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Abstract 

This paper describes the DESY implementation of a 370/E based data 
processing system. 
The 370/E was designed at the Weizmann Institute in Israel by a team led by 
Hanoch Brafman and emulates an IBM 370/168 mainframe computer. This system 
can process large megabyte sized programs with a speed approximately 1/4 
that of an IBM 30810 mainframe. 
Four processors are connected via PADAC interfaces to the IBM, NORD, VAX or 
TMS9900. 

Introduction 

There is an increasing demand for computer power in high energy physics. -In 
the era of the forthcoming accelerators a data production rate of 400 tapes 
per day is estimated. All these data have to be analysed and compared with 
theoretical predictions. 
People designing accelerators need computers to simulate the beam optics. 
These programs are not I/O intensive and need a lot of number crunching 
power. In order to support physicists with cheap and IBM compatible computer 
power the 370/E emulator has been developed at the Weizmann Institute by H. 
Brafman (Ref.l). Emulation is defined as "the desire to equal or surpass a 
rival". In this sense the 370/E is a computer which from the user's point of 
view is indistinguishable from an 18M 370. 
In high energy physics the term emulator has become associated with the SLAC 
168/E which was designed by P. Kunz (Ref. 2). The 168/E was a successful 
product and many systems have been built. However, the 168/E with its 
limited access and separated memory for data and instructions could not run 
all programs without considerable user involvement. Especially formatted I/O 
was painful and normally not used. 
The advantage of the 370/E is its architectural similarity to the IBM 
architecture. A combined memory Ear data and Lnstruct1ons is used and the 
IBM instructions are emulated directly, Theref,:::re one does not need to 
translate the programs before running them on the emulator. One only has to 
!'ink the program together with the 370/E system and the FORTRl'N I!O routines 
and download it. The prLce oE the :_:;ro.::esscr is 45 kDM w1th a 2 ~byte memory. 
Approximately 23 processcrs are 1n operotion .in H1gh Energy Physics rRef. )l 

so Ear. A new version which ts 20% faster has been completed at the We~zmann 
Institute. 
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Description 

The main components of the 370/E are shown in Fig. 1. The 370/E consists of 
14 boards with the dimensions 39.4cm * 23.5cm. The whole processor 
therefore fits into a box of a typical crate size 45cm * 30cm * 40cm. 
The arithmetic and logic unit is divided into five parts • An integer CPU, a 
dedicated multiplier, two floating point boards and a control unit. The 
eight memory boards may contain up to 2 Mbytes of memory. If desired the 
backplane can be easily increased to give space for 4 Mbytes. From the 
address space point of view the processor can be equipped with 16 Mbytes of 
memory. 

Connections to Host Computers 

In our application the 370/E has no I/0 devices. It is controlled by a host 
computer. At DESY an interface has been built for PADAC which allows a 
connection of the 370/E to a NORD 10, NORD 100, VAX, PDP 11, TMS9900 or 
NS32016. 

The transfer rates without DMA setup time are 1.25 vsec/byte to a 
NORD100/Emulator, 1.5 vsec/byte to a VAX and 1.57 vsec/byte to a TMS9900. Of 
the variety of possible connections we describe here only two alternatives, 
an online and an offline application. 

Online Application 

Fig. 2 shows a typical online application. At the beginning of a data taking 
run a prepared load module and the latest constants are transferred from the 
IBM via the online net to the online computer {NORD, VAX, PDPll) which then 
loads the program into the 370/E. The constants are stored on local disks. 
The emulator is then started and gets first the constants and afterwards the 
experiment's data as they are read out by the online computer. Due to the 
double buffering in the I/O system the processor can analyse the first event 
while the second event is read in. From the programmer's point of vtew one 
only has to read an event with READfl,EN0:4)L,(IEVNT(I),I=l,LJ and output it 
with a WRITE(2) ... statement. All error messages and run summaries can be 
transferred to the online computer via a WRITE(6, ... ) and printed there. At 
the end of a run an end-of-file is generated which wtll close all files and 
halt the processor. 

Offline Application 

Fig, 3 shows the offline applicatton. The user 5Lts at the IBM terminal and 
the 370/E is connected to the IBM vta the online net and a TMS9900 
m1croprocessor. To the user, the 370;E looks ltke an attached processor to 
the IBM although it LS SOOm away from the computer center. The TM$9900 acts 
as a host, checks the connection to the IBM and to the 370/E and looks every 
2 minutes at <:he jobqueue on the IBM to determine whether or not a JOb has 
been submitted. The program 1n the '!'MS9900 runs ,for ever and only needs 
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restarting in case of a power failure. The user who wants to submit a job 
sits in front of an IBM terminal in his known environment. We assume that a 
big program which has already been developed by several people should run on 
the 370/E. The following steps are then needed : 

a)·- Prepare a Load Module 
The load module is built by the IBM linkage editor. This can be performed in 
different ways: One can use the LKED procedure under NEWLIB which must load 
the 370/E system first and afterwards all user's programs 

or 
one can run a small batch job which links all routines and libraries. Fig. 
4 shows an example of such a job. 

b) Allocate all Files 
All files which should be accessed by the 370/E must reside on disks. In 
addition one has to create a file LISTFILE which will contain the prtntout 
of the 370/E. 

c) Prepare Job Control Cards 
As in all IBM jobs one has to inform the system of the files which should be 
opened for each unit. Also the name of the load module and the time limit 
must be given. The job control file is stored 1n the user's library. Fig. 

gives an example. 

d l Submit job 
In order to submit a job the user must give the submit command 5370 or CALL 
'TASSOl.LIBRARY(SUBM370E)' and must type the names of the file containing 
the job control information (i.E. TASSOl.SOURCE!JCLJ70l '• The job is now 
placed into the jobqueue and will be executed later I Fig. 6}. 

e} Check Jobstatus 
With the command JJ70 or CALL 'TASSOl.LIBRARYiJOB537QE!' the user ~ets a 
list of the last 16 JObs in the 370/E. He can estimate how long he has to 
walt before the job will be started (F1g. 7;. If the job is running he may 
cancel the job by the CANCEL command or may look at the printout by LIST 
'TASSOl.LISTJ70E. 

The 370/E Operattng System 

The operating system of the DES'l 370! E lS adapted to our needs and 
environment. Only a single user runs on the processor at one time. Ne do noc 
support any multitasking. The process.:Jr '-S connected to an J:BM and should 
support ali I/0 faciltti.es the user normally gets ~r. che :nauframs like 
sequential READ, WRITE, REWIND, dtrec~ access READ, WRfTE, FIND and full 
support .:.n case of errors ltke dlVlde check or negative SQR':'. In order to 
get thls ser'llCe all programs dotng lnpu~ioutput mu5t be nr:tte:. tn 
FORTRAN IV or FORTRAN 77 ar.d must be complied by the iBM compiler. 
!he layout of the 09era.ting system ts shown in fig. 3. The ftrs~ :iocat.:.cns 
are fixed and allocat8d to ~rogram status nards :psw·s! and char.nel address 
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(CAW) and channel status words (CSW's) as in the IBM 370. The first word 
contains the PSW for initial program load (IPL) to start the program. The 
section for unsupported operation code contains routines to simulate some 
instructions which are not implemented in the hardware like move character 
long MVCL or CLCL. For REAL*l6 operations one can load a simulation package 
(IEAXPALL) from the system link library (SYSl.LinKLIB) to which control is 
transferred. 
The superv1sor 
calls: 

call handler (SVC) supports the follow1ng IBM supervisor 

SVC 3, EXIT, 
SVC 4, GETMAIN, 

to terminate a task 
to allocate dynamic memory 
to release dynamic memory svc 

svc 
svc 

5, FREEMAIN, 
8, LOAD, to load a member declared by IDENTIFY 
9, DELETE, to delete a member 

SVC 10, 

svc 13, 
svc 14, 
SVC 35, 

GETMAIN, to allocate dynamic memory 
FREEMAIN, to release dynamic memory 
ABEND, 
SPIE, 

to terminate a task abnormally 
to set or cancel SPIE exit 

WTO, to write to the operator 
WTOR, to write to operator and reply 

SVC 40, 
svc 41, 

EXTRACT, to provide lnformation from task control block 
IDENTIFY, to add an entry point to a copy of a load module 

svc 60, STAE, to set or cancel STAE exit. 
All tnformation concernlng open files is stored in the IHOUAC table. This 
table Lndicates which unit 1s open for sequential or direct access I/0. 
Before a load module is downloaded the IBM opens all files and transfers the 
data control block (DCBl parameters into this table. By this meLhod the 
370/E knows which ftles are accessible and which record length and blocksize 
should be used. 
All other constanLs from 
jobname are inserted tnto 
down leading. 

outstde like date, 
the load module on 

The resc of the operating system belongs to 
package. 

ttme, s1ze of program and 
ftxed locations before 

the FORTRAN lnput/output 

The operatlng system is linked in front of the user's program by an INCLUDE 
TASSOISYSTJ70EJ statement 1n the linkage editor. The user's maln program and 
all other subroutines are loaded 1n the middle. The rema11Hng space is used 
for dynamic allocatlon of I/0 buffers or histogram routines. 

Input/Output for IBM FORTRAN programs 

Fig. 9 tndtcates the user's program on the IBM written 1n FORTRAN, All I/0 
requests to flles must be t:raf'.Sferred in such a way that the user does not 
know whether hts ?r:Jgram runs or. tne :SM or on the emulator. Th1s 1S done in 
the Eollowing wa'l R.ef, 4.): Sa..::h FORTRA.N progr-am . ..,.h1ch ·..,.as generated by the 
tBM comptler gene::ates ~ cali r.o IBCOM'I' for each READ or 'IR:TE. A lot of 
parameters like addresses and FOR:-'AT stateme:<ts are excilar,ged between the 
program and the i"ORT!<...:l,.N : ·o pac.~<;age. IBCOM!t then does the formatting and 
transfers buffers :o ?IOCS.:t. Clere .')nly a few parameters like the un1t 
number, ~/0 request, buffer addr-?:Ss and buffer leng:h are ~xchanged. 
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In the case of the 370/E the FORTRAN runtiffie library has been split into two · 
parts: IBCOM# runs on the 370/E ProCessor'and FIOCS# runs on the IBM or. 
host. For direct access I/O the routines DIOCSl and DIOCS4 are used. ThE! 

corresponding program on the IBM is DIOCS# and DEFILE. IBMTRA is the actu~l 
transfer routine between the 370/E andc the _host. As the information which is 
ex:changed between the 370/E and the IBM j.s- well known the IBM can easily )::le 

replaced by a minicomputer like NORD or VAX as long ,;.s the files are 

delivered in IBM format. 
The transfer speed between the 370/E and -tlie IBM is 5 IJSec/byte. In order tb · 

avoid a slowing down of the processor· ca1.1sed by this transfer rate several 

levels of pipelining are used: The processor has two buffers for each I/O 

unit and the IBM also has two buffers·. ·vor: sequential input qnd output and. 

for direct access output the proces-sor -Can continue with lts calculation 

while the transfer takes place. For 'direct access input {!) the processor 

must wait until the record is really shipped down from the IBM disk into the 

370/E memory. If several consecutive direct access records are read into the 

user's program the 370/E issues a FIND request to the IBM so -that the next 

record can be transferred while the program is still operating on the 

previous data, 

Status and Performance 

Fig. 10 shows an example of a job which was executed on the 370/E. The only 

indication that the job did not run on an IBM but on the emulator are the 

addresses in the traceback of the error messages. All addresses are the same 

as in the linkage editor. 
Four 370/Es are running at DESY. One processor has operated for a year and 

has executed 1116 jobs uswg 150 000 min CPU (370/E: time). The job profile 

can be seen in fig. 11. Apart from short tests many jobs remain in the 

370/E for several hours . The only problems which occur from time to time 

are breakdowns of the IBM link and the IBM online system. In addition,some 

jobs need a lot of data from the mass storage device. If these data cannot 

be delivered within a time limit of l mLnute the job will be cancelled in 

order to release the link. Normally data are transferred from the mass 

storage system to disk when the job is submitted by the user. If the waLting 

time for job execution is not too long data remain on disk and are available 

when the job is started. 
The processor does not introduce 
learned how to build an IBM 
the computer center the 370/E 
are running in the mainframe. 
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Zig. 2 iJata from an experirr,ent are written into a buffer or on 
a disk. 'lhen they are analysed and filtered by the 370/E 
and sent to the IBM or on a tape. 

Prepare Job 

Submit Job 

Source Library 

Fig. 3 Offline application. The user sits at the IB~ terminal, 
writes a program (NEWLIB) and compiles it. Afterwards 
tje program is linked (LINKAGE EDITOR) together with the 
370/E operating system. The job is then submitted and has 
access to all IB,\1 files. Res~lts can be read from LISTFILE. 
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~TUP 

''" 1/LK~O.SYSLlN UD UONAME=SY~l~ 
// D~ OS~=&&L~SLT,U!Sr=(~L~,UtL~ltJ 
II . . D~ DUn~Y 
//LKED.SYSLl~ D~ 
II DV 
1/ DU OSN=hO~~A~.b~nlNJ,UJ~,·=SJa,, 
II DC U~N=M02tAs.~£1'L~,Dl~~=:.t.n 
/ILKED.SYSLMOU UD D~H=F18huT.T~0LluL(b~l'4]Ul,J ,~1~~= (S!t~,~~L~) 
IILK~D.TASSO DD D~N=TASSOl.Llbl!AI:\,Ol~t=~jih 
IILKEO.TSO UD D~N=fl8NOt.T~0LJbL,~lSl=~!lh 
IILK£0oSYSl~ DO * 

INCLUDE TASSO(SYST310B) 
II 

Fig. 4 Example of a j'ob to prepare a load module. (compile and 
link). Vne can connect all libraries to the linkage editor. 
'l'he 370/E system is loaded by an INCLUDE TASSO(SYST370E) 
statement. 

llf1HNOT00 JOb ~I~!=~ 
1/~T~POO LXEC Pbr.=F1BNUT.T~OLlbL(~~pq70L) 
IILISTflLh DO OSH=f18NOT.L1ST371~ 
IIFTQbF001 DO USN=F1~NUT.G~P46 
llfT4bf001 DO O~N=FlUNUTobEPQ8 

Fig. 5 Job control language for a 5 minutes job and 2 output 
files for graphic information. 

t,H'.E H. NAH~ Vf flLt CONTAlNUlo Jub COli'ftlUl. \.AhiJ:J 
UAHV_L~: 'USSV1 .SOUhCJ:. ('JCL.HO) 

h\l¥lfll'ot'ifi,Obi:/l, ( ~'i*"J!,I 
Gk..i'LI-701.} 
AL~OCATE flLt Uti 
//GO.FT8Bf001 ~0 VSN=flbHQJ•!5UL~bL(~t~470L) 

LUiGTH. Of PliOb'kAH 211H3:.! 000.J3i>"lo 
---------------------------------AJ,.LOCAl'E- fll.t; 61> 
//GO~FT8HF001 DD U5N=F1bfiOT.LIStj71~ 
ALLOCA'f·Z f"ll.t; 4b 
//GO ot'T8.Bt'001. IH.I llS tt=fl DbOt .Gf.l'll b 
ALLOCATE f'l U: ij b 
IIGO.FT68F001 Db DSN=f1BNOT~G£~qb 
JUI:l NO Hl'/1 f1bNU'I00 Tli'IE= !.:. SUtidlTTt:C 'lU J"IU/1.. . 
Pl!,_I)Ct;!;iSOk hAS Cliti,.:rt£0 1,JU£Ub AT O,'IIUl/tl!.:. (,~.4Uo'l~ Lli!:i'f JUt.: t'lll•lifiJV 

Fig'. 6 Submit a job. The user gives the file Which contains the 
job control information (JCL). The length of the load 
module is checked and all files are allocated. 

ibbO JOBS ~Oh~, 0 
lb4~+1 f3SfKS00 HOD 
~b46+1 Fl~FRSOO HOO 
<!Oq"J+l Li~t"ll.~OO l:lOO 
2bq8+1 ~l5fHS0012UO 
2tlll9+1 FJ!Jt'H.SOO 200 
2b~0+1 f]~FHSOO 200 
LH51+1 f]!Jf'HS001200 
21b2+l f35FRS00 llOO 
Ld~3+1 TASS0100 1 
i8~4+1 F35f~SV01200 
2b~5+1 F3SFHS001200 
2b5b+\ fJ~NOT0q b 
2b~'l+1 F3SfRS001200 
~858+1 F]5FHSOU12UO 
2&~9+1 f35FRS00li00 
2660+1 F3SFHS001200 
T!PI; i,;ANC~L Ok 

JOilS \.'AITIItG. eROCESSOh 
f"35FJ!S .111 • L TOl 
F35FR5.E!1oL ro·t 
l-'35t'HS.E1•L :f:ll 
F35FfiS.bl.L !01 
t'3Snts.bl.r. r01 
nsrrs.&1 .L -ro1 
f'35H:S.U1ol. TJl 
F3~F~S.&loL !01. 
t&SS01.LlBijAkY)E370TL8P 
f'3SfiiS.lll·LUO) 
F 35FRS .51 • L ('f01) 
FlBNQt.TSOL18L(Bij7QlL5T 
r3srns.~1.tl'"'l n~ns.Bl.L ro1 
F35fRS.b1oL T01 
F35FRS.81 oL (f01 
JCLJOB OR 5 Ot' OR 

i~AS ACflVE 
LIST372£ 
L1St372t. 
LlS'f3"12.f.. 
L1ST372£ 
i..l:iT 3"J2i. 
Ll5T37lt:: 
LlSTJ72f 
Ll:>'r3701:. 
Ll:jT 370 k: 
LIST370k: 
L1ST370~ 
.LIST3'/1 1::: 
LlS'rJ"lOE 
LI!:i'fJ701:. 
LIST370t: 
LlST 37 U, 

I:.XH 

AT l9104/b5 11.31.01 
18104/ 1q.06 15.27 
18/041 19.13 19.30 
lbl041 19.q~ )9.55 
1810~1 19.57 12.31 
19/041 16.33 17.04 
191041 1H.~1 18.58 
191041 19.00 l1o3~ 
LOIOql 18.19 tO.~q 
221041 08.13 08.14 
22/041 18.37 11.12 
25/0ij/ 16.53 20.11 
2bl0ijl 13.52 14.03 
261041 19.38 19.46 
2b/OLI-I 19.48 19.49 
26/04/ 19.54 23.10 
26104/ 23.13 1S.48 

Fig. 7 'l'he job status shows which job has finished. 

PROGRAI!_ STATUS WORDS 
CHANNEl AOORE.SS AND. CHANNEL STATUS WORDS 

---------~---------------------------------------FIX£0 -l CCATIONS FOR PROGRAM AND PROCESSOR SIZE 

-------------------------------------------------INTERr'UPT H~NOLER 

-------------------------------------------------SIMULATE UNSUPPORTED OPERATION CODES 

------·------------------------------------------OPERATiot. SYSTEM fOR ... PROCESSOR WITH OLD tNTERfACE 

-------------------------------------------------FIX£0 LOCATIONS FOR INTERRUPT• DATE, TIME• SIZE --------- ------------------ -... ------ -- ------------
-~~~~ ~~-! ~~~ f-~~-':.~~!~~ ~-~~!!~ .. ~~~ -~~~::_ -------

INPUT/OliTPUT ROUTINES• ClUFFER HANDLER ----- ---· . .:. ----- __ ;. __ --- --- -------- --------------
TRACE lt.CK ROUTINES• EP.ROR HANDLING 

1---------c--------cc-----------------------------DIRECT ACCESS INPUT/OUTPUT HANOLING 

-------------------------------------------------LAST AC•DRq;~:. B710 (HEX) 

Fig. 8 The operating system contains the supervisor call handler, 
the program interrupt handler and part of the FORTRAN 
input/output routines. 
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iHARDiiARE~-~ IXTRACEI ~::::-:~~ fl NSSEG: 
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ITIME OUT I I ______ I 
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I-GNCTNE-I 
!PROGRAM 1 

---------- I 1 1 FRON 1 1 READP I 
I EMULATOR I--J 'oiRJTEP 1 
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Fig. 9 

I fiLE I l _______ l I DJOCSc I 
I I 1 I--5VC 
I 1 _ ------- -----~---- J I 1 DJRf.CT 1--JDAUNJl I--1 IBCOM.tl 1--1 ________ 1 
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1 ___ 1 ___ 1 . I ________ l 

T-CKJfiB--1--i-A[LOCAff-y 
I CHECK J I FILES I I • .lOBS I I __________ l 

I AND I ---------1 HLES 1--1 GET DATA 1 
I I I CONHOL I 
I 1 I BL C:Cf:. J I I t __________ l 

~ ~ rREAC-lOAD-1 
1 I --r MODULE. 1 1 _______ 1 1.:_ __________ 1 

Interface routines between use~'s program and IBM. The 
FORTRAN routines are written in such a way that the user 
does not need to change his program. 

ISN 000.2 
lSN 000 3 
ISN 0004 
lSN 000~ 
ISN 0006 
ISN 0007 

rOPTIONS 1 N 

ISN 0002 

ISN 000 3 
ISH 0004 
ISN 000!> 
lSN 0006 
ISN 000 7 
lSN 0008 
ISH 000~ 
ISH 0010 
ISH 0011 

*OPTIONS IN 

ISN 0002 

ISN 0003 

l!jN 0004 
ISN 0005 
lSN 0006 
ISN 0007 
ISM 0008 
ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 001J 
ISN 001!1 
ISN 0015 

ISN 0016 
ISN 0017 
ISN 0018 
ISN 0019 
ISM 0020 

lStl 0021 
ISN 0022 
l:>N 1.}023 
ISN 0024 
ISN 0025 

lSN 002b 
ISN 0027 
ISN 0028 
ISH 0029 

ISN 0030 
l!:>H 0031 

ISN 0032 
ISN 0033 
ISN 00311 

ISN 0035 
ISN 0036 
ISN 0037 
ISN,003B 
ISN 0039 
ISN 0040 

lSN 0041 
ISN 0042 
l!>N 0043 

'~oi'ff~u~0 ~~ 
lSN 000 2 
lSil 0003 
ISN 0004 
I::.N 000!> 
ISN 0000 

I:;.<Oi'TlONS IN 

c 2:2/04/65 504.2Y112'1 I'IEHUJ::H tfAI'lf: HAlNJ70 (TSOLIB) 
CALL QUAD 
CALL DACCES 
CALL SEQUEN 
CALL STA371 
STOP 
tND 

Ef'Ff.CT*NAKJ:: {I!Allt) OPTUHZE (2) LINECOUNT (bO) SUE (!tAX) AUTJDBL {N 
C 12:/02/8~ 5044!20948 KEKBt:R NAttE QUAD {TSOLIB) 

SUBFI.OUTINt; >;lUAU 
c---- -------- --·------- EXAMPL£ FOR HgAL * 16 

2 

REAL*1b UA,JS,QC,QO 
QA=-2. 

~·=·· QC=~A*OB 
UD=-4u0~QATAM{1U0) 
"RlTE!6,l)OA,1B QC,OD 
FORKU_(l//1X,; d:AL * 16:',41'20.10} 
RETURN 
END 

f.f'F-ECT~NAit}; (lUI H) OPTUHZ.E (2) L1HE.COUU (60) Sll.E (KAl) AUT:lDBL (H 
C 02/07/&2 502140951 ftE"HER NAME STA371 (TSOLIB) SUBROUtiNE STA371 
C---------------------- LXAftPL~S fOR SJM~ ERRORS 

DlftENSloH ADR (1), UTI ME (4) 
C PJiiil'l' SUI AND COS 

• 2 
c 

c 

• c 

6 

10 
c 

c 

,. 
c 

16 

9' 
20 

c 
c 

1 2 

IUNlt=-6 
WRITE UUIH1',1) 
FORftATtlX.t'SlN C05 1'ABLE 1 ) 
Pl=3.llf1S::~2 
~~D~I~i~g1 180,20 
RAD=RADPI/180. 
SM=SIN IRADt 
CS=COS(RAD 
WRITE{l_UIU 4 4.~lfSN4 cs,HAD ~g~~~~Jl1,1 , F O. ) 

l'LOAT DIVIOf. 
!=3. 
8:.0 
C=A/U 
WRITE{lUNIT,6)A B,C 
FORI!AT(1X, 1 AFT£R OIVIDh CHECK 1 ,JF10.S) 

fiXED DIVIDE 
I=5 
J=O 
K=l/J 
WRITE(IUHIT,8)1 J K 
F0RIU1'{H, 1 AF'rt:' hXt:D- DIVIDE 1 ,3lb) 

OVt:HfLOiri 
EOV=1.E60 
EOVL=EOV*EOY 
VRlTE{IUNIT,10)EOV,~OVL 
fORMA1(1X, 1 0VERfL 1 ,2E15.7} 

UNDERfLOW 
EfJN=l.J:;-bO 
l:UNY:.EUN*EUN 

NI:;GATIVE SQRT 
AA=SQHTJ-1•) 
WRITE(l Nlf 14)AA 
FORHA'l'{l:t.•bTEH NEl>Al'lVt: SQH'l' 1 L1F15.5) 

ADDBESS EXCE~TlON 
WRITE (IUNlT,lb) 
FOHHA1'(1X.t'BEfORE ADDR~SS YIQLA1'10N 1 ) 
II=2 300 vOO 
AB=AbR (II) 
WRITE (I UNIT, 20) 
FOKMAT(1X, 1 FIN1Sh 1 ) 

'ljh:ONG UNIT 
WRITE (0 12) 
WRIT.t::(I0NIT.l,!J 
FOhHAT(11, 1 Aft!K WRONG U~IT') 
BETUHN 
END . 

HF EC'f*NA 1'!1:: (I':! UN) OP Hl1 U.!:: (:.!) J..lNEC9J:!tH' {~0~ SU~ (':J~X!_ . A~T:>~~:i:<-~~~ 

SUBROUTIME D£FIN!:: 
CO~MON/D~flLC/lU IV 
DEFINE FlLK 12(26.2~.U,lV).13(22,100,L,IU) 
RETUHN 
END 

f. .I' f' LCT*NA PH~ {I'! A Ul) Oi-'1' UHL.l: (2) LI.hEt:OUNt (60) SI ?E (HAX) AU1'~~~!_._(~0 

Fig. 10 This program gives an example how input/output and 
errors are handled by the 370/E. 



0002 

oog3 
00 • 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
00j2 
00 3 
OOj• 
00 5 
0016 
0017 
0018 
0019 
0020 
0021 

8022 
023 

002&1 
0025 
0026 
0027 
0028 
0029 

88U 
0033 
0034 
0035 
0036 
0037 
0038 
0039 
0016.0 
00&11 
0042 
OOQJ 
OOQQ 
0045 
OOQ6 
00t&7 
00t&8 
ooq9 
ooso 
0051 
0052 
0053 
II 1.3.0 
0054 

gg~~ 
0002 

0003 
000!1-
0005 
0006 
0007 
0008 
0009 
0010 
0011 
og12 
0 13 
0014 
0015 
0016 
0017 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
.0026 
i0027 
0026 
0029 
,0030 
0031 

" 

C 21l/Of/83 305660830 IIEilBER IAI'IE COPSD2 ttSOLii) PoafRu 
SDBBOUTIM& DACCES 

c---------------------------------------------------------------------c 

20 

10 
32 

2 

1< 

33 

36 

22 

COilftOM/OEFILC/IUfit 
~~,~=Sf0~0IAR{25 FORIIA~(,/1~, 1 StARt DlR~CT ACCESS TESf 1 ) 

CALL DtFlHE 
WRITE !6 10 l 
FORBA1(fX, 1 WRl'l'E To 12 1 ) 

FORIIAt(jX•'MElT RECORD IS:IV= 1 ,IQ) 
D04I=,:t 
DO 2 1.=1 ,25 
IAR{l.) =I+K-1 
WBI'f£J12 11) IAR 
iJRI!E 6,~.32)IY 

4 COH'U U£ 
WRITE !6 12\ 
FORBAf{fX~ WRITE 4 R£COH~S TO 13 SflRTliiG RECORD 2 1

) 

WRITBJT3° llAR,lAR,lA&,IAR 
WRI'!'E 6 3 10 
FORfU. lfX 1 NEXT FR};E RKCORD 1U 1 ,14) 
WRITS !6 3o\ 
FORI'IAt(fX~ W~lt£ 5 RECORDS TO UHIT 13 1 ) 

gg ~l~!t 25 
IAB(K.)=I+i-1 
VBITEl13 'I) lAB 

36 

5 ~~~~~ ~£33)10 
WRITB!6 36\ 
FORftAtlflL WRitE RtCORD 3 ON UHIT 12 AHD R&COiD 1+2 OM UKlT 13') 

WRITRjT2 ''lUR 

14 

lb 

WHITE 6 32 IV 
VRITB 1j•1 lAR,lA& 
IIRITE 6"33 IU 
WRITE 6 14 
~gH~l1Jtl~ READ FROH 12') 

READ J12l1) IAK 
liRIT& 6"32) IV 

6 CONTI UE 
WRITE {6 12) 
READ(f~12)}AH,lAk.IAh"lAk 
WRIUf6,33~IU 
WRITE 6 16 
YORftAT(fl~ REAU FROn 1~ 1 ) 
DO 7 1=1 :t 
READ J1JII) IAN 
VHl'U 6,.33) IU 

1 coni U-E 
WRITH !6 40\ 

liO fORftAtlfX FINO RECORD ON UNIT 13 1
) 

FIND (1 3 1 4f 
(01 lUI 80} OiCCES SYSUI'!./370 FORTRAN H EXTEHDEI> (E»HA.MCRU) 

WRI!'E(b,33)IU 
RE1'UB!f 
.E!tP. -~·---- ... 
SUBROUTIHE SEJUEN 

C---------------------- . S.t:QUt;Nti.U. lMPOf/OUTPUI 
DlftENSIOB ~AHL(100\ 

11 

I8TEGBB UU(34-}/ 1 :l3 1 ,33>:1: 1 4-SD7 1 / 

LOGICAL~ 1 LTltf133) 
EOUIYALEMCt: (Ll'Xf 1) ,lTXT (1 )) 
WRIUt6 111 
FOBBA1l1// Xf 1 SE~UEHTlAL INPUT/OUTPUT TEST') 
DO 10 1 = 1, 00 
~lHL(l)=I 

10 CONTIHOE 
WRITS (6 12\ZAifL 

12 FORftA1(fXL Or7.2) 
6 FORIU't(l--1311) 

WBITRt9 20\ 
20 

2. 

20 

FORBA1(fl, tEXT FOR UMlt 9 B~FOHE R~i11HD 1 ) 
REWliH> 9 
WRITE {9 22\ 
FORI'IA't (f.x., TEXT FOR UHll' 9 ttEF01U::.: I:IACKSPACE 1) 
BACKSPACE. 9 
WRITE {9{261 
FORI!!A'f( t,'i tEXT fOI!: UNit 9 I:IEFOB£ ENDflLE 1 ) 

ENDFILE 9 
DO 11& 1 = 1,11 
R£10 !6,6 ,EKD=24) tLTXT t&lfK=1,I) 
WRITE (o.o) (LTXT {I() ,l=f,l 

1ll COHTIHUE 
24- COfi'UNUE 

WRITEt6 161 
16 FORHA't(h,'iot•IilllSH ShQUEIITIAL 1 ) 

RK!'UBN 
_li.ID 

DU 

f6Q-LEVEL LINKAGE EDITOk Ol 
DEfAULt OP!lOH (S) 

lEWOOOO INCLUDE TASSO(SJ 
IEWOOOO lNCLUOE LINK(tHJ 

CONTROL S&CtlON 
NAOE ORIGIN 

LOWC370t: 00 

VPCT370E DOO 
SIHU370E D28 
SVCT370E fBO 
TEHP370K f£0 
HAIN370 1000 
CPLIST 1078 
IHOUAC 1148 
lNTSkV 179~ 
IHCBUF 1640 
CTI'ICOM 1856 
IHCI:Ifl 1666 

~PRIVATE 1890 

lUlN2 
GE'l'HAI 
SVCALL 
E.XT370 
READP 
CTRACE 
SOfHt370E 

l'IVCOI'I 

I'IACHSIZE 
IHOFIOS2 
lHOU'IOS 

IFYVSIOS 

lFIVCI'lSS 

lFYiDIOS 

lfYCVIOS 

lFIVSTAE 
GETMHW 

NAill 
lADDR 
IDSTL 
!HE GIS 
fiOINT 

X.2EBCD 
X LATE 
flOIIH 
GETMIW 

GETCOH 

IHftSIO 
IH'fRHI 

1 90() 
19Cti 
1AOO 
1AI40 
1 A4ti 
1A~O 
1A90 

H:sa 
1 Dl 0 
1l20 
1t2.6 

2080 

2270 

2.<!78 

:t280 

:.0::28C 
2298 

OHlGlto 
22£() 
22FO 
2:308 
231ti 

2liCt> 
2600 
2666 
2980 

.lClU 

21::26 
65li0 

Fig. 10 cont. 

LEitG'!H 
DOO 

28 
288 

30 
20 
78 
cc 

6.8 
AC 
1. 
30 

8 
6C 

C6 
38 
40 

2 

" •o 
224 

56 

1 OE 
4 

254 

H:c 

2 

2 

2 

c 
44 

Lt.:NGTH 
A 

14 
A 

lAC 

13. 
283 

F8 
290 

218 

3716 
226 

LINKAGE EDITOR 

tlUfS1H 
CHECllt!. 
CHUNBL 
FI0370 

WTOZ 
IBHTRA 
liEAADR 
kECADH 
FtRACt: 
1-TRACE 
YPR.t:Rk 
DCB!>ET 
lNSSJ::.G 
DIOCSi 
DEfUNP 
i.IIOCS4 
[.,10370 

FlOS"ft' 
t'IOCHA 
VFILL 
V~ERO 
VBLANK 
UCOPil 
l!COl>lV 

lt:AXl>ALL 
lt:A:iKA!.L 
1'1AUI 
UUAD 
S"£A)71 
DACCtS 
DEFlht: 
St:QUU 
IHUSCOS * 

NAME 
HIOt'iJT~N* 

lAND * 
IHULC03iiX: 

FIOAH * 
IHOCOrtH2* 

liiOUA'fHL* 
lli0\.IATN2* 

1HOSSI11 * 
lHOSSQltf* 

lHQJo'CV'£H* 

ltiOEt'liTH* 

lHOHRi'l * 
HiOQCOh.i* 
IHUQCONO* 
li!UUOPT * 
UlOt'CONI* 

6708 
biiOB 
t:.bAO 
bt..bB 

7ACO 
"JLJOO 
60A6 
84.20 
6706 
9080 
9510 
9750 
9910 
9ACO 
9AF0 
9l>4U 
A300 

ii050 
8290 
b3AO 
b4Cb 
6SFO 
11710 
l:i170 

b936 
bC40 
C400 
C4FO 
Ct:.DO 
CAD8 
D10tl 
Dl£8 
0"100 

OfilblN 
0936 

lJA48 

DA86 

E68b 
EED8 

F680 
r t.HB 

10J70 

10588 

10"130 

11'130 

11C30 

1.2258 
12261.) 
12268 
127A0 

29E 
1 98 
2C6 
C56 

2~0 ,.. 
376 
2E'6 
976 
46C 
2.0 
1 ~E 
lAC 

2C 
.2~0 
5BA 
D50 

:t:JE 
110 
122 
122 
11A 
sc 

1C4 

30. 
7CO 

FO 
IDA 
402 
62i.' 

EO 
516 
134 

LENGTH 
110 

3C 

E30 

b1C 
9A5 

638 
1!84 

2li4 

n• 
CH 

800 .,. 
• 4 

538 
•16 

l HOl'CONO* 12 fiB8 tlB8 

lHOl'UiCH* 13470 2:AE 

lHOfTEN * 137l0 220 

CSWTAB 
CIBiriAT 
l'S'l'CCJi'l 
OEFILC 

13940 
13Dli0 
13 [148 
131150 

tHTk~ ADUKESS C400 

•oo 
4 
4 • 

TOTAL LENGfH 130~8 
****E370HAI8 NUW REPLACED 
AU'l'HOkl~ATlON COOl 15 

I~ DAtA SEt o. 



Joo : fl iJ !.U'l'CO 
'l.'lt'IE : J tUh 
STANT Tl~t :2Y/04/8~ 11.27.~4 

!IOOUL~ NAME:Flb~O~oTS011J;L(E37~Mhl~) 
LIST flL~ :f)&fj01.L1STJ70E 
bLOC!\SI~I-;= ':ltd 1.llLCl.= 137 lii.f.,:ft.~=- 84 
//GDofT0Yf001 DO D~N=f1UnOT.LIS137JH 
HLOCKSlZ~= 3~00 LRECL=- 137 lhb~fM= ~4 
//bU.t'1'01H'001 I.JD OS!i=t1liNO'l'oCOI'lftJ 
llLOCK~lZh= 400 LRLCL= 80 lKJ::CFM=- 144 
//&UoFT12F001 DD USh=flbNOT.DAiLSr1 
iJLUCh.Slth= 10(1 Lkt.CL= 100 lhl.CH1""" 1 ... 0 
//~O.FT1Jf001 DO DSh=FlBNOToDAfl.Sf2 
HLOCK~lZh= 100 LRECL= 100 lttCFM=- 128 
//GOoFTU8F001 DD DS~=r1URC1.TSULlbL{h37U!AlM) 
bLO~KSl,~= b~33 LHlCL= U 13tCFM= 192 
l.f..NGTh Of l!iOOULL 00013L'5d !ttLX! 
thfRl i'OlilT OOJOCft(IO H~X 
f'l' bf'QOl OD D<.i:l !LRECL= u4.fiU;::iilf:: 
FI12f001 DD DtB LH~CL= 1U4,fiLKSI~£ 
t'11Jf001 DD DCb LHECL::: 104,bLK~.iJ~ 
I"J bF001 DD 01.;" LHt.Cl.= l.$7.DLI\Sllrt. 
PT 9f001 DD Deb LH~CL~ 1J7,HL~~i~E 

Hf.AL >:< lb: 2.0000000000 

~'IAii'l' l>Ht:C'l' ACCi.!..S T.t::ST 
WRI'£1:. TO 12 
NEXT nECUHD lS:IV= l 
Nt..XT H.J::CORD lS:IV= J 
HEXT H.ECOkD l~:lV~ 4 
rit..lT ~J::CURD !~:IV= 5 
~iXT RtCORD lS:lV= b 

"'"! 3Y5t.. 
3956 
liOOV 
4000 

II.GUOOOOUOOO 

HJT£ 4 HECOfll!:;. 'fll 13 3TARTlliG RLCOHIJ ~ 
~tXT FRJ::E HE~OhD !U b 
IIRIT.E 5 HECOhi.JS TO UNIT 1 J 
NtXT fnJ::E HECOkD lU 2 
ttU'l' fRlit: RECOltD lU 3 
Nt..XT tHEE RE~OHD lU 4 
~LXT tREE RECOhD IU ~ 
hEXT fiU::t; HECOhO 10 6 
~ftlT.t:: RECORD 3 ON UNlT 12 A~D HtCOHD 1+2 0~ U~II 13 

Nh1T RhCORD l~:lv= ~ 
NEXT ffthE RECOhD IU 

J:ILAU FhOii 12 
tlhXT hECOkD l~:IY= l 
h~XT k£CORD l~:lY= 3 
HilT BiCUHO I~:IY= ~ 
hLXT H~CUHD lS:lV= ~ 
ht:XT RECORD l~:IY~ b 

3 

~RlTE ij k~CORDS TO 13 3TAhT1NG 
Nf..Xt tREE RE~OhD Iu 6 

ill:;AI) fROH 13 
~EXT FH~E RECOhD lU 
N~XT FH~t RECOhO lU 
NEXT fREE: RECOhD lU 
NtX'l' fHEE Rl:COhtl lU 
NEXT fHEE BECO~D IU _b 
fiND RECORD ON UhlT 1~ 

2 
3 

' ; 
~t-XT FRI::E HEt:Of,D IU tl 

SJ>¥~5S 'flA j J~PUT~~8d PUT q: ggr 
11.00 12.00 l:l.UO 1Q.UO :.o.oo 22.00 2Jo00 :lll.VO 
31.00 32.00 33.00 3Q.OO 
41.00 ij2.00 43.00 44.00 
51.00 ~:l.OO 53.00 ~Q.OO 
61.00 62.00 03.00 64.00 
'/1.00 '12.00 73.00 71!.00 d1.oo a2.oo a3.oo eu.oo 
91.00 92.00 9J.OO 94.00 

1 
12 
1 Lj 
12.J4 
12345 
1234~0 

RLCUHU 1 

:,.oo 
1 :,. 00 
;.;~.uo 
Js.ou 
1.1 ~.00 
~5-J() 
o:,.oo 
1::..oo 
6~.00 
95.00 

b.OC 
H.Oc 
Lb .00 
36.00 
1.1 b .oo 
56.0(; 
b6.00 
70.00 
80.00 
90.00 

·1. 00 B • 00 
1 7. 00 18.00 
21.0(1 2e.oo 
3 'J .oo 3t>.OO 
tt7 .oo 1.18 .oo 
::.7.00 5ti.OO 
b7.00 bb. 00 n.vo 78.00 
67.00 bB. 00 
~7.00 98.00 

Fig, 10 cont. 

d,COOOOOOJOJ 

.:i. 14 13'>26':>36 

9.UC Jo.OJ 
19.00 lOoOJ 
2 ~. 00 JO.OJ 
3 ~ .oo 4U.OJ 
~'J.UO so.oJ 
59.00 ou.OJ 
1)9.00 'JO .0 J 
79o(,Q au.oJ 
89.00 ':IO.OJ 
99.0J 100.0) 

1 23il-Sb 'I 
123ll~b71t 
l:i3ll5b7il-~ 
12345074!>6 

OUTPUT on unit 6 

FINISH SEVUENTIAL 

-::>T:T--c:crs---TJI:~ 

'" Uo34.dJ 0 ,'J JY1 L • J~:. 1 
qi) U ol.>42o C.7o&O o.u:,e1 

"" U.Ct-60 o.~ooo ].U47.; 
:>0 Oo':fdlitJ v.17Jb 1 ..;~(d 

1 v0 u.Sidtlb -O.t7J6 1.-JI<bJ 
'•" u.B6bu -c.soov Lo0'341+ 
14 •J ll.b<L!tl -0. 7&t>U 2.!+4.J::> 
loJ 0.J!12U -0.9397 :.:. "19LS 
1uli u. 00 0(1 -1 .uooo J .1 !.j 1 b 

~IIULU'Jl l~r0M - 2hUbHA~ lhTl;RU~f (P) - VlYlU~ C,IE~K 0LO ~S~ l~ 8000)00fA2U0~~~ 

'ihJ.Ct;iJA<.:t. ROUTl/H. CALL£l f1•U/'i 1511 

S'f.lo...:l 71 

;u 1r. 

~hln1 ~VJNI=- 0000(400 

ooo:-
hl:;(,. 14 

4C0UCifCO 

600U1d4C 

~ n~~At~ 'i it~ °Cti I~~ t:N ~. M6~8T Ill~. 50 NT l t2H~***** 

i\1;6. 1:, 

OOOUCbUO 

U000C4UO 

kU:>o ' oooooooc 
00000010 

h:E(;. 

ooooooou 
000t'f21U 

~hu20~.l lbCOM - PhUGRA~ I~TlhSUPT {~) - ~lVIDE Cdl~l O~V ¥5~ I~ 8000J009A200~~D 
1Tid,C},t;J\CK HOIJTlNL C:'LLt:[t "j'J;O!'. IS;j 

:STJ.J '11 

!'IAlN 

t.hlSY ~01NI= OGO~C~OJ 

voo:, 

1 ffUi t lALD DlVIDl. 5 0 5 

R1C.. 11f 

ll:O:OCC4C0 

b0001UllC 

f\LG. l 5 

OOOOC6DO 

OOOOC!!UO 

R:t.G. 0 

oooooouc 
00000010 

it!: Go 

00000000 

OOOf fll v 

~
~lAh~A~U Fl1UY TAh£N • 2XtCUT10M ,:0aTJNUl~~ 

I hu~lJ./1 lbCON - PhUliRAj1 HTI:JiRU?I (P) - O'W.t.Hfl.O~ J~O ¥S~ I~ 8000)00C420V~A0A 

ThACEt~Ck BUUTlnL CALLft F~OM lSd 

:5TAJ71 

/'!AlN 

Lhf~J ~U~NT= OOOQCijOJ 

000 ~ 

hLG. 14 

4 ;:oocll.t..:O 
6 0001 .J4C 

l1~NUAhiJ fllUP 1Alfh , ~XECUTI~h ~ON11NU1Nb 
~~ibfl. o.lOOUCCOE+&l 0.7237005~tlb 

i\t:G. 1 ~ 

0;)0QCblJO 

0000~400 

HG. ' oooooooc 
00000010 

1\l:.t.;. 

UOOOOOVV 

000HL10 

hV20bl J.bCVI': - Ph0l:.RA!I lt.'ff.RHUPf (P) - U!d.li.fifLO~o. OLD P~~ 15 6000l00D4200CA3A 
ThA~ElAC~ rlODTlNL CALLED FRO~ JSH 

STAJ11 

~AlN 

~hTnY ~U~NT= OOOUC400 

uoo:, 
ht:G. ltl 

4 4c00C4C:O 

t>OOOihLit: 

"'1ANUAhD fiXUY TAKE~ ~ EX~CUl!Oh CONtlNUlkG 

hJ2~11 SL~T 'kG=--0.1000COOf+01, Lr ~~liD 

ThACBUACk HOUTlNt CALL[D FHOM ISN 

S.,;_h'l' 

STAJ'll 

:1AlN 

hlXf ~OlNT= 0000~400 

00 j.£: 

uoo:.. 

h LG • 1 ll 

ij,20{;LA41J 

U200CI.ICO 

t>OOOl UllC 

1ANUAHD fiXU~ lA~lih , hXtCUTION CO~TINUih~ 
fTLH ~EbATlYh S~hT 1.00000 
~fUH~ ADDhdS~ VIULAIIUH 

'TRACt:. WAS CALLLD VIA STAEJ70E ~llll FLAG= 

l.>iJhi::!:iS!iiG oc; 
h~hUWh lNttHHb~T 
·~•= B200CA~4 IL•cc= acooooo~ 
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Fig. 11.Job profile of 1116 jobs executed during 1984* 


