PROCFEDINGS OF THE
1620 USERS GROUP JOINT CANADIAN-MIDWESTERN REGION

FEBRUARY 19-21, 196k
AT THE O'HARE INN, TES PLAINES, ILLINOIS

FRANK H. MASKIELL
REGIONAL SECRETARY



MEETING SCHEDULE

1620 USERS Group

TABLE OF CONTENTS v February 19-21, 1964 O'HareSnif; Des Plaines, 111,
WEDNESDAY, FEBRUARY 19, 1964
PAGES '
8:45 GEN ERAL SESSION Convention Hall
2  MEETING SCHEDULE 8:45 Announcements " S B. Burrows
8:55 IBM Announcements " o I- Jessee
57- ATTENDANCE ROSTER 9:00 IBM Announcements " " (33 Bercpcoes
9:10 Programming Syst. Announcements " " L. Fostes
A RELOCATABIE SYMBOLIC PROGRAMMING SYSTEM
n 9:30 Index Register Concepts " " B. Soc%
31 KINGSTON FORTRAN II 9:50 Kingstran " " D. Jardine
85 CARLTON COLLEGE CQMPILER - CARLTON BINARY SIMULATOR 10:30 Coffee & Rolls " "
86 MODIFYING MONITOR I TO INCLUDE OTHER PROGRAMMING SYSTEMS 10:45 SELECTED SPS TOPICS-Elementary " "
A NEW COURSE IN COMPUTER APPRECIATION
m SPS WORKSHOP-ADVANCED Grecian Room D. Pratt
117 EDUCATION PANELISTS
12:15 Lunch Convention Hall
124 A SURVEY OF THE BEGINNING PROGRAMMING COURSE
.30 . w - " . ;
127 DATA PR STNG TECHNICIAN TRAINING 1 EXPLORATORY PROGRAMMING J. Morrissey
15h  INTRODUCTION TO MATRICES 3:00 Coffee
163 A FAMILY OF TEST MATRICES 3:30 PANEL OF 1710 USERS D 4 J. C. Hill
166  THE 1620 AS ANALYTICAL AND CQMPOSITIONAL AID IN 12 TONE MUSIC SPS WORKSHOP-ADVANGCED Grecian Room D. Pratt
169 L0GIC THEORRM DETEGTION PROGRAM 7:30 SOUND-OFF SESSION " " J.A.N. Lee
172 AN ADDITIVE PSEUDO-RANDOM NUMBER GENERATOR
THURSDAY, FEBRUARY 20, 1964
178 A MODEL DIFFUSION-REACTION PROGRAM
7:45 NEW USERS MEETING (coffee &rolls) D 3 B. Burrows
186 AUTOSPOTLESS NUMERICAL CONTROL
195 AUTOSPOT IT PREPROGESSOR PROGRAM 8:45 INTRODUCTION TO MONITOR I Convéntion Hall IBM
20h MANAGEMENT INFORMATION PANEL OF 1311 USERS Grecian Room B. Burrows
10:15 Coffee & Rolls " " & Conven. Hall
10:45 INTRODUCTION TO MONITOR 1 Convention Hall IBM
MONITOR I WORKSHOP-ADVANCED D 4 IBM

Magnetic Tape UUsers Meeting D 3 B, Robinson

2



12:15

1:30

6:30
7:30
8:30

(o

Lunch Convention Hall
) 10:45
INTRODUCTION TO MATRICES " " C. Maudlin, Jr.
MONITOR I WORKSHOP-ADVANCED D 4 IBM
EDUCATION PAPERS Grecian Room
1:30 A New Course in C. Davidson
*Computer Appreciation" " B 10:45
1:45 A Survey of the Beginning C. B. Germain
Programming Course " "
2:00 Data Processing Technicians; " " W. J. McGraw
an Integrated Training Approach
at Hibbing Area Tech. Inst.
3:00 Coffee Conven. Hall, Grec.,Rm. & D 4 10:45
3:30 Introduction to Regression Conven. Hall C.Phillip Cox 12:15
MONITOR I WORKSHOP-ADVANCED D 4 IBM 1:30
APPLICATION PAPERS Grecian Room .
3:30 The IBM 1620 as an A. Tepper
3:00

Analytical & Pre-

Compositional Aide in

12-Tone Music
3:50 A Family of Test Matrices
4:10 A New Random Number Generator
4:30 Logic Theorm Detection Program

Movies Convention Hall
MONITOR I & II Demos D 2
Repeat of 6:30 Program Repeat

Repeat of 6:30 Program

FRIDAY, FEBRUARY 21, 1964

8:45

I
!
f 10;15

Panel of Commercial Data Processing D 4
PROGRAMMING SYSTEMS PAPERS Convention Hall
8:45 Magic I and II " "
9:15 Kingstran " "
PANEL ON EDUCATION Grecian Room

Coffee & Rolls

A.C.R. Newberry
H.T., Wheeler
J. Wheatley

IBM
IBM

e

R, Thomas

J.A. N. Lee
D. Jardine

Conven. Hall, Grec. Rm, and D 4

e

ENGINEERING & CONTROL PAPERS D 4

10:45 AUTOSPOT 11 Pre-Processor Prog. D 4

11:00 Autospotless Numerical Control D 4
with the 1620

11:30 Montecarlo Techniques applied to

D. McManigan
E. Ray Austin

Radio Chemistry D 4 J.K. Lewis
PROGRAMMING SYSTEMS PAPERS Convention Hall
10:45 Carleton College Compiler D. Taranto
11:00 Carleton Binary Simulator W. Gage
11:15 A Completely Relocatable SPS M. Dorl
11:30 Modifying Monitor I to Include

Other Programming Systems A, Purcell

PANEL ON EDUCATION Grecian Room
Lunch Convention Hall
GENERAL SESSION "o "
Sound-Off Answers " "
Questions & Answers " "

Adjournment




BGCGERGAARD PAUL L GREEN GIANT CCMPANY LE SUEUR MINN CAVIDSCON JAMES L LONG ISLAND LTG HICKVILLE NV
ALCORN _HERBERT R MISSOURI SCHOCL OF MINES & MET ROLLA MO DAVIESON CHARLES UNIVERSITY OF WISCONSIN MADISON WISC
BLCRICH F C CLDSMCBILE CIVISICN LANSING WICH TAWSCN J T8M CCRPORATION CALGARY ALS
ALTENHOFE JCHN ELECTRO-MOTIVE DIV-GMC LA CRANGE ILL _ BECK JAMES € INLAND STEEL COMPANY EAST CHICAGO IND
AMCRT ANTHONY BELCIT CCRPCRATION BELGIT wWisC CEMERATH ALBERT J KIMBERLY-CLARK CORPORATICN WEST CARROLLTON OHIO
ARENA A IBM CCRPORATICN WHITE PLAINS N Y CENISON GEORGE B FAIRBANKS MORSE CO BELCIT WIS
ATKINS JOSEPH ¥ £ 1 DUPCNT DE NEMCURS CO INC  PARKERSBURG W VA DEUEL MICHAEL KEARNEY & TRECKER CORPORATION WEST ALLIS WISC
ATKINS DR D FERREL EASTERN ILLINGIS UNIVERSITY CHARLESTCN ILL CEVENNEY WILLIAX S WABASH COLLEGE CRAWFORDSVILLE INC
AUSTIN E R CCMBUSTION ENGINEERING INC CHATTANOGGA TENN DICKERSGN RICHARD F CONTAINER CORP GF AMERICA CHICAGO TLL
AUSTIN HUBERT TRI-STATE COLLEGE ANGCLA IND _ BILLINGER DR J & UNIVERSITY OF ILLINOIS CHICAGO I
BABIENE RCBERT C USAF - ACIC ST LCUIS G BORL MICHAEL UNIVERSTITY OF WISCONSIN MADISCN WISC
BACHHUBER JOHN J INST OF PAPER CHEM APPLETCN WIS DOUBLAS LEC € ARGCNNE NATL LAB LAMONT ILL
SAEVERSTAD HARGLD L SUNDSTRAND MACHINE TGOL BELVIDERE 1L COULCFF A A TRANS CANAOA PIPE LINES TORONTO ONT
SARBUTES ROBERT F I1BM CORPORATICN YOUNGSTOWN CHIO DRESSLER BYRCN B KENT_STATE UNIV KENT OHIO
——BARRON J0 1E¥ TORCNTO ONT BUCEAN JOFN HAWKER SIDDELEY CANADA LTD TORCNTO ONT
BARTH WILLIAM EDO CORPORATICN CCLLEGE POINT N Y DULICK REEERT W YCUNGSTCWN SHEET AND TUBE CO  YOUNGSTOWN gHIO
—— BATRORST LYRN L RUST ENGINEERING CO BIRMINGHAM ALA DUNN JACK T AVCC CORPORATICN HUNTSVILLE ALA
BATSON WILLIAM B JR NASHVILLE BRIDGE COMPANY NASHVILLE TENN DYE CAVID 1BM WHITE PLAINS NY
EAU N UNIVERSITY OF WISCONSIN FILWAUKEE WISC EDIE ROBERT STATE UNIVERSITY OF NEW YORK  BUFFALO N Y
BELONOS S P COLUMBIA GAS SYSTEM COLUNBUS 12 oHIO EDWARDS DAVID © E I DU PCNT CIRCLEVILLE OHIO
T BENENT LVAE ¥ WALLORY TIMERS COMPANY _ INCIANAPCLIS IND EDWARDS UR ¥ LLCYD KANSAS STATE TEACHERS COLLEGE EMPORIA KAN
. BERNIER J L GREAT NORTHERN CIL COMPANY ST PAUL MINN EIKENBERRY PROF R S UNIVERSITY OF NOTRE DAME NOTRE DAME INC
BEST ALBERT GLIDDEN CCMPANY " JACKSCNVILLE FLA ELWEEL WALTER G NEBRASKA WESLEYAN UNIVERSITY  LINCOLN NEER
SEST WILLIAM R VA BICSTATISTICAL RSCH SUPP HINES I __ESCHBACH CAREL THE UNIVERSITY CF TOLEDQ TOLEDD OHID
BICKFORD PAUL OKLA UNIV RESEARCH COMP CTR OKLAHOMA CITY  OKLA FIELD A WANNE FIRST AEROSPACE CONTROL SQUAD COLGC SPRINGS COLO
BILLINGHAM CAROL LEONARD REFINERIES INC ALMA MICH FIELD J A UNIVERSITY OF TORONTO TORCNTO 5 ONT
SLACK RICHARD H UNIVERSITY OF WISCONSIN MILWAUKEE 11 WISC FLATT JAMES © PUB UTIL DIST #2 GRANT COUNTY EPHRATA WASH
SLOMOUIST ROY iLL INST OF TECH CHICAGO ILL FLIESS MANFRED JONES & LAUGHLIN STEEL CORP PITISBURGH_ 30 PA
SOENHOFF PETER G MRD GATC NILES TLL FOCCR JCYCE UNIVERSITY OF WISCONSIN MADISON WISC
BONYYN DAVID A LOYOLA COLLEGE MONTREAL QUE FORSS LEONARD SUNDSTRAND AVIATION ROCKFORD L
BOWRAN RUTH 7 E M KLEIN & ASSOC CLEVELAND CHID FORSYTH O W CONTINENTAL CAN COMPANY CHICAGD T
8RIGGFORD RCBERT UNIVERSITY OF WISCONSIN MILWAUKEE WISC FOSTER C L IBM_CORPORATION SAN JOSE CAL
"~ SRESER DAVID WASHINGTON UNIVERSITY ST LGUIS ¥ISS FGX J BAINE WASHINGTON & LEE UNIVERSITY LEXINGTON VA
SREFIAIN PAUL E U S NAVAL ACADEMY ANNAPOLIS MD SRAIEING WILLIAM D UPJCHN COMPANY KALAMAZOO MICH
BRONN ROBERT N GENERAL MOTORS INSTITUTE FLINT 4 MICH FRANK DR WERNER BOWLING GREEN STATE UNIVERSITY BOWLING GREEN  OHIO
BUCHLER DANTEL ANACONDA WIRE AND CABLE SYCAMORE ILL FREDERICK DR KENNETH J ABBCTT LABORATORIES NORTH CHICAGO - ILL
BUHLIC W L SPENCER CHEMICAL COMPANY KANSAS CITY MO FUCHS 1VAN UNITED ATRCRAFT OF CANADA MONTREAL QUE
BURKETT S B JR PAN AM_AIRWAYS PATRICK AFB FLA GADE EUGENE T ABBCTY LABORATORIES NORTH CHECAGC _ ILL
BURNS R E AMERICAN WELDING E MFG CO WARREN CHIOD GAGE WILLIAN CARLETON COLLEGE NORTHFIELD MINN
BURRONS WILLIAM A DRAVO CORPORATION PITTSBURGH PA EANIERE CARL KEARNEY € TRECKER CCORPORATION WEST ALLIS WISC
CALLIS CLIFFORD L GREENVILLE TEC GREENVILLE SC GAUNT WENDY 1BM CORPORATION MINNEAPOLIS MINN
CAPPS. JOAN UNIVERSITY OF ILLINCIS CHICAGO ni GERMAIN CLARENCE B COLLEGE OF ST THOMAS ST PAUL MINN
CARLSCN MILTON E NORTHERN TLLINCIS UNIVERSITY  OE KALB L GILBERT PAUL NN STATES PORTLAND CEMENT MASCN CITY 10kA
CARLSCN KERMIT H VALPARAISC UNIVERSITY VALPARAISG IND GILBERT PAUL F USAF - ACIC ST LOUIS ¥0
TASLIN JAWES C U S AIR FORCE WRIGHT-PAT AFB CHIO GIVENS CLYDE JR NCRTHERN ILLINDIS UNIVERSITY  DE KALB L
CHERNIAK DR E A CARLETON UNIVERSITY CTTAWA ONT SLANBER HARCLD CARRCLL COLLEGE WAUKESHA WISC
THRISTIANSON G DOUGRBOY INDUSTRIES INC NEW RICHMCND WISC GCLCSRITH T1 LAWRENCE COLLEGE APPLETON WIS
CHRISTOFK RUSSELL E ELECTRIC MACHINERY MFG CC MINNEAPCLIS 13 MINN GCNZALES RICHARD L BRADLEY UNIVERSITY PEORIA it
CHRISTIANS DONALD D U S NAVAL ACADEMY ANNAPOLIS MD GRANT JEAN M J & L STEEL-GRAHAN RES_ LAB PITISBURGH 3C  PA
COLE NESLEY 6 PIONEER HI-BRED CORN COMPANY  DES MOINES IGWA GRAVES EARL CCNDUCTRON CORPORATION ANN_ARBOR MICH
LOOK LEROY L TIV OF RADIOLCGICAL HEALTH ROCKVILLE MD GREGG RGBERT D LINK-BELT CONPANY CHICAGD 9 TLL
COSTELLO DONALD F WIS STATE COLLEGE OSHKCSH WIS BRIBBEN CLIFFORD J INDIANAPOLIS POWER & LIGHT CO INDIANAPOLIS INC
COUCKH JORN D KANSAS STATE TEACHERS COLLEGE EMPCRIA KAN BRIFFITH WALLACE CENTRAL MO STATE COLLEGE WARRENSBURG MO
£OX -ROBERT C HUMBLE OIL & REFINING CO BATON ROUGE LA  GUTEKUNST HANS ELECTRO-MCTIVE DIV-GMC LA GRANGE I
CRULL JANES . XEARNEY & TRECKER CORPORATION WEST ALLIS WISC HATLCCK ALAN BELCIT CORPORATION BELCIT WISC
_ OABE RODNEY € CONSOER TOWNSEND ASSOC _ __ CHICAGD ______ ILL ~~~ PAGER HARCLC W SOUTHEAST MISSOURL STATE COL _ CAPE GIRARDEAU MO
DALTEN CLARENCE H SOUTHEAST MISSOURI STATE COL  CAPE GIRARDEAU MO FAJNAL TIECR E TRANS CANADA PIPE LINES TORCNTO ONT
DALY JAMES E DIV OF RADICLOGECAL HEALTH ROCKVILLE XD  KAKE CAVID A LOUISIANA POLYTECHNIC INST RUSTON LA
DANCN REBECCA WESTERN RE§§RVE UNIVERSITY CLEVELAND CHIO HAMILTCN JAKES R JR 16M ARLINGTON VA

O

e




O

e

HARR STEPFEN B 1BM PITTSBURGH PA MASKIELL FRAMNK H PENNSYLVANTIA TRANSFORMER DIV CANONSBURG PA
HARRIS EDIE IBM . CETRCIT MICH #ATHEWS GERALD BELCIT CORPCRATION BELOIT WISC
HATFIELD FREC A LINE MATERTAL INDUSTRIES ZANESVILLE CHIO MATTHEEISS PALL K SUN CIL COMPANY PARCUS HCCK PA
_MATTERL M KOZC-KEIKAKU STRUCT ENG FIRM  TOKYC JAP MATTMUELLER DCNALD __ _ ARMY MAP_SERVICE WASHINGTCN oC
HELLER NORA L FONSANTC RESEARCH CGRP MIAMISBURG oHIO MAUDLIN CHARLES E JR UNIVERSITY OF OKLAHOMA NCRMAN CKLA
HERSHEY CCLLIN DRAVC CCRPORATICN PITTSBURGH PA MAURER ROBERT WESTERN MICHIGAN UNIVERSITY KALAMAZCC MICH
HETHERINGTON RICHARD UNTVERSITY CF KANSAS LAWRENCE KAN WC DGNALD DAVID R FEDERAL RESERVE BANK MINNEAPOLIS MINN
MEWETT SYLVIA E I DUPCNT DE NEMCURS FLINT MICH ¥C KEE LOWRY i HOFSTRA UNIVERSITY HEMPSTEAD N Y
BEYNCRTH A UNIVERSITY OF ALBERTA EONCNTON ALE MC MANIGAL CAVIC F IBM CCRPORATICN POUGFKEEPSIE NY
MILL JOHN CARRCLL PURDUE UNIVERSITY LAFAYETTE INC ~ MCGRAW WILLIAM J  KIBBING AREA TECH SCHOOL HIBBING MINN
BINTZ ANN TBM CCRPCRATICN CHICAGO ILL MEAGHER PRCF JACK R WESTERN MICHTGAN UNIVERSITY KALAFAZCC ¥ICH
HOLLMEIER RONALL J PIONEER SERVICE & ENGINEERING CHICAGO L MEIDL RANCOLPH A  JCSEPH SCHLITZ BREWING CC MILWAUKEE wisC
HOLMES JOFN W CCOPER-BESSEMER CCRP MGUNT VERNCN CHIO NELLC LEGNARD GEOPHYSICS CCRP OF AMERICA BEDFCRC FASS
HOCK EVERETT L WAGNER ELECTRIC CORP ST LCUIS s HERGEN FRANK BRACLEY UNIVERSITY PEORIA Lt
HORRIGAN TINCTHY J COOK ELECTRIC CO FCRTCN GROVE T MILLER EDWARD W R B - SINGER INC STATE COLLEGE  PA
HOTCHKISS GARY ETHYL CCRPORATICN FERNCALE MICH FINNE DAVE _IBM CHICAGO i
HUGHES NORMAN L VALPARAISO UNIVERSITY VALPARAISO INC MCRRISSEY J 18M CORPORATION NEW YORK N Y
1YENGAR SRINIVASA H SKIDMORE OWINGS & MERRILL CHICAGO 3 ILL NCSCHETTI JOHN ELLIOTT CCMPANY GREENSBURG PA
GANSEN JOWN B CENTURY ELECTRIC COMPANY ST LOUTS %0 MYERS CLARENCE E ELL LILLY AND COMPANY INDIANAPGLIS 6 ING
JARCINE D A CUPCNT OF CANADA LTC KINGSTCN CNT ¥YLIUS WM G JR RUST ENGINEERING CO BIRMINGHAM ALA
“JESSEE J J TEM CORPORATICN CHICAGC ILL NAIKELIS U STANLEY UNIVERSITY OF ILLINGIS CHICAGO TLL
JORGENSEN 0CC DRAVO CCRPORATION PITTSBURGH PA _ NAYLCR R W SPENCER CHEMICAL COMPANY KANSAS CITY MO
KALLER C L UNIVERSITY OF SASKATCHEWAN SASKATCHEWAN CAN NELSGN MARVIN L CAWES LABORATCRIES INC CHICAGO 32 L
KAPPLE FRANK WHEATON COLLEGE WHEATON L NEUHAUSER VINCENT E LUKENS STEEL COMPANY COATESVILLE PA
KAUFNAN MARVIN UNIVERSITY OF MISSOURI COLUMBIA Ty NEWBERY CR A C R UNIVERSITY OF ALBERTA CALGARY ALE
KEEFER EDWARD K AMERICAN CYANAMID BOUND BRCOK N J NEWTCN LAWRENCE E ¥ D ANDERSON HOSETUM INST HOUSTON 25 TEX
KELEWAR BRANY 1BM BIRMINGHAM ALA NICELEY JCHN B RICHLAND TECH EDUC CENTER COLUMBIA s C
KELLER CR RCY UNIVERSITY OF MISSOURI CGLUMBIA #0  NOBLE HENRY J RCA SERVICE CO COCOA BEACH FLA
KELLMAN SIDNEY NAVAL AIR ENGINEERING LAB PHILADELPHIA 12 PA NOCNAN BERNARD UNIVERSITY GF MANITOBA WINNIPEG 19 MAN
KERR H B TENNESSEE POLYTECHNIC INST COCKEVELLE TENN NCREY RALPH LINK-BELT COMPANY CHICAGO § L
KIEN DR GERALD NORTHWESTERN U MEDICAL SCHOOL CHICAGO 1L NORTHAM JADE 1 UPJCHN COMPANY KALAMAZOO MICH
SLATSKY STEPHEN S ERIE MINING CCMPANY HOYT LAKES MINN CNEIL R T AMERICAN OIL COMPANY WHITING INC
KOLLER E PULP & PAPER RES INS OF CAN FONTREAL 2 QUE ERLCFF MILTCN J GENERAL MCTORS INSTITUTE FLINT MICH
XKRAFT DEN ELECTRO-MOTIVE DIV-GMC LA GRANGE iLL _ CTIC FREDERICK ¥ CLARK OIL & REFINING CD BLUE ISLANC It
KRUPEA R ¥ CONTINENTAL CAN CCMPANY CHICAGO It BWEN DAVIT 6 MIAMI-DADE JUNICR COLLEGE MIANT FLA
AANGE ROBERT € AUTCMATIC ELECTRIC LABS NORTHLAKE Lt PACHON HEBERTO AUTCMATIC ELECTRIC LABS NORTHLAKE It
LARCADE GEOREE A HALLIBURTON CCMPANY DUNCAN CKLA PALMER P € PCLYMER CORPORATICN LIMITED SARNIA ONT
LAWRENCE CEAN ¥ MIDWEST RESEARCH INSTITUTE KANSAS CITY 10 WO @ARKER CHARLES © GENERAL MCTORS PROVING GROUND MILFCRD MICH
LEEOR J A N QUEENS UNIVERSITY KINGSTON ONT PARKER S THCMAS KANSAS STATE UNIV PANHATTAN KAN
LEEE S UNIVERSITY OF TCRONTO TCRCNTG 5 ONT ©ARKER RGEERT NCRTHERN ELECTRIC OTTANA CNY
LEICHUS RICHARD 18K NYC NY PATERSON A R IBM MONTREAL QUE
LERICK GECRGE E ERIE MINING CCMPANY HOYT LAKES MINN _ PAUL_RONALD STANDARD CIL COMPANY CLEVELANC OHIO
LERRY DAVID P TEM CORPORATION NEW YORK CITY N Y EERCECC G IBM CCRPGRATICN WHITE PLAINS N Y
LITTELL DR ARTHUR S WESTERN RESERVE UNIVERSITY CLEVELAND OHIO PETRABORG JARRCLD LINK-BELT COMPANY CHICAGO § L
LOGAN S W¥ P R MALLORY & CO INC INDIANAPCLIS IND PLUM GEORGE ¥C DOWELL-WELLMAN ENG CC CLEVELANC 14 OHIO
ROGUE W E AMERICAN WELDING & MF6 CO WARREN CHIO PCORE JESSE KW JR LOUISIANA PCLYTECHNIC INST RUSTCN LA
LOHREY JOHN GIDDINGS & LEWIS MACH TCOL CC FCNC DU LAC WISC @CRTEAN CARCL NUMERICAL CONTECCMP SERVICES  CLEVELAND OHIO
&ONG JULIA ABBCTT LABORATORIES NORTH CHICAGD _ ILL PRATT RICEARD L _AIR FORCE INSTITUTE OF TECH WRIGHT-PAT AFB _CGHIO
*ONG PHIL 1BM KANSAS CITY Mo PRITZ MCWARC B TRI-STATE COLLEGE ANGOLA INC
RONGNAN JACK WESTERN MICHIGAN UNIVERSITY KALAMAZOG MICH QURCELL PHILIP LECNARD REFINERIES INC ALMA MICH
RYNCH MARY L1Z IBM CLEVELAND CHID QURCELL ALAN V UNTVERSITY OF WISCONSIN MADISON 6 WISC
MAAS ALBERT C GREEN_GIANT CCMPANY LE SUEUR MINN ____RAAB PAUL V ALLEN-BRADLEY COMPANY MILWAUKEE WISC
WACDONNELL L M ROYAL MILITARY COLLEGE OF CAN KINGSTON ONT RAFAELIAN LECN A CCNT AVIATICN & ENG CORP DETROIT MICH
MAGEE RCLAND H THE MAGNAVOX_ COMPANY FORT WAYNE INC ~ RECTER RCBERT R LCUISIANA PCLYTECHNIC INST RUSTON LA
MANIGTES CR JCRN PURDUE UNIVERSITY HAMMCND INC REIMAN CAVIC H NATIONAL LIFE € ACC INS CO NASHVILLE TENN
MARINERLI RICHARD STATE UNIVERSITY GF NEW YORK __ BUFFALQ N Y REITER NED SEWS REG PLAN COMM WAUKE SHA WIS
NARKEVICH ERNEST UPJCHN CCMPANY KALAMAZGC MICH RESTA EDNARD V 1BM SAN JOSE CAL
MARQUARDCT ROBERT W MONSANTC RESEARCH CORP MIAMISBURG OHID  RICHPCND EUGENE L JCSEPH SCHLITZ BREWING CC MILWAUKEE WISC
MARTIN KATHLEEN CINCINNATI 21 CHIO RCBINSCN T G KINGSTON ONT

UNIVERSITV_I7 GF CINCINNATI

CUPCNT CFé:ANADA LTC




9

ROBINSCN ROBERT J MARCUETTE UNIV MILWAUKEE WIS " VERVAERT JCKN BELCIT CCRPCRATION BELCIT WISC
ROEDER LY GECRGE L FIRST AEROSPACE CONTROL SGUAC COLC SPRINGS CCLO VICK E DCUGHBOY INDUSTRIES INC NEW RICHMOND WISC
ROSS RICRARC D UNIVERSITY OF MISSISSIPPI UNTVERSITY M1SS VICEEECK LR RICFARD UNIVERSITY OF MISSCURI COLUMBIA i)
RUGH J PALMER E 1 DUPONT DE NEMGURS FLINT MICH VRCCM K E PULP & PAPER RES INS OF CAN MONTREAL 2 QUE
SANDERS PAUL G ABBCTT LABORATORIES NCRTH CHICAGC  ILL " WALKER DCNALE T TRAVO CCRPCRATICN PITTSBURGH PA
SANTILLI A J NATIONAL STEEL CCRPCRATICN WEIRTCN WVA NANG JAKES C TUSKEGEE INSTITUTE TUSKEGEE ALA
SCARLETT JOKN C SURFACE COMBUSTION DIVISION TOLELO 1 CHID WAYERIGHT GLENN E RUST ENGINEERING COMPANY PITTSBURGH PA
BCHATZ NATHAN NAVAL AIR ENG LAB PHILA PA WEBER HEINZ C SURVEYER NENNIGER &€ CHENEVERT MONTREAL 25 QUE
SCHAUSS CHARLES E U S WEATHER BUREAU WASHING TGN D C NEIDEFAN WILLIAW ¥ARCUETTE UNIV MILWAUKEE WIS -
SCHERER MATHIAS E PIONEER SERVICE & ENGINEERING CHICAGC I NESTERMAN E A JOHN MCRRELL AND COMPANY CTTUMNA IOKA
"SCHETTLER RICHARD C SCUTHERN ILLINOIS UNIVERSITY CARBONDALE TLL WHEATLEY CR J GUEENS UNIVERSITY KINGSTON ONT
SCHROEDER ROBERT L H F_CAMPBELL COMPANY DETRCIT 10 MICH WHEELER K T CARLETCN UNIVERSITY CTTANA GNT
SCOYVI CARNMIN J 1BW CCRPORATICN CHICAGO (N WIGCAKL ALLEN B ALLEN-BRACLEY COMPANY MILWAUKEE WISC
SCONT EDWARD E LUKENS STEEL COMPANY COATESVILLE PA NIGHTFAN MARY G HEWITT ASSCC LIBERTYVILLE ILL
SENN JOHN TBM CORPORATICN MILWAUKEE ®ISC WILHEL¥® JACCUELYN THE UNIVERSITY CF TOLEDO TOLEDO CHIO
SHANAMAN GRECORY J CECO SVEEL PRODUCTS CICERO ILL KILLIAMS C R DCW_CHEMICAL COMPANY HOUSTON TEX
SHEEDY PAUL J CLARK OIL & REFINING CO BLUE ISLAND TLL WILEHCFF KENNETE F THE MAGNAVOX COMPANY FORT WAYNE IND
SHIGURA NCRIO UNIVERSITY OF ILLINGIS CHICAGO 1LL WILSON RCBERT JEFFERSCN CITY PUBLIC SCHOOLS JEFFERSON CITY MO
SIRRONS HARCLD ¥ CLARK OIL ¢ REFINING CORP BLUE ISLAND [ WINK ANNA T INDIANA STATE COLLEGE INDIANA PA
SMALTZ WUBERT J CE PAUW UNIVERSITY GREENCASTLE INC NCCL 6 W NATIONAL TECH CORP WEIRTON WVA
SNIAH WELBORN H ATRBORNE INSTR LAB NELVILLE NY NCOCS ARTHUR P JR ARMCO STEEL CCRP MIDDLETOWN OHID
SNITH NGEL T INDIANA STATE COLLEGE TERRE HAUTE IND NCOCE STANLEY W STATE HGWY CCMM OF WISCONSIN  MADISON WISC
SWITH BRYAN NORTHERN ELECTRIC OTTAWA ONT NOCONORTH J A TCW CHEMICAL COMPANY HOUSTON TEX
SMIAW ¥V 6 UNIVERSITY OF TORONTO TORCNTO 5 CNT WRIGHT CONALD t GEORGETOWN UNIVERSITY WASHINGTON DC
SOCKS 8 J TBM CORPORATICN CHICAGO [} YACU ZTURAIR A RALSTCN PURINA COMPANY ST LOUIS 8 WO
SOLOMON. LTULS NATIONAL LEAGUE FOR NURSING NEW_YORK N Y YAMAMURA E A DUPGNT OF CANADA LTD KINGSTON ONT
SARADLING GARY A UNIVERSITY OF OKLAHCHMA NORMAN OKLA YANAGI SANA HARUC CONTAINER CORP GF AMERICA CHICAGO T
STEBER GEORGE R UNIVERSITY OF WISCONSIN MILWAUKEE WISC ZAKN JULIA MCDCNNELL AIRCRAFT CORPORATION ST LOUIS 66 Mo
STRELE LAURA B GENERAL MOTORS INSTITUTE FLINT MICH TUKE LOIS VA HINES HOSP-BIOSTAT RES DEPT HINES Tt
SYEINKARDY RICHGLAS INDIANAPOLIS POWER § LIGHT CO INDIANAPOLIS IND

SYEPRENUTCH J R ROCKFCRD BD OF EDUCATION ROCKFORD L

STONE J IBM CORPORATICON WHITE PLAINS N Y

STORRY J © SOUTH DAKOTA STATE COLLEGE BROCKINGS SCAK

STRANGE € CLINTON JR BELOIT CORPORATION BELOIT WIS

SYRDWSE E 1 COLUMBIA GAS SYSTEM COLUMBUS 12 GHIO

BTYLES JIMMIE C JUNIOR COLLEGE OF BROWARD CY  FT LAUDERDALE  FLA

SULLIVAN RONALD A CANADA DEPT OF AGRICULTURE CTTANA ONT

FACK O CHARLES U OF MD SCHOOL OF MEDICINE BALTIMORE ¥D

SARANTO DONALD CARLETON COLLEGE NCRTHFIELD MINN

FAYLOR DEAN JR U S NAVAL ACADEMY ANNAPOLIS MD

TEPPER ALBERT HOFSTRA UNIVERSITY HEMPSTEAD N Y

TERAJEMICZ GEO AMERICAN AIRLINES FLUSHING 71 N Y

THAYER RAYMOND J LINE MATERIAL INDUSTRIES ZANESVILLE OHIO

FHIEL CONNIE ANN 1BM CLEVELANC CH10

THOMAS RCBERT J DE PAUW UNIVERSITY GREENCASTLE IND

THOMAS RICHARD B FEDERAL RESERVE BANK MINNEAPOLIS MINN

THOFPSON MAJCR IVAN B SCHOOL OF SYSTEMS € LOGISTICS DAYTCON CHID

THONSON CEORGE ETHYL CORPORATICN FERNDALE MICH

"THURSTON A M 1BM COMPANY LIMITED TORCONTO ONT

TRANTUR. JOHN MRD GATC CHICAGD 1L

TRAVER WARD B AMERICAN OIL COMPANY WHITING IND

TREVINO JOSE INSTITUTO TECH DE MONTERREY MONTERREY MEX

TUCK HARVEY R 18M CAYTON CHIO

JUCKER LEE SOUTH DAKOTA STATE COLLEGE BROCKINGS SDAK

TUNNEY JAPES L JR J R AHART INC CAYTON 6 CHIO

TURNER RONALD R LANSING BOARD OF EDUCATION LANSING MICH

UREAN CRARLOTYE A 1BM ST PAUL MINN

VANSEN RICHARD J CONT AVIATION & ENG CORP CETRCIT 15 MICH

VANSICKLE GEORGE INDIANAPCLIS POWER & LIGHT CC INDIANAPCLIS IND

»

)




A Relocatable Programming System

A relocating assembler for the purpose of this discussion is one which
assembles a program in such a form that it may be placed anywhere in memory
at load timejy i.e. the program does not have to be re-assembled to change its
origin, This has been accamplished in the past by manually placing flags on the
-digits of the op-code or by using origins greater than the machine size. The
author finds that these systems have definite disadvantages and has decided on a
system in which each operand (either instruction or DSA) carries with it a system
assigned relocating tag which determines its relocatability status.

An bler which prod a relocatable object deck should be of much use

in programs employing subroutines (Fortran, SPS) or in systems of programs.

The R-SPS system which should be in the library by June of 1964 consists of
essentially a 3 pass systcmg Two assemdbly passes and one compressing pass. The
assembly passes may be batched as may the compressing pass,

The main disadvantage of the system is the increased size of the object
deck.,

The following pages taken from the program write-up further serve to explain

the system and its use.

Michael Dorl
Bngineering Computing Laboratory
University of Wisconsin

5-5-64

Progrsm Abstract

Titles R-SPS
Author: Michsel Dorl

Engineering Computing Lsboratory
University of Wisconsin

Date: 1-1-64

Users Group Codes 3155

Direct Inquiries to: Prof. C. H, Davidson
Director,

Engineering Computing Laboratory
University of Wisconsin

Madison, Wisconsin 53706

Phone 608.262.3892

Description/Purpose

R-SPS provides the capability of relocating ordinary SP5 progrems at
load time. The assembled decks which it produces are relocetsble in the
full sense of the word, The system provides the programmer with compiete
control over the relocating feature, either through manus! intervention
or through programming, In addition error checking has been expanded
end assembly speed incressed,

Specifications
Storaget 40 K or larger (seifeadjusting)

Equlipments
a) Card system
b) Automatic divide
c) Indirect addressing

The automatlic divide feature is used only to process one seldom used
instruction (MORG), Thus the Auto-divice restriction cou!d be easily over-
come by not using that instruction,

The progrem cannot be used on & 20 K machine,

Progrem Langusge U~-SPS
Language Used In Wr-ite-Up Engiish

Remarks

Although UW-SPS is not In the progreamming librery, ir is quite similar
to R-SPS (see write-up). Copies are availabie upon request from the suthor.
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Progrem Write-up

Genera! Dats

Program Neme: ' R-SPS
Date:
Progrzmmer: Michael Dor! .
Englneering Computing Laboratory
University of Wisconsin
Medison, Wisconsin
Phone 608-262-3892
User Code 3155

_ Machine Configuration Required

a) Cerd 1/0

b) 40 K or more

¢) Indirect addressing
d) Aute-divide - '

Program Deveioped On
s) 1620 MOD 1
b) Cerd 1/0
c) Indirect addressing
d) 60 K
e) Auto-divide

Programming System Used in Deveiopment
R-SPS was assembled using an R-SPS assembied by UW.SPS, Although
UW~SPS is not in the program library, it is quite similar to R-SPS,
Copies of UW-SPS may be obtained from the author,

The final form of R-SPS is a dumped deck. The dumper is also availa=
ble from the author, .

Introduction

R-SPS is & Relocateble Symbolic Programming System, It gives the pro-
grammer much more complete and ecsy control over the loading and relocating
operation then any of the severzi other systems available for the 1620. The
decks which it produces can be reiocated at toed time under complete control
cf the progremmer, In addition, cssembly has been speeded up by a random
symtzol table store and recovery technigue So that the assembler is reader
pound during pass 1 end punch bound during pass 2,

In the following discussion it is assumed that the reader is familiar

with the use of 18M SPS and the SPS Reference Manua! (IBM 1620/1710 Symbolic
Zrogremming Sy: ;em-=C 26-5600).
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Card lnput Formst

Two separate card inpu! formats are provided,
1) UW-SPS format

columns 7-12 for label

columns 14-17 for instruction

columns 19-77 for operands and comments

2) 1BM SPS format
columns 6-11 for labet
columns 12-15 for instruction

columns 16-74 for operands and comments

The author believes the UW.SPS format to be superior in that all three

fietds are sepcrated by at least one blank on the card, permitting consistent
skipping to the beginning of each new field during keypunching,

Note that the IBM SPS format is modified slightly in that columns 16.74

are available for operands end comments, rather than columns 16-75.

Use of either card format is et the option of the user, The essembler

recognizes both types as legal, and they may be intermixed in the same pro-

gram,

mats;

Columns 1.5 are svailsble for cerd identification under both card for-
however these columns will not appear on the object listing, Since

column 6 is used in determining the card format, its use is prohibited for
other than label fleld under IBM Format,

Columns 78.80 for UW~SPS Format and columns 7580 for IBM SPS Format

are also available for card identification,

Statements

Statements are of three types:
1) Processor Instructions, which give the sssembler certain commands,

2) Machine Instructions, which are transiated to actua! Machine oper-
ations,

3) Declarative Instructions, which tell the processor to set aside
certain work areas or set up actual constants to be used.

Special Characters

The @, *, and § are used for special purposes In R-SPS,

)
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The @sign is used to call for » record mark to be incorporated in
eltner o declarative operation or in the P or Q field of an instruc-
tion,

If an(@ sign is used in a declarative operation it must appear as
the last character in the constant, For example,

X 0C 3,03@
DC 2,39
oC 1,@, *
DAC 2,0Q
DACF 2,A@

In the DAC and DACF instruction only terminal @ signs generate re-
cords marks.

In the case where a2 label is attached to 8 DC with an@ sign, the
address assigned to the label will be the address of the record mark,

The @ sign may be used to generate ® record mark.in position P6
or Q of an instruction:

11
A = 15000
TOM A@ 15 15000 0000#%
8 @ 49 0000% 00000

The @ wiill be translated as a record mark in position P6 or 011

respectively; however the @ when used in this way must appesr aslone,

The * when usec for address adjustment refers to:

1) the last assigned sddress when used in declarative or pro-
cessor Instructions.

2) the address of the Instruction in which it is used.

The * is treated as a relative address.

The § sign is used to call for a symbolic address under a glven
head character., For example,

A$HT

refers to HI headed by A .,

Operands used in instructions, for length definition, or for assigned
addresses may be of the following form,

: A : B8 : [ : D
Up to four terms may be included and mey be added or subtracted as

indiceted, No multiplicetion is allowed,

The dollar sign may be used to generate a group merk at the end of
a numeric constant in the same manner es an@® sign,

te
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The rules which determine whether an operand is relocatable (and
therefore mus! be changed during foad time) or sbsolute sre given below:

1) The sum or difference of two absolute quantities is sbsolute,

2) The sum or difference of an absolute and a relative quantity
is relative,

3) The difference of two relative quantities is absolute.
4) Calling for the sum of two relative quantities is illegal.

The sign of a relocatabie operand is preservec at load time, for
only its magnitude is increased by the relocating vector,

Processor and Declarative Operations

In declarative operations,isbels or symbolic sddresses may be as-
signed as in I3% SPS; however, the relocating of such 2 labe! is deter-
mined by its assigned sddress according to the following rules:

1) An integer eddress is absolute and mokes the associatea label
sbsolute. For exemple, in
A DS 2, 807
A will be teken as equivaient to an sbsolute 807 wherever
it sppears.

2) A symboiic address gives its relocatability to the lepel. If
Q is an absolute quantity and Z is a reiative quantity then
In the following statements

A DS ,0Q
AL DS, 2

A wlil pe absolute and AA will be relative,
3) A processor-sssigned address is relative,
e.go A DS 2

In the Dectarative Operations which follow al] constent iengths must
be absoiute.

DC, DAC, DS, Das, DNB

These pseudo-operations define storage in exactly the same way as
described in the IBM 1620/1710 SPS Manual. The sole difference is that
if comments are included without assigning sn address to the constent
end if the assigned address field consists of severa! blanks, the pro-
cessor does not take the address to be zero but rather sssumes it to be
oml tted,

Slanks must not appear in the middle of & numeric constent,

17
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DACF (Define Alphabetic Constant Flagged)

This pseudo-operation performs the ssme function as does the DAC,
except that alphabetic pairs sppear with their high order digits flagged,

DSC, DSS, DSB

These pseudo-operations are not available in RuSPS,

DORG

This pseudo-operation is used as described in the IBM 1620/1710
Manuai, Although its operand may be either absolute or relative, it
is treated as reiative,

DEND

This pseudo-operation is used to define the end of a R-SPS program
+. optionally to specify the location at which it is to begin, The
beginning address may be either reistive or absolute; if relative the
relocating vector will be added to it st load time, Whenever ‘this
operation is used control is teken from the loader and passed either
to the specified sddress or to a “Halt; Brench-to-zero® pair, This
operstion does not ceuse the arithmetic tables to be includea in the
ob ject progrem, .

MORG  (Modify ORiGin)

This operation is used to set the next assigned address register to
the next larger multiple of the operand, The operand which must sppear
must also be absolute, non-negative, and non-zero,

This operation is especially useful for starting tables at even
multiples of 10, 100, or 1000. It should be kept in mind that the re-
locating vector will influence the value of the last assigned address
at load time,

It is for this operatlon that automatic divide hardware is.required,

LOAD (Punch LOADer)

The R-SPS system employs 2 retocatebie loader which must be‘calied
for, The statement:

LOAD X
causes. the loader to be incorporated in the object deck in such a form

that its first digit wili be X , The operand must be absolute, or may
be omitted, If the operand is omitted the beginning digit of the loader

)
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must be supplied from the console typewriter at load time., The operation
aiso causes the add tasble to loaded,

This festure makes It possible to load part of the progrem from a
loader at position X and load another part from a loader at a different
position Y ., It should be remembered, however, that incorporation of a
second loader destroys all old velues of Relocating Vector and the next
Load Address. The loader occuples 1220 digits.

The instruction makes it possible to assemble a program in parts
while including only one logder in the final deck,

RVEC (Set Relocating VECtor)

This instruction is used for specifying the velue of the relocating
vector at assembly time, The operation

RVEC 10184

causes location 99 to be filled in with 10284 at load time, This in-
struction has no effect on the last assigned address register, The
operand must be absolute, The relocating vector is initially set to 1000.

TABL (Punch TABie)

This instruction, which requires no operand, causes the arithmetic
tables to be punched out., The add table is loaded along with the loader
but the multiply table is not; thus if any use is made of the multiply”
table this command must be given,

HED  (HEaD)

This instruction is used as in IBM SPS, The heading character may
be either alphabetic or numeric,

L INK
The pseudo-op
LINK A,B,C,D,E,F

is used to pass control at load time from the loader to 8 program which
has either been loaded previously by the loader or to a program originally
in core,

The A operand, which may be a relocatable symbol, is the address
to which control is to pass. The B, C, D, E, and F operands serve
as identification fields, and are available for use by the user's pro-
gram. Upon reading the card at load time the fotlowing fields are in
core.

19

Present Relocating Vector
The memory address into which
the next digit of an in-
struction will be toaded,
locations £5-89 The address to which s branch
must occur to pass control
back to the loader,
tocation 84 A zero,
tocations 26-30 A
locatlons 43-47 The last assigned sddress re-
gister at the end of pass 1 .
The operands 8, C, D, E, F

tocations 95-99
locations 90-94

locations L8.62

Upon filling in these areas, a B to 0 is executed thus transferring
control to & type six card at zero. (See Output Format).

This card relocetes the A operand if necessary and transmits con-
trol to the address A via a BT A, Acl. After the user has modified
any of the above constants which are required, control msy be passed
back to the loader via 8 B8 to <89 or BB Instruction.

The single digit at location B4 is a switch which controls whether
or not the program following the LINK instruction is: to be loasded into
core or ignored. If tocation 84 contains 2 zero the program following
the LINK statement down to the next LINK statement will be loaded; if
on the other hand location 84 is set to a flagged one the program following
the LINK stztement down to the next LINK statement will be ignored by the
| cader (alfhough the cards will be sequence checked), ~

1t should be noted that the loader does not relocate the operand's
8-F,

END

This instruction, which also requires no operand, is to define the
end of an R-SPS program without halting the loading operation, This in.
struction is used to end part of s fragmented program which is to be
loaded 8s one piece, '

20
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Examples of Use of Processor Instructions

A) This example shaws how LINK might be used to type a progrem name on
the console typewriter after the first few cards have been loaded,

LOAD
RVEC
DOORG
TYPE  RCTY
WATY
8B
DORG
ComMg  DAC
LINK

sseee

30000
0
50000

COML
»»s (B -89 would also do).
»

-9
13,PROGRAM NAME@ ,
TYPE

B) This progrem shows how LINK could be used to read the reloceting vector
for & program from the typewriter,

LOAD
RVEC
START  RCTY
WATY
RNTY
8ch
SF
o]
BN
B
MESSA  DAC

55000
1000

MESSA

95

0_36

95

99,0

START
-89,,,(0r B88)
6,RVEC=@, *.2

Mechine Instructions

Any of the symbolic operations in the following teble may be used and

ore trenste-cd es shown, In addition numeric op-codes in the operetion field
are recogni:ed providing that only two sppear and are left Jjustified,
" new opereticns,

TON
TOFF
BON
BOFF

= Jurn ON
- Turn OFF
- Branch ON
- Branch OFF

ore included, They ere used zs switches as expiained below.

D

21
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It is often convenient to remember s past condition by setting s two
way switch to elther » zero or flagged one, and then testing it st some
leter time with either a BNF or BD instruction,

instructions is equivalent to the following old instructions,

TON ADSW
TOFF ADSW
BON 2,ADSW
BOFF Z,ADSW

TOM
TOM
BNF
BD

The use of the four new

ADSW,0
ADSW, -1
Z,AD5W
Z,A0SW

A symbolic label sssociated with an instruction is a relative

quentity,

The fiag operand is used as in IBM SPS with one exception,

Blenks

may be included in the flag operand to set spart its various parts.

e.g.

However o pair of characters cannot be connected across s blenk.

€.g.

TABLE OF ALLOWABLE MNENONIC OPCODES AND THEIR 1620 EQUIVALENTS

A
AM
8
BA
88
8C1
BC2
3¢3
Bch
8D
BE
BH
Bl
8L
BLC
BME
B8N0
BN
BNA
BNC1
BNC2
BNC3
BNCE

01

10

0 is illegatl

is legal:

11
1 10

TABLE 1

21 XXXXX
11 XXXXX
49 XXXXX
46 XXXXX
B2 xxxxx
86 xxxxX
46 xXXxXX
46 xxxxx
46 Xxxxx
43 Xxxxx
86 xxxXXX
L6 xxxxx
46 Xxxxx
47 XxXXXX
86 xxxxx
U6 XxXxXXX
46 xxxxx
47 XXXXX
47 XXXXX
47 XXXXX
47 xxxxx
47 xxxxx
47 xxxxx

22

XXXXX
XXXXX
XXXXX
01900
XXXXX
00100
00200
00300
00400
XXXXX
01200
01100
XXXXX
01300
00900
01600
01700
01300
01900
00100
00200
00300
00400

-

N
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BKE 47 XXXXX 01200 S 22 XXXXX XXXXX
8NF Ll XXXXX XXXXX SF 32 XXXXX XXXXX
SNH 47 XXXXX 01100 SM 12 XXXXX XXXXX
BNI L& XXXXX XXXXX . SPTY 3 XXXXX 00101
BNL b6 XXXXX 01300 TBTY 34 XXXXX 00108
BNLC 47 XXXXX 00900 ' 0 25  XXXXX XXXXX
BNME 47 XXXXX 01600 TOM 15 XXXXX XXXXX
BNMO u7 XXXXX 01700 TF 26 XXXXX XXXXX
BNN b6 - XXXXX 01300 TFM 16 XXXXX XXXXX
8NP 47 XXXXX 01100 TNF 73 XXXXX XXXXX
BNR b5 XXXXX XXXXX TNS 72 XXXXX XXXXX
BNRD 47 XXXXX 00600 TOFF 15  XXXXX 0000J)a—FLAGGED ONE
BNV 47 XXXXX 01400 TON 15  XXXXX 00000
BNWD 47 XXXXX 00700 TR 31 XXXXX XXXXX
BNZ 47 XXXXX 01200 WA 39 XXXXX XXXXX
BOFF 43 XXXXX XXXXX WACD 39  XXXXX 00400
80N B XXXXX XXXXX YINTY 38 XXXXX 00100
8P 46 XXXXX 01100 N 38 XXXXX XXXXX
BRO U6 XXXXX 00600 WNCD 38 XXXXX 00400
BT 27 XXXXX XXXXX WATY 39  XXXXX 00100
3TH 17 XXXXX XXXXX SK 3 XXXXX XO7X1
BV 4 XXXXX 01400 ROGN 36 XXXXX X07X0
BWD 46 XXXXX 00700 WDGN 3B XXXXX XO07X0
BZ b6 XXXXX 01200 . CDGN 36 XXXXX X0701
c 2 XXXXX XXXXX RTGN 36 XXXXX X0704
CF 33 XXXXX XXXXX WTGN 38 XXXXX XO7X&
cM 1L XXXXX XXXXX CTGN 36 XXXXX X07X5
D 29 XXXXX XXXXX RDN 36 XXXXX X0702
DM 19 XXXXX XXXXX WON 38 XXXXX X07X2
DN 35 XXXXX XXXXX CDN 36  XXXXX X07X3
DNCD 35  XXXXX 00500 RTN 36 XXXXX XO7X6
DNTY 35  XXXXX 00100
H 48 XXXXX XXXXX
K . b XXXXX XXXXX Errors
Lo 28 XXXXX XXXXX e
LOM 18 XXXXX XXXXX In the course of assembling a program, various error conditions can
L) 23 XXXXX XXXXX arise as lllustrated in the following teble.
MF 71 XXXXX XXXXX
Ly 13 XXXXX XXXXX After encountering en error condition the sssembler types out an error
NOP L1 XXXXX XXXXX code, a line number as referred to the last labeled statement, and & copy
RA 37 XXXXX XXXXX of the offending statement. The machine then halts.
RACD 37 XXXXX 00500
RATY 37 XXXXX 00100 Depending on the setting of console switches one and two, the error
RCTY 34 XXXXX 00102 is treated as shown below when the start key is depressed:
RN 36 XXXXX XXXXX
RNCD 36 - XxXxx. 00500 SWitCh 2 ON =eewmem-e== errors are ignored
RNTY 36  XXXXX 00100 Switch 1 ON —=wweee-e= Statements in which errors

occur are treated as NOP's,

23 24




- 12 -

If the user elects to NCP an instruction in which an error occurs,
the listirg of the program contains a comment that the error has occurred
in place of the mnenonic instruction.

If switches 1 and 2 are off the assembier expects a corrected state~
ment to be entered from the console typewriter,. The statement is read into
the cleared input-erea. Correct processing can not be assured if more than
80 characters are typed,

If an error in typing is mede, the user cen recover via console switch 4,

Additiona) Errors

Three additional error conditions can occur which are not trested as
sbove,

1) If the program is loaded in & 20K machine the comment “MACHINE
TOO SMALL® will be typed on the console typewriter, It is not
possible to proceed,

2) If the symbol table becomes full the comment “SYMBOL TABLE FULL™
will be typed, All following symbols will be checked for multiple
definition, but they will not be defined, The comment is typed
only once.

3) If 2t the end of pass 2 the contents of the last assigned address
counter do not agree with the contents of that counter as of the
end of pass 1, the comment ™END CONFLICT" is typed, Processing
proceeds after this comment,

TABLE 2
ERROR CODES
C-1 DORG operand is missing or zero
Ce2 DEND or <ND operand is negeztive
(o555 ONB longth'is illegal
Cal Assemdier instruction contains a label
C-5 Incorrect cerd format
0-0 Iilegl length specified in constant or
iltlege! first operend
D-1 Ittegal length specification for DS, OC,
OAS, DAC, or DACF .
0.2 DAC or DACF length specified witl not fit
on card
0-3 111egal sddress specified for DS, DC, DAS,

DAC, or DACF‘

25
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D4 More than one erithmetic sign occurs in a DC

D-5 More than fifty numeric characters supplied
or more charecters supplied than specified
in 8 DC, DAC or DACF

D-6 Field not blank after record mark in DC

D-7 Field after alphabetic constant not blank

0-8 More than 10 terms in a DSA

D-9 DSA -term includes@ or **

Fal Non-numeric character in flag operand

F-2 Flag operand sub terms not In ascending order

I-1 Illegel identification opersnd in LINK

1.2 Iltegal LINK address

1.3 Illegal LOAD eddress

-4 T{iegel RVEC operand

P.0 Field contains something in addition to **
or character

Pl Too complicated an expression

“e2 Alphabetic symbol contains too many cheracters
or numeric constant contains too many digits

P.3 Unmatched operetor or operand

Pl Illegal use of alphabetic symbol

Pu5 Two operators in a row

P-6 Two operands in a row

P.7 Illegal cherecter in an operand

P.8 Multiply relocatabie constant

N1 Leading numeric character folliowed by alphabetic
charscter in op-code

N2 Valid numeric op-code followed by non-biank ctharacters

N-3 Op-code not in table

S-0 Symbol contains special character or leading numeric
character

S-1 Undef ined symbol

S.2 Previously defined symbol

S-3 Symbol undefined with fuli symbol table,

Operating Procedure

The foilowing list of operations must be performed in order to run
R-SPS:

1) Loca the R-SPS deck. It is not ﬁecessery to clear memory.
2) Press start. If you desire operating procedures to be typed

out *urn switch 4 on and press start again. If you wish to
bypass this type~out turn switch L off and press start,

26




-

3) The console typewriter ssks: ™IS SOURCE DECK TO BE STORED ON
DISK, TYPE YES OR NO*, If you have a disk file and wish to
store the source deck on the disk for use during pass 2,
type & YES, .If you do not wish to use this option type NO,

The machine then comments “SWITCH 1 ON TO CHANGE DISK
MODE®, This provides for change in the case of error In
the above operation,

&) Place the source program in the read hopper and start the
reader,

The source progrom will be resd in and processed, If any errors
are discovered, they may be treated individually as described in the
ERROR section. At the end of pess one the comment WEND OF PASS 1"
will Se typed out,

5) 1If you desire output on pass 2 turn switch 3 off and press
start, If you desire R.SPS to suppress output turn switch
3 on and press start,

6a) If the source program has been stored on disk during pass 1,
processing for pass 2 will proceed using the stored source
statements,

6b) If the source program was no! stored on disk during pass 1
it must be read in agsin during pass 2,

7) 1f the R-SPS program nas been producing an object deck, near
the end of pass 2 the program will type "SWITCH 1 ON FOR SYM30L
TABLE®, The symbol table will be punched out if switch 1 is on
and start is pressed, Otherwise the pass is finished, after
start is depressed end a comment is typed,

Steps 3.5 may be repeated for many source programs without relocading
the processor,

For those installations without & disk file steps 3 and 62 mey be

ignored, They may be eliminated from the processor by placing a “INUS
SIGN in column 1 of the last card,

The object deck which R.SPS produces will not in general be ready
to use until it is compressed, (The compressor punches out the ioader).

8) Load the compressor.
9) Enter your object deck and press start,

The compressor will read the object deck and produce a compressed
deck which may be losded into the mmchine.

27
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Steps 8 and 9 may be repeated for meny object decks without re-
loading the compressor.

Alt decks which are processed or loaded must be in correct sequence,
If an error in sequence is discovered a8 typewriter comment will be made,
Rearrange the deck in correct order and proceed,

Output Formet

There are six types of output cards as specified by the digits 1-6
in cotumn 76 of esch card, They are used as specified below:

1) Cerd type 1 is used to load up to five instructions per card
into memory, Columns 1-60 hold the instruction while columns
6170 hold a pair of rel-tags (digits which determine the re-
locatability of the various P and Q fields) for each instruc-
tion on tne card., Each pair of rel-tags pertains to one ina
struction, the first to the P field and the second to the Q
field, Ir all such uses of rel-tags a 2 implies o reinotive
quantity while a &4 stands for an absolute quantity, Further-
more, the number of instructions is determined by the number.
of rei-tag pairs,

2) Type 2 cards are used to specify the next digit into which an
instruction witl be loaded, The value in columns 1-l+ of the
cerd is stepped by the relocsting vector and saved in NEXDIG
of the loader,

3) Type 3 cards cause the lozder to transfer control to the card
itself, Instructions loceted in columns 0-79 of the card are
then executed and control is returned to the ioader by a branch
to 89 indirectiy, These cards are used to:

8) load or reset the relocating vector,

b). change the next card check number (see patch cards).

4) Cards witn a 4 in column 76 are used to load records of abso-
tute numeric information into memory, They consist of a record
of information beginning in column 1 of the card, a2 beginning
address A in memory for the record, a2 memory address B to
be preserved during the loading operation, and a singie reil-tag
which determines the relocatability of A end B . A is in
columns 56-60, B in columns 61-65, end the rel-tag in column
55. This card type is similar to the one used exclusively in
SPS to load information,

5) This card type is used to loed DSA's into core, up to 10
sddresses appear in columns 1.50 of the card foliowed by one
rel-tag for each address in cotumns 52-61. Again the number
of items is determined by the number of rel.tags.
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6) This final card type is used to process the LINK statement,
The cord loads the following data into tocations 0-72:

A %+ 30, 99,, THESE INSTRUCTIONS ARE
A *+ 23, 99,, NOP S IF A ABSOLUTE

aT A, Aol

B -89, WIDTH

DSA X1,X2,X3,X4,X5

A return address to the loader is filled in locations 85.89 and
location 84 is set to ¢ zero before control is transferred to location
zero (see LINK stztement),

A 4 digit consecutive card number is found in columns 77-80 of
all cards.
Patch Cards
Verious errors in the object deck cen be corrected by means of
patch cards placed in the compressed deck. These patch cards may
be of the form of any of the six card types specified above,
for example to place an

AN A,2,10

in tocation 1000 relative, where A is 14287 relative, the
following two cards could be used,

_ -~ 287
01000 2
1114387000-2 24 1
- 288
column 1 /
column 61
column 76

These two cards would be !ncorporg'ea into the patched deck before the
tast card and the whole deck renumbered,

An alternate procedure to renumbering the deck is to incorporate
a type .3 ceard to change the next card check number located in tne
digit of the loader. The following 3 cards would then do the trick,

- -287
01000 2.288
1114287000-2 - 24 1-289
1100089-002216000890-2881200089-0022_- 3-290
-288

M

column 76
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Important Addresses

Assembler
Beginning Pess 1 00822
3eginning Pass 2 00894
Symbol Teble Punch Routine 05582
Initialization 30002

Loader (locatec at L)

Next Csrc Check Number L+22
Relocating Vector 00099
Next Instruction Address - 00094
Compressor
Entry - 20506
407 8oard

The board wiring shown in the following diagram can be used for
listing the unccmpressed output of an R-SPS program, It zlso serves
to list IBMA and UW-SPS uncompressed output, The switch operations sre
as foilows:

Switch 1 on double space
off single space

Switch 2 on for ISM SPS
Switch 3 on for R.SPS

All switches are off for UW-SPS,
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HISTORY

The writing of compllers seems to be one of the
more popular pursuits of the members of the 1620 Users
Group. At least six different FORTRAN compilers for the
1620 have been written by non-IBM personnel, which
testifies to the enthusiasm and ability of 1620 users and
to their very real desire to build the best possible
mousetrap.

. A1l previous user-written compilers have accepted
variations of the FORTRAN I language, with the exception
of the University of Wisconsin FORGO, a load-and-go
compiler for student problems, which accepted a somewhat
restricted FORTRAN 1I. To our knowledge, KINGSTON
FORTRAN II is the first user-written FORTRAN II for the
1620. We hope that this initial effort will encourage
others to tackle the problem and improve on our system in
the same way that improvement followed improvement in the
user-written FORTRAN I compillers.

The initial impetus for KINGSTON FORTRAN II came
in about August 1963, from those of us living in Kingston,
Ontario, when we started to find out how UTO FORTRAN
operated, with the intention of providing a suitable
FORTRAN for a 40K 1620. It soon became apparent that
many useful features of FORTRAN II could be incorporated
at little extra work. Messrs. Lee and Field, authors of
UTO FORTRAN, were approached for ideas and suggestions, the
outcome of which was a decision to Join forces. After some
preliminary discussion, it was found that it would be no
more work to write a whole new system than to make the
desired alterations in UTO FORTRAN.

The basic concepts were conceived in three
rather long evening sessions during the October 1963,
1620 Users Group Meeting in Pittsburgh, Pa. By the end
of this meeting the source language structure and the
organization and general logic of the compiler were
developed and agreed upon., The various sections were
then allocated to the individuals best qualified to
handle them. By the first week in January, the main
sections of the compller had been written and tested
and 1t remained to tie the pleces together 1n a operating
system. This was done in Kingston, Ontario, durilng late
January, when all 5 authors worked for five days on two
identical 40K 1620's (Du Pont of Canada and Queen's
University).
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We hope that Users with 40K 1620's will find the
system useful and easy to operate. We have tried to
include every useful idea from other people's efforts so
that the system would be as speedy and compact as possible.

The work was divided as follows:

J.A. Fileld - Input/Output statements, DO statements,
input/output subroutines, FORMAT
statement.

D.A. Jardine - Arithmetic and function subroutines,
write-ups and operating manuals.

E.S. Lee - Compilation of arithmetic expressions.

J.A.N. Lee - Compilation of everything not handled

by the other authors.

D.G. Robinson - Symbol table organization, including
COMMON, DIMENSION, EQUIVALENCE, TYPE.
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KINGSTON FORTRAN II

This write-up describes a FORTRAN system for the
IBM 1620 equipped with automatic division, indirect
addressing, additional instructions (TNS, TNF, MF),
card input-output and minimum 40K memory. It is assumed
that a Model E-8 or larger 407 is avallable for listing.

The language is that of IBM's FORTRAN II with a
few modifications and a number of additions. For the
purposes of this write-up it is expected that the reader
1s at least on speaking terms with the FORTRAN II
language.

The compiler for this system batch compilles a
source program in one pass, at approximately twice the
speed of existing compilers for the 1620. The execution
speed of the object program 1s also approximately twice
that of IBM's FORTRAN II. Considerable effort has been
made to speed up all important parts of the system; in
addition, more core storage is available for the object
program than existing FORTRAN II compilers allow.

-SOURCE PROGRAM CARDS

These are as required for IBM FORTRAN II. Any
number of continuation cards are possible, but the
statement may not contain more than 300 characters
{blanks not included except in Format statements).

ARITHMETIC PRECISION
Real numbers: .B digit mantissa, 2 diglt exponent,

Notation is excess 50; (i.e. 1.0 = 5110000000)
Integer numbers: 4 digits, modulo 10000
VARIABLES '

These are as in IBM FORTRAN II, 1 to 6
alphabetic or numeric characters, starting with a letter,
which, for integer variables, must be one of I, J, K, L,
M, N, unless otherwlse specified in a TYPE declaration,

SUBSCRIPTS

A variable with, at the most, two subscripts
appended to it can refer to an element of a one- or two-
dimensional array. Three dimensional subscripting is not
permitted. A subscript may be an expression of any
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desired complexity, provided only that the result of the
evaluation of the expression be an integer quantity.
This should be positive if you want to avoid trouble.
However, a zero or a negative subscript can be used. To
use this effectively, the programmer must know how data
areas are laid out in memory. See the operating
instructions:

Examples of Subscripts:

1

3

2+MU

MU+2

J*5+M

5*J

6*J-K+2-10/L+M
brJ(K+2-L+M)+K(M(N+2)) /3
FIXF(A*B+3,0**SIN(X) +L/2

The variable in a subscript may itself be subscripted, and
this process of subscripting may be carried on to any

desired depth of subscripting. It can, in fact, be carried
far beyond the point where the average programmer understands
what he 1s doing.

SUBSCRIPTED VARIABLES

Only singly or doubly subscripted arrays may be
defined. The size of these must be speciflied in a DIMENSION
statement.

EXPRESSIONS

These are defined and organized exactly as in IBM
FORTRAN II. . .

LIBRARY FUNCTIONS

Ten library (closed) functions ‘are included in the
KINGSTON PORTRAN II System. These are listed in Table I.




-5 -

TABLE 1

Closed Subroutines

Punction R Function No. of Type Of -
Definition Name(s) Arguments Function Argument
Sine of the argument SIN 1 Real Real
Cosine of the argument [o{0 1 Real Real
Exponential (ex) of the EXP 1 Real Real
argument "

Square Root of the argument SQRT 1 Real Real
Natural logarithm of
the argument LOG 1 Real Real

Arctangent of the
argument ATAN 1 Real Real

Arctangent of (arg,/
args ) ARCTAN 2 Real Real

Signum of the argument;
=-1.for X<0.,=0. for )
X,0.,=t1. for X>0. SIGNUM 1 Real Real

Absolute value of Arg 1
with the sign of Arg 2. SIGN 2 Real Real

Choosing the larger value
of the two arguments - MAX 2 Real Real

Choosing the smaller value
of the two arguments ) MIN 2 Real Real

Table 2 1ists the open or built-in functions. These are
complled in-line every time the function is referred to.

TABLE 2
+ Function Function No. of Type Of
Definition . Name Arguments Function Argument
Absolute value of the
argument ABS 1 Real Real
ABS 1 Integer Integer

N\ ~

Table 3.1ists closed functions which are permanently
‘stored in the machine, whether or not they are mentioned by
name in a FORTRAN source program. .
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Function Function No. of Type Of
Definition Name Arguments Functlon Argument
Floating an integer FLOAT 1 Real Integer
Truncation, largest integer
in the argument, modulo

10,000, with sign of

argument FIX 1 Integer Real

THE ARITHMETIC STATEMENT

‘The arithmetic statement is the same as in IBM
FORTRAN II except for the extensions in complexity of
evaluation of subscripts.

CONTROL STATEMENTS

The control -statement flexibility in standard
FORTRAN's leaves something to be desired, particularly
where the program is complex and core storage is at a
premium. These conditions, it might be noted, are the
normal ones for almost all problems. KINGSTON FORTRAN II
attempts to improve this situation by expanding the
capabilities of the ASSIGN and assigned 60 TO statement
and by extending the ASSIGN concept to the other control
statements.

ASSIGN STATEMENT

ASSIGN 1 TO n

In IBM FORTRAN II, the ASSIGN statement is used only
in conjunction with an assigned GO TO statement. For
instance,

ASSIGR 3 TO J

GO TO J, (3,5,9,243)
will cause a branch to the statement numbéred 3.

The effect of the ASSIGN statement is to "equate" the

non-subscripted integer variable J to statement number 3., The
subsequent GO TO J, (3,5,9,243) is then interpreted as GO TO 3.
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In KINGSTON FORTRAN II, this concept has been
modified and expanded considerably. To describe these
changes, the following definitions are used:

Statement Label - A statement label is the name attached
to the memory location containing the first instruction
compiled from the statement identified by the label. There
are two kinds of statement labels:

Numeric Statement Label - usually kKnown as a

from one to four digits long.

Alphabetic Statement Label - A variable which may
be Ssubscriptéd €6 any desIred complexity and which
by one or more ASSIGN statements has been equated
to a numeric statement label (statement number).

It is most important to realize the difference between a
statement label and an arithmetic variable. ASSIGN 3 TO J
will place in J the address of the first instruction compiled
from statement number 3. J = 3 will cause the number 0003
to be placed in J. The sequence of statements

ASSIGN 3 TC J

GO TO J

will cause a branch to statement numbered 3. However,

J =23
GO TO J
will result in disaster. Moreover,

ASSIGN 3 TO J
J=Jd+1
GO TO J

will not transfer control to the statement numbered U.
Arithmetic on assigned. variables is not permitted; assigned
variables are not in any way the samé as arithmetic variables,
except that they may be subscripted and stored in an array.
They may also appear in COMMON, DIMENSION, and EQUIVALENCE
statements.

It is possible in KINGSTON FORTRAN II, to equate two
alphabetic statement labels by an ASSIGN statement. If the
first statement label in the ASSIGN statement is alphabetic,
it must be enclosed in parentheses.
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The following examples illustrate the ASSIGN statement:

ASSIGN > TO N (St. label N is equated to St. label 3)
ASSIGN (N) TO J (St. label J is equated to St. label N)

ASSIGN 3 TO I(K) (same as the line above. K must have been
defined before this statement and I must be
dimensioned).

ASSIGN (I(K)) TO L(3+M/4-M**3)
(same as above. The alphabetic statement
labels can be subscripted as desired).

Since the primary definition of a statement identifier 1s its
occurrence as a statement number, it is necessary that any
given statement identifier must ultimately be defined (through
a series of ASSIGN statements if necessary) in terms of a
statement number. Failure to observe this rule will cause
trouble. For example,

3 A =B
ASSIGN (J) TO K(L)
is not correct, because J has not been assoclated with any
statement identifier when the ASSIGN statement 1s executed.

However,

3 A =B

ASSIGN 3 TO J

ASSIGN (J) TO K(L)

is correct.

Alphabetic statement labels may be used in the
following control statements:

GO TO (both unconditional and assigned)
IF (SENSE SWITCH 1)

IF (arithmetic expression)

Computed GO TO

Alphabetic statement labels may not be used in a DO statement.

GO TO STATEMENT

GO TO n unconditional GO TO
G0 TO n, (n,n2,---ny) assigned GO TO
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where n is a statement label. If n is alphabetic, then it
must previously have been defined in an ASSIGN statement.
The assigned GO TO statement is treated exactly like the
GO TO statement. The comma and parentheslized list are
optional and will be accepted but ignored by the compller.

Computed GO TO Statement

GO TO (ni,nz,ns---npj,1

where n, ,na2---ny are statement labels. If alphabetic they
must have been previously defined by ASSIGN statements.

1 is a fixed point (integer) variable or expression. 1 may
be subscripted as desired.

ARITHMETIC IF STATEMENT

IF(a)n,,nz,ns

where a 1s an integer or real (floating point) expression
of any complexity, and n;,nz,ns are statement labels. If
alphabetic, n,,nz,ns must have been previously defined in
ASSIGN statements.

IF (SENSE SWITCH) STATEMENT

IF (SENSE SWITCH 1i)n,,nz

where 1 is a one or two digit unsigned integer number or an
integer expression, and n,,nz are statement labels. If i is
an integer expression, the low order two digits of the value
of the expression are used as the value of 1. The two diglt
numbers resulting from this are the numbers of machine
indicators, not Just console switches.

THE DO STATEMENT

DO n i =m,mz,ns

where n is a statement number, 1 1s an unsigned integer
variable which may be subscripted and m,,me,ms are

integer variables or integer expressions of any desired
complexity, positive or negative. n may not be an
alphabetic statement label, and 1 may not beé an expression.
There are no particular restrictions onh mp,mg,Ma. In
particular they may be positive or negative quantities.

If my=mg, the DO will be executed once only. m,,Ma2,Ms
should be chosen so that the DO loop terminates. See below
for an example of a never-ending DO-loop.

Example:
DO 5J = K+L-5, M-I(JOB(KK)),-L
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If m,,mz,mz are expressions, their values are the values of
the expressions when the DO statement is encountered at
object time, and these values are unaffected by alteration
inside the DO of the values of the variables in the
expressions m; ,mz,ma.

As a result of allowing positive or negative values
for m; ,mz,ma, it is legal to have DO loops which count
down. For example,

DO 3 I =10, 1,-1

will cause I to run from 10 to 1 in steps of (-1). The

following is also permitted.

DO 10 J = -10,5,2

which will cause J to assume successlvely the values -10, -8,
-6, -4, -2, 0, 2, 4. If the DO variable assumes zero or
negative values, it may be used, with caution, as a subscript.
Intelligent use of negative or zero subscripts demands
knowledge of the layout of data areas in memory, as described
in the operating instructions.

Care should be taken to see that the DO index
terminates properly. For instance,

DO 20 K = -10, -1, -2

will increment nearly 5000 times before termination. The
same 1s true of

DO 40 K = 10, 1, 2

Termination in both cases occurs because integer arithmetic
is performed modulo 10000.

All the restrictions on DO statements currently
imposed by IBM FORTRAN II are also in force in KINGSTON
FORTRAN, except as already mentioned.

CONTINUE STATEMENT

Same as IBM FORTRAN II.
PAUSE STATEMENT
PAUSE

PAUSE n, where n 1s a fixed point constant, variable
or expression.
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The typewriter types PAUSE n, together with error
messages (see operating instructions) and the machine halts.

If n is a variable or expression, its current value is typed.

PAUSE (without n) generates an in-line halt command; there
1s no typing. 1In either case, depression START will cause
resumption of program.

STOP STATEMENT
STOP

STOP n, where n 1s a fixed point constant, variable
or expression.

The typewriter will type STOP, followed by the
current value of n. If n 1s not specified, STOP 0000 will
be typed. CALL EXIT is then executed (see operating
instructions).

END STATEMENT

END is an instruction to the compiler that the
program is complete. An END statement must be physically
the last card of the main line program and of each sub-
program which is associated with the job. The END statement
results in CALL EXIT except in a sub-program, where it is
interpreted as a RETURN statement.

FUNCTION AND SUBPROGRAM STATEMENTS

FUNCTION and SUBPROGRAM statements are the same in
KINGSTON FORTRAN as in IBM 1620 FORTRAN II, and the same
restrictions apply.

Because the compiler is one-pass, the subprograms

are not complled separately from the main program. See the
operating instructions for further details.

INPUT/OUTPUT STATEMENTS

The INPUT/OUTPUT statements in KINGSTON FORTRAN II
are similar to those of IBM FORTRAN II, except that
expressions are permitted, as well as simple variables,
in certain places in INPUT/OUTPUT lists. Indexed lists,
array names (to handle a whole array) and all other standard
FORTRAN II features are allowed. It is not necessary to
specify a FORMAT statement number in an I/0 statement., If
no FORMAT statement number is glven, the system will supply
FORMAT (5N). Sce the description of FORMAT for an
explanation of FORMAT /5N).
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The permitted INPUT/OUTPUT statements are:

READ (card input), ACCEPT TAPE, ACCEPT (input on console
typewriter ), REREAD (re-reads last input record), PUNCH,
PUNCH TAPE, TYPE (console typewriter), PRINT (on-line
printer).

Indexed I/0 Lists

As in IBM FORTRAN 1I, the statement
READ 10, {((A)I1,J), I=l,10), J=1,10)

will cause 100 numbers A(1,1) to A(10,10} to be read into
array A. Similarly,

READ 10, ((A(I,J), I-K,L), J=M,N)

will cause various elements of A to be read in under the
control of the indices I and J.

In KINGSTON FORTRAN II, the limits on the implied
DO*s (I=K,L; J=M,N) may be expressions. Furthermore, the
names of the input variables may be subscripted to any
desired depth. For example:
READ 10,{((A(I(Kl), J(M1)), K1=K-JOB*2,1+5-J6),M1=M*8-MM9,N-3*N18)
Wwill be executed as
DO 100 M1 = M*8-MM9, N-3*N18
DO 100 K1 = K-JOB*2,L+5-J6
106G READ 10, A(I/Kl:, JIM1))

where I and J are names of one-dimensional arrays which must
previously have been defined.

KINGSTON FORTRAN II permits the same kinds of expressions
in indexing as are permitted in standard DO statements. The
implied DO in and I1/0 list may run forward or backward, and
may have integer expressions of any desired complexity.

INPUT LISTS
In an input list, the variables may be only simple

variables or indexed variables. Input of expressions is
meaningless, and not permitted, For example:
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READ 10, M, Q, A(I(K+4*L), M(N-S*L+k4)),B

is permitted, provided I, K, L, N and M are previously defined.

READ 10, A+B-C(K) 1is not permitted.

OUTPUT LISTS

Output 1lists may be fully indexed lists, as’
described above. 1In addition, expressions may appear in the
list as output quantities. For example:

PUNCH 20, C*D/(LOGF(X-Y*2)+10.3) Y, D
will cause
C*D/LOGF (X-Y*Z)+10.3

to be calculated at the time the punch statement is encountered
and its value to be punched, together with the values of Y and
D, on a card, according to Format statement 20. The value

of the expression in an output 1list is lost when it is

output, and is not available for further calculation. The
expression in an 1/0 list may be of any desired complexity,
and may be indexed as required, either by DO statements, or

by implied DO statements in the 1list itself. For example:

PUNCH 20, ( ((C*SQRTF(A(I1,J))-M(I)),I=1,L+4,3),J=I+1,K-10,5)
will cause values of C*SQRTF(A(I,J))-M(I)
to be punched out for values of J from I+l to K-10 in steps
of 5 and values of I from 1 to L+4 in steps of 3.

ASSIGNED FORMAT NUMBERS

Format statement numbers may be assigned by ASSIGN
statements in the same way any other statement number can.
Hence, input/output statements may use alphabetic statement
labels in place of Format statement numbers. For example,
the following program is permitted:

3 FORMAT (
b FORMAT (
5  FORMAT (
ASSIGN 3
ASSIGN &
ASSIGN 5

10  READ K(L
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Note that the flrst statement wlll be executed according to
Format statement 3, while the second READ statement will be
executed according to Format Statement 4 when L=1, and
according to Format Statement 5 when L=2,

The subscripted variables in all the above examples
must previously have been mentioned in a DIMENSION statement.

ARRAY NAMES IN I/0 LIST

. As in IBM FORTRAN II, array names without subscripts
may appear in I/O lists. Mention of an array name will
cause the entire array, as specified in the DIMENSION
statement to be input or output. Two dimensional arrays
are handled column-wise -

DIMENSION A(10,10)
READ, A

will cause the entire 100 elements of ‘A to be read in, in 5N

notation. The elements of A must be in order A(1,1), A(2,1),
A(3,1), A(u,l), A(5,1), A(G,l), etc.

FORMAT STATEMENTS

Format statements are, in general, equivalent to
Format statements allowed in 7090/9# FORTRAN II. E, F, I
and A conversion are permitted. Repetition of field format
is allowed before E, F,I or A. Thus FORMAT (I2,3El2.4) is
equivalent to

FORMAT (I2,E12.4,E12.4,E12.4)

Parenthetical expression is permitted in order to
enable repetition of data flelds according to certain Format
specifications within a longer FORMAT statement. The number
of repetitions is limited to 99. Thus,

FORMAT (2(F10.6,E10.2),I4)

The level of parenthesizing can be eXfended to a second level,
thus:

FORMAT (2(I4,2(F6.2,F8.3))) is equivalent to
PORMAT (I4,P6.2,FP8.3,F6.2,F8.3,14,F6.2,F8.3,