRKENHEAD
NORTHERN REG HEALTH AUTH NEWCASTLE
NORTH STAFFS KOSPS (COMP OEP) HARTSHILL
NORTH WEST REG HEALTH A MANCHESTER
NORTHWEST WATER{COMP CENT) WARRINGTON
NORTHERN REGIONAL HEALTH AUTH NEWCASTLE
PERKINS ENGINES PETERBOROUGH

PFIZER CENTRAL RESEARCH SANDWICH
POLY BRIGHTON (COMP CENT)
POLY CENT LONDON (COMP UNIT)
POLY CITY LONDON (COM CEN)
POLY COVENTRY(LANCHESTER)(COMCEN)
POLYKUDDERSFIELD
POLY KINGSTON(COMP UNIT)
POLY LIVERPOOL(COMPSER)
POLY NORTH EAST LONDON (COUP CEN)
POLY PLYMOUTH(COMPCENT)
POLY PORTSMOUTH(COMP CENT)
POLY SOUTH BANK (COUP CENTRE ) LONDON
POLY THAUES (COUP SERV) LONDON
POLY TRENT (DEP COM SER) NOTTS
RANK XEROX ENG GROUP WELWYN
R.I.B.A. LONDON
ROTHAMSTED ARC COMP CENT HAHPENDEN
R.S.P.B. SANDY BEDFORDSHIRE
SCHLUMBERGER CAMBRIDGE RESEARCH
SCOTTISHOFFICE(COUP SERV)EDINBURGH
SEVERN-TRENT WATER AUTHORITY
SHELL RESEARCH CENTRE SITTINGBOURNE
SHELL THORNTON RESEARCH CENTRE CHESTER
SHELL UK LTD LONDON

SMITH KLINE 8 FRENCH WELWYN GARDEN CITY
THAMES WATERD.O.P.(COMPUTING)READING
UNILEVER RES LAB PORT SUNLIGHT
U.K.A.E.A.WINFRITHDORSET
UABERDEEN(COUPCEN)
UASTON(COMPSER)
UBATH(SWRCC)
U BELFAST QUEEN'S(COUP CEN)
UBRADFORD (COUP LAB)
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UBRISTOL (SMUCN)
UBRISTOL (COUPCEN)
UCAUBRIDGE (COUP LAB)
UCOLL CARDIFF (COUPCEN)
U COLL N HALES (COUP LAB) BANGOR
UEDINBURGH(PLU)
U ESSEX (COUPCEN)
UKULL (COUPCEN)
ULANCASTER (COUPLAB)
ULCC(ADVISORYSERV)
ULEEDS (COUP STUDIES)
ULIVERPOOL(COUP LAB)
U LONDON CHELSEA COLL (COUP CEN)
U LONDON lUP COLL (COUP CEN)
ULONDONQUC(COUPCEN)
U LOUGHBOROUGH (COUP CEN)
UUANCHESTER(RCC)
UNEWCASTLE(NUUAC)
UNOTTINGHAU (COUPCEN)
UOXFORD(OUCS)
UREAOING(COUP UNIT)
USALFORO (COUP LAB)
U SHEFFIELD (COUP SER)
0 SOUTHAUPTON(COUP SERVICES)

USTIRLING(COUP UNIT)
U ST ANDREWS (COUP LAB)
U SURREY (COUPUNIT)
USUSSEX(COUPCEN)
UWARWICK (COUPUNIT)
UYORK (COUP SCIDEPT)
W SUSSEX C.C. (COUNTY SURVEYOR)CHICHESTER
WATER RESEARCH CENTRE UEDUENHAU

WELSH WATER AUTHORITY BRECONPOWYS
WESSEX REGIONAL HEALTH AUTH (COUP CENT) WINCHESTER
WESTUIDLANDSCOUNTY COUNCIL(CSIRU)
WESTUIDLANDSGAS

UNITED STATES OF AMERICA
N.Y. STATE AGRICEXPSTN GENEVA NY USA
N. Y. STATE OEPT. HEALTH ALBANY N. Y. USA

UCALIFORNIA-DAVIS (COUP CENT) U.S. A.
UCALIFORNIA-RIVERSIDE U.S.A.
UCINCINNATI(STATS) USA
UCOLORAOOSTATE FORT COLLINS U.S.A.
U CORNELL NEW YORK
U UICHIGAN STATE (COUP CEN) E. LANSING USA

YUGOSLAVIA
U ZAGREB(COUP CENT)YUGOSLAVIA

GENSTAT SITES LISTED BY MACHINE RANGE

BURROUGHS
GIST-BROCADES N.V. DELFT NETHERLANDS
NSW DEPT AGRIC HAYUARKET AUSTRALIA
SAFRICANDEPT AGRIC(BIOUET« DATAUET)PRETORIA
U CALIFORNIA-DAVIS(COUP CENT)U.S.A.
U DUISBURG(HSR2)W.GERUANY
UGENOVA(INSTDIUAT) ITALY
U UEXICO NACIONAL AUTONOUA
UOTAGO (COUP CEN) DUNEDIN NZ
USOUTHAFRICAPRETORIA
U TASUANIA (COUP CEN) KOBART AUSTRALIA
UWARWICK (COUPUNIT)
VICTORIA OEP OF AGRIC UELBOURNE AUSTRALIA

CDC
BRITISH - AUERICAN TOBACCO SOOTHAUPTON
CINECABOLOGNA ITALY
CSIROAUSTRALIA(COUP RESEARCH)
DOE(TRRL)GROWTKORNE
INST TNO THE HAGUE NETHERLANDS

LANDINRICHTINGSOIENST UTRECHT NETHERLANDS
RIGSHOSPITALET KOEBENHAVN DENUARK
S AUSTRALIA DEPT AGRIC ADELAIDE
S AUSTRALIA INS TECH (COU CEN) POURAKA
UAALBORG(COUP CENT)OENUARK
UAARHUS(RECAU)
U ADELAIDE (WAITE INS)S. AUSTRALIA
U AHUADU BELLO (COUP CEN) NIGERIA
UBERLINFREEW. GER.
UBOLOGNA ITALY

UBRAOFORO (COUP LAB)
UCOLORABOSTATEFORTCOLLINSU.S A
ULCC(ADVISORYSERV)
U LONDON lUP COLL (COUP CEN)
UUANCKESTER(RCC)
U UICHIGAN STATE (COUP CEN) E. LANSING USA
USYDNEYNSW(FISHERLIB)
U TROUSO(EOB-SENTRET)NORWAY
U UTRECHT (SOC WET CEN OAT ANAL ) NLANOS
U W AUSTRALIA (RAINE UEO STATS) NEOLANOS

CIIIRIS

INSERUVILLEJUIFFRANCE
UFIRENZE(CENT 01CALC)ITALY

DEC SYSTEMS 10&20
CLINICAL RES CENT NARROW
lUPERI AL CANCER RESEARCH FUND LONDON
URCNAT INSTUEORESUILLHILL
POLY CENT LONDON (COUP UNIT)
POLYCITYLONOON(COUCEN)
POLY KINGSTON(COUP UNIT)
POLY LIVERPOOL(COUPSER)
POLY SOUTH BANK (COUP CENTRE) LONDON
POLY TRENT (DEP COU SER) NOTTS
U AUSTRALIA NAT (COU SER CEN) CANBERRA
UCOLL NWALES (COUPLAB) BANGOR
UESSEX (COUPCEN)
U JAUES COOK (COUCEN) N. QUEENSLAND AUS
UNEWENGLAND (COUCEN) ARUIDALE AUS
U QUEENSLAND (PRENTICE COU CEN) ST. LUCIA AUS
U WAGENINGEN AGRIC (COUP CEN) NL

UYORK (COUP SCIDEPT)

DECVAX-11
AGRICULTURAL INST DUBLIN
AGRICULTURE CANADA CE FARU OTTAWA
APPLIED COUPUTING NEOLANOS W AUSTRALIA
CAUBRIOGE COLL ARTS t TECH (COUCEN)
C.E.R.S. SYRIAC/OSYSTIUELEEDS
CIVO-INST TNO ZEIST NETHERLANDS
CSIRO (COTTON RES UT) NARRABRI NSW AUSTRALIA
CSR LIUITEO SYDNEY AUSTRALIA
DANUARKS GEOLOGISKE UNOERSOEGELSE KOEBENHAVN
DSIR (PHYS t ENG) LOWER HUTT N. ZEALAND
EUROPEAN SPACE AGENCY
GKN TECHNOLOGY LTD WOLVERHAUPTON
HONE OFFICE(SROB)LONDON
lATA-CNRFIRENZE
ICAROA ALEPPO SYRIA
ICRISAT PATANCHEflU AP INDIA
IITA IBADANNIGERIA

ITALWAGENINGENNL
NAT RADIOLOGICAL PROTECTION BOARD DIDCOT
NORSK RE6NESENTRAL OSLO
N. Y. STATE OEPT. HEALTH ALBANY N. Y. US A
ONTARIOINST STUDIES EOUC(CANADA)
PACIFICBIOLOGICALSTNNANAIUO
PFIZER CENTRAL RESEARCH SANDWICH

POLY BRIGHTON(COUP CENT)
RANK XEROX ENG GROUP HELUVN
ROTHAUSTEO ARC COUP CENT HARPENDEN
SCHLUUBERGER CAUBRIOGE RESEARCH
SHELL RESEARCH CENTRE SITTIHGBOURNE
UNCLE BEN' S OF AUSTRALIA WOOONGA VICTORIA
U ADELAIDES AUSTRALIA
U BELFAST QUEEN'S(COUP CEN)
UCALIFORNIA-DAVIS(COUPCENT)U.S.A.
UCALIFORNIA-RIVERSIDE U.S.A.
U CANTERBURY (LINCOLN COLL) N ZEALAND
U COLL CORK(COUP BUREAU)EIRE
U ICELAND (COUP SER) REYKJAVIK
ULANCASTER(COUP LAB)
U UACQUARIE (COUP CENT) NORTH RYOE AUSTRALIA
UOXFORD(OUCS)
U STIRLING (COUP UNIT)
UST ANDREWS (COUP LAB)
USUSSEX(COUPCEN)
UTAC LINAS-UONTLHERY FRANCE
W SUSSEX C.C.(COUNTY SURVEYOR)CHICHESTER
WATER RESEARCH CENTRE UEOUENHAU
WESTUIOLANOS GAS

HARRIS

POLY COVENTRY(LANCHESTER) (COUCEN)
UNILEVER RES LAB PORT SUNLIGHT
UASTON (COUP SER)
ULONDON CHELSEA COLL(COUPCEN)

HEWLETT PACKARD 3000
GLAXO OPERATIONS UK ULVERSTON

HONEYWELL SERIES 60
ASSOCIATEDOCTEL
CENT NAT RES ZOOTEC JOUY-EN-JOSAS FRANCE
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NERC COMP SERV BIOSTON BIRKENHEAD
UABERDEEN(COUPCEN)
UBATH(SHRCC}
UBRISTOL (COUPCEN)
UCOLLCAROIFE(COUPCEN)
U LOUGHBOROUGH (COUP CEN)
UPAULSABATIER TOULOUSE
UPAVIA(CENTCALC)

HONEYWELL SIGMA 6
A. SA.E.E. BOSCOUBEDOHN

HUGCCHILTONKEYNES

UOO(ASAEE]BOSCOUBEDONN

IBM 360&SIMILAR
AERE (COUP SCI) HARWELL
AUSTRALIAN DEP HEALTH CANBERRA
BRITISH SHIP RES ASSN MALLSENO

CADBURY SCHNEPPES LTO BIRUINGHAU

CENT AIR ST-CYR FRANCE
CENTINTERNAT RECH DERUATOL VALBONNE FRANCE
CIATCALICOLUUBIA

EUBRAPABRASILIABRAZIL
FUYO TOKYO JAPAN

GREATER LONDON COUNCIL(DCTR-GNL'S DEPT)
lUPERIAL TOBACCO(ITL)BRISTOL
INST SENEGALAIS RES AG (OCEANOG) OAKAR
ISTIT APPL CALCOLO ROUA ITALY

UETOFFICEBRACKNELL

UITCHELLC0LL/AGRI5EARCHBATHURSTNSM AUSTRALIA
NAT FOUNDATION EO RESEARCH SLOUGH

NEUCC LYNGBY(EDB-CENT)DENUARK
N.Z. FOREST PROOUCTS TOKOROA NEM ZEALAND

N. Z. UIN WORKS S OEVELOP WELLINGTON NORTH N. Z .

N.Z. STATE SERVICES COUUISSION(CSO)
PERKINS ENGINES PETERBOROUGH

PIG RESEARCH INST TAIWAN

PREUIER GROUP JOHANNESBURG S.AFRICA

SCOTTISHOFFICE(COUP SERV)E0INBUR6H
SEQEBBRISBANE AUSTRALIA

SHELL RESEARCH CENTRE SITTIN6B0URNE

SHELL THORNTON RESEARCH CENTRE CHESTER

SUITH KLINE S FRENCH WELWYN GARDEN CITY

U AUCKLAND (COUCEN) NEW ZEALAND
UBERLINTECH(INSTSTATOEK. &0R)
UCAUBRIDGE (COUP LAB)
UCHILE (AGRON) SANTIAGOOE CHILE
UCINCINNATI(STATS)USA
U CORNELL NEW YORK

UEGE (E.H.B.ENS.)IZUIR TURKEY
ULCC(AOVISORYSERV)
ULEEDS(COUP STUDIES)
ULIVERPOOL(COUP LAB)
UUCGILL(UATHS)
UNEWCASTLE(NUUAC)
UPAOOVA (CENTCALC)
UPARISSUD(UATH)FRANCE
U S POLY COUP CENT HONG KONG
U SALZBURG (EDV) AUSTRIA
U STOCKHOLU (QZ DATA CENTER) SWEDEN
U TDRONTO(FAC DENTISTRY) CANADA
UUPPSALA (DATACENTER) SWEDEN
U WELLINGTON (COUP CEN] N ZEALANO

ICL SYSTEM 4
ROTHAUSTED ARC COUP CENT HARPENDEN

UBRISTOL (SWUCN)

ICL 1900SSIMILAR
DESUOWOENHALL DARLINGTON

DOE BUILDING RES STN GARSTON

HUNTINGDON RESEARCH CENTRE

INST NAVAL UEOICINE GOSPORT

UETALBOX READING

UIN AGFISHFOOD (ADAS) WEYBRIDGE
NORTHERN REG HEALTH AUTH NEWCASTLE

NORTHERN REGIONAL HEALTH AUTH NEWCASTLE

THAUES WATER 0.0.P.(COUPUTING)READING
UHULL (COUP CEN)
UREAOING(COUP UNIT)
USALFORO (COUP LAB]
WELSH WATER AUTHORITY BRECON POWYS
WESSEX REGIONAL HEALTH AUTH (COUP CENT) WINCHESTER

ICL UPPER 2900
BUSINESS STATISTICS OFFICE NEWPORT (VIA CCA)

CEGBNWREGIONSTOCKPORT
GUINNESS OUBLINEIRE
NEGAS(COUPSERV)LEEOS
NORTH STAFFS HOSPS (COUP OEP) HARTSHILL
NORTHWEST WATER(COUP CENT)WARRINGTON
NOVO RESINST BAGSVAERD DENUARK
N.Z. STATE SERVICESCOUUISSION(CSD)
PAPUA NEW GUINEA NAT COUP CEN WAIGANI
POLYKUODERSFIELO
POLY PORTSMOUTH(COMPCENT)
SEVERN-TRENT WATER AUTHORITY
U.K.A.E.A.WINFRITHOORSET
UBATH(SWRCC)
UEDINBURGH(PLU)
U HOHENKEIM STUTTGART W GERMANY
U LANCASTER (COUP LAB)
ULONOONQUC (COUP CEN)
UNOTTINGHAU(COUPCEN)
UOXFORO(OUCS)
USOUTHAUPTON(COUP SERVICES)
WEST UIOLANOSCOUNTY COUNCIL(CSIRU)

MODCOMP
INST NUU STAT KOELN W. GERMANY

PERKINELMER
LIFE SCIENCE RESEARCHOCCOLO SUFFOLK

ZIMBABWE BIOMETRICS BUREAU.CAUSEWAY
ZIMBABWE SCIENTIFIC COUP CENT HARARE

PRIME
CESA JOUY-EN-JOSAS FRANCE

CSR LIUITEO SYDNEY AUSTRALIA

DOE BUILDING RES STN GARSTON

FORESTRY COUUISSION FARNHAU

GLAXO OPERATIONS UK GREENFORO

GLOUCESTERSHIRE C.A.T.CHELTENHAU

INST FAMILY STUOIES MELBOURNE AUSTRALIA

INST OCCUPATIONAL MEDICINE EDINBURGH

KOEBENHAVN SC ECON BUS AOMIN DENMARK

LEATKERKEAD FOOD RES ASS

LEVINHORTIC.RES.STN.LEVIN N. ZEALANO

UAFFGUILDFORO

NAPIER COLL COUUS TECH (COM CEN) EDINBURGH
NATURE CONSERVANCY COUNCIL HUNTINGDON

N. Y. STATE A6RIC EXP STN GENEVA NY USA

POLY NORTH EAST LONDON (COUP CEN)
POLY PLYMOUTH(COUP CENT)
POLY THAMES (COUP SERV) LONDON
ROTHAUSTEO ARC COUP CENT HARPENOEN

R.I.B.A. LONDON

R.S.P.B. SANDY BEDFORDSHIRE

SHELL RESEARCH CENTRE SITTINGBOURNE

U FORT HARE SOUTH AFRICA

U UASSEY (COUP CEN)PALUERSTON NORTH N.Z.
USHEFFIELO(COUPSER)
USURREY(COUP UNIT)
W AUSTRALIA DEPT AGRICULTURE S. PERTH

SIEMENS BS2000
PROEFSTATION TUINBOUW ONOER GLAS NETH

UDUSSELDORF (RZ)W. GERUANY
U GHENT STATE (CEN DIG COU CEN) BELGIUM

TELEFUNKENTR400
UOSNABRUECK (RZ)WGERUANY

UNIVAC1100
BP INTERNATIONAL LTO LONDON
ELSAUFREOERICIADENMARK

RECKU KOEBENHAVN OENUARK
SHELL UK LTD LONDON
TASUANIANTREASURY

U AUSTRALIA NAT (COU SER CEN) CANBERRA
UKUWAIT(COUSER)ADELIYAH
ULUND (COUP CEN] SWEDEN
UNAPOLI (CENTRODICALC) ITALY
U NATAL SA (COUP CEN)
UODENSE(DATACENTER)DENMARK
UPARISSUO (MATH) FRANCE
UPERTANIANMALAYSIA. SERDANG

UROUA (CENT DI CALC INTERFAC) ITALY
U ZAGREB (COUP CENT) YUGOSLAVIA

OTHER MACHINES
LABNACENGSTEC INO. LISBOA PORTUGAL
UEATSLIVESTOCK COUUISSION. BLETCHLEY
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United Kingdom

THE GENSTAT MACRO LIBRARY

My thanks to those who sent comments about existing macros, we hope we have sorted out any
problems.

The first issue of the new Library will be made during the lifetime of Genstat 4.04. Macros
submitted will be included in this issue if they can pass through the refereeing process by 1 October
1983. However, as we plan to add to the Macro Library at regular intervals, probably once a year,
please keep sending macros to me!

Guidelines for submitting and writing macros follow below.

Writing Macros for the Genstat Macro Library

We want the Macro Library to be both useful and used. Not only will the macros be offering a
wealth of new and different techniques but they will be saving users' time and energies. For this
they will need to be reliable and convenient to use.

We need a consistent programming style for macros within the Library. After some discussion
the following is proposed (comments welcome). It incorporates most of the needs for clarity,
conciseness and efficiency. Those of you at the Genstat Conference 1981 in Holland will have
also heard Ron Baxter propound some of these principles. I recommend Kernighan and
Plauger's, The Elements of Programming Style', Second Edition, (McGraw-Hill, 1978); in
particular their Summary of Rules is well worth looking at.

Programming Style for Genstat Macros

1. declare all local structures (even variates);
2. devalue local structures (except single valued ones);
3. remove restrictions on input-only globals imposed within the macro;
4. don't clutter the working part of the macro with declarations or devalues;
5. minimise the number of statements;
6. use other library macros where appropriate;
7. make input easy: e.g. few input structures, SETs, optional input;
8. if options are not set, or are unrecognisable, do something sensible;
9. have acceptable ouput: e.g. optional printed output; consider optional output

structures;

10. be aware of special structures that are preserved or restored on exit depending on the
option used at invocation [II 2;6.1 ].

11. comment usefully but not excessively.

Submitting Macros for tbe Genstat Macro Library

The following notes are based on the recommendations for contributions to the Algorithms
Section of 'Applied Statistics'.
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Submission

Macros should be sent to the Editor of the Macro Library and should consist of:

1. the description (for the Macro Manual);
2. the macro code;

3. a driver program for the use of the referee: this should be well commented and should
call the macro and produce checkable output;

4. an example program to be included in the Genstat Example Files as an illustration of
the use of the macro;

5. any additional information to aid referees.

Items 1 to 4 should be in machine readable form with a corresponding computer listing.
^Machine readable' for ARCUS includes punched cards, paper tape, unlabelled
magnetic tape (preferred = 1600 bpi, record length 80, blocksize 4000), but not
cassettes or floppy discs (although this may change). All magnetic media will be
returned, a contribution to postage would be appreciated.

Refereeing

Adequate refereeing of a macro can entail much computer testing and authors should
attempt to made the referees' task as straightforward as possible.

The Editor would welcome volunteers to join the pool of referees.

Description

For the convenience of authors, referees and users we are introducing standard headings,
which should appear if applicable.

Name

Macro name and date.

Author

Author's name and affiliation.

Date

Of description.

Outline

A very brief summary, which will also be included in an information retrieval macro
IN F 0 in the Macro Library.

Keywords
In the conventional form. A separate list of abbreviated keywords will be used in the
information retrieval macro.

Description or Purpose
This should enable the potential user to decide whether the macro is likely to serve
the purpose. Reference to published work should be made when this will shorten the
description. Subheadings are preferred, the following may be helpful: Purpose;
Notation; Theory; Numerical Method.
Method of Use

With example.
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Structure

Global Identifiers

For each, its type, its use or classification as input and/or output and a brief
description of its purpose. If a parameter is listed as input only, the macro must
not under any circumstances change its values or any of its attributes, e.g. its
restriction.

Local Structures

The numbers of named and unnamed structures (NI Ds and NUNNs).

Failure Indications

Types of failure should be listed and described.

Auxiliary Macros
Reference to any Library macros used.

Restrictions

Any restrictions on the use of the macro, e.g. size of problem, inability to deal with
missing values or restricted structures.

Accuracy
If relevant.

Related Macros

Where relevant, the possibilities of combining the macro with other Library macros
should be commented on.

Additional Comments

Comments on the best way to use the macro may be included here.

References

In the conventional form.

Layout

The appearance of a macro will depend largely upon the author's initial presentation of
the code. We rely on authors to conform to a standard layout for code:

use white space for readability (it's generally cheap), indent continuation lines, use
spaces to clarify long expressions and sequences;

use full length system words of 5 or fewer letters, otherwise use 4 (or 5) letter
contractions;

use keywords in nameable lists and option-words in option lists;

where possible comments should be in upper and lower case; all identifiers should use
upper case only.

See also * Writing Macros for the Genstat Macro Library', above, and the code in
Edwards (1981).

Comments

Every macro must have an opening comment which identifies the macro and the author.
Other comments should be included where necessary but should be kept concise.

Machine Dependence

All Genstat implementations should provide all the features of the language; however, it
would be wise to avoid:

unusual characters within text strings;
the use of more than 2 input channels or 3 files;
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tolerance levels, upper bounds such as 10 E 4 0.

There will be more information about this in a later Newsletter.

Error Diagnostics

Where possible, macros should detect errors and be protected against misuse. However,
where the author recognises the possibility of an error but considers that the normal
Genstat fault trapping mechanism is sufficient for the user, this should be explained in the
Macro Description. The author should consider using a global scalar FAULT to indicate
whether or not the macro has been successful.

Disclaimer

Authors will be given full credit for the macros they have written. If work utilising the
macros is published, reference should be made to the author and to Genstat.

Whilst every effort will be made to ensure the accuracy and efficiency of macros in the
Macro Library, no liability is assumed by any contributor, the Macro Editor, The
Statistics Department at Rothamsted Experimental Station or NAG.

References

Edwards (1981) The Anderson-Darling Test for
Normality.
Genstat Newsletter, 7,22-23.

Working Party on Statistical Computing (1979) The Construction and Description of
Algorithms.
Applied Statistics, 28, No.3,311-318.

Jane Bryan-Jones
Editor, Genstat Macro Library
ARC Unit of Statistics
University of Edinburgh
James Clerk Maxwell Building
The King's Buildings
Edinburgh EH93JZ

THE ANALYSIS OF EXPERIMENTS WITH REPEATED MEASURES

Experiments in which the same plots or subjects are observed more than once occur in many fields of
application. The problems which they pose are more concerned with the statistical assumptions for
the analysis than with the specification of the necessary Genstat instructions. In this article, we
sketch out some of the problems, giving references for further information, and present listings of
Genstat input to analyse examples of designs which can occur.

In deciding upon the appropriate analysis, it is necessary to distinguish between two very different
situations which can be illustrated as follows:

(1) In an animal experiment, each animal receives just one diet, whose effect is investigated by
observing the animal at regular intervals throughout the experiment, or, in a drug trial, the
effect of a stimulus is measured several times following its application.

(2) Several drivers are given different cars to drive on successive evenings, each time using an
identical route (with which they are very familiar), in order to assess the petrol consumption of
each car.

Superficially, it might seem that both of these situations could be analysed by an analysis of
variancewith 'BLOCKS'

(1) ANIMALS/TIME
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and (2) DRIVERS/EVENING

(or perhaps, (2) DRI\/ERS*EVENINGS, if the design has been suitably chosen). However, the
assumptions for these analyses require that all contrasts of differences between observations from
an individual (animal or driver) have equal variances. Inequality of contrast variances can be due to
unequal correlations between observations. The assumption of equal correlations between
observations from an individual is perhaps reasonable in (2) but, in (1), there will almost certainly
be a greater correlation between the observations at time 1 and time 2 than between those at time 1
and time 3, and soon.

One approach in situation (1) is to analyse the data separately for each time. One has to be careful
not to regard the appearance of similar patterns of treatment effects at different times as providing
independent confirmation but, otherwise, the analyses will be valid, although unadventurous. They
fail to give any information about how the effects vary with the time or how this variation differs
from treatment to treatment. An alternative, perhaps complementary, approach (Rowell and
Walters (1976); Yates (1982)) is to analyse contrasts of the measurements of each subject over
time. Often these will be polynomial contrasts (i.e. the linear increase or decrease with time, the
quadratic etc.) but these are not the only contrasts which one might consider. Janson, Keen'and
Thissen (1981) discuss the use of Principal Components to determine suitable linear contrasts and
Yates (1982) discusses the use ofcoefficients from sigmoid-typecurves, like the Gompertz curve. If
coefficients from non-linear curves are to be analysed, the form of curve to be used should be
carefully chosen to try to decrease the correlation between the fitted parameters. (This also aids the
fitting process - see the article by Ross on page 58).
Thecalculated contrasts of Rowell and Walters do not, of course, represent the best estimates of the
polynomial trends (for which a regression program catering for correlated errors would be
required). However, in practice, this should not be important. It will certainly not invalidate the
subsequent Analysis of Variance. For non-linear curves this aspect should, perhaps, be given more
attention. For equally spaced observations, fitting can be done using the FIT MODEL command of
the program MLP, also developed at Rothamsted.

Examples JANSEN(1,2) below show the analysis of the data given by Jansen et al.(1981) at the
1981 Genstat Conference, including the first example of Rowell and Walters (1976) (JANSEN (1)).
We are grateful to Ir. J. Jansen for supplying details. Examples RQWELL(3,4) show 2 other
examples from Rowell and Walters (1976): we thank J.G. Rowell for providing the necessary data.
Situation (2) covers the type of experiment in which one may assume that the observations are
sufficiently separated in time to avoid any undue correlation between observations at adjacent
times, compared to other observations on the same subject. Provided this assumption is valid (see
below) the specification of these experiments poses few problems beyond those faced in ordinary
statified experiments, for example, field experiments (see Examples
WINER(582,267,525,635,646,731,803,806) below). One source of extra complexity may be
the need to check whether there are 'residual treatment effects', i.e. whether the effect of a
treatment on a particular individual (animal, plot, etc.) may persist into the subsequent period
(during which some other treatment is applied). Designs are available which enable such effects to
be estimated; Example AVCCaX(135), from Cochran and Cox (1957) p. 135, is reproduced
below. A further problem is that the variances of the observations may not be constant at different
times, thus necessitating a weighted analysis.

The analysis of contrasts over time, suggested for situation (1), is feasible only if each subject has
received only a single treatment (either the same one at each time, or an initial treatment whose
effect is left to develop). If a second treatment had been allocated (at random) to the time periods of
each subject, this analysis would no longer be appropriate. Our advice is that, where different
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treatments are applied at different times, care should be taken to try to avoid undue correlations
between adjacent times, for example by allowing rest periods between experimental periods, so that
situation (2) may be assumed to apply.

Of course, the decision about whether or not the extra correlation between adjacent times can be
ignored may not always be clear cut. The assumption that is being made is that all constrasts of
differences have the same variance, which is true when (but not only when) the covariance matrix of
observations at different times has compound symmetry (i.e. it has a value a^ on the diagonal and
p<j^ off the diagonal). Box (1950) has suggested a test procedure for checking whether the
covariance matrices are homogeneous between groups and whether the pooled covariance matrix
has compound symmetry (see also Winer (1971) pp. 594-599). This has been programmed in a
macro REPMEAS, (described in the following article) together with the estimation of the
Greenhouse and Geiser e (see below).

If it seems that the matrix does not have compound symmetry, a possible approach is to take the
analysis of variance table from the data, using the split-plot model, and use alternative critical
values when testing within-subject effects. Greenhouse and Geisser (1959) define c as a measure of
the departure of the contrast variances from equality, e takes values on the interval (1/(t-1),1]
(where t is the number of occasions on which measurements were taken) and can be used as a
multiplicative factor for both degrees of freedom of the critical F-values. Using the lower bound of
the range produces a conservative test (see Gill and Hafs (1971)). An estimate of e based on the
sample covariance matrix may be preferred (see Winer (1971) pp. 523-524).

Examples

•REFE' JANSEN(l)
I •

POLYNOMIAL TREND FITTED TO REPEATED MEASURES WITH COVARIATES

(JANSEN,KEEN AND THISSEN - DOG DATA)

Four treatments were applied to 16 dogs in a completely randomised design (4 dogs per
treatment). Measurements were taken before the application of treatments and 1, 3 and 5
minutes after application. The measurement taken before treatment was used as a covariate.

I I

'UNIT' $ 4
'HEAD' HX="TIME"
:  H1="INDI¥IDUAL CURVES FOR TREATMENT"
:  H2="MEAN CURVES PER TREATMENT"
:  PLOTTYPE="L"
:  SYMBOLS'"1234567890"
'VARI' S(l)=1...4
:  S(2)=5...8
:  S(3)=9...12
:  S(4)=13...16
:  TIME=0,1.3.5
'READ/S,NUN=Q,PRIN=DE' INDVARd.. .16)
'macro' indcurv $
'GRAPH/ATX=HX,ATY=HY' INDVAR(SS) ; TIME SPLOTTYPE;SYMBOLS
'CALC' TRMEAN'VMEAN(INDVAR(SS))
'ENDM'
'FOR' SS=S(1...4)
;TREATNR=1...4 ; TRMEAN=TRMEAN(1...4)
'JOIN' HY'Hl.TREATNR
'USE/R' INDCURV $
'REPE'
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0.04 0.20 0.10 0.08 0.02 0.06 0.02 0.02 0.07 1.40 0.48 0.24
0.17 0.57 0.35 0.24 0.10 0.09 0.13 0.14 0.12 0.11 0.10 *
0.07 0.07 0.07 0.07 0.05 0.07 0.06 0.07 0.03 0.62 0.31 0.22
0.03 1.05 0.73 0.60 0.07 0.83 1.07 0.80 0.09 3.13 2.06 1.23
0.10 0.09 0.09 0.08 0.08 0.09 0.09 0.10 0.13 0.10 0.12 0.12
0.06 0.05 0.05 0.05
'UNIT' $ 16
'MATR' DATAMAT $ 16,3
'EQUA' DATAMAT=INDVAR(1...16) $ X,3
:  C0VARIATE=INDVAR(1...16) $ 1.3X
'VARI' C0NTR(0)=3(1)
:  C0NTR(1)=-1,0,1
•  C0NTR(2)=1 0 1

'CALC CONTR(1.2)=c6nTR(1,2)/S0RT(SUM(CONTR(1,2)**2))
:  C0NTR(O)=COHTR(O)/3
:  average,LINEAR.QUADRATIC=PDT(DATAMAT;CONTR(0,1.2))
'NAME' NDRUG=MORPHINE,TRIMETHA
:  MHIS=INTACT,OEPLETED
'FACTOR' DRUG $ NDRUG=8(1,2)
:  HISLEVEL J HHIS=4(1,2)2
'TREAT' DRUG*HISLEVEL

'covar' covariate
•anova/prx=o,pryu=o' average,linear,quadratic
'run'
'close'

'REFE' JANSEN(2)
I I

POLYNOMIAL TREND FITTED TO REPEATED MEASURES
(JANSEN.KEEN AND THISSEN - RAT DATA)

Three treatments were applied to 27 rats with unequal replication. Measurements were taken
at five equal intervals after application of treatment.
i I

'IINTT' a R

'HEAD' HX="TIME"
H1="INDIVIDUAL CURVES FOR TREATMENT"
H2="MEAN CURVES PER TREATMENT"
PLOTTYPE="L"
SYMBOLS"''0123456789''
TRNAM(1) = "C0NTR0L"
TRNAM(2)="THYR0XIN"
TRNAM(3) = "THI0RACIL"

'VARI' S(l)=1...10
S(2)=11...17
S(3)=18...27
TIME=1...5

'READ/S,NUN=Q,PRIN=DE' INDVARd. ..27)
'MACRO' INDCURV $
'GRAPH/ATX=HX,ATY=HY' INDVAR(SS) ; TIME $PLOTTYPE:SYMBOLS
'CALC' TRMEAN"VMEAN(INDVAR(SS))
'ENDM'
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'for' SS=S{1••,3)
;TRNAH=TRNAM(1...3) ; TRMEAN=TRMEAN(1...3)
'JOIN' HY=H1,TRNAM
'USE/R' INDCURV $
'REPE'

■  TRMEAN(1...3) : TIME $PLOTTYPE;SYMBOLSRUN

57 86 114 139 172 60 93 123 146 177 52 77 111 144 185 49 67 100 129 164
56 81 104 121 151 46 70 102 131 153 51 71 94 110 141 63 91 112 130 154

it 7? 53 85121 lie lai M n iS no li"
In In 2? 72 97 120 144 52 73 97 116 140
II oo m 122 53 79 100 106 13359 88 100 111 122 51 75 101 123 140 51 75 92 100 119 56 78 95 103 108
58 69 93 116 140 46 61 78 90 107 53 72 89 104 122
'UNIT' $ 27
'MATR' DATAMAT $ 27,5
'EQUA' DATAMAT=INDVAR(U..27)
'VARI' C0NTR(l)=-2,-1.0.1.2
:  C0NTR(2)=2,-1.-2.-1,2
:  C0NTR(3)«-1.2.0.-2.1
'CALC C0NTR(1,2.3)=C0NTR(1.2.3)/SQRT(SUM{C0NTR(1,2,3)**2))
:  LINEAR,QUADRATIC.CUBIC=PDT(DATAMAT;C0NTR(1,2.3))
'NAME' NDRUG=CONTROL.THYROXIN,THIORACIL
'FACTOR' DRUG $ NDRUG=10(1),7(2).10(3)
'TREAT' DRUG
'ANOVA' LINEAR.QUADRATIC.CUBIC
'RUN'
'CLOSE'

'REFE' R0WELL(3)
1 1

POLYNOMIAL TREND FITTED TO REPEATED MEASURES ON A RANDOMISED BLOCK DESIGN
(ROWELL AND WALTERS - EXPERIMENT 3)

Five treatments were applied to 20 plots of 20 chickens arranged in 4 blocks. Weights of the
chickens were assessed at five weekly intervals.
I  I

'UNIT' $ 100
'FACTOR' TIME $ 5=20(1...5)
:  TREAT $ 5=4(1...5)5
:  BLOCK $ 4=(1...4)25
:  CHICKEN $ 20=(1...20)5
'READ/PR1N=DE' WEIGHT
'TREAT' BLOCK+TREAT+CHICKEN.BLOCK.TREAT+P0L(T1ME,4)/(TREAT+BL0CK)

+CH1CKEN.BLOCK.TREAT.P0L(T1ME,4)
'AN0VA/L1MA=999,SE=N' WEIGHT
'RUN'
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50.55 50.45 50.35 50.35 50.70 50.45 50.45 50.75 50.55 50.55
50.60 50.50 50.55 50.30 50.45 50.40 50.40 50.35 50.35 50.45
102.55 104.75 104.80 107.10 110.00 111.10 110.30 112.55 102.60 103.95
103.10 106.05 102.05 95.40 105.25 105.80 100.75 100.35 101.90 101.35
181.4 185.0 182.5 191.1 191.3 195.0 193.8 198.7 168.9 172.7 168.6
176.7 167.1 158.8 174.6 167.1 173.0 170.2 173.3 170.1
290.7 295.6 287.7 310.2 300.1 298.8 303.5 312.7 267.7 273.7
262.7 282.2 264.1 251.8 271.6 260.1 276.2 267.5 277.7 266.7
433.1 434.1 422.8 461.0 437.8 423.9 428.5 458.5 392.3 406.2
389.3 422.9 390.7 392.7 393.5 391.1 414.6 397.0 416.7 401.7
EOD'
'CLOSE'

'REFE' R0WELL(4)
1 1

POLYNOMIAL TREND FITTED TO UNEQUALLY SPACED REPEATED MEASURES
(ROWELL AND WALTERS - EXPERIMENT 4)

Five treatments were applied to four blocks of 20 plots, each plot consisting of 250 pineapple
plants. The number of flowers per fruit were assessed 4,9,12,14 and 21 days after application
of the treatment.
1 1

'UNIT' $ 100
'FACTOR' TIME $ 5=20(1...5)
:  TREAT $ 5=4(1...5)5
:  BLOCK $ 4=(1...4)25
:  PLANT $ 20=(1...20)5
'VARI' DAYS=4,9.12.14,21
'READ/PRIN=DE' FLOWERS
'TREAT' BLOCK+TREAT+PLANT.BLOCK.TREAT+P0L(TIME,4,DAYS)/(TREAT+BL0CK)

+PLANT.BLOCK.TREAT.P0L(TIME,4,DAYS)
'AN0VA/LIMA=999,SE=N' FLOWERS
'RUN'
0.803 0.247 0.844 0.719 0.456 0.342 0.514 0.331 0.397 0.304 0.406 0.319
0.401 0.198 0.081 0.246 0.088 0.067 0.229 0.152 5.388 2.871 3.911 3.222
3.548 2.685 3.283 2.714 2.985 3.500 2.465 3.412 2.807 2.653 2.153 2.383
1.318 1.876 2.442 1.925 6.356 4.185 5.577 5.528 5.300 4.883 4.849 4.576
4.934 4.993 4.970 4.817 4.695 4.090 3.224 3.943 1.915 3.746 3.264 3.049

5.877 5.525 5.955 5.668 5.296 5.701 5.155 4.714 5.397 5.601 5.504 4.728
5.411 5.941 4.704 5.023 2.833 5.246 5.729 3.561 4.143 4.355 3.844 5.006
3.440 4.552 4.339 3.647 4.000 4.601 3.774 3.599 2.852 3.513 4.612 3.957
2.857 4.716 3.793 2.466

'EOD'
'CLOSE'
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'REFERENCE' HINER(582)
I I

ESTIMATION OF LINEAR,QUADRATIC AND CUBIC TRENDS IN A REPEATED MEASURES DESIGN
(WINER - PAGE 582)
This is a learning trial in which factors A and 8 are randomised onto subjects and factor C
represents 4 equally spaced trials. We analyse the linear, quadratic and cubic contrasts of C.
Two complementary methods of analysis are shown.

The first method of analysis gives a full factorial breakdown of the sums of squares, ignoring
the block model.
I I

'UNIT' $ 48
'FACTOR' SUBJECTS $ 12=4(1...12)
;  A $ 2=24(1,2)
:  B $ 2=12(1,2)2
:  C $ 4=(1...4)12
'READ/PRIN=DE' DATA
'PAGE'
'CAPT' "
VARIANCE RATIOS IN THE ANALYSIS OF VARIANCE TABLE NEED TO BE CALCULATED BY
DIVIDING THE MEAN SQUARE ERROR FOR THE TREATMENT TERM BY THE MEAN SQUARE ERROR
FOR THE NEXT INTERACTION WITH SUBJECTS ( OR THE CORRESPONDING CONTRAST OF
THAT INTERACTION)
EG FOR LINEAR TREND IN C. V.R. = 570.4/2.575 = 221.5
I I

'TREATMENTS' A*B+A.B.SUBJECTS+P0L(C,3)/(A*B)+A.B.SUBJECTS.P0L(C,3)
'AN0VA/SE=N,LIMA=499,PR=613' DATA
'RUN'

16570679388927 12 15
1689 3 7 10 11 1 2 7 12 1 1 4 10
1148 228 12 32 10 15 227 13
'EOD'
I  I

The second method of analysis generates variates corresponding to the orthogonal
polynomials and analyses each variate separately. This does not give the between-subjects
analysis, nor the overall linear, quadratic and cubic effects of C. Each analysis gives the
interactions between A, B and A. 8 and a particular contrast (LIN,QUAD,CUBIC) of C.
I  I

'UNIT' $ 12
'FACTOR' SUBJECTS $ 12=(1...12)
:  A $ 2=6(1,2)
:  B $ 2=3(1,2)2
'VARI' TIME=1...4
'MATR' DATAMAT $ 12,4
'EQUA' DATAMAT=DATA
'MACRO* ORTHPOL $
"MACRO FOR CALCULATING ORTHOGONAL POLYNOMIALS"
'LOCAL' S0,S1,P0,P1,P2,I,LIN .ONE
'SCAL' SO,SI :0NE=1

'FOR' P1=XVAR 'VARI' PSETSPl 'REPE'
'ASSr LIN=PSET$ONE : P0= ONESONE : P1=LIN$0NE
'CALC LIN=XVAR-MEAN(XVAR) : SO=NVAL(XVAR) : S1=SUM(P1*P1)
'FOR' 1=2...DEGREE
'ASSr P2=PSET$I
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'CALC P2=LIN*P1
:  P2=P2-(SUM(P1*P2)/S1)*P1 -(S1/S0)*P0
:  S0=S1 : S1=SUM(P2*P2)
'ASSr P0=P1$0NE : P1=P2$0NE

'REPE'
'ENDH'
'VARI' C0NTR(1...3) $ 4
'SCAL' DEGREE=3
'SET' P$ET=C0NTR(1...3)
:  XVAR=TIME

'USE' ORTHPOL $
'CALC C0NTR{1...3)=C0NTR(1...3)/SQRT(SUM(C0NTR(1...3)**2))
'CALC' LINEAR,QUADRATIC,CUBIC=PDT(DATAMAT ; C0NTR(1..,3))
'BLOCK' SUBJECTS
'TREAT' A*B
'ANOVA' LINEAR.QUADRATIC.CUBIC
'RUN'
'CLOSE'

'REFERENCE' WINER(267)
I i

ONE FACTOR REPEATED MEASURES DESIGN
(WINER - PAGE 267)
The aim of the experiment was to study the effects of four drugs on the reaction time to a series
of standardised tasks. There were five subjects (PEOPLE) and four drugs. Each subject was
observed under each drug, the order of application of the drugs being randomised
independently within each subject and a sufficient time was allowed between the
administration of each drug to avoid any carry-over effects.

(This is analagous to a randomised block design, with PEOPLE forming blocks.)'
'UNIT' $ 20
'FACTOR' DRUGS $ 4=(1...4)5

PEOPLE $ 5=4(1...5)
'READ/PRIN=DE' DATA
'BLOCK' PEOPLE
'TREATMENT' DRUGS
'ANOVA' DATA
'RUN'
30 28 16 34

14 18 10 22

24 20 18 30

38 34 20 44

26 28 14 30

'EOD'
'CLOSE'

'REFERENCE' HINER(52S)
I I

TWO FACTOR DESIGN WITH REPEATED MEASURES ON ONE FACTOR.
(WINER - PAGE 525)

In an experiment to study the effects of two methods of calibration and four shapes of dial on
the accuracy of recording three subjects were allocated (at random) to dials calibrated by each
of the two methods. Each subject is observed with all four shapes of dial, the order of
observations being randomised independently for each subject.
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'UMITS' $ 24
'FACTOR' SUBJECTS $ 6=4(1...6)
:  CALIBRATION $ 2=12(1,2)
;  SHAPE $ 4=(1...4)6
'REAO/PRIH=DE' ACCURACY
'BLOCK' SUBJECTS/SHAPE
'TREATMENTS' CALIBRATION*SHAPE
'ANOVA' ACCURACY
'RUN'
0 0 5 3

3 15 4
4 3 6 2
4 2 7 8
5 4 6 6

7 5 8 9

'EOO'
'CLOSE'

'REFE' MINER(635)
1 I

CONFOUNDED 2X2X2 FACTORIAL DESIGN
(WINER - PAGE 636)
This experiment evaluates preference for advertisements of different sizes, style of typeface,
and colour (all factors at 2 levels). Each of the subjects examined four out of the eight
treatment combinations, the SIZE.TYPEFACE.COLOUR interaction being confounded
between subjects.
1 1

'UNIT' $ 24
'FACTOR' SIZE $ 2=(2.1,1,2)3,(1,2,2,1)3
:  TYPEFACE $ 2=(1,2)12
:  COLOUR $ 2=2(1,2)6
:  SUBJECTS $ 6=4(1...6)
'READ/PRIN=DE' DATA
'BLOCK' SUBJECTS
'TREAT' SIZE*TYPEFACE*COLOUR
'ANOVA' DATA
'RUN'
16 8 2 8

10 4 3 7

9 3 0 5

10 12 8 3
11 16 10 5

4 7 7 2

'EOD'
'CLOSE'

'REFE' WINER(646)
1 1

PARTIALLY CONFOUNDED 3X3 FACTORIAL DESIGN
(WINER - PAGE 646)

12 subjects (divided into 6 blocks of 2) were each observed under 3 treatment combinations.
There were 2 treatment factors, A and B, each with 3 levels. In blocks 1-3 the interaction
contrasts A. (B ♦ * 1) are confounded, while in 4-6 A.(N»*2)is confounded.

Page 18



Genstat Newsletter No. 11

'UNIT' $ 36
'FACTOR' A $ 3=(1,2,3)12
:  B $ 3=(1.3,2)2,(2.1,3)2,(3.2.1)2,(1,2,3)2.(3,1,2)2,(2,3,1)2
:  BLOCK $ 6=6(1...6)
:  SUBJECT $ 12=3(1...12)
'READ/PRIN=DE' DATA
'BLOCK' BLOCK/SUBJECT
'TREAT' A*B
'ANOVA' DATA
'RUN'

14 7 15 6 3 5 3 4 10 7 6 30
5 15 7 5 5 3 10 10 15 15 20 25
35 12 7 10 18 675435
'EOD'
'CLOSE'

'REFE' WINER(731)
I I

CONFOUNDED 3X3X3 FACTORIAL ANALYSED USING PSEUDO FACTORS
(WINER - PAGE 731)

This experiment studies the effectiveness of type of material (factor A), style of printing
(factor B), and colour (factor C) on the effectiveness of the design of a package (A, B, C all at 3
levels). There are 18 subjects divided into 9 groups of two, each of which evaluates 3 treatment
combinations. Factor C and half of the contrasts of the A. B and A . B. C interactions are
confounded with the groups of subjects.
I I

'UNIT' $ 54
'FACTOR' A $ 3=(1,2,3)18
:  B $ 3=(2,3,1)6,(1,2,3)6,(3,1,2)6
:  C$ 3=6(1,2,3)3
:  GROUPS $ 9=6(1,4,7,2,5,8,3,6,9)
:  SUBJECT $ 18=3(1...18)
.  PFAB $ 3

'GENERATE' PFAB ; A.B ; C ; GROUPS
'READ/PRIN=DE' DATA
'BLOCK' SUBJECT.GROUPS
'TREAT' ((A*B)//PFAB)*C
'ANOVA' DATA
'RUN'
2231175819 12 7

546759547858
8 10 4 10 14 6 10 10 8 7 3 9

325649896 10 10 5

12 6 10 8 8 2

'EOD'
'CLOSE'

'REFE' WINER(803)
I  I

2X2 FACTORIAL WITH COVARIATES MEASURED BEFORE EXPERIMENT
(WINER - PAGE 803)

Factor A was applied to subjects, factor B was applied to observations within subjects.
Covariate X was measured on each subject before the experiment.
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'UNIT' $ 16
'FACT' A $ 2=8(1,2)
:  B $ 2=(1,2)8
:  SUBJECT $ 8=2(1...8)
'READ/P.PRIN=DE' X,Y
'BLOCK' SUBJECT
'TREAT' A*B
'COVA' X
'ANOVA' Y
'RUN'
3 10 3 8
5 15 5 12
8 20 8 14
2 12 2 6
1 15 1 10

8 25 8 20
10 20 10 15

2 15 2 10
'EOD'
'CLOSE'

'REFE' WINER(806)
I  I

2X2 FACTORIAL WITH COVARIATES MEASURED BEFORE EACH OBSERVATION
(WINER - PAGE 806)

Factor A (3 levels) was applied to the subjects, factor B (2 levels) was applied to observations
within subjects. Covariate X was measured before each observation on a subject.
I  I

'UNIT' $ 18
'FACT' A $ 3=6(1...3)

B $ 2=(1,2)9
SUBJECT $ 9=2(1...9)

•read/p,prin=de' X,Y
'BLOCK' SUBJECT
'TREAT' A*B
'COVA' X
'ANOVA' Y
•run*
3 8 4 14 5 11 9 18 11 16 14 22 2 6 1 8 a 12 9 14
10 9 9 107 10 4 10 8 14 10 18 9 15 12 22

'EOD'
'CLOSE'
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|REFERENCE* AVCC0X(135)

LATIN SQUARE WITH RESIDUAL EFFECTS
(COCHRAN AND COX - PAGE 135)

The treatments (3 levels) were applied to subjects in a Latin Square design. The analysis tests
for the existence of residual effects (factor NORE S) and also between the residual effects of the
three treatments (RESTREAT).

UNITS' $ 18
FACTORS' SQUARE,NORES $ 2

:  PERIOD,SEQUENCE.TREAT $ 3
;  RESTREAT $ 4

INTEGER' 2=1,2,-3,-4
GENERATE' SQUARE,SEQUENCE,PERIOD
VALUES' TREAT=1,2,3, 2,3,1, 3,1,2, 1,3,2, 2,1,3, 3,2,1
: RESTREAT=4,1,2, 4,2,3, 4,3,1, 4,1,3, 4,2,1, 4,3,2
GROUPS' NORES=GROUP(RESTREAT;Z)
VALUES' Y=38,25,15,109,86,39,124,72,27,86,76,46,75,35,34,101,63,1
BLOCKS' SQUARE/(SEQUENCE*PERIOD)
TREATMENTS' TREAT+NORES/RESTREAT
ANOVA' Y
TREATMENTS' NORES/RESTREAT+TREAT
ANOVA' Y
RUN'
CLOSE'
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MACRO REPMEAS

Purpose

Testing Homogeneity and compound symmetry of variance-covariance matrices from
Repeated Measures designs.

Background and Description

A repeated-measures design is one in which the subjects (animals, people, plots, etc.) are
observed on several different occasions. Usually there is one or more treatment factor
randomly allocated to the subjects (i.e. each subject receives a single combination of these
factors throughout the experiment); there may also be factors randomised onto the occasions
within each subject.

The design may thus seem analogous to a split-plot design, with subjects corresponding to the
whole plots (receiving the first set of treatments) and the occasions of observation to the
subplots. However, for a split-plot analysis to be valid it must be assumed that the variances of
all contrasts of differences between observations on a whole plot are equal. This will be true if
the covariance matrices of observations at different times (or residual effects after removing
effects randomised onto the occasions) are equal and have compound symmetry (a common
value a on the diagonal, pa off the diagonal). This macro constructs the covariance matrices
of observations (or residuals), checks that they are homogeneous, forms a pooled covariance
matrix and tests whether this has compound symmetry using the method of Box (1950) (see
also Winer (1971) pp. 594-599). In addition, the correction factor e suggested by
Greenhouse and Geisser (1959) (see also Winer (1971) pp. 523-524) is estimated, for use
when compound symmetry is not present.

Method of Use

The user must declare three scalars: N S U B J, the number of subjects in the experiment; N TIM E,
the number of occasions on which each subject is observed; and N6RP the number of groups of
subjects receiving different treatment combinations. In addition, three factors need to be
declared: SUBJECT, with NSUBJ levels, classifying the subjects; TIME, with NTIME levels,
classifying the occasions (both of length NTIME*NSUBJ)); and SUBGROUP, with NGRP levels
and length NSUBJ, classifying the subjects into groups. A table RE STAB either of resulting
observations (which need to be read or tabulated) or of residuals (which need to be extracted
from the analysis of variance) must be supplied. The classifying factors of RESTAB are
SUBJECT and TIME.
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REPMEAShas28+NTIME local named structures and18+NGRP unnamed structures.

Global identifiers

All of these are input parameters.

SUBJECT FACTOR factor classifying the subjects
TIME FACTOR factor classifying the occasions
NSUBJ SCALAR number of subjects
NTIME SCALAR number of occasions

RESTAB TABLE SUBJECT, TIME tableof data
SUBGROUP FACTOR factor, length NSUBJ, indicating the group to which each

subject belongs.
NGRP SCALAR number of groups

Note

The values of all the scalars must be known at the time when the macro is compiled.
Examples of both methods of use, taken from Winer (1971), are given below.

The Macro and Examples

'REFERENCE/NUNN=100' EXAMPLES

'MACRO' REPMEAS $
'LOCAL' M,C,SBARJJ,SBAR,DF1,DF2,CHISQ1.CHISQ2,SBARJO,SBAR,E,DFPOOL,

UNITY,TWO,THREE,FOUR,SIX,ONE,SBARO,SSPV,SSV,SO,SSPOOL,DGM,INT,
V(1...NTIME),VSET,TAB

'SCALAR' M,C,$BARJJ,$BAR,DF1,DF2,CHI$Q1,CHI$Q2,SBARJ0,SBAR,E,DFP00L
: UNITY=1 : TW0=2 : THREE=3 : F0UR°4 : SIX=6
'VARI' ONE,SBARJ $ NTIME
:  V(l...NTIME) $ NSUBJ
'SET' VSET=V(I...NTIME)
'TABL' TAB $ TIME,SUBJECT
'CALC TAB=RESTAB
'EQUA' VSET=TAB
'INTEGER' INT
'DSSP' ^<>pv s v<;ft

'SYMMAT' SSV,SO,SSPOOL $ NTIME
'OIAGMAT' DGM $ NTIME
'CALC' SSP00L,DFP00L,M,C=0
'FOR* I=1.,.NGRP
'REST' VSET,SUBGROUP $ SUBGROUP=I ; INT
'SSP' SSPV
'EQUATE' SSV=SSPV
'CALC' SSV=SSV/(NVAL(SUBGROUP)-UNITY)
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'CALC' M=M-{NVAL(SUBGROUP)-UNITY)*LOG(DET(SSV))
:  C=C+UNITY/(NVAL(SUBGROUP)-UNITY)
:  SSPOOL=SSPOOL+(NVAL(SUBGROUP)-UNITY)*SSV
;  DFPOOL=DFPOOL+(NVAL(SUBGROUP)-UNITY)
'REPE'
'REST' VSET,SUBGROUP
'CALC' SSV=SSPOOL/DFPOOL
'CAPT' "

** POOLED COVARIANCE MATRIX **"
'PRINT' SSV $ 12.4
'CALC' M=H+DFPOOL*LOG(DET(SSV))

C=C-UNITY/DFPOOL
:  C=C*(TWO*NTIME*NTIME+THREE*NTIME-UNITY)/(SIX*(NTIME+UNITY)*(NGRP-UNITY))
:  DFl=NTIME*(NTIME+UNITY)*(NGRP-UNITY)/TWO
:  CHISQ1=(UNITY-C)*M
:  M=(SUM(SSV)-TRACE(SSV))/(NTIME*(NTIME-UNITY)/TWO)
:  C=TRACE(SSV)/NTIME-M

DGM=C

SO=M

:  SO=SO+OGM
'CAPT' "

** COMPOUND SYMMETRIC COVARIANCE MATRIX **''
'PRINT' SO $ 12.4
'CALC' M=- (NVAL (SUBGROUP)-NGRP)*LOG(DET(SSV)/DET(SO))
:  C=NTIME*(NTIME+UNITY)*(NTIME+UNITY)*(THO*NTIME-THREE)
:  C=C/(SIX*(NVAL(SUBGROUP)-NGRP)*(NTIME-UNITY)*(NTIME*NTIME+NTIME-FOUR))
:  DF2=(NTIME*NTIME+NTIME-FOUR)/TWO
:  CHISQ2=(UNITY-C)*M
'CAPT' "

** BOX'S TEST OF EQUALITY OF COVARIANCE MATRICES **"
'PRINT' DFl.CHISQl $ 5.0,10.4

'CAPT' "
** BOX'S TEST OF SYMMETRY OF COVARIANCE MATRICES **"

'PRINT' DF2,CHISQ2 $ 5.0,10.4
'CALC' ONE=UNITY
:  SBAROJ=TRACE(SSV)/NTIME
:  SBARJ=PDT(SSV;ONE)/NTIME
:  SBAR=MEAN(SBARJ)
:  E=NTIME*NTIME*(SBARJJ-SBAR)*(SBARJJ-SBAR)
:  E=E/((NTIME-UNITY)*(SUM(PDT(SSV*SSV;ONE))-THO*NTIME*SUM(SBARJ*SBARJ}

+NTIME*NTIME*SBAR*SBAR))
'CAPT' "

** GREENHOUSE-GEISSER EPSILON **"
'PRINT' E $ 10.4
'ENDMACRO'
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TESTING EQUALITY AND SYMMETRY OF COVARIANCE MATRICES USING MACRO REPMEAS
(WINER - PAGE 594)

The assumptions made in analysing a repeated measures design as a split-plot design include
the assumption that the covariance matrices of the response at different times are equal for all
treatments and have compound symmetry (i.e. all covariances are equal and all variances are
equal).

In this experiment measurements were made at three times on ten subjects, each receiving a
single treatment for the whole experiment. There were five subjects for each of the two
treatments.

1 1

'SCAL' NSUBJ=10
:  NTIME=3
:  NGRP=2

'UNIT' $ 30
'FACTOR' SUBGROUP $ 2=5(1,2)
:  SUBJECT $ NSUBJ=3(1...10)
:  TIME $ NT1ME=(1...3)10
'READ/PR1N=DE' DATA
'RUN'
472351796662551
825411634952711
'EOD'

The first method of using REPMEAS is to tabulate the data and use this as input to the macro.

'TABL' RESTAB $ SUBJECT.TIME
'TABU' DATA ; RESTAB
'USE' REPMEAS $
'DEVALUE' RESTAB
'RUN'

The second method of using REPMEAS is to perform an analysis of variance and to extract the
residual effects from the SUBJECTS and SUBJECTS. TIME strata and add them together.

This is the only method of use when factors have been randomised onto the different occasions,
in which case their effects have to be removed before examining the covariance structure.

'BLOCK' SUBJECT/TIME
'TREAT'
'AN0VA/PR=0' DATA ; OUT=OY
'EXTRACT' OV ; SUBJECT/TIME $ EFF=RESTAB1,RESTAB
'CALC RESTAB=RESTAB+RESTAB1
'USE' REPMEAS $
'RUN'
'CLOSE'
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REGRESSION DIAGNOSTICS IN GENSTAT

Introduction

The following three macros have been written to implement some of the diagnostic procedures
available for linear regression. The techniques are used to highlight those units which have
considerable influence on the regression and to elucidate the nature of that influence. The
procedures presented here are essentially based on those of Atkinson (1982).

Description of the Functions of Each Macro

DIAGNOSE This macro fits a regression equation to the user's data. (An intercept is
automatically fitted, there is no convenient way of omitting this term.) The
diagonal elements of the projection matrix (leverages) are calculated and
printed in serial order.

The conventional, standardised and jack-knife residuals, as well as the modified
Cook statistic (see Atkinson), are calculated and saved. As it is likely that the
user will want to inspect those units with large values for the various statistics,
the units with the ten largest values for jack-knife residuals and for Cook
statistics are printed. Finally, depending on the value of a flag, half-normal plots
of the jack-knife residuals and Cook statistics are produced.

C A L E N V One of the innovations in Atkinson's paper is the use of simulated samples to aid
in the discrimination between points which are correctly influential and those
whose influence may be due to an error in the covariate vector. This macro
generates the envelopes described in Atkinson's paper, based on N SIM simulated
samples, and draws the half-normal plots of the envelopes together with the
actual curve derived from the data.

CO JACK This macro calculates the residual mean square and regression coefficients
resulting from omitting a particular point, without refitting the regression. The
formulae used can be found in Cook and Weisberg (page 33) and Atkinson.
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Using the Macros

Although, of course, each macro can be used 'standing alone' (and sufficient information is
given below to allow this) it is intended that DIAGNOSE be used first. This will ensure that
quantities such as the conventional residuals and leverages will be saved in structures whose
names are compatible with their use in the other two macros.

Structures Required and Created by the Macros

DIAGNOSE

Input

SCALARS

VARIATES (of length N)

OUTPUT

VARIATES (oflength N)

VARIATES (oflength P)

SYMMAT(PbyP)

CALENV

INPUT

SCALARS

OUTPUT

VARIATES (oflength N)

N  Number of units

P  N umber of regression coefficients (this must
include the intercept)

IG R A P H Flag controlling plotting of the graphs, 1 for
plotting and 0 otherwise

Y  Response variable
X  Listof (P-1) VARIATES, each of length N,

defined using a SET directive

LEVER Leverages in serial order
R E SID S Conventional residuals

S T R E S Standardised residuals

JACK RES Jack-knife residuals

COOK Modified Cook statistic

ABJACK Ordered absolute values of JACKRES

A SCO OK Ordered absolute values of COOK

SQJ,LVJ Unit numbers and leverages in order of
increasing jack-knife residual

SQC,LVC As for SQJ, LVJ, but using modified Cook
statistic

H A L F N Half-normal order statistics

F C 0 F Fitted regression coefficients

INVM Inverse matrix

N.P.X AsforDIAGNOSE

LEVER Asfrom DIAGNOSE

ABCOOK,ABJACK Asfrom DIAGNOSE

SEED Starting value for

generator

N SIM Number of samples to be simulated

random number

CHI,CLOW,JHI, Envelope of simulated order statistics of
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JLOW

COJACK

INPUT

absolute value of Cook and jack-knife
residuals

SCALAR

OUTPUT

VARIATES (oflength P)

SCALAR

N.P.X AsforDIAGNOSE

RESIDS, LEVER, As from DIAGNOSE

INVM

FCOF As from DIAGNOSE

IDROP Unit number of case

XDROP

JACKCO

MSS

 to be dropped

Covariate vector to be dropped
Jack-knife regression coefficients

Jack-knife residual mean square

Macros

DIAGNOSE

this macro implements some of the regression

diagnostics described in ATKINS0N(1982) J. R. S. S. (B) PPl-36

THE USER SUPPLIES THE FOLLOWING STRUCTURES; -

X - A LIST OF COVARIATES

Y - THE RESPONSE VARIATE

N,P - SCALARS HOLDING THE NO. OF CASES AND THE NO.

OF REGRESSION COEFFICIENTS FITTED RESPECTIVELY

<NOTF. - THE INTERCEPT MUST BE COUNTED IN P)

IGRAPH - A SCALAR TO CONTROL PRINTING OF GRAPHS

O  NO GRAPHS 1 GRAPHS
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95)r ' ->1' vJ2, J3, Cl, C2. C3
/  fl^x§»'^A§9£A.b'^F.' halfn, jackres, lever, stres ̂  n'VARI ' ABJACK,ABCOOK, LVJ, LVC % N

'VARI ' Jl, J2, J3, Cl, Ca, C3 ̂  30

'gCf^k! MSS>N1 'MATR ' MXT $ P, N 'DIAG' LP $ NCALC ONE=:i 'CALC SEQ, SOJ, SQC=CUM<ONE)

'rAp£' HALFN=0. 5*(HALFN-»-l-«-N)/(l+N)LAL.U HALFN=NED<HALFN)
'HEAD' HX=''HALF NORMAL ORDER STATISTICS''
'HEAD' HJ="JACK KNIFE RESIDUALS"

HC=" MODIFIED COOK STATISTICS"
'HEAD' HU=''UNIT NUMBER"

THE REGRESSION EQUATION IS FITTED AND THE SO CALLED

LEVERAGES OF THE POINTS ARE CALCULATED AND PRINTED
/ y

'EQUA' MXT=ONE, X
'TERM' Y, X
'Y' Y
'FIT' XiINV=INVM; RES=RESIDS3 COEF^FCDF

"■ LP=PDT<TPDT<MXT;INVM); MXT)
10
" THE LEVERAGES OF THE POINTS IN SERIAL ORDER"
4
LP ^ 8. 3

'CALC
'LINE'
'CAPT'
'LINE'
'PRIN'
'PAGE'
'EQUA' LEVER=LP 'DEVA' LP,MXT

VARIOUS RESIDUAL STATISTICS ARE COMPUTED.

THESE ARE : -

STRES STANDARDISED RESIDUALS

JACKRES - JACK.KNIFE RESIDUALS

COOK - MODIFIED COOK STATISTICS

'CALC' STRES=RESIDS**2 'CALC' MSS=SUM<STRES)
'CALC ' MSS=MSS/< N-P) ' CALC' MSS=SQRT(MSS)
'CALC ' STRES=RESIDS/SQRT(1-LEVER) 'CALC' STRES=STRES/MSS
'CALC' JACKRES=< <N-P)~(5TRES**2))/<N-P-1)
'CALC ' JACKRES=STRES/SQRT<JACKRES)
'CALC' COOK=LEVER/<1-LEVER) 'CALC'COOK=SQRT<(N-P)#COOK/P)
'CALC' COOK=COOK*JACKRES
'CALC ' ABCOOK,ABJACK=ABS(COOK, JACKRES)
'CALC' SQJ=ORDER<SQJiABJACK) 'CALC' SQC=ORDER<SQCiABCOOK)
'CALC LVJ=ORDER(LEVER=ABJACK) 'CALC' LVC=ORDER(LEVER; ABCOOK)
'CALC ' ABCDOK, ABJACK=ORDER < ABCGOK, ABJACK)
/ /

FOR EACH OF JACK KNIFE RESIDUALS AND COOK STATISTICS

THE UNIT NUMBERS OF THE TEN LARGEST MODULI ARE FOUND.
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'CALC Nl=N-iO
'FOR' IC=1. . . 10
'CALC'
'CALC'
'REPE'

ELEH(C1,C2,C3i IC)=ELEM(SQC,LVC, ABCOOKi Nl+lC)
ELEM(Jl, J2, J3i lC)=ELEn(SQJ,LVJ, ABJACK;Nl+IC)

depending on THE VALUE OF IGRAPH SERIAL AND

half normal plots are produced
/ /

'JUMP' Ll*< IGRAPH. LT. O. 5)
'ggAP/ATX=HU,ATY=HJ' JACKRESi SEQ
'ggAP/ATX=HX> ATY^HJ' ABJACK; HALFN
'ggAP/ATX=HU,ATY=HC' COOKi SEQ
'pRAP/ATX=HX> ATY=HC' ABCOOKi HALFN
'LABEL' LI
'PAGE'
'CAPT' "

THE TEN LARGEST VALUES OF ABSOLUTE JACK KNIFE RESIDUALS

AND THEIR UNIT NUMBER'S AND LEVERAGE'S

Jl~ UNIT NUMBER

J2- LEVERAGE

J3- ABSOLUTE VALUE OF JACK KNIFE RESIDUAL
/ /

'PglN/P' J1>J2,J3 % 3.0,7.3,8.3
'LINE' 3
'CAPT' "

THE TEN LARGEST VALUES OF ABSOLUTE MODIFIED COOK STATISTIC

AND THEIR UNIT NUMBER'S AND LEVERAGE'S

Cl- UNIT NUMBER

C2- LEVERAGE

C3-- ABSOLUTE VALUE OF MODIFIED COOK STATISTIC
/ /

'PR IN/P' C1,C2, C3 •$ 3. O.. 7. 3, 8. 3
'ENDMACRO'
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CALENV

THIS MACRO COMPUTES THE SIMULATED ENVELOPES OF DOTH

THE JACK KNIFE RESIDUALS AND COOK STATISTICS AND DRAWS

THE HALF NORMAL PLOTS.

IF THE USER CALLS DIAGNOSE BEFORE CALENV THEN THE ONLY

INPUT SIRUCTURES THAT HE NEEDS TO SUPPLY,IN ADDITION

TO THOSE REQUIRED BY DIAGNOSE ARE:-

SEED,NSIM - SCALARS HOLDING AN ARBITRARY STARTING

VALUE <. GT. 1) FOR THE RANDOM NUMBER GENERATOR

AND THE NUMBER OF SIMULATED SAMPLES REQUIRED

RESPECTIVELY.

THE VARIATES CONTAINING THE ENVELOPES ARE PASSED TO THE

USER IN VARIATES XLOW,XHI.

X==J JACK KNIFE RESIDUALS i X=C MODIFIED COOK STATISTIC

/ /

'LOCAL ' Gl, G2, ERR, MSS, STUR, JRES, ECOOK, YY, HH, HJR, HCS, HN, HALFN
'HEAD' HH="—*"
'HEAD' HJR="JACK KNIFE RESIDUALS"
'HEAD' HCS= "MODIFIED COOK STATISTIC"
'HEAD' HN="HALF NORMAL ORDER STATISTICS"
'VARI' STUR, JRES,ECOOK,YY « N
'VARI' HALFN=1. . . N 'CALC HALFN=0. 5*(HALFN+1+N)/< 1+N)
'CALC HALFN=NED<HALFN)
' etc Al ' MQQ

'CALC' MSS=RANDU<SEED)
'FOR' CNT=1. . . NSIM
'CALC YY==RANDU<0) 'CALC' YY=NED<YY)
'TERM' YY, X
'Y' YY
'FIT/PRIN=Z' X iRES=ERR;INV=INVM
'CALC' STUR=ERR**2 'CALC' MSS=SUM<STUR)
'CALC' MSS=MSS/(N-P) 'CALC' MSS=SQRT(MSS>
'CALC' STUR=ERR/SQRT<l-LEVER)
'CALC' STUR=STUR/MSS
'CALC' JRES=\<N~P)-<STUR**2))/<N-P-1)
'CALC' JRES=STUR/SQRT(JRES)
'CALC' JRES=ABS<JRES)
'CALC ' ECOOK=LEVER/<1-LEVER)
'CALC' ECOOK=SQRT<(N-P)*ECOOK/P)
'CALC' ECOOK=ECOOKi^JRES
'CALC ' ECOOK, JRES=ORDER <ECOOK, JRES)
'JUMP' G1*<CWT. EQ. 1)
'CALC' CLOW=VMIN<CLOW,ECOOK) 'CALC' CHI=VMAX(CHI, ECOOK)
'CALC' JLDW=VMIN(JLOW,JRES) 'CALC' JHI=VMAX(JHI, JRES)
'JUMP' G2
'LABEL' G1
'CALC ' CLOW, CHI=ECOOK 'CALC ' JLOW, JHI == JRES
'LABEL' G2
'REPE'
'GRAP/ATV^HJR,ATX=HN' JHi, JLOW,ABJACKi HALFN « i HH
'GRAP/ATY=HCS, ATX=HN' CHI, CLOW, ABCOOKj HALFN « ; HH
'PAGE'
'ENDMACRO'
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COJACK

THIS MACRO DEIERMIjMFS THE CHANGE IN THE REGRESSION

COEFFICIENTS DUE TO OMITTING A POINT FROM THE FITTING

WITHOUT REPEATING THE FITTING PROCEDURE. THE JACK KNIFE RESIDUAL

MEAN SQUARE IS ALSO CALCULATED.

IF THE USER CALLS DIAGNOSE FIRST THEN THE INPUT

STRUCTURES REQUIRED IN ADDITION TO THOSE FOR DIAGf^OSE

IS: -

IDROP - SCALAR HOLDING UNIT NUMBER OF CASE TO BE

DROPPED

/ /

'LOCAL' SPR. ONE, ACO, M.XT, CHOO, MSS, JMS
'VARI' ONE, CHOO, SPR $ N 'VARI' XDROP,JACKCO $ P
■*MATR' MXT $ P,N *SCAL' ACO, MSS, JMS
'CALC 0NE=1 'CALC SPR==RESIDS/< 1-LEVER >
'EQUA' MXT^ONE, X 'CALC' CH00=0
'CALC ELEMICHOO; IDR0P) = 1
'CALC XDROP=PDT<MXTi CHOO) 'DEVA' MXT
'CALC JACKCO=PDT(INVMi XDROP)
'CALC CHOO=CHOO«SPR 'CALC' ACO=SUM(CHOO)
'CALC ONE=CHOO->?-REBIDS 'CALC JMS=SUM<ONE)
'CALC 0NE=RESID5i^«2 'CALC MSS=SUM(ONE)
'CALC JMS=<MSS-JMS)/(N-i-P)
'CALC ' JACKCO=FCOF-ACO«-JACKCO
'LINE' 10
'CAPT' jack knifing COEFFICIENTS '
'LINE' 4
'CAPT' ' ' UN i T DR 0PP ED WAS ' '
'PR IN' I DROP ^ 3. 0
'LINE' 2
'CAPT' " THIS UNIT HAD COVARIATES XDROP' '
'PR IN' XDROP $ -15. 4
'LINE' S
'CAPT' ''FULL FIT COEFFICIENTS ARE IN FCOF''
'LINE' 1
'CAPT' ' 'JACK KNIFE COEFFICIENTS ARE IN JACKCO"
'LINE' 2
'PRIN/P' FCOF, JACKCO ^ -15 4
'LINE' 3
'CAPT' ' ' THE JACK KNIFE RESIDUAL MEAN SQUARE IS IN JMS"
'LINE' 1
'PR IN' JMS % -15. 4
'ENDMACRO'
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Example Output

The example uses the MINITAB tree data analysed by Atkinson in his paper and taken from
Ryan et al. (page 278).

Output from DIAGNOSE

REGRESSION ANALYSIS *•••*

♦»* REGRESSION COEFFICIENTS »»#
V-VARIATE: Y

estimate 8. E. T
-57. 98769 0. 63834 -a 7t

J5JV, 4.70816 0 2^7 ly la**«=> 0.33935 o; 13015 g?
»»• ANALYSIS OF VARIANCE

DF SS MS
RECRESSN 2 7^64 7 no
RESIDUAL 20 421 9total 5S atsi: \ 2»3; 07

CHANCE -2 -7684. 2 3842. 08
percentage variance ACCOUNTED FOR 94.4

THE LEVERAGES OF THE POINTS IN SERIAL ORDER

LP0 ..i O Mf 0..7? 0 05? 0 .2? O .5S 0 ..? 0 05? 0, ool 0 oil 0 0« 0 oJI 0 oJI 0 0?3
0.0^ oo5? o.lS o.ii ooll 0.2?? ooii ooS OOM O.f? 0. ol? 0. (J? 0.0?» 0.1?

39 30 31
O 110 O. 110 O. 227

3.3 1
3. 1 I
3.0 I
2. 9 I
2. 8 I
2. 7 I
2. 6 I
2. S I
2. 4 I
2. 3 I
2 2 1
2. 1 I
2. 0 I
1.9 1
1.8 1
1.7 I
1. 6 I
1. 5 I
1. 4 I
1. 3 1
1.3 1
1 1 1
1. 0 I
0.9 I
o. a I
o. 7 I
0.6 I
o. 5 I
0.4 1
O. 3 I
0. 3 I
O. 1 I

-0. 0 1
-0. 1 I
-0.2 1
-O. 3 I
-O. 4 I
-0. 5 1
-O. 6 1
-O . 7 I
-0.8 I
-O. 9 I
-l.O I
-1. I I
-1.2 1
-1.3 I
-1.4 1
-1. 5 I
-1.6 1
-1. 7 1
-1.8 1
-1.9 I
-2.0 1
-2. 1 I

8  12 16 20 34 ~ 28 32 36*
UNIT NUMBER
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3. le
3. 12
3. 06
3. GO
a. 94
2. 88
2. 82
2. 76
2. 70
2. 64
2. 98
2. 52
2. 46
2. 40
2. 34
2.28
2. 22
2. 16
2. 10
2. 04
1 98
1. 92
1. 86
1. 80
1. 74
1. 68
1. 62
1. 56
. 90
1. 44
1. 38
1. 32
1. 26
1. 20
1. 14
1. 08
1. 02
0. 96
0. 90
0. 84
O. 78
O. 72
0. 66
0. 60
0. 94
0. 48
O. 42
0. 36
O. 30
0. 24
O. IB
0. 12
0. 06

-O. 00

-+■-

I
I
I
1
I
I
1
1
I
1
I

9. 29
9. 10
4. 99
4. 80
4 69
4. 90
4. 39
4. 20
4. 05
3. 90
3. 79 -
3 . 60 I
3.49 I
3. 30 I
3 15 I
3. 00 1
2 89
2. 70
2. 99
2 40
2. 29
2. 10
I 99 -
1 80 1
1 69 I
1 90 I
1 39 I
1 20 I

09 I
90
79 I
60 I
49 I
30 I
19 1

I
I
I

0
0
0
0
0
0 ..

-0 00
-0 19
-0 30 .
-0 49 I
-0 60 1
-0 79 I
-O, 90 I
-1 09 I
-1 20 I
-1 35

1 50 I
1 65 I
1 80 I
1 95 I
2 10 I
2 29 I
2. 40 I
2 99 I
2 70 1

12 16 20 24 28 32
UNIT NUriBER

36
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9. 3
9. 2
9. I

4. 1
4. 0
3. 9
3. 8
3. 7
3. 6
3. 9
3. 4
3. 3
3. 2
3. 1
3 0
2. 9
2 a
2 7
2. 6
2 9
2. 4
2. 3
2. 2

0.79 1.00. 1.29 1.90 1.79
HALF NORMAL ORDER STATISTICS

2. 00 2. 29

THE TEN LARGEST VALUES OF ABSOLUTE JACK KNIFE RESIDUALS

AND THEIR UNIT NUMBER

Jl- UNIT NUMBER

J2- LEVERAGE

J3- ABSOLUTE VALUE 1

Jl J2 J3
36 0. 088 1. 213
19 0. 038 1. 290
19 0. 067 1. 324
28 0. 106 1. 347
16 0 036 1. 917
1 0. 116 1. 932
3 0. 177 1. 968
2 0. 147 1. 692
18 0 143 1. 860
31 0. 227 2. 766

THE TEN LARGEST VALUES OF ABSOLUTE MODIFIED COOK STATISTIC

AND THEIR UNIT NUMBER'S AND LEVERAGE'S

Cl- UNIT NUMBER

C2- LEVERAGE

C3- ABSOLUTE VALUE OF MODIFIED COOK STATISTIC

Cl C2 C3
24 0 111 1.024
19 0.067 1.081
26 0.088 1. 194
28 0. 106 1.420
1 0. 116 1.694

20 0.211 1.748
2 0. 147 2.096
3 0 177 2.220
18 0 143 2.329
31 0.227 4.979
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Output from CALENV

4. 24 1
4. 16 I
4. oe I
4.00 I
3 . 92 I
3. 84 I
3. 76 I
3.68 1
3. 60 1
3. 32 1
3. 44 I
3 .36 I
3 . 28 I
3. 20 I
3. 12 I

J 3. 04 I
A 2. 96 I
C 2. 86 1
K 2. 80 I

2.72 I
K 2. 64 I
N 2. 36 I
1 2 48 I
F 2.40 1
E 2. 32 I

2.24 1
R 2. 16 I
E 2. 08 I
S 2. 00 1
I 1.92 I
D 1.84 I
U 1.76 I
A 1. 68 I
L 1. 60 I
5 1. 32 I

1 44 1
1. 36 I
1.28 t
1. 20 1
1. 12 I
1.04 I
0. 96 I
0.88 1
0.80 I
0. 72 I
0. 64 1
0 . 36 I
0.48 1
0. 40 1
0. 32 1
0. 24 1
0. 16 1
0.08 1 -
-O. 00 I ••

-  • •

-  • ♦

- - •

• •

- - - ♦•♦---

O. 00

I
1
I
I
I
I
I
1
I
I
I
I
I
I

3. 9 1
3. 8 I
3. 7 I
3. 6 I
3. S I
3 4 1
3. 3 I
3. 2 1
3. I I
3.0 I
2. 9 I
2. 8
2. 7

6
5
4
3
2
I
O
9

I
I
I
I
I
1
1
I
I
1

1
1
1. 6
1 5
1. 4
1 3
1. 2
1. 1
J. 0
0 9
0. 8
0. 7
0. 6
0. 5
0 4
O. 3
0. 2
0. J

-0. 0

8  I
7 I

I
I
1
I
I
I
I
1
I
I
I
I
1
1
I
I
1

• •

• - —

0.23 0. SO 0.75 1.00 1.29 i;.59—, 1. 7S 2.00
HALF NOftnAL ORDER STATISTICS
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Output from CO JACK

•••• jack knipinc coefficients »•••

UNIT DROPPED UAS

IDROP 2

THIS UNIT HAD COVARIATES XDROP

XDROP
1. OOOOE O
B. 6000E 0
6. 3O00E 1

FULU fit COEFFICIENTS ARE IN FCOF

UACK KNIFE COEFFICIENTS ARE IN JACKCO

-S 7

3.^^ -1
JACKCO

-6. 2475E 1
4.765SE 0
3. 8545E -1

THE JACK KNIFE RESIDUAL MEAN SQUARE IS IN JNS

JH5 1.4193E 1

93
94
99
96
97
98
59

'PAOE'
'PRIN' DlAOttOSE
'LINE' lO
'PRIN' CALENV
'LINE' 10
'PRIN' COJACK
'RW

Atkinson, A.C. (1982)
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BOX-COX TRANSFORMATION

Introduction

The two parameter power transformation of Box and Cox, (1964) is well known. The
transformed scale, Z, from data, Y, involves a location parameter, and a power parameter,

Xy ,via the relation,

1.1

Z = IniY+X^) X, = 0

The values of X^ and X^ are chosen to give, as far as possible, a transformed scale which is
additive with respect to some specified factor effects and possesses a Normal distribution with
constant variance over all factor combinations.

The equivalent normalised transformation is

Z = g/nfr+X^j

1.2

=0

where g is the geometric mean of the K + X2 values.

The log-likelihood of Z (from 1.2) maximised over the desired additive model is 2)
where.

L(X, = 2 In RESS

n

1.3

w  J

The number of observations in Kis n and the residual sum of squares in the ANOVAofTisRESS.

The optimum values of X^ and X2 are those which maximise L(k^ ,\2} (equivalently minimise
RESS) and can be found iteratively by some maximisation routine, or more simply, by careful
examination of L(kj Ap) over a grid of X^ and X^ values.

A macro, called BOX, written in Genstat has been developed to produce the optimum
transformation. This was in response to demand for data transformation facilities and is run on
the Polytechnic's DEC-20.

The program picks out the largest Z.(X/ .X2 j over a user specified grid of X^ ,X2 values. The
transformation of Fto Z for computing purposes is given by

Z=

1^7 g

\j ̂  0
1.4

Z^glnlY+X^j >^1=0
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where ̂  is the geometric mean of K + values and where X2 > - MIN(Yj

Transformation 1.4 is equivalent to 1.2 but is more numerically reliable than 1.2. It has been
tried on a number of examples, including the two in Box and Cox, (1964) and the 'Plankton
Haul' data in Snedecor and Cochran, (1973). The Snedecor and Cochran data range from 387
to 43300. Transformation 1.4 in the program agreed with those optimal transformations found
by the authors in these three examples and has also given sensible optimal transformations for
other unpublished data sets.

The output from the program includes optimum values of \j and X2 and also \j when X2 is
constrained to be zero. An approximate 95 % confidence region for and X^ is given and an
approximate P5% confidence interval for X^ is given when X^ is constrained to be zero.

Full details of user supplied data and output of results are given in the following sections.

Input of Data

The data, T, are assumed to be structured in a balanced factorial experiment. The number of
factors, their levels and the grid values of Xy and X2 have to be specified by the user in a data
file. The data file should consist of, firstly, five lines of control information, secondly, the data
values, Y, and, lastly, the end of data terminator ' EOD'

The file should contain:

''HEADING'' HEADING is text which the user may wish to describe the data,
Y. This heading should be contained in two pairs of single
quote symbols and is printed in the output.

N F R E Two SCALARsin free format. N F is the number of factors and

RE is the number of replicate observations for each
combination of factor levels.

The program assumes 7 :< NF :< 5and RE > I

M LAM1 S1 N LAM2 S2 Six SCALARsin free format (M, N, are INTEGERS). The grid of
Xy and X2 values is given by M values of X y starting at L A M1 and
increasinginstepsofSI Hence LAM 1 <Xy < LAM1 + (M-
1) *31. Similarly there are N values of X2 starting at LAM2and
increasing in steps of S 2.
HenceLAM2 :< X2 < LAM2 + (N-1)*S2

LSEN PRIV Two SCALARsin free format. L SEN is a'sensible'value of Xy in
terms of the experiment. This value is used by the program if
LSEN is inside the 95% confidence interval of Xy. If no such
sensible value exists, put a value of L S E N that is not in the range
of Xy values specified by M, L A M1, S1.

PRIV controls the output of the transformed data.
If PR IV > 7, the transformed data are output.

If PR IV < 7 , no output of data is given.

B(1) B(2) ... B(NF) There must now be NF INTEGERS in free format giving the
number of levels of the NF factors.

Y  The VARIATE Y of data value in free format. There will be NU
values where
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NF

NU = RE ♦ n B(I)
1=1

The order of the factors specified by the list of levels B( 1
B(2 B(NF) [B(1. . .NF)] specifies the arrangement of
the NU values of Y. The order of the Tvalues, in fact, depends
upon the list of factors ina'GENERATE' directive.

The first factor has B (1) levels the second factor has B (2)
levels and so on. If these levels index the data (F values) then
the Yvalues are arranged such that the levels of the first factor
are changing most slowly., the levels of the second factor are
changing less slowly {2nd slowest) and so on until the levels of
the last factor are changing the fastest except for any
replication 'Levels' which must change faster than any factor
levels.

' EOD' The directive ' EOD'

The end of data terminator EOD in single quotes.

Output of Results

Some program output will contain default Genstat output, though the printing of the Genstat
instructions is suppressed. The output is summarised in the following list.

1. (i) The heading given in the first line of input is printed as a title.

(ii) The mean, minimum and maximum of the F-values are output as Genstat default.

2. ANO VA table for the A N 0 V A of F using afull model with interaction terms.

3. (i) ANOVA table for the ANO V A of Fusing additive terms in the model formula only.

(ii) Plot of residuals against fitted values from the additive model.

(iii) Plot of Expected Normal quantiles against residuals from the additive model.

(iv) Histogram of residuals.

4. (i) Plot of log-likelihood of transformed data, maximised under the additive model
against the user's specified values of . [X^ is constrained to be zero]. Hence a plot of
Z,(Xj ,X2 =0) against Xy is output.

(ii) The largest maximised log-likelihood over the M \j values (when X^ is constrained to
be zero) and the value of Xy to give this.

(iii) The largest maximised log-likelihood over the M*N grid of Xy and X^ values and the
values of Xy andX^ which achieve this.

(iv) The (approximate) Chi-squared statistic to test the hypothesis 'X^ is zero' on one
degree of freedom. The statistic is twice the difference between the largest maximised
log-likelihoods found in (ii) and (iii). In addition, text is printed stating whether or not
this statistic is significant at the 5 % level. It must be remembered that the optimisation
of the additive model log-likelihood is over user supplied values for Xy and X^ and
hence such values of Xy andX^ must be chosen with care.

5. (i) A contour plot of £(Xy .X^) over the grid of Xy andX^ values. The contours are cut off to
provide an approximate 95% confidence region for Xy andX^.
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(ii) A list of values in the user's grid which would be inside a 95% confidence interval of
Xy whenX^ is constrained to be zero.

6. The program records whether or not the Chi-squared statistic of 4(iv) is significant. If the
statistic is signficant part (ii) is output, otherwise part (i) is output.

(i) X^ = 0 not rejected

The ANOVA table of the transformed data, Z ,when X^ is zero and when using the
optimal value of Xj or the user supplied value (L SEN) of Xy if L SEN is inside the 95%
confidence interval of 5(ii).

The ANOVA table is supplied for both additive and full models when RE is at least 2.
When the value of RE is 7 the ANOVA table for the additive model only is output. For
the additive model 3(ii), (iii) and (iv) are repeated to enable the user to examine the
effectiveness of the transformation used.

(ii) X^ = 0 rejected

The ANOVA tables for both additive and full models of the transformed data, Z, are
output when the transformation is determined by the optimal values of Xy and X2; only
the additive model table is output if R E is 7. Then 3(ii), (iii) and (iv) are repeated for the
additive model, to enable the user to examine the effectiveness of the transformation
used.

7. The transformed data (either from 6(i) or 6(ii)) are output if the user's value of PR IV is at
least 7.

The data are given a field width of 8 characters including 3 decimal places.

The Program

=  = = ̂ ' 'JhctF'An
•tCfL* Ht :Mi:LA^l:LAM2:NT;SliS2:i :t*i;F'i;pT:M:N
''CAL' nk

CAL ' in :ly : hL2 :ncL :LCLiFPl :LSth :lzc=.a:FH 1V :FSIG
•  %

PwCGkA;/ HEACS FRO'' THE FIRST LJlif CF UATA Fll.F. A TITLE (H«Av)'

Au[. THEN REAfS ThF. Nf.XT ThFfcL LlNF.S CCMAINJ'^G THF M'ReFH CF "
I

F ACT0R5 , Lf f F R cF R t FLICAT ICNft uF EACH CC'EInATIOr i,F FAClCRS,''

TmE six SCAlArtS SETTING lip USER'S GRJl liF' PARAAETF)- VALUES,''

I  I

I  f

I  t

I  I

A SEKSlRiE VALt,E OF POaER PAKA^'ETER AM PRIV'IDATA RRI^TJRG SCALAR)''
' h E A r. ' ri A A •

•INPUT' 2
' R ' M ' h;»/ .■
•nF:. i. ' !,F,i-K
' H i" ' .*• , j. / ^ i , S 1 , ., L A y ? , S ^
• H E t ' L S F. , F K i V
•JAf-vl ' 1
' h .j- '

' C A LC ' " = 1 2 -f n - 1 ? J ♦ I " , LT . 1 2 )
'CmLC' Nr = >'*ti'F-P)»( :\P.LT,e)
•H E' 2
' P t ■. T • p.. i
• I. J I ' i
'hi-
I  $
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HhAi.cj IFF N'jFhb.R ()F l-feVKLf Ch TFF NF FACiOKt!''
f  t

• iNFl- 1 •

' HF Ai. •

• 11» f-11 '

' RU«-. '

•CALC'

•CALC•

' H U A •

'CALC' Nl=«*!

•Hun •
I  I

•' Ihh

F!(l...

PHCGHA

r.F )

1

NL=kE*F(n»HC2)*e(i)»B(4)*E(5)»fc(b)

Mj=NU»e17)»b(H)»B(9)

I  I

F SFIS UP THE VARIATE GF DATA Y AND READS IN Y • •
I I

I I

N VARIATFS

•UMTS' $ nU

•VAHl' Y:H;F:RESSKr

•INPUT' 2

'BEAD' Y

'INPUT' 1

'HUN'
1 •

••THE N VALUES CF LAMDA2 APE ADDED TC Y TO FOR'*

"AND THEIR GEOMETRIC MEANS ARE CALCULATED''
If II

'SCAL' GMtI...N):P=l:DG:MP=0:LAMbl(1...M);l2;o:my:RG

•CALC' MY = -M1N(Y) :HG=0.5»IMAX(Y) + m.Y)/NU
'CALC ' LAM2 = LAN.2+(MY + RG-LAM2)»(LAM2.LE.MY)

'CALC Sl = AiiS(sn :S2 = ABStS2)

'RUN '

'FOR' LDUM=LAMei(1...M)

'CALC' LCLM = LAMl + FrP*Sl :MP=MP-H

' HhPEAT'

' VAR I' TY 11.. .N ) ;CY;LAmb2Sn:EY : »<sm

'FCF' G=GMJ...N) ; TV=TY(1...N)

'CALC tLEM(L AVH2;P)=LA*'2+(P-1 )*S2
:t vsi + ele" {La»'B2;p)

;G=MtAN(LCGnV); : g=exp(G) ; p=p+i

' hbPEAT•

'SCAL' pk:id

• h U N '
I I I •

'•ThE NF FAC'JCHS A(1.,,NF) AHb SET UP Al.Of.t, »rITH A Rt PLICATION

''(RF.P) ANL A CUMNY FACTOR CALltL i'F.THE VALUES (»F TfF FACTORS

'•UP IN A GEKFRATE OIRECTIVF.•'

TY{1,..N) ' '

F ACT Ok ' '

ARE SF T '

'FACT '

'FACT •

'FACT •

'FACT '

'GtUE '

' RUN '

F.XLslT S Nll = l...NtJ

REPSRE IDFSI

AdJSed) :A(2)SB(2)

A(b)5e(b) :A(d)S?(6)

OF ,Ad. . .nF ) ,R£P

:A(3)SbC3)

:A(?)SP(7)

:A(4)Sh(4)

jA(R}Sb(l;J :Ai9)se(9)

'AULITJVF ANt FULL FACTORIAL MODELS FOR SURStOUfe'-T Af.OVA'S''

'Arr. SET Up USlt.G MACRO mOUSETS IThF ALDTTIVF: MOUKL uUtY IF
"IHr wU'-ffcK CF FACTORS OR MIRbER OF RF. FLl C A T1 ON.S IS ONE •'

•SrT/"' LTK = A(d

•-mOC f'CDSElS

'GOir' ( (f.F . FO . 1) .OR

•Sc.T/K' LTr =LT r+A IFn'J )

'SEl/" LFF=LRF»A(FRJ)

'LAfatL' LRV

'ENDM'

' h U N '

'F')K' FSL''=1...NF

•CALC' FNOsFSLM

:LRF =Ad )

(F NJ.EG.1))
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"Ci'.StiS

' n r h f- £ I '

' H U •

•  < I I

•' Jht AnCvA CF PA». data Y WIIH VAkJCbS G^•■APhi^ UF PKiUDUALS fc NAPLiNG' '
' 'Ihfc bStk IC CONSIUEP THE ANCVA wSSUMFllONS' '
'  • I I

'G01C' L26»((PK.EG.l).0H.(NF.tO.lJ )
'IKEAJ ' IFF
•CAF710%•
' •ANCvA CF UA IA VAL.JFS : FULL MCDF l, ' •
'AnOV Y
'LAfafcL' L2b
•fcLOCK' tXUMl
•THtAT' LTF
'VARi' TiYd...f):l«3sk:leism
'CAPTION'
' 'ANCVA OF DATA VALUES : AODniVt MODEL' '
'ANOV' Y;RtS=R;FVAL=F
' RUN •
'REST' R,F$LF=1
' R (.1 A '

'RACFC RYLS
•LOCAL' XTLt,YTLE,Y2TLE,YlTLE,X2TLErX37LE,NV0N,A,B,K,P ,YB,CH,

Fa»A A,r£C,SurfES,LSA,L(l,.,4),SF. LfONOFi^iNHFJSrGGN
'vAhi' (,.'\L H A r E X , F So ,SORtS S R
•khS'lRIC'i ' Oi.CFV,FX»FSO,SORES S R
'rtpALJuO' XTi.F = ' ' FIT! EL VALUES ' '

;  YTLE=' ' residuals F RU^ F 111 F i.) MODEL ' '
:  YlTLFs' ' EXPECTEL NOFEAL CUAMILbS ' •
:  l2lLr.= ' ' FRF:0UtNCY ' '
:  X2'JLF.= ' ' hISTOGRAE OF STAMARl-JSFL KrSlLUAI.S ' '
:  X3TLF = ' ' RESIDUALS F R(M ANALYSIS ("F SGUARFL FITTF.L VALUES • •

SCALAR ' NVCN,%HfcS,A,B,K,P,YF»LSA,L(l...4)
VARI ' £c l. = l , I r 1
OO^ R • 1£A4(%vAL(SFLECT).NE,4)
Ft.lJATE' SF.I. = £f LECT
(.ArEL' L£a
i f 1 F.0E« ' CH S 1 = 2
CALCULAIE* Il:=nAK(F)
UoVR' L( j J'CbLFf CSFL ; D.NE.l)
ORAFri/Al/ = X J t F. ,An = rTLE' H ; F
LA'rtL' L(l)
c:aL COLA 1 b ' CivORi'sH I N VON , NRE S = t-V AL (G FOR « , P I
USr./K« G'.:.A S
Oi'^F' J.t21»(hLk^ (SEL ; 2).EE.11
CALCOLAIr • bX = 0NORR*SORT(VAR(F))
nr. Aia'-C- ' AA=' 'LF' '
OrtARrt/A l X = nLF , 4TY = Y1TLF:,XCM=CH • OM RV ; eX,R S AA
LAntt' L(^J
Oi-vR' L (iJ»Lr.Lr.' (SKI. ; 3 ) . F F. . 1)
ocF/H' G'.RLM S
LAr-Fo' Hi)
Ui..'' !- ' LCi J« CtLF. '" (S-KL ; 4).Nh.l)
C A L C U L A "J t ' F S G = F ♦ F
Co ¥ A R '
Ai.l V A/RR=-1 ' FSi. ; RES = SOREf
GrAFH/ATX = A3TLt ,ATy = YTLF:' R ; SOFFS
CALCJLAIt' esSU" (k»SORES) : A = SU*'tSoRF S»SCFb;S) : K=F/A : P = 1-2*K4YB
RrJ*-T' K,R S li'.A
CAFT I OR'
•^FF. AASCO*'e£ AND TUKEY t T f:CR1-0ME 1 h ICS VOL 5,NO 2, MAY I9t3

NOlt; 'InlS graph only ARPLIFS to MimEAF "UDFLS FITTKf: VIA
Tnt 'AHOVA' STAIEmrM ' •

'LA^IEL' i.(4)
• tHC.>ACkC '
nUN '
RU;.. '
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'f^AC^C CCFLCIS
'LOCAL' £HOC<N,kFIST,BCUNDS,L,lRV
'hACTCR' RhlSlS3«
'IN'itGKR' TRV = 1,.,NHES
'VAHl* SHUOf* ShHES
•VARIATE' bOUNDS S :i9 = -2 . 8 ,-2 . 6. . . 2 . 8
•jUfF' L»(NRES.tG.NVGN)
'RES]' OCNS R=0;IPV
•LABEL' L
'COFl' SHCuN=GGN S 1«V
•GROUPS • F H XSl sH" ITS (SHOQN; BOUNDS)
'Gj<AFH/AlX=X21LE,ATy=y2TLE,NRF=18,NCF=6e^ RH1ST;B0UND5
' PUN •

•RUN •

•MACRC^ OCNAS
• LOCAL •

•SCAL^ : VBV Ks-1 ,OE20
•CALC^ NM=NmV(ONORM)
X VrtM=NVQ(i-hR

•VAHl* C,QO,QtiN $ CiNORM
•REST* 0,0C,0GN S QNORH
•EGUA* 00=J,2...NV0N
•CALC• OGN=(0NCRH-MEAN(ONORH))/SORT(VAP(ONORH))
:GNORH=GC

rGONsREpwyC^E)
:G=ORDER (GN'CRv ;G0n )

;GNOP«=GRCEH((iG;G)

;GK0RH=GNCHH4e/(QGN.GT.HK)
:GON = CON-»«'/ (OGN.Gl .MK)
:GNURM=csrRM-i'M

:GNORH = wr.Cpy + (^/(GNORH.GT,0)
:GN0R*'=UN0Rc-t^,363)/(VFM-2,K»^,363»l,(')
:G.NCft*' = Nt C (GnCRk)
•EnD*^ '

• FUN '

• FIIN '

• bSc ' kVLS

'CAP7 iCN '
I t

• H l< »\

''J^B .M>»CFUS PASSI<$ AND POwEFlS AMJ IhB NEXT 14 LIKES CALCULATES
"IHK VARIA'JE Rts iiHICH CONTAINS THE RESIDUAL SU^S CE SGUARtS OF
'• ■Jifc ►♦N ANCvA'S of the RAn DATA TkANSFOFHLU OVER IhE GRID OF

' •^'Ol^E^ ANl LOCATION PARAMETERS
I  I

•rACFC FASSIiv $
'LOCAL' C1,C2
•ASSX • Cl = T1t (1.. .N )SPM:D2=GP( I.. .N')SPM
'CALC' DT=D1/C2;CG=02
' E NDV •
'PUN •

'MACRC FCwEPT S
'UNITS' S NU
'LOCAL' I,DX,E¥,LJ,LI,LH,Lh,LG,DJ,D2
'USE/R* FASSIN S
'FOR ' EYsTTy(l.,,R)XLMs:LAMBl(l . . .K)
'GOTO* Ll»(L>'.EC,e)
'CALC CYsCG*(Dy»«LM)/LM
'GOTO' LH
'LABEL' LI 'CALC EY=CG»LOG(TY(Pn))
•LABEL' Lh
'REPEAT•
•LEVA' CY,DG
•ENDM'
'RUN •
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•FOR' DPR=1...N

'CALC P^' = DPP

'USt./P' FCrtERT S

'FOR' 1DU>' = 1 . , (1 . . .K)

'CALC 1C = 1UUK

' ANCV/FH = k'Vti(^fe:e • T»;OiJT = FOUT

■tXiPACI' ECUl ;EXUNn + LTF S 5S = kS
•CALC' Pl = (Pf^-l )»P + 1D
;ELE> (RtS;Pl)=P5

'It*.'A' ECU'I,KS,P1
'REPF A1 '
TtvA' -n i ( 1 . . .f ) ,Pl'
'Rc PK A'J '
' K U '

Ht6 ft ILL CONTAIN THE LCG-LJ KEUHCOP OF TRANSFOh^'FD DATA

•CALC•
' H Li '

I I

I  I

hhS=LCG(RFS) : RES=0,5»NU»(LCG(M)-»KS)

G'- ( 1 J = vt A.n(LOG( Y ) ) :G^•ln=^XP(G^ (1 ))

i n (1 . . . w ) , PH , T Y (1)
pwsl;iy(1)=Y

' 'IF ZF.Hi: is COi'TAlNKD IN Thfc LSFR'S RANGF FUR THh LOCATION PARAMETER • •
ihr LOu-LIKELImOOO IS StLfcCTfl FROf' RES, OTHh Rt» ISF SuCH ' '

'  • LUG-LlKtLi nCCCS ARE CALCULA'JtO. • •
I I I I

'rivih'
•(ALC J = l-P
'CALC' L2=hLEf(LAEH2;J)
'CAlC l=t
'LAth.l' LK 'CAlC 1 = 1+1
'CAI.C F JslLF-D + Fi + I
: R T = E L fc. I' ( r r S; F 'J )
:i "sLA.' l-» 11-1 ) +0 1
• C C I r. ' I. F « ( L / . N F , F )

'CALC ELF " (i f 3; 1 )=RT
'CALC' LZC = Li'C+l
'LArEL' LP
'GuTC Ln+ll.L'l.M)
' (• 11" F A 'i '
•1 F V A •
• h u ^ '

'CALC '
' n. '

' L F. V A '
•CALC'
•RU:. •
'l.Sk/r' PC»*FiRlS
'Ru-v '
'GO JC LC7 + (a,LE .1.20)
'SCAL' 122
'FOR • 1ZC = 1...M;T2=TTY(1. ..M)
'CALC' 122=12C
' ANUV/FR = v;^.iieF5 • T2;0UT = F0UT
'tXiR' FCLl;EXUftlT+LTF SSS=H&4
•CALC' FIin^dMB/IZZlsRSA
' L E V A ' F C L n R S 4
• nf,I- E A r '
•LAr-LL' LC7
•Ron '
'CARIICN'
' •LIST OF GRICVALUES OF LOCATION PAR AMF.T F:P (LAMDA2)
•FhJ M/LAfiC=J • LAMd2 Sft.2
•EUoAlt' LH1=LAMP1(I...M)
• H U ^ '
•CART lUfv •
• 'LISI Of GRID VALUES OF POWER FARAMf TE R ( LAMRfiAl ) • •
•Llfr* 2
•PRI . 1/lARC = 1• LPl S7.J
•Rj!» •

•GOIC LHc+(m.lE.LZC)

Page 45



Genstat Newsletter No. 11

C A bC

L Af<.fr

h A L/

r! v= '

n A ? =

3 =

r. 2 = •

\-ll-

n2 3 =

HLC2

r.L '<2

r L I =

r-l. 1 I

bOb =

pGI =

KL-'N '

'  Lf' 3 = LCG I Lm 3 ) : Lr^3 = vi. ( M.I )-l.v3 )
L' Lli"

'  ri y = ' 'k'AX-LC<J-L1KEL1mOGD' • :Ha=' 'LA^-HOAKPOAtk PAKAMpTtP) • •
•LArtC-ESI f.CHfAL ADDITIVE LCG-L J h EL 1 HOOD OVtH''

IHANSFOHMATKih PAEANE1(-K& '•

ICGfelnfcK »»1TH ns MJMfctP In GHlt- Of PARA" El EHS • '

'LAhCESl vCRvAl, ADDITIVE LOG-i.iK111 H0()|) fiVEf'

FCaEp parameter VAL'jEE UMi AlIP ITS EhfMEM nUREER*'
Ir, LlSl Cf POaE:H PAKA"fiEP VALUtS''

•Cril-SOUAHt STATISTIC fof LAEbGA2 TO fat ZERO ON ONE Df 15 •'
fcES'! VALtt OF POwfR PAfAVf.TEh p J T ZFPO LOCATlUl, PAPAVETEk IS''
L15I CF POwEK PARAmETEP vAlUtS IN 95% CONFIDENCE INTERVAL''
'RHEiM LCCATIOh PARAMEltF IS ZERO ' '

•bEST Values of power & location pARAMF.itKS''
pcaER papa"p:tfh is '•

'  location PAhARETER is •'

PLOT CF FAXJMISED LOG-L1F ELIHCGC AOaJnST PO^^EP PARAKF.TER''
hbEN LOCATION PARAbETEF IS ZERO''

• irc fAXlM.f' i CG-L1KELIH00D5 ARE FOUNL ALONG wlTh THE OPTIHUC '•
'VALUES CF IhF PC'wER ARD LOCATION PAP ALTERS. • •
'  I I

GPAF/ATy = hy , ATX = hX,NRF=18,NCF=bO' LP3;LH1

Pn.«T' HCb

PPj'T' HGO

LI E • 2

PkI'sT mG?

SCAL' C:T U:TL :bFi :t'.L:h2;Frl

VAPl' bCS4:X = l.. ,nt:XL=1 .. .^:l(«?SH

CALC ' « = CPCEP IX;PF,S) :MPT=ELfcP(P;M J
h2 = ELE''tRES;HpT J

CALC RPT=RFT/f :IP1 = INTPTCRPl) : 1H = PFT-«*IPT
P L '

GOTC L2e"tlP.Gl.«J)

CALC JFT = lFi-l
IH = "

LAbEL' L2C

PUN '

CALC BLl=LAHbl(IHI ;1PT=IPT+1

EL2=ELEP(LAPB2;IFT)

PRINT' HI*

FPIM' H*2

FPIM' HVk3

FrlM/f CFH = C,LArH = l ' H2,MP1 S1 65. 3 , 3X , 3 . V'
FPJNT' HLP2

FPlNT/FCFWsCf LAEP = 1 ' HLT , BLl , HLT2 , PL2 S2X , B , 6 . 2 ,6), 8 , 2
CALC 1»2=0RC£R{XL;LM3) !KL=ELEM(R2;h)

HlsELERILMSlKL)
FRIM' HZ

FRInT' HZ2

FRl'.T' HZ 3

FP IM/FCPM=C,LAPR = 1 • HI,ML S1P-. 3 , 3X , 3 . C

Pun •
•  • I

'Tht NECESSARY VALUES FOR THE OPTIONS IN A CONTOUR PLOT OF GRIL '

'Or LOG-LIRELlhOCDS ARE CALCULATED, THE CHI-SOUARE 5TATI5TC IC '

•JEST THE HYPOTHESIS THAT THE LOCATION PARAMETER IS ZERO IS ALSO'
'CmLCOLATEC. •
•  •

PH1\T/FCR^ = C,LAbP = l• HL",LAPP 1(PL) Sfe,fe,2

C AuC• ELE■ (PC;3) = LAP2:ELFm(bt;4)=hLt p t L Amh2;N)
cLc '(bC;! ) = LAPl:hbEM(BC;2)=LAPPl(M)
C=trt2-MIN(HES))/NT
TL=(H2-2.y9o)/C
'J u= ( b24 im; J /C

'FU"' '
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'calC H2 = 2.e»(h2-rii)

' H-J p • HV,h2 S 2X,V5,ie,3
'C^i.C PS JG= ( Hi .Ge , j . 841 )
' huv '

'0010' L17»PSIG
'C41-f ICf. •

'•iMt Crll-SuLipf- SIATISTIC IS NOT SIGNIFICANT AT b* LtVtL''
' 0 C I 0 ' L 1 f

'LAel-L • LI 1

'CAPTJuN'

'• Infe CHI-SuLARK STATISTIC IS SIGNIFICANT AT 5% LLVtL''
•LArtL' Lit
•Pui. •

'FA'.,p '

' C =.= " 1 GUW/C I = C , UCC = TU, LC()=1Ij, NRsM » NC=M, p V = hC ' HLS

AhT J ori'

''a/'fc CCMCUH

'LlvP' 1

•  A P I 1 G N '

''iHh hOmIZOMAl

FLCI VEHTICAL axis IS LAKCA2''

AXIS IS LAMCAl••

Iht POAEh FAhAKFTEK GRID VALUES THAT APE INSIDE THE
9b? CCNFlLEfvCk INTERVALCnHEN LOCATION PARAMETER IS ZERO)
ake calculated and output.

R : F : n 1 (I . , . H )

CMlhCRIl ;CCM=k;:ULAM

riCHll=hl-l.920b

CLA^S^ :tl

•IF. ,A •

•SCAL•

•CALC '

'vAH I •

'RUN '

•FOh' CDUP=1,..N

'CALC C« = CDUM

•GCIC LC»IELEm(L.m3;CM).LT.HCRIT)
•CALC' CCfsfCM+l

:ELEy. ICLAP;CCM) = ELE.M(LBX;CH)
•LAbEL' LC

• HtPEAT •

•RUN •

•VARl' CLA SCCM

•EQUATE' CLAsCLAM
•PRIM' HtC

•Print' HLCi
•PR1NT/LAEC=1• CLA $6.2
•LINE' 2

•SCAL' mcl;nacl
•CALC MlCL=PiN(CLA) :MACL=MAX(CLA)
•CAlC • MACLs^ACL^CABSCMACL),GT.0,001)
•CALC • PICL = J»ICL»(ABS(RICL),GT.0,001 )
•CALC• ULAR=(R1CL,LE.LSEn),ANC,(L5EN,LE,PACL)
:ULAM=LSEN»bLAP+(1-ULAM)♦LAMBl(ML)
:TTU1 ) = Y/GMC1 )
•  I

'  ' n fc .•'■■ACROS Cf-Pr-ArtS AND TrOPAPS PRODUCE THE ANOVA'S FOR THE
trawsfch^kc hy one and t*o parameters RLSAFCTIVFLY

• • i-l- «ACRC J^ORAls is executed only if THE Chl-SOUARE STATISTIC
•MS SIGMUCANT AT THE b% LE VFLC OETEHMI NE'D b) PROGRAM),
I  I

•  i C H 0 • C N H R A R S
'LvCAL' LCi,LC4,LC7
• C -i'l If '

FA-HavFTEH 'KStr, IN TRANSFORM OF CPStRVE!) VALUES IF
1 r A.-SF OR P A 1 ICN lNVul. >'FS PuiPtF PAkAxETFR OnLY.TrIS *1LL h£ i^HEN
Irk Cr1-Sv,"APE statistic IS NCI SI&MFICAnT' '

•Il.E' 2
'F'- IM/FUr'-'sC .LA'-Rsl ' HUT.ULAf SiX.0,7.3

'  LC3*('-.I " '.p-v.O)
• C al C ' Y 1 = 0?- 1. 1 J < (1 r Y ( 1 )»»ul AM )/At'SCULAM)
' C a L C • 1 T Y I /; > = r * ♦ u U A R.

LC4
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LAdcL' LCi 'CALC YL=LOG(y)

GALC TH ix j = LCG(y)

L-vrhi ' LCA

CPd'I 101

L r r ' 2

( ̂ f- J1 0 r«'

'^U,vA CK vALUr.S TRA ,SKOh>t.L t i Ru>»KH RACA^tlAh ONLY''

L J i: ' J

f AP J I 0;v •

'  AUCI i Evt "^ClFh • •

lfL;HfeS = r ;F VAL = F

LSt • H U S

CAHI ION •

0010' LC7»tF<t .tc, n

IHeAl' LFF

Li'vf 3

CAPTION'

'  KODtl. wllh INTERACTION TERKS) • •
AnOY' YL

LABEL' LC7

tNDM '

HUN '

MACHC 1V.0FAFS

LOCAL' LC5,LCo,I.CH

CrtLC TTY (1 )= Mel?

TTY(2)=T1Y(1 )

GM(l)s^ttAN(LCG(nY(l))) IGM(1)=EXF(GM( 1 ))
TiY(l)=TTY(l )/GK(U

GOTO' LC5»(BL1.EG.0)

CALC YL = GI»C1)»(TTY(1)«»BL1)/ABS(BL1)
CALC TTY(2)=TTY(2)»»BL1

GOlO' LC6

LArtEL' LC5

CALC' YL = LOG(TTY( 1 ))

CALC' TIY(2)=LCG(rrY(2))

LAPfcL' LCh

LINE' 3

CAP I ION'

'AwOvA OF VALUES TRAN5F0RNF.C BY BOTH PARAMETERS'
TREAT' LIE

CAPTION'

'  ACCITJVE

AnOV ifL;Ht"S = H

USE' RYLS

LINE' 2

caption •

* * * *

GCTC LCH»((HE

TKi.AI' IFF

CAHTJOw'

'  ̂ODfcL aITp

A.Cv' YL

LAr'FL' LCb

C N 0 V

r ij N '

r j;.'

WCDEL

r VALi=F

EO.l ).0H. (nH .Lu.D)

IMERACriON 'iEr-'lS) '•
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'GOTO' Llb'HSiG

' t & i- / ' C G h F A h S

•'of.iL' Lie

•LmJ-hI. • LI 5

'utti/h' Tv>{:FA'<S

•LAfrl • Lie
I I I •

FKCGhAH l,tCIuF,G FRCr.-. 'Jhr VAI.L'fc Oh PFli* whEThhr' (iF NOT "iht '•
/• litrf.S, IHr. DA I A , TK Arv.SH .•< - KL h1( ThF" ('P1I>'AI. 1 K A'..Sh CR •'AT 1(.K , ' '

''T«: ht CLIF-UT .»• ACRO. ^PH)^S THF 1P A NSh ^ [;aTA TK PKCI.IKEL''
I I • •

'yACPC CFPINS

'KK.AL' SY'J(l,.,No)

•SCAL* SY'Ul...NU)

•E.»l ATh • SYT 11. . .nU)=TTY(2 1

•CAPIICN'

•'LIST OF SCALcC 7R A',SFOf P LATA VALUES AS RE.AO F POv. DATA FLLF.ThF
TnAf.SFCPh* USES FOTh PAhAhLTEPS ONLY IF THE. CM I SOU A kF. STATISTIC

KOK LAPfcLAi IS SIGNIFICANT.''

'Li-^F' 4

•FPlNl/FChP=FrLAEP=l' SyT(l.,.NU) $8.3
'ENLV •

'HUN •

•GOTO' L27»(FF<i V.LT.n

•USh/F' CFPINS

•LAr£L' L27

• h U h '

'CLOS•

'STOP•
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Specimen Output

CEK&ItT V 4.1!}

fC)l9ei; L»«4£ 4r£!Culll<i.*L Tt<tST (H'l bTKL I »4F> J i"t».TAL SUllCtO

BOXiCCX J rXCItf' ItXIllE EXAXPLr

27 VALUES e "ISSIsC ••

AKOVA OF CATA VALUES : ACCITIVE MODEL

••••• ANALYSIS OF (AMIAkCE •••••

VAhlAltl t

SOURCE Of VAillAttCh OF SS SS% AS VR

EXUM1 SIRATUA
A(l)

A(2)

AO)

RtSlf'UAL

TOTAL

2

2

2

20
26

6IA2671

662607

1752bve

4669241

20229456

40.45

27.B1

H.66

22.08

100.00

409I2R5

2812568

876254

233462
778856

17.524
12.•47

3.753

GFASC IblAL 26 20229456 100.00

GRA'>r

TOT*L llhif.H Of CeSEFVAIICNS

bSI

27

iXTltS CV "£*'•£

«At.iAiE: Y

GhA^C »t*A

A«n

SSI

I  2
261 7^2

I  2

1469 67V

i

417

11S6 B94

i

S34

STAkSAKF EHhCMS CF PlFFfcfcESCES UF MFALS •••••

TAFLE All) A12) »I3)

REF

SEC

9

227.B

•  SYRATOM STAACAMC EBBOBR avD COVFlCltkYS CF VABIATIC"» •••••

STPATU»

EXLAll

OF SE cv*

S6. I
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1 J7e

i2«e

124>)

120>>
lle.^

II?--

1040

R iee»

E 960

S 92f

I 800

D S4w

U 000

k 760

L 720

S 661"

641-

F e.».'

H 600

0 S7»-

H 49e

4 4t

F 40ir

I 360

T 3i0

T 19f.

E 240
D 200

160
N 120
0 80

D 40

E d

L -40

-Sr

-120

-led

-200

-240

-280

-320

-360
• 400

-440

-480

-520

-560

-600

-640

-o8<"

-120
-760

•*t9 w Kite net* I6ae 2000 24«0 2000

FITTID VALUtS

Page 51



Genstat Newsletter No.II

3.19!

2 .v)K 1

1 ,

1.92 1 ,

1.64 I ,

1.26 I . •

1 .68 I ,

1.66 t ,

1.62 I '

1.44 1 , •

l.)6 1 ,

1.28 I • a

1 .3« 1 . •

1.12 1 a •

1 .94 I , <

8.96 I • .

8.88 1 '

8 . 48 1 •  •

8. 22 I »  , •

8.94 I •

8 . Se 1 a , •

8.48 1 a

8.48 1 a  , '

8. J2 1 •

8.24 1 a. •

8.16 1 a •

8.88 1 , a

8.88 1 • . .
-8.88 I a  .

-8.16 I a  ,'

-8.24 1 a  , •

-8.J2 1 •

-8.48 I a. *

-8.48 I a

-8.56 I a  , •

-8.64 I .

-8.22 1 , a

•8.S8 1 a ,

-8.88 I .

-8. 46 1 , • a

-1.84 I .

-1.12 I •

-1.28 I •

•1.38 1 ,(

-i.Je I •

-1.44 1 •

-1.52 1 ,' •

-1.68 1

-1.68 1
-1.76 1 .

-1.84 1 . •

-1 .93 I .

-2.88 1 •

->.8» I

-258 -588 -368 8 258 588 758

RESIOblLS K»0)' FITTEK ■CCEL

ftKdiniais

Page 52



Genstat Newsletter No. 11

LIST C» GftlCVALOES Cl ICC'TIC- P«I-'A>FTLh ( )

-i. ..■<

-ip.ri*

2f.*t
ir.ee

LIST CF CSIL VALUIS Cf FC'CR PALAMETCSCLAFSrAl)

•e.*et
-e.36e
-e.j2«

-e.}4s
•o.jr*
•e.iftp

-e.p4p

f.tFt
0.ii'4i-

H • «•

A •1IT.4 I
X -I2V.B I
- -I2P.© I
L -121.2 I
0 •121.S I
c -122.4 I
- -12J.r- I
L -123.S I
I -124.2 I
K -124.k I
E •12S.4 I
L -126.« I
I •126.6 I
H -127.2 I
C -127.6 I
C -12B.4 1
n I

-129.6 14

-L ..4?

•  • •

•<.J2 -ii'.2A -..lb -P..«9
LA'HI.AUFO'i'" PALAXETEr)

PLCI CF AfXIFISEC ICS-llAFLIrtC.-^O AGAIaST P0«EA PAPAXETEh

»MEL LCCAlIOh FAPA»ETEA IS ZFpr

LABCESl ACh»AL ACClTIVf LCO-LIKEI.IhOCC CLEP

TWO TAA*SFCP«ATICA PABA-ETEBS

TOCETHCF >I1n ITS ELSaEBT bJXHCB IK CHIT OF PABAHETEBS
•12«.ll«l IIS

BEST VALUES OF PCkIR I LOCATION PABAPEIfBS
P04EP PABAaETEB IS •11.12 LOCATION FARABETER IS 10.00

LABCESl KCRNAL ACCIIIVE LCC'LIKELIHOCC OVER

POkER PABA'EIER VAlbES CkLI nITH ITS ELEREN1 KU»BER

IK LIST CF PCaEB PARARC1EB VALUES
•ize.Bis 0

BEST VALuF CF POkER PARAHETEB k|TH EEBC LbCAtICk PARA>CTEP IS -0.12

CbI-S-IAnE SIA1IS11C FOB LA«0r.A2 TC ht ZlHO CK Okk OF IS P.110

TKF CHl-SCUARE SlAIIfTIC IS ROT SIoaIFICAKT AT it LEVEL

Page 53



Genstat Newsletter No. 11

••••cuiicup ptoi cr

••SCALir VALUES

-47i.6316 •469.

•476.1438 •472.
-48«'.b62J •475.
-485.7635 -479.
•49V.1)314 -464.

•4V7.EelI •498,

•5C4.57JV -497.

•513.3255 -585.

-523.5495 -515,
-535.6857 -536,
•558.1869 -548,
•566.2396 -556,

-593.6164 -581,

-631.6455 -619.

C Pfl«73A1 CRI
•484.5843479.5261471.0866 474.9557464.1871 •464.2985 -465.5539 467.8299466.9748186

477.2162 •482.3873472.7999464.3733 463.8718 •464.5389 466.3111 469.1131468.7131 8157341k
•479.7637474.8878-467.3537 470.6936465.1999 -463.9158 463.8687 465.8323471.13524976

472.5765 477.2716468.6935466.7153 46A.8977 -465.6128474.3433 464.5571<3524466
474.7626469.8656 466.86484o5.9379 4o3.t455 464.6814464.89593K593894
472.288465.3874 468.2575472.4172 463.6556 463.6788466.2553 465.343468 4)
469.9354466.4666476.9556 464.9685 463.8552 464.3883-471 .71-78 •467.6368
467.842465.1655482.6952 467.2551 464.6288 464.1169476.5697 471.2576

464.6687 466.2488496 .4937 467.1597 464.9596586. 411.1112483.1071 476.538841958689
465.504)465.4218467.4258588.8959 477.8816 •471.3652517.2)34 491.7032 •463.898963136835

468.1712 466.2672472.2588512.2295 485.5624 478.1992531.2438 -521 582.8975 493.9166
469.6213474.8717521.6473 497.7688 480.6581 460.5844548.2445 517.6196 •587.525386V52999
477.6342485.2832549.8t75 515.5225 584.6665 494.4882•537.8796 •526.6684•568
495.4177506.7380562.4794 544.3983 •531.5871 518.9367687.2785 -594 •569.8944 557.186793525818

•8.488 -8.368 -8.328 -0.288 -0.240 -0.288 -8.160' -0.120 -8.088 -0.840 -0.880
8.040 , , I . , . .

58.888-66 88 880 222 444444 444444 2222 8880 888 6b lIXXAkXXXXXlXXXVXll<
66 88 880 222 44464 444444 2222 8880 888 66 4XXXXIXXXXXXXXXXXX••
66 86 888 222 4444'4 6666 444444 3222 888 888 66 4XXXXXXXXXXXXXXXX) •

4  66 888 880 222 44444 6666b6 44444 222'2 888 668 666 XXXXXXXXXXXXx > XX> <
XX 666 866 800 222 44444 66666666 44444 2222 888 888 666 XXXXXXXXXXXXXXIM
XXX 666 888 808 222 44444 66660666 44444 2222 880 886 666 XXXXXXXXXlXIxXX>

48.08t--XXXX 66 186 800 222 44444 6666666066 44444 2222 888 888 66 XXXXXX X XXXXX XI«
XXXXX 66 686 808 222 44444 6666666666 44444 2222 008 88 - 56 XXXXXXXXXIXXIX
XXXXXX4 66 18 *80 222 44444 66666666666 44444 2222 08* 88 66 4XXXXXXXXXXX>>
XXXXXXXX 66 88 800 2222 44444 666666666666 44444 2222 088 88 66 4XXXXXXXXXX1X
XXXXXXXXX 666 868 808 222'< 44444 666666666666 44444 2222 800 888 666 XXXXXXXXIXIX
XXXXXXXXXA 66 888 008 2222 444*4 666666666606 44444 2222 080 808 666 XXXXXXXXXXI

30.8e0-XXXXXXXXXXX4 66 668 000 2222 44444 66666666666666 44444 2222 800 868 666 XXXXXXXXXA
XXXXXXXXXXaXX 66 68 80 2222 44444 66666666666666 44444 2222 880 888 66 XXXXXIXIX
XXXXXXXXXXXXXX 66 86 080 222 44444 66666666666666 44444 2222 00 886 66 4XXXXXXt>
XXXXXXXXXXXXXXX 666 88 086 222 44444 66666666666666 44444 2222 00 68 66 4XXXXXXX
XXXXXXXXXXXXXXXX4 66 088 »«0 222 44444 66666666666666 4444 222 00 88 66 XXXXXXX
XXXXXXXXXXXXXXXXXX 66 088 000 222 44444 66666666666666 4444 222 000 08 66 XXXXX*

20.08e-XXXZXXXXXXXXXXXXXXX 66 81 00 222 44444 666666666666666 4444 222 000 00 666 XXXXX
XXXXXXXXXXXXXXXXAXXX 66 16 00 2222 44444 666666t66666<66 4444 222 000 08 666 XXXX
XXXXXXXXXXXXXXXXXXXXX4 66 088 800 222 4444 666666666666666 4444 222 000 88 66 XX*
XXXXXXXXXXXXXXXXXXXXXXX 66 868 088 222 4444 666666666666666 4444 222 000 008 66 41*
XXXXXXXXXXXXXXXXXXXXXXXX 666 88 Of 222 4444 666666666666666 4444 222 006 688 66 4>
XXXXXXXXXXXXXXXXXXXXXXXXX4 66 18 00 222 44444 666666666666666 4444 222 080 888 66 X

lO.e00-XXXXXXXXXXXXXXXXXXXXXXXXXXX 66 188 000 222 44444 666666666666666 4444 222 000 888 66
XXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 86 000 222 44444 66466666666666 4444 222 000 88 66
IXXXXXXXXXXXXXXXXXXXXXXXXXXXX4 66 08 00 222 4444 ' 66666666666666 4444 222 00 88 66
XXXXXXXIXXXXXXXXXXXXXXXXXXXXXXX 66 tie 000 222 4444 66666666666666 4444 222 80 88 66
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 666 88 000 222 4444* 66666666666666 4444 222 00 08 6
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 08 00 222 44444 6b66666b6bo66 4444 222 00 06

e.00e-XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 080 00 222 4444 6666666666666 4444 222 00 68
XXXXXXXX**XXXXXXXXXXXXXXXXXXXXXXXXXX4 66 88 000 222 4444 6666666666666 4444 222 00 88
XXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXXX* 66 88 00 222 44444 666666666666 4444 222 000 08
XXXXXXXXXXXXXXXXXXXXXXXXXXX>XXXXXXXX*XX4 66 88 000 222 4444 666666666666 4444 2222 004 I
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 80 040 222 4444 6666666666 44444 2222 000
IXXXIXXXXX*XXXX'XXXXXXXXXXXXXXXXXXXXXXXIZXX4 At 086 00 222 4444 6666666666 44444 222 000

•l«).6<t-XXXXXXXXXXXXXXX*XX*XxXXXXXX***i*XAX>XXXXXXXX 66 01 000 222- 4444 666666666 44444 222 080
XXAXXXXXXX**XXaX*X**XXXXX******XXXX*XXXX«XXXX4 66 IvB 00 22t 44444 66666666 44444 222 00
XXXXXXXXXXXXAXXXXXXXiXXXXXXXXXtXXXXXXXXXXXXXXXX 66 ea net 223 *444 6666666 44444 323 0
XXXXXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXX4 66 88 88. 232 44444 66666 44444 332
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXX 6b 88 008 323 4444 44444 333
XXXXXXXXXXXXXXXXXXXXXXXXXXXAtXlXXXXXXXXXXXXXXXXXXXX4 66 888 88 232 44444 4444 233

-2e.00K-XX«XXXXXXXXXXXXXXXXXXXXXXXXX>*XXXXXXXXXXXXXXXXXXXXXXX 66 88 000 222 4444 4444 322
XXXXXXXXXXXXXAXXXXXnXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 88 00 222 44444 44444 22
XXXXXXXXXXXXXlxXXXraXlXXXXXXXlXXXXXXXXXXXXXXXXXXXXXXXXX 66 18 808 332 44444 44444 2
XXXXXXXXXXXXXXXXXXl^XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 88 00 222 44444 44444
XXXXXXXXXXaXXXXXXXXXXXXAXX>XXXXXXXXXXX>XXXXXXXXXXXXXXX>IXXX4 6 00 00 222 44444 44444
XXXXXXXXXXXXXXXXXXXZXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 80 000 222 44444 444444

-30.e00-XXXxXXXXXXXXXXXXXXXZXXXXXXXXXXIXX>XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 86 88 00 222 44444 444444
XAXXXXXXXXXAXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 6 80 00 222 44444 44444
XXXXIXXXXXXXXXXXAXXXXXXXXxXXXllt>XAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX4 66 80 800 2222 4444444 444444
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 86 00 222 4444444 444444
XXXXXXXXXXXXXXXXXIXXXXVXXXxXXXAAXXXXXfXXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXX 66 88 00 222 44444444 444444
XXXXIXXXXXXXXXXXXXXXXXXXXX'XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXX 6 It 00 222 44444444444444444

•40.r.<l'-AX<XXXXXXXXXXXXIXXXXXXX>(XXA><IXXXAXXXXXXX>XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 6 88 00 222 444444444444444
XX«XXXXXXXXX*XXXXXXX*XX*XXXX*XX*XXXXXXXXXXXX*XXXXXXXXXXXXX»**XXXXXXXXXXXXXX4 66 08 U0O 222 444444444444
XX*XXXXXXXX*X*X**X**X**X«>>X>a*»XXXX>>XXXXXXXXXXXXXXXXXXXXX>XXXXXXXXXXXXXXXXX4 6b 88 BM0 222 4444444444
XXXXXXXXXXXXXXXXXXXXXAXXXXXXXiXxXxXxXXXXXXXXXXAXXXXXXXXXXX XXXXJXXXXXXXXXXXXXXXX 66 88 0.00 222 44444444
XXXXXXXXXxXXXXXXXXXXXXXlXXXXX)«\*a>xx***«X*<*XX3XXXX*XXX*X'«X»XXX**XXXXXX*XXXXXXX 66 88 000 222 44444
XXXXXXXXXXXXXXXXAXXXXXXJXXXXAaiAXAAAXXXXXXAXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66 88 008 2222 4

•5«'.«'<'''-*A**A<XXX*X*X*XA*<*XXX**A«'X>"*AXA>k>AVXX«X»*X/XX*X*lA»XXX»**XXXX**XXXX*XXXXX*XXXXXA4 66 88 080 2222
AXXAAXXXXAXXXXXXXAXXAXXXXAAA*«»»X**Xa«XX*X**»*<XX*XXXX*<XX*»**»XXXX>XXXXXX*XX*Xa*AXXXXX4 66 88 00 22222
XaXAXXXXXXXXXAXAJiXXXXAXXXaa'Oaa«X*AIX>XXXX*XX**XXXXXX«AXaa>X»XXXXXXXXXXXX*XXXA*XXXXXXXX4 66 81 00 2222
XXAXXXXXXXXXXXXXAAXAXAAXXXXaai.aIXAXAaXXXXXXAXXXXXXXXXXXXXXAAXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXX 6 888 000 222
XXIaxXXXXXXXXXXXXXXXaXX aXAXaX>.aaxaAXXXXXXXXXXXXxXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXXaXXXXXXXXX 66 88 ooe
xxxaxxxxxxxxxxxxxaxaaxxxxxaxaa.axxaxxaaaiaxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 66 68 ooe

•60.0b»-AXXJXXXXXXXXXXXXXA««<XXXXAA*AA"aAXaXAAAXAXXXXXXXXXXXXXXXXXXXXXXXXXX*XXXXXXXX*XXXXXXXXXXXXXXXXXXXXXX 66 86 00
xxxxxxxxxxxxxxxxxxxxxxxxxxxaaaiaxxaxxxxxxxxxxxxxxxxxxxxxxxaxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxxxxx 66 88
xxx*xxxxxxxxxxxxx*xxxxxaxxa»xaaaaxxxaxxx*xx*xxxxxx«xxxxxxxx*ix*xxxxxxxxxxxxxxxxxx*xxxxx*x****x*xxxxx**x4 66 88
XXXXXXXXXXXXXXXXtXXXXXXXXXXXXAOXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 66
axaxxxxxxxxxxxxaxxxxxxxxxxaxaaaiaxxxxxxxxxxxxxxxxxxxxxxxxx/xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxx**«xhxx*xx>>»axxxx*xx>*xxxxxxxxxxxxxxxxxxx>x*xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx*x<xxx

•70.00r-AXXXXXXXlXXXlXXXX(XXXXXXXXXAXA.>XXXXXlXXXXXXXXXXXXXXXXXXXXlXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXAXXXXXXXXXXXXXXXXXXAXXXXXXkAAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXAXX<XX*XXX»XXA>*»XXXXXXXX*XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXJXXXXXXXXXXXXAIAAXXXXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXIXXXXX**XXXA>*XA/»XX>XXXJ>»>XXX*>I7J*XXXXXX*X*XX*XXXXX**XX*XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*XXX««XXX
xxxxxxxxxxxxxxxxxxxa/xxxxxxxaaaaxxxxxxxxxxxxxxxxixxxxxxkxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxjxxxx

•S0.00V-XaxXaxXXXXXXXXXXAXIXaXXaXXa<>'AXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXX

THE COATCbC PLOT VCR11CAL AXIS IS LAolAX

tut HOmZfcATAL AXIS IS LA'UAl

Page 54



Genstat Newsletter No. 11

LIST or PCaEii PSfiSMCtER VALUES Ik 9S« CCAFIDEACC INTEMVAL

■ Hffc LCCAUCh PAHAatltR 1£ EfkO

-8. J6

-*.I7

-8.8F

-e.f4

•r.Plf

POVH- PAPtoflEF U£EC Ik TPAkSFOPF OF Ck£FFVil VALUES If
TPAkSFOfAIICN IkVOLVtS PPkEk PAFAkllEf 0x1.1.IhlS xlU. Pt khtk
TNf CHI-SucAMF STATISTIC IS kGT SJGMUCA.xT

PCkEP FAHAkETES 18 i.tti

AkOVA i>f VALUES TRAnSFCKXED PI POxEk FAkAAETlk CKLI

ACCITIVE kCDEL

AxAfiSIS Of VAXlAkCE •»•»•

VAPlATf; 1L

SOUkCe Uf VAhlATlCk

EXUNIT S1HA1U«
All)

A(3)

Ad)
KESIDUAL

TOTAL

CRAkl 10TAL

CfcAkt xf.Ak

TOTAL kUAFEH OF CBStPVATlCxS

OF S£ SS» PS VP

2 13.515kl 53.94 6.25788 174.481

2 7.)7r23 30.98 3.51511 99.915

2 2.88(23 12.07 1.40(11 39.(78

3v 9.71763 3.89 8.035SF

26 23.38369 188.8( (.•9345

26 23.28366 190..-.

t.IIS
27

• ••»A lAHLFS OF xEA'-i

VAPIATE: IL

CHAxL MEAk

ACt)

6.JI%

I

5.474
2

6.392

3

7.1 38

I
6.974

2  3
6.319 5.712

1

6.7(5

3  3

6.3(« S.92r

••••• STAkUAHC ESRCRS CP DIPFEPEkCLS OF KEAkS •••••

TAPLf. Atll »(2) A(3)

REP

SED

9

0.9893 0.(893

••••• STFATUP STAkCAxC ERkORS Ax|. COEFFIClEkTS CF VARIATIOk

STPATU'

EAUklT

CV%

3.P

Page 55



Genstat Newsletter No. 11

R.iTB

0.34b

B.JiC

fe.Jlb
B.i0«-

0.3i>b

0.21f
0.2bb

R 0.24k

e e.22b

8 0.21k.

1 0.19S
0 0.180

u B.lBb
R 0.1S0
L 0.13b
8 0.120

».l0b
r e.Kb(
R B.«.Tb

0 0.«t>e

R e.e4b

e.t JK

r R.eib

1 »0.C0»

T »0.01b

T -R.030

e -0.848

D -0.B60

-e.87b
R -0.C90
0 -B.lfS

0 •0.1i0

c -e.lib

L •0.150

•0.165

•B.IBR

•0.195
•e.2ie

•0.225

•0.240

•0.255

•0.270

•0.285

•0.300

-•.315
-0.330

•0.345

•0.360

•8.375
•0.398

•0.405

•0.420

2.16 1

3.0» 1

2.00 1

1.92 1

1.64 1

1.7b 1

1 .6e 1

l.ef 1
1.52 I

1.44 1

1 .36 I

1.26 1
E 1.20 1
1 1.12 1
P 1.84 I
E 0.96 1
C 8.88 1

T 0.6« 1
e 0.72 1
D 8.64 1

r.be 1

N 0.49 1

0 0.40 1

R 0.32 1
R 0.24 I
A 0.16 1
k 0.86 1

8.VK 1
0 -0.06 1

u •8,16 1

A -8.24 1
R •0.32 1
t •0.48 1
1 -C.4t I

V •0.56 1
e ««.64 X
8 -0.72 1

•8. 60 1

••.BB 1
•*.96 1
•l.«4 I
•1.13 I
•1.30 1
•1.3B 1
•1.16 1
•1.44 1
•1.52 1
•1.6B X
•1.68 1
-r.76 1

•I. 84 1

•1.92 I

-2.00 I

•2.06 1

6.0 6*4 6,B

FlITIO VALUES

» » 9

• • ♦

•  ̂ •

-»•«« •'€•33

56

-B.J4 -».16 -B.«« e.BB t.ue S.i6
fiCSlOUALS rROK riTlEC RCCCL



Genstat Newsletter No. 11

i.4 ]

J.2 i

3.e I
2.l> I

2.» I

2.4 I

2.2 1
2.«' 1

i.e I

t.2 I

I.e I
e.v I
e.e 1

C.4 I

e.2 I
e.e )

f •

• *

• «

> •

* •

• •

• 4

• •

» •

HlST'lCKi* Cf ro PtsjouAiti

L1S1 Of SCALEC TPANSfthPtC DA1A VALIifA AS AEAC PPO» I'ATA EltE THE
IfcASSFCAP' USES BCIh FAPIMEIFPS uNL> If IHf Chl.SOUAPl STAIISTK
roe L*PHiA2 IS SICKIFICANT.

6.513
6.091

5.914

5.185
5.677

5.394
5.023

8.199
5.5E3
B.esf

5.347

7.set
5.136

7.358
4.771

6.975
4.see
6.3JV

7.254
7.839

7.818
6.784

6.452
5.886

6.930 6.438 6.<82

References

Box, G.E.P.andCox, D.R. (1964) An Analysis of Transformations,
JRSS(B), 26,211-252.

Snedecor, G.W. and Cochran, W.G. (1973) Statistical Methods, 6th Edition,
(section 11.17). Ames Iowa Press.

G. V. Stevens

Department of Mathematics
Liverpool Polytechnic
Byrom Street
Liverpool L33AF
United Kingdom

Page 57



Genstat Newsletter No. 11

FITTING GENERAL MODELS WITH OPTIMIZE

The existence of OPTIMIZE, which allows specification of a very wide range of non-linear models
and error distributions, does not absolve users from thinking about the models, how they should be
specified and whether they are appropriate for the data. The *black-box' approach may be sufficient
for the single occasion, the user's time being more valuable than that of the computer, but in the long
run this approach can be wasteful and frustrating.

As originators of OPTIMIZE and also of the Maximum Likelihood Program (MLP), we are often
asked to explain why the programs do not seem to be working properly. At times, these queries have
uncovered genuine deficiencies in the programs but quite often the problem is in the model itself. In
an ideal program, diagnostic tests might be devised for all the examples to be discussed here.
Meanwhile, potential users may find them instructive.

Valid Models

The rules of model specification are very simple; MODEL specifies calculations leading to a
variate E (Y) of predicted means given the parameter values (and usually some independent
variates) and the options of OPTIMIZE specify the error distribution of the observation variate
Y about these means, with associated weights where appropriate. The commonest application
is non-linear regression (curve-fitting) with independent Normal errors. What, then, is meant
by an 'invalid' model if the Genstat syntax is adhered to?

Assuming that E (Y) is correctly described both in M 0 D E L and OPTIMIZE and the parameters
listed in OPTIMIZE occur on the right-hand side in the MODEL, they may still fail to produce a
variate that can be matched with Y. The following problems tend to occur;

Inactive parameters

One or more of the parameters may not be mentioned in the model, or may produce no
effect on E(Y), for the data being analysed. For example, the expression Z**P for
parameter P has no effect if Z only takes the values 0 or 1. Models using logical variables,
(X. LT. P) for example, may be unaffected by P if the condition is always satisfied (P
greater than all X).

Redundant parameters

One or more parameters can be cancelled from the model. This often occurs when the user
writes an expression from a physical or chemical textbook, say, which is correct for
evaluating the model given all the parameters, but not appropriate for fitting a model. For
example

E(Y) = (P1+P2*X)/(P3+P4*X)

has only three independent parameters; one parameter must be held constant, (e.g.
P3 = 1). A recent example which caused unnecessary trouble was something like

E(Y) = P1*EXP(P2/P3) + P2*(P3**P4)*X

Of course this was really just a straight line in X, with only two parameters, and the
program played about with endless combinations of four parameters always getting the
same fit but never converging, because there was no single set of optimum parameter
values.

Inactive data

Some data values contribute virtually nothing extra to the log likelihood or sum of
squares. The cause may be (a) a weighting variate which gives a wide range of weights, so
that the smallest are virtually ignored, (b) replicated data where there are too few
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different x-values (e.g. an attempt to fit a quadratic to replicate data for only 2 x's),
(c) formulae where certain terms cancel for some data values.

Incorrect ranges of values

When data are essentially non-negative or perhaps in range (0,1), not only should the
distribution be appropriate (Poisson, Gamma, Binomial, etc.) but the values of E (Y)
should also lie in the range. It may be necessary to control the parameter bounds so that
E (Y) always lies within range. The program may proceed, by treating invalid means as
missing observations, but the ultimate responsibility is with the user. Strictly speaking, a
model is invalid if it is possible to simulate data out of range. Positive variables should not
use Normally distributed errors, because the combination of small mean and large
negative error could lead to impossible values. In practice, this advice is usually ignored
and the results are acceptable if data values are not close to the limit of the range.

Overflow and underflow

These occur in models with exponential or power terms. For example, the logistic function

E(Y) = P1/(1+EXP(-P2*(X-P3)))**P4

can experience overflow for quite modest values of X and the parameters. Try it on your
pocket calculator!

Parameter Transformations

The same numerical results can be obtained in a number of ways. For example the models

E(Y) = P1*EXP(-P2*X)
and E(Y) = Q1*EXP(-Q2*(X-XA))

are the same, although the parameters are different. It can be shown that Q2 = P2 and
P1 = Q1*EXP(Q2*XA). All we havedoneistotakeoff a working mean, XAfromthevariate X.
The parameter Q1 is the height of the curve at X=X A, whereas P1 is the height at X=0. Nowif
X = 0 is outside the range of data X but X A is close to the mean value or mid-range, it will be
found that it is much easier to fit the Q parameters, which are nearly independent, than the P
parameters which are correlated in a non-linear manner. An even better transformation, based
on the values at two interior points, X A and X B, is

E(Y) = R1*EXP((X-XA)*L0G(R2/R1)/(XB-XA))

This looks very complicated algebraically but is very satisfactory numerically. If parameters
P1 and P2 are needed, they may be evaluated when the model has been fitted.

The principle is the same as that used in fitting polynomials to data. Algebraic polynomials are
easy to write down but orthogonal polynomials are easier to fit.

Most models are more complicated than the simple one given here but a few moments thought
can often save a wasted computer run. Any transformation which reduces the dependence
between parameters is likely to be useful.

Linear parameters

When a model is expressed as a linear combination of non-linear terms and errors are Normal
distributed, only the non-linear parts of the model need be written. This means that some of the
parameter fitting may be done by linear regression within the optimisation routine. This not
only saves time and improves accuracy but also avoids the need for the user to suggest suitable
values for the linear parameters. A well known example is the exponential curve

E(Y) = B1 + B2*EXP(-P1*X)
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where, if P1 is known, the model is linear with parameters B1 and B2. The difference in
performance between the one parameter fit and the three parameter fit is very remarkable.

G.J.S. Ross

Statistics Department
Rothamsted Experimental Station
Harpenden
Hertfordshire AL5 2JQ
United Kingdom

PROCESSING THE RESULTS OF MULTIVARIATE ANALYSES
[This is intended to be read in conjunction with the next article,]

Problems arise when the results of multivariate analyses are being processed, because of the two
methods of representing a data matrix: a matrix with n rows and p columns, or a set of p variates of
length n (here the term *data matrix' is used generally to include any units X variates situation,
for example the matrix of principle component scores). The EQUATE statement which copies from
one form to the other needs a format that is (at best) messy; sometimes the use of the format is
realistically unavoidable, however it is possible to sidestep it in some situations.

The basic idea, which allows us to omit the awkward formats, is to work in terms of transposed
matrices where possible. A single example, based on canonical variate analysis (CVA), should be
sufficient to show this device; however the applicability is wider. There are one or two extra points
that I leave to the end.

Suppose that we have a data matrix of n rows and p columns, the n units are grouped into g classes
and we will restrict our interest to the first k dimensions of the results from the analysis. IN Genstat
we have

'SCALARS' N.P.G.K

and we will need subsequently a scalar with value (k-l), e.g.

•SCALAR' KM1

The data matrix is held as a set of variates and the grouping into gclasses is held as a factor

'SET' XV = XV(1...P)
'VARIATES' XV $ N

'FACTOR' F $ G,N

and it is assumed that these have been given values. For the algebra that occurs below the other form
of the data matrix is denoted by the matrix X f/i Xpj.

The statements needed to perform the CVA and save the coordinates of the group means in the
canonical variate space (M), the latent vectors in L, roots in R and trace in T, are as follows:

'DSSP' W $ XV; F

'MATRIX' M $ G.K

L $ P.K

'DIAGMAT' R $ K

'SCALAR' T

'SSP' W

•CVA' W; L.R,T; SCORES=M
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To plot the group means, we require a set of k variates of length g which must be copied from the
matrix M; here a format for EQUATE is used.

'SET' MV = MV(1...K)

'VARIATES' MV $ G

'EQUATE' MV = M $ (1,(X)KM1)G,X

It is normally useful to plot the positions of the individual units in the canonical variate space
(superimposing these on the graphs of the variates M V). The matrix of these canonical variate scores,
S  is formed in two steps: first we obtain the rotation of axes S = X L; then S is 'centered', i.e.
its column means are subtracted from their respective columns. Of course, the columns of S will
need to be put into a set of variates for use in plotting, so cumbersome formats will be required both
to do this and to get X from the set of variates X V.

Instead of working with X and S we use their transposes, X' (pXnj and S' (kXn). We have S' = L
X * (from S = XL) which translates easily into the following Genstat statements.

'MATRIX' XT $ P.N

ST $ K,N

'EQUATE' XT = XV

'CALC ST = TPDT(L;XT)

To centre S we need to subtract row means from S *, however this is easier to do after the rows of S'
(columns of S) have been put into the variates needed for plotting.

'SET' SV = SV(1...K)

'VARIATES' SV $ N

"EQUATE* SV = ST

'CALC SV = SV - MEAN(SV)

Now a typical GRAPH statement might be

'GRAPH/EQXY=Y.37,61' MV(2),SV(2); MV(1),SV(1); ♦.F
which will plot the coordinates of the group means, as asterisks, and the individuals, using the
grouping factor, in the first and second dimensions of the canonical variate space.
I conclude with a few general comments. The device illustrated is to transpose the matrix algebra; it
is particularly useful for multi-stage analyses, i.e. when several analyses are being strung together.
In this case you may need to switch quite often between the two forms of data matrix: a set of
variates, for plotting (and printing), and a matrix, for the algebra.
You must be careful to centre matrices at the right time, for example with principal components
analysis it is X which must be centred, not S. Centering is easiest when the data matrix is held as a set
of variates, as in 'double-centering', where row means and then column means (or vice versa) are
subtracted.

'CALC' XV = XV-VMEAN(XV)
XV = SV-MEAN(XV)

I hope that some users of the multivariate directives will benefit from these comments.
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P.G.N. Digby
Statistics Department
Rothamsted Experimental Station
Harpenden
Hertfordshire AL5 2JQ
United Kingdom

PLOTTING VARIABLES IN PAIRS

The main purpose of this article is to pass on some hints for use when plotting the results of a
multivariate analysis. However some points have a wider application, hence the more general title.

Most results from the multivariate directives are returned in matrices, for plotting purposes we
need a set of variates containing the columns of the matrix, e.g. if the matrix has N rows and R
columns we need (up to) R variates of length N. Most people have seen something like:

'EQUATE' VSET = MAT $ (1.(X)RM1)N.X

where RM1 equals (R-1) and must be known at compile time. This requirement is tiresome,
especially if it occurs within a macro since an inner block is required to calculate RM1. Dynamic
formatting is allowed in Genstat 4.04 (see Lane, Payne and Simpson) which eases the problem.
Alternatively, we can transpose the matrix into an R X N matrix and equate directly from the
transpose. In general, I suspect that the use of a dynamic format is best.

Having obtained the set of R variates there is now the problem of getting all the R (R -1) / 2 graphs of
each variate with each other variate. If you are not too bothered about the order in which the graphs
are produced you can use the device suggested by Gower, the gist of which is:

'SCALAR' JGM,JGP,JGQ,JGR

'CALC JGQ=3-(JGP=R-2*(JGR=R-1-(JGM=INTPT(R/2))))
'RUN'

'FOR' YD=V(JGP...R);XD=V((JGQ...R)JGR,(1)JGM)
'GRAPH' YD;XD

'REPEAT'

The four scalars correspond to scalars M, P, Q and R in the original article; I have condensed their
calculation into one statement (note that there is a typographic error in the first CALC statement in
the original). I dislike the rather odd order of the graphs from this method so I routinely uses a less
subtle approach based on the following:

'FOR' YD = V(1...R)

XD = V(1...R)

'GOTO' FORGETIT ♦ (XD.IS.YD)
'GRAPH' YD:XD

'REPEAT'

'LABEL* FORGETIT

•REPEAT'

Note the use of the .IS. operator to test the equality of the identifiers pointed to by the pair of
dummies. As can easily be confirmed, this produces graphs in the order V(2,3,3,4,4,4) against
V(1,1.2.1.2,3)etc.
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The final paragraphs deal with the GRAPH statement itself. Even with the latter form of generating
the graphs it is easy to lose track of which variates are included in each graph. This is easiest to
remedy by putting axis titles on the graphs. By declaring headings HDIM(1...R), with e.g.
HDIM(2)= DIMENSION TWO'', parallel lists can be put on both loops, e.g.
'FOR' YD=V(1. . .R);YHD=HDIM(1.. .R),andtheATY=YDHandATX=XHDoptionsofGRAPHcan
be set. Within macros, it is best to declare a large number of such headings to cater for differing
settings of R. I normally declare HDIM(1.. .6) which should be adequate (note that 15 graphs are
produced if one goes up to 6 dimensions).

More care must be taken when plotting graphs of the dimensions of the results of a multivariate
analysis than when a set of observed variables is plotted. Interpretation of multivariate results
varies according to the type of analysis. However, many methods, e.g. PCP, PCO, CVA and ROTATE
produce results where the relationship between two points depends on the (mathematical) distance
between the points. Thus it is important that the scales of the axes, e.g. 3 units/inch, are the same, so
that the same physical distance in any direction represents the same mathematical distance. This is
arranged by making the graph square and setting the EQXY=Y option. Most printers give 10
characters per inch (across) and 6 lines per inch (down), but this may vary (beware). To get graphs
that are / inches square set the NRF and NCF options to {6t-\-l} and (70/+7j, respectively. I nearly
always use t=6ort=10.

To cater for these two possibilities I extend the use of the scalar (normally called GRAPHOPT) which
indicates the number of dimensions I want to plot: now its absolute value gives the dimensionality
and its sign indicates the graph size. Using twoscalars, NRF and NCF, we have

'CALC NRF,NCF=37.61+24,40*(GRAPH0PT.GT.0)

and the option settings are NRF=NRFandNCF=NCF.

The other way to ensure that mathematical and physical (paper) distances correspond correctly is
to work out minima and maxima and use the B V option. This is more complicated and usually results
in awkward scales on the axes; however, it is the only way to keep the same scales on all graphs - they
tend to differ with the previous method.

It is useful to label the points uniquely; if Genstat realises that this has been done it will list
coincident points below the graph, rather than printing a colon on the graph. By declaring
'FACTOR' GFAC $ N=1... N we can use GF AC as the final list on the graph statement to specify
this.

By this stage the GRAPH statement begins to look horrendous. Careful use of the rules of Genstat
syntax, and the knowledge that the five options given above (excluding B V which is the third option)
are first (ATY), second (ATX), seventh (EQX Y), eighth (NRF) and ninth (NCF), allows the form

'GRAPH/YHD.XHD,EQXY=Y,NRF,NCF' YD;XD;GFAC

which is not too daunting.

I hope that these comments will be received in the spirit in which they were written, rather than the
response that I might expect from (some) computer managers, 'Oh no, not more ways of generating
scrap paper'!
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GENSTAT ERROR NOTICE S4010

The following changes should be made to Error Notice S3010 (Newsletter No. 10):

Page 48 Line—23 should read DO 20 1 = 1,NVZ

Page49 Line 10 should read KSYM(1) = KCH(56)
Lines 30 and 34 should be flagged with **'.

ADDITIONS TO THE NOTICE BOARD

««««» ERROR ***** 23/03/83

•FIT' RESIDUALS FROM A GENERALISED LINEAR MODEL MAY BE
ETC. WRONG. WHEN THE LINK FUNCTION IS THE INVERSE, OR A

POWER FUNCTION WITH NEGATIVE EXPONENT, THE SIGN OF
THE RESIDUALS IS REVERSED.

(SEE ERROR RG?)

«»««» ERROR ***** 23/03/83

•FIT' SOME RESULTS ARE NOT SAVED CORRECTLY IF PRINTING
ETC. IS SUPPRESSED AT THE SAME TIME AS REORDERING

COEFFICIENTS. IF THE OPTIONS PRINT=Z AND ORDER=MAX
ARE SET, COVARIANCE MATRICES AND COEFFICIENTS SAVED
WITH KEYWORDS VCOV AND COEF ARE WRONG.

(SEE ERROR RGB)

«««»« ERROR ***** 23/03/83
'OPTIMISE' IF THE LIKELIHOOD IS MULTINOMIAL (LIK=7) THE WRONG

RESIDUAL DEGREES OF FREEDOM ARE PRINTED: THE NUMBER
PRINTED SHOULD BE REDUCED BY 1.
IF THERE ARE NO RESIDUAL DEGREES OF FREEDOM AND A
LIKELIHOOD WITH NO SCALE PARAMETER IS SPECIFIED
(LIK=4,5,6,7), THEN NO STANDARD ERRORS ARE PRINTED
EVEN THOUGH THEY ARE ESTIMABLE.

IF THERE ARE MISSING VALUES IN A VARIATE OF UPPER
BOUNDS, SPECIFIED WITH KEYWORD UPPER, THE STATEMENT
WILL FAIL WRONGLY WITH A DIAGNOSTIC OP 11 (MEANING
INITIAL PARAMETER VALUE IS GREATER THAN UPPER LIMIT)

(SEE ERROR 0P3)
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***** ERROR ***** 23/03/83
'OPTIMISE' IF 'RESTRICT' IS USED WITH 'OPTIMISE' THEN VARIATES

OF RESIDUALS OR FITTED VALUES SAVED WITH KEYWORDS

RES OR FVAL ARE ASSIGNED VALUES IN THE WRONG ORDER.

(SEE ERROR 0P4)

***** ERROR ***** 23/03/83
'DERIVE' IF PREDICTION ERROR VARIANCES ARE REQUESTED USING

FUNCTION PACF, THE LAST VALUE (HIGHEST LAG) IS NOT

CALCULATED BUT GIVEN AS A MISSING VALUE.

(SEE ERROR TS4)

***** ERROR ***** 23/03/83
'DERIVE' FUNCTION THACF CAUSES PROBLEMS IF THE OPTIONAL

ARGUMENT (TO SAVE THE TIME SERIES VARIANCE) IS NOT
SET. THIS RESULTS IN THE TRANSFORMATION PARAMETER

OF THE MODEL BEING WRONGLY CHANGED.

(SEE ERROR TS5)

***** ERROR ***** 23/03/83
ESTIMATE' IF THE TRANSFORMATION PARAMETER OF A MODEL IS

UNSET, THIS DIRECTIVE WILL FAIL. IF NO
TRANSFORMATION IS REQUIRED .SET THE PARAMETER

EXPLICITLY TO 1.0 IN THE VARIATE OF PARAMETERS OR

USE THE 'PRELIM' DIRECTIVE.

(SEE ERROR TS6)

***** ERROR ***** 23/03/83
PRELIM' THIS DIRECTIVE WRONGLY RESETS THE OBLIGATORY

PARAMETERS (CONSTANT. TRANSFORMATION AND VARIANCE)
OF A MODEL IF NO VALUES ARE ASSIGNED FOR THEM.

THUS. IF THESE PARAMETERS ARE GIVEN EXPLICITLY
IN THE PARAMETERS VECTOR AND 'PRELIM' IS USED TO

FORM PRELIMINARY ESTIMATES OF THE OTHER PARAMETERS.

YOU MUST REDEFINE THE OBLIGATORY PARAMETERS USING

KEYWORDS CONST. TRANS AND VAR.

(SEE ERROR IS?)

***** ERROR ***** 23/03/83
'ESTIMATE' IF THE FIX OPTION IS SET. THE REFERENCE NUMBERS

OF PARAMETERS ARE NOT CORRECTLY USED TO LABEL THE

MATRIX OF PARAMETER CORRELATIONS.

(SEE ERROR TS8)
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***** ERROR ***** 23/03/83
'FORECAST' THE FUTEREX OPTION FAILS WITH AN INTEGER VECTOR.

THIS OPTION WILL ONLY WORK FOR FORECASTING WITH*
A SINGLE INPUT VECTOR SERIES: GIVE THE REQUIRED
CODE FOR THE OPTION IN A SCALAR RATHER THAN IN
AN INTEGER VECTOR WITH ONE VALUE.

(SEE ERROR TS9)

'ESTIMATE
***** ERROR ***** 23/03/83
IF A MODEL CONTAINS NO NON-SEASONAL PARAMETERS,
THIS DIRECTIVE WILL FAIL. REDEFINE THE MODEL WITH
A NON-SEASONAL PART, USING EXPLICIT LAGS IF
NECESSARY.

(SEE ERROR TS10)

***** ERROR ***** 23/03/83
'FORECAST' IF MODELS INVOLVE DIFFERENCING OF ORDER 2 OR MORE,

FORECASTS WILL NOT BE PRODUCED.

(SEE ERROR TS11)

*****

**

**

**

*****

*****

**

*****

**

GENSTAT 4.03 ERROR NOTICE NO.12 22.3.83

350
««

**

450

C

**

ERROR 0P3
MODULE OP SUBPROGRAM EXOPT

(1) ERROR IF THERE ARE MISSING UPPER BOUNDS

J = KPAR(I)

IF(RDATA(J).NE.RMV) PARINI(I) = RDATA(J)
IF(PARMAX(I).EQ.RMV) PARMAX(I) = RLARGE
IF(PARMIN(I).EQ.RMV) PARMIN(I) = -RLARGE
IF(KGRID.GE.2) PARINI(I) = PARMIN(l)
RDATA(J) = PARINI(I)

IF(PARINI(I).LT.PARMIN(I).OR.PARINI(I).GT.PARMAX(I)) GO TO 1261
CONTINUE

(2) WRONG DF PRINTED FOR MULTINOMIAL, LIK=7

ISDATA(KREND) = I

CONTINUE

IF(LIK.EQ.7) NDF = NDF-1
IF(KREND.LT.KRBEG) GO TO 1199
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***** (3) NO S.E.S PRINTED IF DF=0 BUT LIK=il,5,6,7 OR 8

510 RDEV = FVALUE

IF(LIK.GT.3) RDEV = RDEV+RDEV
RMS - RMV

RR = 0.0

IF(LIK.EQ.I) RR = 1.0
*  IF(NDF.LT.O.OR.NDF.EQ.IMV) go to 520
*  IF(NDF.GT.O) RMS = RDEV/NDF
*  IF(NDF.GT.O) RR = RMS+RMS

IF(LIK.GT.3.AND.LIK.NE.9) RR = 1.0
C

««

***** END OF ERROR 0P3

***** ERROR OPH

***** MODULE OP SUBPROGRAM OPFRES

***** WRONG RESIDUALS AND FITTED VALUES ARE SAVED
***** WHEN 'RESTRICT' IS USED WITH 'OPTIMIZE'

GO TO 30

25 Z = RMV

*  30 K = KFIT+I
*  IF(FITTED) RDATA(K) = Z

IF(Z.EQ.RMV.OR.Y.EQ.RMV.OR.W.EQ.RMV.OR.T.EQ.RMV) GO TO 40
R = 0.0

««

GO TO 37
40 R = RMV

*  45 K = KRES+I
*  IF(RESID) RDATA(K) = R

IF(.NOT.PRINT) GO TO 50
CALL NEWLIN(I)

««

***** END OF ERROR 0P4

***** ERROR RG7

***** MODULE RGA SUBPROGRAM FRES
««

***** WRONG RESIDUALS FOR NEGATIVE POWER LINK FUNCTIONS

IF(SCALE) WT = WT/RSCALE

RDATA(IRES) = (RDATA(IWV)-RDATA(ILP))*SQRT(WT)
C  CHANGE THE SIGN FOR NEGATIVE POWER TRANSFORMATION
*  IF(RPOWER.LT.O.O) RDATA(IRES) = -RDATA(IRES)
250 CONTINUE

C

998 FRES = .TRUE.

***** END OF ERROR RG7
««
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***** ERROR RG8

***** MODULE RGB SUBPROGRAM SETLST

***** WRONG COEFFS AND COVARS SAVED IF ORDER=MAX. PRINT=Z

50 CONTINUE

C

C  IF ORDER IS TAKEN FROM MAX. MODEL, GO THROUGH ALL TERMS.
C

*  IF(NORDER) GO TO 80
NX = NNRC

*  IF(NOXSET) GO TO 80
0  CODE UP TO 70 IS AS CODE IN PRTINT UP TO 96.

DO 70 ITERM=1,NT
IBP = lORBP+ITERM

««

***** END OF ERROR RG8
«*

««

***** ERROR 1Si\

***** MODULE TSC SUBPROGRAM TSPACF

***** FUNCTION PACF DOESNT SET LAST VALUE OF PEV VECTOR

30 S=S*(1.-A*A)

IF(S.LE.O)GOTO 1285
N=P7+K1

*  IF(P6.GE.K1) RDATA(N)=S
N=W2+K1

RDATA(N)=A

***** END OF ERROR TSM
««

***** ERROR TS5
«»««« module tsa subprogram derive

««

***** FUNCTION THACF OVERWRITES TRANSFORMATION PARAMETER
**

220 CONTINUE

IF(KODE.GT.M) GO TO 250
*  KVOR = 0

IF(NUMBER.EQ.2.0R.L(3).EQ.0) GO TO 230
IF(K3.EQ.K(3)+L(3)) K3 = K(3)

**

***** end of error TS5
««
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***** ERROR TS6
***** MODULE TSC SUBPROGRAM TSTRAN

***** UNSET TRANSFORMATION PARAMETER IN 'ESTIMATE* CAUSES FAILURE

J= IDATA(J)+1

LAMBDA=RDATA(J)

* 2 LINES DELETED

J = BC+I

J = IDATA(J)

*  IF(J.EQ.O.AND.UMBDA.EQ.RMV) LAMBDA = 1.0
*  12=1

*  IFCLAMBDA.EQ.1.0)12=0

IF(J.EQ.1)NBCX=NBCX+1

IF(J.EQ.0.AND.I2.EQ.1)I1=1

IF(I1.EQ.0)G0T0 612
IF(GWSP(P2.2).NE.O) GO TO 1000
M=SER+NCS*P2

NCS=NCS+1

612 J=SRXO+I

***** END OF ERROR TS6
««

***** ERROR TS7
***** MODULE TSA SUBPROGRAM PRELIM

***** 'PRELIM' RESETS FIRST 3 PARAMS EVEN IF CORRESPONDING LISTS UNSET

L3=IDATA(P2+5)
V3=IDATA(P2+6)

*  X=RDATA(V2+1)

IF(P5.NE.0)X=RDATA(P5+1)

IF(X.EQ.RMV)X=1.0
RDATA(V2+1)=X

*  X=RDATA(V2+2)

IF(P6.NE.0)X=RDATA(P6+1)

IF(X.EQ.RMV)X=0.0

RDATA(V2+2)=X

*  R=RDATA(V2+3)

IF(P7.NE.0)R=RDATA(P7+1)
IF(R.EQ.RMV)R=1.0

V2=V2+3
B=0

IF(P1.EQ.O)GOTO 10

B=ISDATA(V1+1)

V1=V1+1

V2=V2-1

10 SK=1

***** end of ERROR TS7
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***** ERROR TS8

***** MODULE TSC SUBPROGRAM TSPRIN

***** WRONG LABELS FOR CORRELATION MATRIX IF FIX OPTION SET

LABCOL = 3

KREF = 0

*  IF(KFIX.EQ.O) GO TO 150
C  LABEL ROW AND COLUMN BY INDEX IF PRESENT

*  LABROW = 0

*  LABCOL = 0

*  KREF = DEX

*  150 CALL PRTSYM(0.NPAR,KREF,3.LENLAB.K2INV,2.LENIT)
200 CALL NEWLIN(I)

RETURN

end of error TS8

***** ERROR TS9
***** MODULE TSA SUBPROGRAM FORCAS
««

***** fUTUREX option of 'FORECAST* REJECTS INTEGER VECTOR

**

IVOR = 0

IF(IVEC.EQ.O) GO TO (10,20.30,^0),I
*  IF(I.EQ.M) ITYPE = 1

IF(VECSET(IVEC,ITYPE,IMODE,IVAL,IVOR,-1,3).NE.O) GO TO 1000
IF(I.EQ.4) GO TO 40

R = RDATA(IV0R+1)

IF(R.LT.O.O) GO TO 1173

GO TO (10,20,30),I
10 NORIGN = R

**

***** »foRECAST' fails if no structures are saved

**

KC = KLISTS+ISDATACIJ)

N = ISDATA(KC)

*  IF(N.EQ.O) GO TO 190
DO 180 J=1,N

IC = KC+J

IVEC = ISDATA(IC)

IF(GETATT(1,IVEC).NE.O) GO TO 1000
MVPTR(I) = CNMV(I)

IF(PUTATT(1,IVEC).NE.O) GO TO 1000
180 CONTINUE

**

***** end OF ERROR TS9
**
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**

«««««

«««««

25

30

««»»«

««

«««««

20

30

*  35
40

««

««

««

»««««

ERROR TSIO

MODULE TSC SUBPROGRAM TSMVAL

MODEL WITH NO NON-SEASONAL PART REJECTED BY 'ESTIMATE

M=4

IF(L1.LT.(K+M)) GOTO 100
IFCP4.EQ.0)G0T0 40

S=ISDATA(V1+4)

IF(S.LE.O)GOTO 100

END OF ERROR TSIO

ERROR TS11

MODULE TSC SUBPROGRAM TSINVO

FAILURE IN 'FORECAST' IF MODEL TAKES 2 OR MORE DIFFERENCES

IF(N.LT.O)GOTO 50

IF(P5.EQ.0)G0T0 40
IF(M.EQ.O)GOTO 40
ID = 1

IF(P.EQ.O) ID = N
M = M/ID

DO 35 IJ=1.ID

15=15-M

DO 30 1=1,M

U=I2+I

V=I5+I

RDATA(V)=RDATA(U)
I2=I2+M

CONTINUE

IF(P6.EQ.0)G0T0 50

13=13+1

END OF ERROR TS11

END OF ERROR NOTICE NO. 12

H.R. Simpson
Statistics Department
Rothamsted Experimental Station
Harpenden
Herfordshire AL5 2JQ
United Kingdom

NOTICES

10th and 11th International Time Series Meetings

Special Topics Conference:

on Hydrological, Geophysical and Spatial Time Series:
Toronto, Canada, 1984 August 10-14.
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General Interest Conference:

Toronto, Canada, 1984 August 18-21.

Information on these conferences may be obtained from the Convenor (see below).
Further abstracts are welcome.

O.D. Anderson, ITSM Convenor

9 Ingham Grove
Lenton Gardens

Nottingham NG7 2LQ
United Kingdom

Genstat Conference 1983

The third International Conference of users of the Genstat statistical package will take place
at Orsay (near Paris) France, 1983 October 10-12.

Sessions of selected contributed papers are planned on:
* new facilities and future developments

* macros

* comparisons of Genstat with other packages

*  interesting applications of Genstat

*  the use ofGenstat in education

Participants will be able to view the Genstat video tapes, see demonstrations of the latest
Genstat release and consult expert users of the program.
If you would like to receive further information about the Conference, please complete and
return the form below.

To R.W. Payne Statistics Department, Rothamsted Experimental Station,
Harpenden, Hertfordshire AL5 2JQ, U.K.

I am interested in attending the third Genstat Conference. Please send further
information.

Name:

Organisation:

Address:
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GENSTAT NEWSLETTER ORDER FORM

To order future issues of the Genstat Newsletter, please complete the form below and return it to:
The Genstat Co-ordinator

NAG Central Office

Mayfield House
256 Banbury Road
OXFORD 0X2 7DE

United Kingdom

(Each Genstat site representative automatically receives one copy of each issue, free of charge.)

Please note that each subscription to the Newsletter costs £ 5.00 per annum (2 issues). This price
includes 2nd class/surface postage. Postage at other rates will be charged at cost.

Back issues of the Newsletter are available on microfiche (24 X). The first contains issues 1 - 6
and each subsequent fiche contains two issues - 7/8, 9/10 etc. Each fiche costs the same as a
year's subscription to the Newletter (£5.00).

To: NAG Ltd., Mayfield House, 256 Banbury Road, OXFORD OX2 7DE, U.K.

Please supply me with copies of each future issue of the Genstat Newsletter

*for years/until further notice beginning with issue number

(Minimum subscription period: 2 years)

Please supply me with microfiche of each of the following issues

#□ Enclosed is my remittance for
# □ Please invoice me.

Signature

Name and address for posting

(please type or print)

Special mailing instructions

Cheques to be made payable to the Numerical Algorithms Group Ltd.
* delete one alternative

# tick one box
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