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This publication introduces VM/370, and defines the 

minimum equipment configuration necessary to 

execute it. It is intended for anyone who is .interested 

in VM/370. However, the reader should have a basic 

understanding of IBM data processing. 

VM/370 (Virtual Machine Facility/370) is an operating 

system that manages the resources of a single System/370 

computer so that multiple computing systems ( virtual 

machines) appear to ex'ist. VM/370 consists of a Control 

Program (CP), which manages the real computer, a 

Conversational Monitor System (CMS), which is a 

general-purpose conversational time-sharing system that 
executes in a virtual machine, a Remote Spooling 

Communications Subsystem (RSCS), which spools files 

to and from geographically remote locations, and an 

Interactive Problem Control System (IPCS), which is 

a problem reporting process. 

The first section of the publication is an introduction; 

it describes what VM/370 can do. The second, third, 

and fourth sections describe the Control Program, 

Conversational Monitor System, and Remote Spooling 

Communications Subsystem, respectively. The appendixes 

include information about system requirements, supported 

language processors and emulators, and VM/370-related 

publications for CMS users. 

This publication is a prerequisite for the VM/370 system 

library. 
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This pub licat i on i ntrod uces an d des cri bes 
the IBM V irtual M a c hine Facility/3 7 0  
( V M/3 7 0 )  a n d  i t s  com ponents , t he Cont rol 

Pro gr am ( CP)  , t he C o nversa tiona l Moni tor 
System (C M S )  , an d t he Remot e S poolin g 
Co m m u nicat ions s ubsys t e m  ( R SC S) . A f ou rth 
VM/3 7 0  c om ponen t ,  the Int er act iv e  Pr obl em 
Cont rol System (IPC S ) , i s  i ntrod uced in 
thi s p ublication , but d es cr ibed in d et ai l  
in t he !.HLJ].Q: !n.1gu£1�!..!i! f�o b!gm �ont�Q! 
§I§!g! (!f��) Q�g��� ����g, ord e r N o .  
G C 2 0 - 1 82 3 .  

T his publication con t ains four s ect ions 
an d t hr e e  append ix es: 

• " I ntroduc tion " d escribes V M /3 7 0 , v irt u al 
m achines , and  t heir a pplic a ti o n s .  

• " Co nt r o l  Pro gr a m "  d esc ribe s h o w  the 
V M / 3 7 0  con trol p r o gr a m  ma na ges the 
res ources of the r e al compu t i n g  s y st e m . 

• " Conv ers at ion a l  M onitor S ystem" 

• 

d e scribe s the faci l i t i es of CMS : probl em 
s olv i n g  a n d  progra m d e ve lo pme n t  
c a pabilities for int er act iv e  us e r s . 

" Remote S pooli n g  
S ubsyste m "  d e scribes 
or gan iz ation of R SC S .  

Commu nicat ions 
t he fun ct io ns a n d  

• " Append i x  A :  S ystem Requir ement s "  

• " Ap p en d ix B: L a ngua ge P roce ssors 
Emul ator s "  

a nd 

• " Appendix C: VM/ 3 7 0- R e la ted P ublica ti o n s  
f or CMS  Us ers" 

The r ea d er m us t  hav e a ba sic k n owle d ge 
of d at a  pro ces s in g s ys t e ms a nd d e f i ni ti o n s ,  
a nd a n  u n d e r s t anding of v irtu al s t or a ge 
co n c epts . For information about vi r t ua l  
storage,  s ee t he s t u d e nt tex t publica ti on 
!D!!Q�Y�!�QD. 12 !�£t�al �i2�gg in 
��§!g!LJ]Q, O rder No . GR20 - 4 2 60 . 

The term 2 3 0 5  r efers t o  , t he I B M  2 3 05 
,Fixed Head Storage , Mod els 1 an d 2 .  

W he n  th e t erm 3 3 3 0  is u sed i n  t h i s  
publica tion , i t  refers t o  t he IBM 3 3 3 0  D i s k  
St or�ge Mod e l s  1 ,  2 ,  an d 1 1 ;  t he I BM 3 3 3 3  
Dis k Stor a g e  a n d  C ontrol , M od e ls 1 a nd 1 1 ;  
o r  the IBM  3 3 50 D ir ect Acc e s s  s tora ge 
o p erating i n  3 3 3 0 /3 3 3 3  Model 1 or 3 3 30/3 3 3 3  
M o d el 1 1  compat ibility m od e .  

T h e  t er m  3 3 4 0  refers t o  the IBM 3 3 4 0  
D i sk S t orage , M o d el s  1 2 , B 1 ,  a n d  B 2  a nd the 
I BM 3344  Di r ect A ccess St or a ge M od el B 2 . 

Preface 

T he t e r m  3 3 5 0 refers to the I B M  3 3 50 
Direct Access S tor a g e ,  M od el s  A 2  a n d  B 2 . 

References to t h e  I BM 2 7 4 1  Com m u n ic a t io n  
T er m ina l a lso i nc lude the I B M  3 76 7  
C o m m uni cation T er min al ( in 2 7 4 1 m od e) , 
u n less otherwise specified . 

I nformation on the I B M  s yste m/3 7 0  M od el s  
1 3 5- 3 ,  1 3 8 ,  1 4 5- 3 ,  an d 1 4 8  i s  for p la nning 
p urpos es o nly u nt il t he a vailabili t y  of the 
product . U nless o the rwi se stated , 
references to t he s ys t em/3 7 0  M odels 1 3 8 a n d  
1 4 8  als o a pply to M od e ls 1 3 5 - 3  a nd 1 4 5 - 3  
re spec ti vel y.  

RE LATED PU BLICAT IONS 

��§ C o m ma nd a nd ��� Bg!!�n�g, O rder 
No . GC2 0 -lS 1 8  __ _ 

� User•� Gu i dg , O rd e r  No.  GC 2 0- 1 8 1 9  

Commands (���! U sg�) 
GX'i0- 1 9 6 1 

O r d er N o .  

OLT S E P  an d Error �£Q£�ing 2Y!!§, Orde r  
io.-GE2o-18o9 __ _ 

QUi£! §uide for 
GX2 0 - 1 9 2 6 

].§g�§, O r d er 

Relg�.§g J §ui��' O r d er No . GC2 0- 1 82 2  

N o .  



R��i� 2£22!i� £2!�Y�i£!!!2�§ §YR§�§!�! 
( R SC2) �2�!�2 Gu!d e , O r d er No . GC2 0- 1 8 1 6  

2yst�! tt�22!g�2, O r d er N o .  GC 2 0- 1 8 0 8  

T erminal Q§�I!2 
Gc2o=1a1o 

Or der N o .  

S erv ice R out ines fi2g!!! &2g!£, Or d er 
uo:-s!2o-oaa2:---

s ys1� Logi£ a n d  Problem Det�I�i n!1i2n 
§uig�, ord er No:-s Y 20-o88s 

!21§: The !!l37Q: 2Y!£! Qy!g� t2! Q§§!§, 
! M/31Q: ���g§ ( Gen§I!! Q§§!) a nd !ttL3 7� 
CO!!!Qg§ ( Oth� 1hsn G en§I!! Q§§I) a re part 
of O rd er N o .  GBOF3 5 7 6 . 

Figure 1 is an o v er v i ew o f  t he V M/37 0  
li brar y ,  wit h  t he pu bl icat ions gr ou ped 
according t o  t he ir probable use rs� 

References in t he t ex t  to t it les of 
r e lat ed VM/3 7 0  public a tions a re gi ve n in 
abbr ev iated form . 

S U PPLEM ENT A RY PU BL IC AT IONS 

T it l es of suppleme nta ry publicati ons f o r  
V M/3 7 0  u sers ar e in " App e n d ix C :  
VM / 3 7 0- R e lated P ublic a ti o n s  f or C MS Users . " 
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Legend: 
1.*1ndicates that the publication is new in Release 3. 
2. The number in parentheses is the file number. 
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Guide 

GC20-1B19 (391 

VM/370: CMS Command 
and Macro Reference 

GC20-1818 (361 
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Guide 
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VM/370: Introduction 
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VM/370: System 
Messages 

GC20-1808 (40) 

VM/370: Quick Guide for 
Users 

GX20·1926 (361 !"" 
VM/370: Commands 
(General User} 

GX20-1961 (36) 

I VM/370: Commands 

* (Other than General User) 

GX20-1995 (361 

F igure 1 .  V irtual Machi n e  Facilit y/ 3 7 0  L ibr ary 

VM/370: Glossary and 
Master Index 

GC20-1813 (20} 

VM/370: Planning for 
Release 3 

GC20-1817 (34} 

Support 

VM/370: Interactive Problem 
Control System (IPCS} 

User's Guide 

GC20-1823 (37} 

VM/370: OL TSEP and 
Error Recording Guide 
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VM/370: Data Areas 
and Control Block Logic 
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VM/3 7 0  S U PPORTS T H E  V I RT U AL 
COM M UN ICA T ION F A C IL I TY ( VM C F )  

!��= Program F eat ur e  

M ACHIN E 

The V irtual Machin e  Com m un i cat ion 
Facilit y  (VM C F )  provid e s  a method of 
c omm unication and d at a  t r an s f er between 
v irtu al m ac h ines o pera t in g  und e r  the 
same V M/ 3 7 0  s ystem . Dat a i s  tr an s fer r e d  
i n  u p  t o  2 0 4 8-byte b loc ks f r o m  virtual 
s tora ge to vi rtual stor age ; data len gt h  
is limited on l y  b y  t he s endin g an d 
r eceiv ing m a c h in e  s tora ge s i ze s .  

V MC F  i s  d e sc r i b e d  in "Vir t u al M achin e  
c om mun i cat ion Facility . "  

VM/3 7 0  S U PPORTS T H E  NEW S Y S T EM/3 7 0  M O D EL S  
1 3 5- 3 ,  1 3 8 ,  1 4 5- 3 ,  AND 1 4 8 

�g�: Ha rdw are Feat u r e  

V M/370 s up ports t he syst em/3 7 0  
M o d els 1 35 -3 ,  1 38 ,  1 4 5 ,  and 1 4 5- 3 .  T h i s  
s upport in cl u d es t he fo llow ing: 

su m m ary o f  A men d m ents 
f or GC2 0 - 1 8 0 0 -6 

V M/37 0 Rel eas e 3 P L C  8 

• T he syste m D is p la y  C on sole f or the 
above CPUs . 

• 

• 

• 

In d is play mode the syste m  c on sol e i s  
s upported on a 3 2 7 7  d is p l ay t er m ina l . 
In prin t er - k eyboar d  m o d e ,  t he 32 8 6  
c ons ole prin te r  i s  re qui red . 

T he 3 20 3 P rinter M od e l  2 ( f or the 
S ystem /3 7 0  Models 1 3 8 an d 1 4 8 on ly ) . 

Th e v irtu a l  mac h ine a ssist f uncti on 

VM/370 
s upport 

E x tend ed C on trol - Prog ram 

V M/3 7 0  Extended C on t rol-P rogram S u p port 
is a c o mb inat ion of a C PU hardware 
assist an d V M/37 0 pro gr ammin g .  This 
s upp ort i s  d e sc r ib ed in 11 VM/3 7 0  E xten ded 
Control-Program Support"of the "Control 

Program" section. 



VM/3 7 0  S UPPO R T S  THE 
S Y S T EM/3 FO R R S C S  

!�!: D e v i c e  s u ppor t 

I B M  S Y S TEM/32 A N D  

T he s ystem/ 3 2  an d t he system/ 3  M od e l s  6 , 
8 ,  1 0 , 12, and 1 5 , w i t h  t he 
M U LT I - L EAV IN G l  Job Entry Work S ta t i on 
( M RJE/W S )  S y stem Utility P r og ra m  ar e n ow 

s uppor ted as RSCS re mote work 
station s .  " A p p en d ix A: sy ste m  
R equ i r emen ts" ref lects this s u pport . 

lTr adem ar k  o f  IBM 

Sum m ar y  o f  A m en dm ent s  
f o r  GC2 0 - 1 80 0 - 5  

as  updated b y  G N2 0 - 2 6 8 7  
VM/370 Rele a s e  3 P L C  4 

VM/ 3 7 0  NOW S UPPOR T S  THE IBM S Y S TE M/3 7 0  
MOD E L  1 6 8 A TTA CH E D  PROCE S S O R  S Y S T EM 

B��= S p ecificat i on Change 

T h e IBM System/3 7 0  M od e l  1 6 8 A ttac hed 
P r oc e ssor System is n ow s up port ed . 
"A p p e n d ix A: s y stem R e q ui re men ts" 
reflec t s  this s upport . 



IN T E RACT I V E  P R OBLEM CONT ROL S Y S T EM ( IP C S) 
S U PPORT ED A S  A VM/3 70 C O MPON EN T  

!§!: Prog ram Feat ur e 

The In t er act iv e  Pr ob lem C on t rol S ystem 
(I PCS )  provides onl in e  problem tr acking ; 

i t  uses f acili t i es using a n  ext end e d  
form of t he C MS V MF DU M P comm and an d fiv e 
n ew CM S commands . I PC S run s  a s  a 
ser vice p rog r am in a CMS  v irtu al 
machin e .  For d et a i le d  inf orma tion 
d esc rib ing I PCS , r efer to t he 
publi cat i on !�l1IQ :  1�1��s£1iY§ Pr ob l em 
�2nt�2! 2!21�! <IE£�> Y§���2 -Qy��i: 
O r d er N o . GC 2 0- 1 8 2 3 .  

Summ ary o f  Amen dm en t s  
f o r  G C2 0 - 1 8 0 0 -5 

V M/370 R e l e a s e  3 PLC 1 

V S/APL SUPPO R TED B Y  C M S  

!�!= P r og ram F ea t ure 

C M S  su pports the VS A PL i n terpreter . 
T h i s  support i s  ref lec ted b y  the 
following chang es t o  t his pub l i cation : 

• "Lang u ag e  Processors" 
"C onve rsa tiona l Mon i to r  
section is u p d at ed .  

in t he 
S ystem II 

• 11 Appen d i x  B: L angu ag e Pr ocessors and 
Em ulators" i s  upda ted . 

• "Appen d i x  
Public at i on s  
upda ted . 

C :  VM/3 7 0- R elated 
f or CM S U s ers" is 



V irtual M a c h in e  Facilit y/ 3 7 0  i s  a s yste m  
c on trol prog ra m  (SC P)  t h at m an ages a rea l 
co mput ing syste m so t h at all its r esou r ces 
( CPU , storag e ,  an d in put;output devices)  

a re a va i l able to m an y  users at t he same 
t i me . E a c h  u s er has a t  h i s  d isposa l  the 
f unc ti on a l  e q ui valen t  of a r e al , dedi c at ed 
c o m put ing syst em . B ecause t h i s  f unc t i on a l  
e qui va len t i s  simulated f o r  t he user b y  
V M/370 an d does n o t  rea lly e xi s t , i t  i s  
ca lled a virtual machin e .  

VM/3 7 0  i s  designe d  for t he IBM 
S y s t em/3 7 0  M o d els 1 3 5 ,  1 3 5- 3 ,  1 3 8 , , 1 4 5 ,  
1 4 5 - 3 , 1 4 8 , 1 5 5  I I , 1 5 8 ,  1 6 5 I I ,  an d 1 6 8 .  
T h e  r eal Systemj 3 7 0  must have the D yna mic 
A d d ress Tran slation ( D A T) f eat ur e ,  a 
hardwar e  fea t ure that transl a tes vir t u a l  
storag e  ad dr esses t o  rea l  storage 
a d d resse s , and the S ystem T i m ing F acil ity . 
A l so , i t  m ust operate in ext en ded control 
m o d e ,  a m o d e  in w hic h all t he features of a 
S ystem/3 7 0 , including d yn am i c  add r es s  
t r an s l at i on ,  are operationa l .  

V M/ 3 7 0  i s  t he Sys t e mj3 7 0  ve rsion of a 
c ont r ol prog ra m  call ed C P - 6 7/ CM S , w hich 
p er for ms s i m ilar function s  on a syste m/3 6 0  
Model 6 7 . Like i t s  predecessor , V M/ 3 7 0 
prov i d es: 

• V ir t u al m ac hin es and v irtua l storage 

• The abi l i t y  to run m u l t iple opera ting 
sy ste m s  c on c urren tl y  

• A c onv e r sa tional , t i m e -s h ar ing syst em 

A m a j or d if f e renc e  between C P - 67/CM S an d 
V M/ 3 7 0  is t h at VM/370 ha s a R e mote S pool ing 
C o m m unica tion s  S ub s ystem ( R S CS ) . In 
a d d i ti on ,  V M/3 7 0  s u p ports s u c h  d ev i c es as 
t he I B M  3 3 3 0  Disk Storag e ,  the IBM 3 3 4 0  
Dir ect A ccess Storag e  Facili t y , t h e  I B M  
3 3 5 0  D irect Acce ss S to rag e  an d t he IBM 2 30 5  
Fixed Head storag e ,  and of fers se vera l  
op tion s  t o  en h an ce p erfo r m an ce in t he 
v ir t u a l  m ach in e env i r onment . 

VM/370 Components: CP, CMS, RSCS and 

IPC S  
VM/3 7 0  has four com pon en ts : 

• T h e Control P r ogra m (C P ) : C P  c on trol s 
t h e r esources of t he real computer t o  
provi d e  mul t i p le v ir t u a l  mac h ines . 

• T he Conv ersat ion a l  M on i tor System ( C M� : 
CM S users have a w i d e  r ang e o f  
conv ersat ion a l ,  t i me- s ha r ing f unc t i on s .  

Introduction 

CM S users can cr eat e and m anage files , 
an d com p il e , t est , an d ex ecu t e prob l e m  
progra m s . 

• T he R e mote S p ooling Co m m unic a ti on s  
S ub s ystem ( RS CS ) :  R S C S  u s er s  can 
t r ansmit f i le s  to and rece i ve f i l e s  f rom 
rem ote station s  in the R SC S  
t eleprocessing n e twork . 

• T h e  In tera c tive Prob le m  C on trol s ys tem 
( I PCS) : IPCS p r ov i d es V M/3 7 0  prob l em 
an alysis and manag e men t  faci l i ti e s ,  
including prob l em r eport cr eat ion , 
prob lem tracking ,  and CP abend dump 
ana l ysi s . 

Virtual Machine Operating Systems 

W h ile t he c ontrol prog ra m  of VM/ 3 7 0  m anag e s  
t h e  c oncurren t  ex ecu tion o f  t h e  v irtual 
machines , an opera ting system m ust man ag e  
t h e  work f l o w  within e a c h  v irt u al machin e .  
Becau s e  eac h v ir tua l machin e  e xecutes 
indepen d en t l y  o f  ot h er v ir t u a l  machin e s ,  
e a c h  on e m ay use a d if f e ren t opera ting 
s ystem , or differ en t  r el eas es o f  t h e s a m e  
operating sy ste m . 

F igure 2 lists the o pe ra ting s yste m s  
t h a t  c an execut e in v ir t u a l  m ac h in es . CP  
prov ides eac h of  these with vi rt ual d evice 
s upport an d virtual stor ag e .  T he operating 
sy st ems t hemselves exec u te a s  th oug h  they 
are c on trolling r eal d ev ices an d real 
stc r ag e ,  b u t  they must n ot vio l a te an y of 
the V M/370 restri cti on s  l is t e d  in t he 
!�LliQ: glgnn!ng gng §Y§igm §�n��2ii2n 
Guid e . For more information abo ut virtual 
machin es , see !�LllQ: QE���iing §Y2!�!2 in 
2 !!�!Y2l �2£h!n�· 
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I R SC S  
L----------------
F i gure 2 .  Virtual 
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F i g ure 3 shows six v irtual m ac h i n es 
ex ecut i n g  concurrently u nd e r  the c ontrol of 
CP on a n  I B M  S ystem/3 7 0  Model 1 3 8 ,  w it h  
1 0 24K o f  r e a l  s t or a g e .  O ne ma c h ine i s  
d oi ng ba tc h prod uction wor k u n d er t he 
current release of DO S ;  a sec ond i s  
exec uti ng prog rams t h at requir e a p r ev iou s 
r eleas e  o f  DO S ;  a n d  a t hird is c ontrolling 
the R SC S  netwo rk . T h e  ot her three v ir t u a l  
m achines a r e  ex ecut i n g  C M S : t h e r e  i s  one 
vi rtual CMS m achi n e  for each o f  t hree 
s ep ar at e conv ersationa l  users.  

r-
1 
I 
I 
I 

M od e l  1 3 8 
1 0 2 4K 

., 
I 
I 
I 
I 

L ----- · 

I 
I 

r--------, I 
I DO S/VS I I 
I Batc h  1<-' 
!Processin g! 
L_ _____ ___. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

r--------, I 
I DO S I I 
I Previou s l <---� 
I r el eas e I 
L------..1 

r-----, 
I I 
I R S C S  I <--------1 
I I 
L_ _____ _. 

I 
I 
I .---, 
I I I 

1-->1 C M S  I 
I I I 
I L----� 

I 
I 
I r-----, 
I I I 
1---> I CM S I 
I I I 
I L__ __ __. 

I 
I 
I 
I I 
L--->1 C M S  
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I 
I 
I 
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F i gu r e  3 .  M u ltiple Virtual Machines 

The VM/370 Directory 

T h e  VM/ 3 7 0  d ir ectory is a d i sk- reside n t  
f i le t h a t  con t ai n s  an e n t r y  for e a c h  o f  t he 
v ir t u al machines i n  t he VM/3 7 0  syste m . 
Each d i rec tory entry cont ains a u s er 
i d ent ification (u serid) , a passw ord , the 
storage si ze of the virtual m achin e ,  t he 
co m m an d  p r iv ilege class or c lasses a ssigned 
to the use r , and  t h e  I/O d ev i ces he can 
us e .  It m ay also contain other opti ona l 
i nf ormati on . When t h e  user logs on t he 
VM/370 system by entering a va lid u se ri d  
a nd pa ss word , a vir t ual m ac h i n e  is cr eat ed 
for him , bas e d  on t he informa tion i n  h i s  
d i rectory e n try.  He t hen can use his 
v irtual machin e .  

Fig ure 4 
u s e r  w h ose 
ent ers h is 
d ispla yi n g  of 
for s ecu rity 
userid and 

s ho ws a logon p roced ure of a 
userid i s  "smit h . " When he 

p asswor d , t he p ri nting o r  
t h e  p assword m ay b e  m as k e d  
pur pos es . C P  a cc e pts hi s 

p assword as corr e ct , and  

10  IBM VM/ 3 7 0 : Introduction 

notif ies him that he i s  logged on . 
user t h en l o ads an operat ing s yst e m , 
t his cas e ,  C M S . 

.--
1 
1 vm/37 0  online 
1 logon smi t h  
I ENT E R  P A S SWOR D :  
I 
I LOG ON AT 1 1 : 0 3 : 1 8 ON THU R S DAY 0 1 / 1 5/76 
I 
I ipl ems 
I 

The 
in 

L_ --------------' 

Figure 4.  Loggin g  on 
CMS 

VM/3 7 0  a n d  Loading 

Virtual Machine Components 

The com pon ents o f  
c onfi guration are : 

a v i rt u a l  

• Vi rtual s ystem console 
• Virtual s tora ge 
• Vi r tual C PU 
• Virtual c ha nnels a nd I/O d e vi c e s  

machine 

Each user ' s  entry i n  the VM/3 70 
d i rectory d e f i n es the d ev ices a n d  t he 
amou nt of storage he need s .  De sc ri pti on s 
of the virtual m achine components foll ow . 

VI RTU A L  SYST E M  CONS OL E 

The use r ' s  ter m in a l ,  f or exa mple a n  I B M  
2 7 41 Communication T er minal or an I B M  3 2 7 7  
Dis p l ay Stati on , serves a s  t h e  virt ual 
s ystem con so l e .  By en t er i n g  c o m mands a t  
h i s  terminal , a us er c an p er for m almost all 
t h e  functions a n  operator c a n  pe rform on a 
real machi n e  sys t e m  c onso l e .  He c a n  load 
an o p erating system , stop a nd s ta rt virtual 
m achi n e  executio n , an d disp l ay and cha n ge 
t h e contents of registers a nd s to rage . 

VIR T U AL STO R AGE 

Each virtual machi n e  has its own v irtual 
s t or a ge spac e . It ma y be as small as 8 K  
( 8 1 92 )  bytes o r  a s  l ar ge as 1 6  m i ll ion 
bytes , or any size in be t ween tha t is a 
m ultiple of 4K ( 40 9 6 ) byt es . T he v irtual 
machine uses t his stora ge space e xa c tl y  a s  
though i t  i s  r e al stor a g e ,  bu t i t  is not 
li mit ed by t he stora ge size of the real 
m ach i n e . For ex ampl e ,  t hr ee v irtual 
machines of 2 5 6 K  bytes eac h ca n e xec ute on 
a si n g l e  r e al com put ing syst em t hat has 
only 3 8 4K bytes of rea l storag e . This i s  



po ssible bec a use CP bri n gs into r ea l  
s t or age w hat ev er part of virtual storage is 
n e ed ed for t he v irtu a l  mac hine ' s  exec u tion , 
but does n o t  n ecess arily keep in st o r a ge 
t h os e  p arts t ha t  a re n ot needed 
i m media te l y. Instead , t hey m ay be s ent t o  
a dir ect access d ev ice a nd stored until 
they a re needed agai n . 

The v i r t ual stora g e  s i z e  defin e d  in t he 
V M/ 3 7 0  d i r ectory may vary f or vi rtual 
machine s . 

Eac h v irtual machine c an r ef er only t o  
i t s  ow n v ir t u a l  st ora ge . Thus each virtua l 
machine ' s  storage i s  p rotected from t he 
act iv it i es of ot her v irtual machine s .  

VI R T U A L  C P U  

C P  provi d es C P U  r es ources to each a c tive 
vi rtua l  m a c h i n e  thro u g h  time s l i cing . Each 
v ir t u al CPU p e r iodically ge t s  a sha re of 
real C PU time . 

E ssen ti all y ,  each v i r t u al CPU has 
av ail a bl e  t h e faci lities desc ri be d  i n  I�� 
�I2!��L11Q RI!n£iE!�§ Q! QE�£��igg, Order 
No . G A 2 2 -7 0 0 0 . Some r estr ictions exist ; 
t h ey are d is cu ssed in t he !�L11Q: �l�nn!n� 
2ng �I§��� §�n�I��i2n §yig� . 

S in g l e  t as k  or m ultitask opera ting 
syste m s  c a n  e xecute i n  a v ir t u al m achin e .  
For ex a m p l e ,  bot h C M S ( a  single task 
opera ti n g  system)  and  OS/V S 1 ( a  m u lt it as k 
o p er at in g sys t e m )  can exec ute i n  V M/ 3 7 0  
v i r t ua l  m ac h i n e s .  

T h e  v ir t u a l  C P U  c a n  execute i n  e i the r  
ba sic o r  e xtended control m o d e  (ext ended 
control mode inc lud e s  all the facil it ies 
n ecessar y  to execute VM/3 7 0  as  the virtua l  
machine ' s  o p e r a ti n g  s yst em ) . For ex ampl e ,  
OS/M FT and 0 S/VS 1 ,  a s  w e l l  a s  C MS a n d  
VM/3 7 0 , c a n  e xecute i n  v i r t u al m achi n es . 

T he v ir t u a l  machine c a n  e xec ute a l l  
S yste m/3 7 0  i n structi on s excep t  R E A D  DI R EC T  
a n d  W R IT E  DIREC T . T h e  DIAGN O SE inst ruc tion 
is re se rved for special p r o gr am 
communication w it h  CP . 

VI R T U A L  C H A NNE LS AND I/0 DEV I C ES 

A vir t ua l  m ac h i ne s u p ports t he s am e  dev ices 
as a r eal machine.  V i rtual d evices are 
logica l l y  con t roll e d  by t he v ir t u a l  ma c hine 
an d not by V M/3 7 0 . In most cases , 
i n p ut;output ( I/O) opera t ions , a nd a n y  

e r ror recove ry p ro c ess in g ,  a r e  t he com plete 
respons ibility of the vir tua l m a c hine 
operating system. 

V i rtual an d r eal dev ice ad dr ess es may 
differ . CP converts virtua l  cha nnel and 
d e vice addresses t o  r e al c h an n e l  and d ev ice 
equiva lents and perf o rms any d ata 
translations t h at ar e n ecess ary . 

All  virtual d ev ices must hav e r eal 
count erpar t s . F o r  example , a virtua l d i sk 
m ust have a r e al d is k  cou nter p art , or a 
v irtual t a pe must ha ve a real tape 
c ounte rpar t .  S o m e  v irtu al d evi ces , s u c h  as  
t apes , must have a one- to- one re la ti onship 
with a real d e vi c e .  Ot hers m ay b e  ass ign ed 
a portion of a real d evice ( fo r  e xa m ple , a 
vi rtual disk may o ccupy all or p ar t  o f  a 
r e al disk) • severa l virtua l  d i sks m a y  be 
assi gned to o n e  r eal d is k .  

Fi gure 5 shows t hr e e  v ir t u a l  dis ks t hat 
ar e assigned t o  one rea l 2 3 1 9  d i sk volume . 
These virtual disks m ay belo n g  t o  t hr ee 
dif ferent v ir tual mac hi n e s  or to on e 
virtual m ac h in e ; t h ey can be u s e d  by C M S , 
DO S ,  or O S . V ir tua l disks a re a lso calle d  
minidisks bec aus e more t h an o n e  c a n  be 
as signed t o  a f u l l - s i zed real d isk . V M / 3 7 0  
distr ibu t es s e rvic e  prog ra m s  whic h c re a te 
and chan ge min id i sk s . 

Virtual 
Cylinder 
Numbers 

0 

0 

48 
0 

25 
0 

126 

REA LID 

MIN101 

MIN102 

MINI03 

0 

49 
50 

75 
76 

Real 
Cylinder 
Numbers 

202 

Figure 5 .  Re al Dis k  Cont aining Minidisks 

I n  Fi gure 5 ,  t h e  volu m e  
t h e  r eal d isk i s  R E ALI D .  
a nd M IN I 0 3  are t he labe ls 
the real volume R E AL ID. 
m i nidisk starts a t  virtual 

s er i a l  nu m b er of 
M IN I 0 1 ,  M IN I 0 2 ,  

o f  mi n id i sks on 
Not e t bat each 

c yli n d e r  ze ro . 

I n tr od uc tion 1 1  



A v irtu al machine c onfiguration m a y  
i nc l ud e  virtual u n it r ec or d  devices , suc h  
a s  pri nters and p u n c h es . Usu ally a r eal 
u n it r ecord dev ice is not kept busy 
c o n sta ntl y ,  thus the input an d output of  
s ev er al vir tual u n it r ecord d evices c a n  b e  
hand led by o n e  r e a l  u n i t  recor d dev ice . C P  
controls t h ese v ir t u a l  d ev ices (a s well as  
the real de vices) and  directs all i n pu t  an d 
out put for t hem t o  intermed iate d i rec t 
access storage s pace t h at h as been 
allocat ed for this purpose . This function 
i s  ca lled spooling and i s  expl ain ed u n der 
" S poolin g U n it Recor d I/O "  i n  t he " C o n trol 
Progra m "  sec tion . 

A v irtual devic e t ha t  is defined a s  
d e d ica ted t o  a specific v ir t u al machin e  
m u st h a v e  a real equivalent . The v i r t u a l  
machine , n o t  C P ,  t hen controls both t he 
r e al and v ir t u a l  devic e .  To dedica te a 
virtua l  device , either designat e  it as 
d e dicat ed in t he VM/ 3 7 0  d i rectory or ha ve 
it a ttached to a speci fic v irtual m achin e .  

A v irtual  m achi n e  con figurat ion can 
i n clu d e  a v ir t u a l  t r a n s m ission con trol uni t 
( TC U ) . Some o f  the l i n es o f  a r eal TCU m ay 
be defin ed as a virtual TC U ,  a s  shown i n  
F i g ure 6 .  

Real S yste m/3 7 0  
r ·----------, 

I I 
1 Virt u al M a chine A I 
I .------------, I 
I I I Vi rtual M achine B 1 
I I I I 
I I I I 
I L---------' I 
I I 
I � I 
I I 
I I I I 

1--·--·--------------------1 
I I I I 
I I V M/ 3 7 0  I I 
I I I I 
L 

I 
I 
' 

---·------�-.1 

I 
I 
' 

.-------------------------, 
I V ir tua l I V i r t u al I 

r-1 2 7 0 3  I 2 7 03  1--, 
I I Li nes I Lines I I 
I L- ___. I 
I Real 2 7 0 3  TCU  I 
"{ ' 

r-----, 
I I 
I I 
L L... ___ __. 

A v irtual c ha nnel- to-channel ada p ter 
(C TC A )  can be d e fin ed eit h er w it h  or 

w it hout a real e quivale n t . I f  a real 
channel -to -ch a n n el adapt er ex ists , a 
v irtu a l machine c a n  c om m unica te wi th a real 
computing system o t h er t h an it s own ; i f  it 
does not ex ist , a virtua l machi ne can only 
c o m m unicate w i t h  v irt u al m achin es i n  t he 
s a m e  computing sys t e m .  

A n  alternative to a 
channel -to -c hann el adapt er is t h e  
M a chine C o m mun ica tion Fac i li t y  
d e scribed in t h e  " Control Progr a m "  
of t h is pu b l icatio n .  

v i rt ual 
V i rtual 
( V MCF) , 
s ect ion 

Re strictions t h at apply t o  v i r t ual 
machines are d is cuss ed in t h e !�L1IQ: 
R!���!�g �ng §Y21�m §���I�1!2n g�!£� . 

Factors t h at i n flu en c e  t he p er for mance 
of v irtual machin es , a nd option s tha t can 
be used to improve t he p er for m a nc e ,  are 
descr ibed u nd er " P e rf ormance Options For 
V i rt ual Mach i n e  T i m e  M a na g ement , "  
"P er formance O ptions F o r  Virtual Machine 
St ora ge Manage ment , "  an d " P erfor m an ce" in 
the " C ontrol P rogra m" sec t i on . 

VM/370 Applications 

Using VM/3 7 0 , an inst a l lat ion c a n  perform 
its work more efficiently and easily. 
Virtu al mac hine a p plica tion s aid �n 
progra mming , oper ations , and  i n t er a ct iv e  
us e .  

PROG R A M M I N G  

The virtual m achine e nv i ron me n t  lends 
itself t o  progr am d evelopm ent becaus e :  

• Program s developed i n  a v ir t u a l machine 
can exceed the real stora ge si ze of the 
real com puter . 

• V irtual machines make program testing 
more f l e x i bl e .  S u b j ect t o  av a i l a bl e  
resources , a virtua l mac h i ne c a n  b e  made 
a c tive w henev er needed , thus r elax ing 
t i ght testing sc hed ule s a n d  a l l owing 
programmers more comp il at ions and tests 
per day . 

• J C L  (Job Control Language) i s  n ot n eeded 
w hen compiling , a ssembli ng , andjor 
testing under C M S . 

Da ta Set Dat a Set • Us ers c a n  test privil eged p r o gr a mming 
code in t heir own virtual mac h i nes. 

Fig ure 6� V i r t ual Dev ic es : Tra nsmission 
Con trol U n i t s  

1 2  I B M  V M/37 0 : Introduct ion 

• P r o gram mers ca n use d e b uggi ng a id s  a t  
their term i n al that p ar a l l el t hos e of an  



operat or at a system c onsole : they c an 
( 1 ) d i spla y and s t or e  into t h e  ge nera l 
or f l oating -poi n t  register s  or int o 
v irtu a l  storage , ( 2) stop e xec uti on a t  
a n  i n struc ti on a ddress , an d (3) alter 
t he n or m a l  flow of exec ution . The 
f unct i on s  each user is all ow e d  t o  
per for m  a r e  defined by  t h e  privilege 
c la s s (e s )  assi g n e d  to him . (For a 
dis cussion of privilege c lasses , see " C P  
C ommand s . " )  

• C M S si mplifies the cr e at i on an d 
m an ipulation of s ource prog ra ms on d i sk , 
a nd a l l ows the user t o  ex am i n e  s el ect e d  
p or t ions of progra m  listings a nd storage 
d um ps a t  h i s  terminal . 

• R SC S  users c a n  transmit files t o  an d 
receiv e fi l es f r om users a t  othe r 
geogra phic l ocati on s .  

• The V M/3 7 0  d ata priv acy , s e cu rity , an d 
user- isol a t i on features protect eac h 
use r 's d a t a , prog r am s ,  an d dis k fil es 
fr om access or d estruc t i on by othe r 
users . 

• M an y  Syst em/3 6 0  a nd S y stem/ 3 7 0  prog ra m s  
c a n  b e  c om piled under contr ol of C M S ;  
w it hin certain restricti on s  thes e 
progra ms m a y  also be tested under C M S . 
(F or a m ore c om pl et e  d is cuss ion of 

progr am ex ecution under C M S  refe r to 
" Pr ogram Developme n t  an d Ex ecu t i on "  in 
t h e  " C onv ersati on a l  M onitor Syste m "  
sec ti on . )  DOS assem bler l an gu age 
pr ogr a ms can be c ompi led under C M S  if 
the insta l l ati on adds t he app r opr iat e 
DOS m acros t o  the C M S  syste m . 

O P ER AT ION S 

T h e  v ir t u a l  m achine envir on m e n t  rel ieve s  
ce rtain prob l e m s  of sc heduling , s u p p ort , 
an d backu p ,  and  ex pedites prod uc ti on i n  the 
f ollowing ways : 

• S ystem gen er ation ,  supp or t , and  te stin g 
of ope rating s ystem s , as w ell as 
conv ersion ,  can be d one wi thout a 
d edicated real m ac hin e ,  con curr ently 
w it h  n or mal prod u ction w ork . Thoroug h  
testing i n  a virtual m achi n e  r e du ces 
errors and t he possibility of a b n orma l 
termi nation s  of t he s y s t e m . For 
ex a m p l e ,  a user c a n  a p ply a prog ra m 
tem pora ry f i x  (PT F )  t o  an I B M  op er at in g 
s yst em and test t hat system in one 
virt ual m achine while h e  does r e gu l a r  
pr odu ct ion w or k  i n  a n othe r vi rtua l  
mac hine using t h e  s am e  I B M  op er at in g  
system w i t h out t h e P TF a pplied . Thi s 
c oncurre n t  operation c an be don e 
pr ov i d ed su fficient d i rect access 

s t or a ge r es our ces a re a vai la b le . The 
virtual m achine t est is an alog ous to on e 
made on a real machine , provid ed tha t : 

T here are n o  timing d ependencie s . 

T he test is n ot mea s uri ng ti me . 

Dy na mically m od if ied c hannel 
programs ar e n ot u s ed except as 
noted in !�LliQ: f!gnning gng 
2I21g! §ggg£giiQll §�!gg . 

A possi ble com bin ation of v irtual 
mac hines in a VM/37 0 c onfig ura tion is 
shown in Figu r e  7 .  O p er at i ng system 
testing is d one c onc urre ntl y wi th 
batch w or k  an d a v ar iety of 
conve rsa tional a p plication s .  

• V M / 3 7 0  a l l ows D O S  a nd os , including 
virtual stor a g e  (V S)  versions , t o  
ex ecute c oncu r re n tl y  on t h e  same 
S ystemj3 7 0 . Multiple cop i es of t he same 
op era ting system c a n  al so e xec ute 
c onc u rren tly i n  s ep ar at e  v irtual 
ma chines . 

• M a n y  types of batch app lica t i ons can be 
ex ecuted , eit h er in an individual 
v irtual mac hine or in a vir t ua l  machine 
d edicated t o  execut in g progr ams i n  batch 
m od e ,  w i t h  n o  cha nge to the progra m .  

• N ew computer opera tors can g e t  "ha n d s  
on " e x per1ence us1ng a v ir t u a l  m a chine 
t er minal as a sy ste m c onsole . 

• A n  installati on using VM/3 7 0  ha s m ore 
f l e xibility in usin g an ot her Syst em/3 7 0  
computing s y s t e m  f or bac k up . T he backup 
system n eed n ot be t he s am e  syst em/3 7 0  
model n or have t h e  sa me a moun t  o f  real 
s t orage . Backup m ay be d on e  in t w o  
w ay s : 

The VM/3 7 0  s ys t em r esid ence v olume 
and the use r a nd CMS vol umes m ay be 
used on an ot her System/3 7 0  if the 
device a d d r es s es on bot h m a c hines 
are the sa me . This is n ot u n ique 
to V M/3 7 0 ; t he s am e  p r ocedu r e  is 
used to bac k up OS or D O S  syste m s .  

This met h od is uni q ue to V M/3 7 0 . 
The vol u m es c on t aining only u ser 
minid i sks may be c a rrie d to a n other 
com putin g s ystem t h at is using 
VM /3 7 0 . W h e n  this met h od i s  use d, 
the V M/3 7 0  dir ect or y  on t he backu p  
sy stem must be upda ted to i nc l ude 
the virt ual m achines t hat it must 
now support . 

T he backup syste m  m u st i n c l ud e , b ut 
is n ot limited t o, t h e  s am e  t y pe 
and nu mber of rea l  d e vice s  a s  these 
virtual m a chines r eq u ir e .  A l s o , 
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the backu p system must ha ve a 
su f f ic ient number of d i rect a ccess 
stora ge d ri ves s o  t h at t he user 
v ol ume s c a n  b e  m oun ted. 

B ecause t he v irt ual d e vices def i ned 
f or the vir t u al m achi n es ar e n ot 
ass igned t o  s pec ific real devices 
u n ti l  execu t i on time , the 
i n sta l l ati on s  n eed n ot concern 
t hemselv es w i t h  device a d d re s se s ; 
V M/3 7 0  on the backup s ystem ass i gn s 
r e al d ev ices just a s  i t  d oes f or 
i ts own virtual m achines . T hus , 
t he product i on w ork of the syste m  
being backed u p  can b e  ex ecut ed i n  
v irtual machines c onc urre ntly with 
t he ex ecut i on of the vi rtua l 
machi n e s  of t h e  backup s ys t em .  

I N T ERACTIVE U S E  

T w o  k i nd s  of i n t er acti v e  syst e ms 
un der V M/37 0 :  m ulti pl e - access an d 
us er . 

ex ecu te 
s in g l e  

• M u l t i p l e- access systems 
e xecute i n  one virt u al 
d ir ect ly s erv ic e ma ny 

1 4  I B M  V M/3 7 0 : In troduct i on 

li ke V M/3 7 0  
m achin e  an d 

i n terac tive 

terminal s .  A us er of a m ul t i p l e- access 
system issu es t he DI A L  c om ma n d  i n stead 
of t he LOGON c omman d to con n ect his 
t er m inal w i th t he virtual ma ch i ne .  

Once his terminal i s  con n ect ed , t he use r  
issues on ly t h e  c om m a n d s  ass ociat ed w it h  
t h e  multiple- access syste m .  

Por example , the D I A L  c ommand c onnects 
the user 's ter m i n al with a V M/3 7 0  system 
ex ecu t i n g  in a virt ua l  mac h i ne und er 
V M/37 0 .  Once his t er m in a l  is con n ect ed , 
t h e  user c ommu nica tes only with that 
particular vers i on of V M/3 70 . 

N ote : The user s hould be aware that w hen 
he-uses the DIAL com m an d ,  he d oes n ot 
l og on t o  CP a nd there f ore he c a n n ot use 
a n y  CP c om m an ds . 

• S y stems that can be e xec uted 
i n teractively by a s in g l e  u s er include 
t h e C onv ersa t i onal M o ni tor S ystem and 
an y op era t i ng syste m that ca n e xec ute in 
a virt u a l  m ac h i n e .  A t i m e- s haring 
env ironment is c rea ted whe n V M/3 70 
creates m u l tiple v i rt u al m a c h i n es , each 
cont r olled by t he same ope ra ting syste m . 
T h ese systems operate con curr ent ly w i t h  
e a c h  ot her a s  w e l l  a s  wi th ot her 
c on ve rsational or bat c h syst e ms . 



CP ( t h e  con trol pr ogra m of VM/3 7 0 )  c rea tes 
and c ont rol s  virtual m achines . A virtual 
m ac h i n e  is t he funct i on a l  equivalent of a 
re a l  c om p uting system . Execu t i n g a pr ogr a m  
i n  a v ir t u a l  machine prod uces e x ac tl y  the 
sa me out put a s  e xecut i n g  t h at p r ogr am on a 
r e al m ac h in e .  

When a user l og s  on VM/37 0 ,  CP cr eat es a 
v ir t u a l  m achine f or him . B ase d on 
i n f orma t i on s t ored i n  t he VM/3 7 0  di rec tory , 
CP creates a virtual m achi n e  wit h a 
s p ecific amou nt of v irtual s t ora ge a n d  
specific v i r t ual d evices . T h e com man d 
p r iv i l eg e  classes a l l ow ed f or the vi rtua l 
machine and opti on a l  support (su ch as , 
ex t en ded con t r ol m od e) are also determ ined 
by eac h  virt ual m a chin e 's ent ry in t he 
V M/3 7 0  dir ect or y . 

CP con tr ols t h e  resourc e s  of the rea l  
c om p uter to provi d e  multip l e  v ir t u a l  
m achin es . C P  i nt ercept s , tra n s la te s ,  a n d  
sc hedules a l l  of t h e  real i n put/output 
op er at i ons of t h e  virt u a l  machine . All  
v i r tua l  m a c h i n e s  execute in p r oblem s t at e ,  
an d t h e  control progra m traps a nd proc e sse s 
i n te rrupts a n d  privil e ged instru ct ions . 
O n l y  CP ex ecu t es i n  su perv isor sta te . 

Virtual Machine Time Management 

A l though virtual m achi n es app e ar t o  t heir 
us ers to be ex ecut i n g  i n struc ti ons , it is 
the real CPU that i s  act u al l y  d oi n g  t he 
wor k . 

V M / 3 7 0  uses a t ec h nique c a l led time 
slicing so that one real CPU appears t o  be 
multiple v irtual CP U s . Each virtual 
machine pe riod i call y gains access t o  t he 
r e al CPU for a sm all a mou nt of time , ca lled 
a t ime s l ice . CP determines how frequ ently 
and for how much t i me a v irtual mac h i n e  
gai n s  a c c e s s  t o  t h e  r eal CPU by ex am i n i n g  
t h e nu m b er of console reque sts , or ter m i na l  
i n terrup t s , the virtual m achine h as issu ed 
during its p as t  time s lices . If the n u mbe r 
i s  large , CP d efines t he v ir t u a l  m achi n e  as 
a conv ers at ion a l  user a nd assigns i t  the 
smaller of two p ossi bl e time s l i ces . If 
t he nu m b er is s m a l l ,  t he v irtual machine is 
a n onc on ve rsa tional user and is ass i gn e d  
t h e  lar ger t i me s l ic e . CP give s 
c onve r sa tional users m or e  frequ ent acces s  
t o  t he r ea l  CP U for s hor t ti me slice s ,  
while i t  gives n oncon v e r s at i on al us er s 
l ar ger t i me s lices a t  less freque n t  
i n terval s .  

Control Program 

CP a l l ows a v ir t u al m achine t o  gain 
access t o  t he real CPU on l y  if the vi rtual 
machi ne is n ot w ai t i n g  for s ome r es ource or 
activ ity , such as : 

• A page of stora ge to be l oa ded f rom 
a u xiliary stor a g e  i nt o  r eal st orage 

• A n  i nput/ output operation 
tr ans lat ed ,  b eg u n , or c om ple ted 

• A CP command to f i nish e xec uting 

PE RF O R M A NCE OPT I O NS FO R VIRTUAL 
T I M E  M A NA G E M E NT 

t o  be 

M A CH I NE 

V M/3 7 0  has opti ons t hat c an b e  u s ed t o  
i m pr ov e  t he pe rf ormance of a virtual 
machi n e .  A v ir t u a l  m achine w it h  a 
perfor mance opt i on i s  te rmed prefe rred . 
Althou g h  e ach opt i on can be a p p l i e d  t o  a 
d i fferent v irtual mac hine , if opti mum 
perf ormance is r equ ired,  usua lly 
perfor ma nc e  opt i ons a re a ssigned f or onl y  
on e or t w o  specif i c  v i rt u a l  m ac h i n es . 

T w o  perform ance options can be u s ed to 
incr ease t he a mou nt of rea l CP U ti m e  made 
a vail a ble t o  a p ar t i cul ar v irt u a l m ac hin e :  
prior i t y  a n d  f av or e d  execu t i on .  

A prior ity value a ssigned t o  a vi rtual 
mach i n e  i s  used , i n  com b in ation w it h  ot her 
fact ors , to influence the d i spa tc hing 
a l g or i t hm . A l ow priority v alu e giv es t hat 
v irtual machine a larger slice of CPU time , 
p r ovi d ed t h at v ir t u a l  m achine can fu lly 
u t i l i z e  t he time . The priori ty option 
affect s  t he execu t i on of a p art icular 
v irtu al machine a s  c om pa red wi th ot her 
virtual m achines t h at hav e t he s a m e  general 
ex ecut i on c haracteristic s .  Pri ori t y  m a y  be 
assi g ned by the system op er ator but is m ore 
fr equ ently specif ied in the vi rtual 
mach i n e 's d i r e ct or y  entry . 

The f av ored execu t i on opt i on prov ides a 
particular v irtual ma c h i ne a n  a ssured 
percentage of r eal CPU t i m e ,  pr ov i d ed it 
can fu lly u t ilize the time . The system 
opera t or sp ecif i es t his opt i on a n d  t he 
percent a ge b y  the SET F A VORED c om mand . 
O n l y  one v ir t u al m achine at a t i m e can have 
t his form of t he favored e xe c ut i on option . 

A n ot h er f orm of the SE T F A VO R E D  c omma nd , 
with n o  percentage s peci fied , can be issued 
for sev era l virtua l ma c h i ne s ,  t o  en sure 
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t h at t hey gain access to t he real C P U  more 
f req ue ntl y t h a n  other virtual m a chines . 

For m ore d e t ai le d  i n form at i o n  on t h es e 
and ot her opt ions t ha t  improve virtual 
machine pe rf o r m ance , s ee t he !�LJ1Q: �1§!g! 
g�gg���m���§ ��1£�. 

Virtual Machine Storage Management 

E a c h  v ir t u a l  machi n e  has stor age associat e d 
wit h it ; t he a mount of storage i s  d e f i ne d  
i n  t h e  VM/3 7 0  directo ry. E a c h  v i r t u a l  
m achine fu nct ions as if  i t  has a la rge 
a m ount of real stor ag e .  Ho w ev er ,  each 
v irtu al m a c h i n e ' s s tora ge i s  c rea ted and 
c on trol led by C P  as virt ual s t or age.  The 
v irtu al �ac h i n e ' s  storage can be l a rger or 
smalle r than the stor age o f  t he r e a l  
m achin e .  

T h e  di rectory entry c ontains t wo sizes 
f o r  each virtual m a ch in e : its nor mal s iz e  
an d a max i m u m  s iz e .  The norma l si ze m u s t  
be a t  l e a s t  8 K  (8 1 9 2 )  bytes . T h e  m ax imu m 
s i z e  must be no lar ger t ha n  1 6  mi l lion 
byte s .  Bot h  si zes must be mult ipl es of 4K 
( 4 0 9 6 ) • W h en a user logs on , h i s  vi rtua l  
mac hine storage si ze is t h e  amount o f  
s t or age d e fined as t he norma l size . 
H o we ver , the user can t em po r ar i ly r ed efine 
his v irt u al s t orage s i z e  to a n y  va l ue tha t 
i s  a multi ple of 4 K  ( 4 0 9 6 )  an d not gr eat er 
t h an h is v ir t u a l  machine ' s  m a x i m u m  size . 

S torage in t he virtual machine i s  
l ogica lly d i vided i nt o  6 4 K  ( 6 5 ,  5 3 6) byt e 
ar eas call e d  s e gments . These are f u r the r 
d i vided i n to 4 K  byt e  areas c a l l e d  pages . 
For each v ir t u a l  machin e , C P  c rea tes a n d  
upd a tes a se t of segment an d p a g e  t a bl es t o  
descr i be t he v irtual storage a nd t o  re f lec t 
the a l l oca ti o n  of the virtual s t or age pages 
t o  pa ge fra mes in rea l  storage . These 
tab les a re used by t he Dyn amic Address 
Tr ans l at i on fe ature during vi rtual mac hine 
e xec ution to locate t he r e al storage 
addres s es to w hich the vir tual storage 
add resses actually r efer . 

The s torage of the r e al Sys t em /37 0 is 
phys i cally and logica lly d iv i d ed i nt o  4K 
byt e areas cal led pa ge f ra me s . When a pa ge 
of vi rtua l  s torage i s  brou ght into r eal 
storage,  it fits exa c t ly i n t o  a pa ge f ra me . 

The heavily used port ion s  of VM/37 0 a re 
kept i n  real s torage . Howev er , to opt i m iz e 
r e al s t orage usage only virtual stora g e  
pa ge s that are r e f e r r e d  to fr equ ently ar e 
kept in real stora ge . A pa ge c a n  b e  
b r o ught i n to a n y  avai l a b l e  page fr ame ; t he 
n ecess ary r el o cation i s  d one d ur i ng progra m  
e xec ution b y  C P  using dyn am i c  addr es s  
tr ans l at i on . The a c t i v e  pages from a l l  
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logged -on v ir t u al machin es an d fro m  the 
pa geable routines of VM/3 7 0  c o m pete for 
avai l a b l e  page frames . When t h e  nu mber of 
page fra mes a v a i la b le fo r a l loca ti on falls 
below a threshold v al u e ,  CP det e r m ines 
w hic h v irtual st ora ge pa ges currently 
al located to rea l  st ora ge a re re la tive l y  
ina ct ive a n d  initia tes sui tab l e  pa ge-out 
opera tions for them . 

I n activ e pa ges a re stored on a d i rect 
access storage devic e .  If a n  i na c ti ve page 
is c ha n ged at some time dur i n g  v irtual 
machine executio n ,  CP a s sign s it  to a 
pa ging device , selecting t h e  fast est pa ging 
device w it h  avai la b le space . If the pa ge i s  
not chan ged , it r e m ains allocat ed i n  its 
or iginal d i rect a ccess l ocati on a nd is 
pa ged i nto real stor age from there t h e nex t  
t i m e t h e v irtua l mac hi ne ref e r s  t o  tha t 
pa ge . A virtual m achin e progr am can use 
t h e D IA G N O S E  instruction to c o m m unicate to 
CP that t he i n form ation fr o m  one or more 
speci fic pa ges of virtual stora ge is no 
lo nge r needed ; CP t h e n  r e l e ases the ar eas 
of t h e pa ging device that we re a s si g ned to 
h o ld the specified pages . 

Pa ging i s  done on d em an d  by CP . This 
means t hat a pa ge of virtua l  stora ge i s  not 
read (paged ) from the pa ging d ev ice t o  a 
re al storage pa ge fra me un ti l i t  i s  
actua l l y  n eeded for v ir tu al m a chine 
ex ecut ion . N o  a tt e m pt i s  mad e b y  C P  to 
anti c i pate w h at pa ges m i g ht be r equir ed by 
a v irtual machine . W h i le a pa ging 
opera tion i s  bei n g  per for med for one 
v irtu al mac hine , a n othe r virtua l  machine 
c a n  be executin g .  Paging operat ions are 
i n it iated a nd perf ormed by C P  a nd require 
no action b y  the virtu al m a chin e .  

T h e  operating syst em cont r o ll i n g  a 
v irtu a l  machine may exec ute i n  e xtended 
control mod e .  T his me ans t hat an operat ing 
syst em can c reate a nd c ontrol i ts o wn 
virtual stor age , i n  addition to t h e v irtual 
stor a ge it has which i s  c on tro l l e d  b y  CP . 
The virtual m achi n e  oper a t i n g  syst ems t hat 
can do  th is a re :  O S/VS 1 ,  O S/V S 2 , D OS/V S ,  
a n d  V M/ 3 7 0 . ( VM/3 7 0  c an creat e s everal 
v i rt u a l  storages a t  once . )  In  the 
following exampl e , O SJV S 1  is used to 
illustrate how an oper atin g syst em handles 
t h e v irtual stora g e  it c reate s , a n d  how 
this is different from t he v ir t u a l  s t orage 
t h at VM/3 7 0  c r ea tes for a v i r tual ma chin e .  

O S/V S 1 c reates a nd c on t rols a single 
virtual storage . It cr eat es a n d  upd ates a 
set of pa ge and.  segme nt ta b le s  that rel ate 
this virtual stor age t o  t he v ir t u a l  s t or a ge 
of t h e v irtual mach i ne . In VM/3 7 0 , "fi rst 
level sto r age " r e fers to real st orage , 
" s econd level stora ge " refe rs to virt ual 
machi n e  stor age , an d "t hir d lev el s t ora ge" 
r e f ers to t he v irtual st orage c rea ted and 
c o nt rolled by t h e  virtual m achine.  W hen 



O S/VS 1 i s  e xe c uti n g , in struct i o ns and dat a 
fr om t hi r d  lev el storage must be a va i la b l e  
to the C PU . Thus t h e  r e al m achi n e  cannot 
u s e  t h e pa ge t ables c rea ted b y  O S/VS 1 nor 
the pa ge tables created by CP . The r eal 
m achin e must hav e  a s et of page a n d  se g me n t  
t a b les t h a t  relate t hi r d  l ev e l  stora ge t o  
f i r s t  lev el stora ge . CP dyn amically 
constructs and updates such t a b les , ca lled 
shadow tables . C P  has a single s et o f  
s h a dow pa ge t a bles f o r  a ny o n e  virtua l  
machine . A single s et i s  a l l  t hat is 
n e cess ary for o s;v s 1 ,  o s ;v s2 , or D o s;v s .  

How ev er ,  w hen VM/3 7 0  itself i s  used a s  a 
vi rtua l  m a c h i ne oper atin g  syst em , it can 
cr eat e  mu lt ipl e  v ir t u a l  mac h i ne s , eac h with 
i ts own vir tua l stor a g e .  In t his cas e ,  t he 
s h a dow t a bles are i nv a l ida ted b y  C P  
whenever i t  passes control from on e v i rt ua l  
m a chin e t o  anot her . 

O n e  or m o r e  segments of virtual st orage 
ca n be shared among v ir t u al m achines . T he 
i n format ion to be s ha red must b e  read- on l y ; 
i t  ma y be dat a  or r een t er able pr o gr a m  
m o du l es . T he information t o  be sha red m u s t  
be par t  o f  a m o n i t o r  o r  oper atin g s ys t e m  
( f or ex a m pl e ,  C M S }  t hat ha s b e e n  reco rded 
o r  sa ved on a C P-own e d  volum e .  

I f  a user that i s  executi n g  a s h ar ed 
system alt ers one of t he shared segments , 
h i s  system i s  put i n t o  nons h ar e d  mode .  
T hus , w henev e r  a u s e r  issues a n  A D STOP , 
STORE , T RA C E  I NS T RU CT , or T R ACE B R AN C H  
c o m m a n d  t hat a lt ers a s ha re d  segment , the 
sha red s yste m cont ainin g t h at s egment is 
pl aced i n  nons har ed mode . 

Noncont i gu o us s e g ments c a n  b e  a ttached 
to and de tached from virtu al m achines . 
T h ey can be s ha red or nonsha red .  
Nonc onti g uo us seg m ents m ay b e  wit hin t he 
v ir t u a l  m ac h in e ' s de fined storage , a ppended 
to the end of i ts virtual s torage , or 
l o aded at a ddresses beyond i ts vi rtua l  
s torage . V M/3 7 0  s u ppo rts n o n cont i guous 
s e gments for CM S ;  i n  t h i s  c a se , .  the 
addresses of the noncontiguous s eg m ents 
must be greater t han t he hig he s t  a ddre ss in  
the vi rtual m achine t h at is at t a chin g t hem . 
For a des cript ion of shared segments , 
n o nc ontiguous segments , an d n am ed syst ems 
s ee t h e  !�L11Q: §Y§igm R�Qg��mmg��§ §�!£g. 

PE R F O R MA NC E  O PT I O NS FOR V I RT U A L  M A C H IN E 
S T O R A G E  M AN A G E M EN T  

C P  pr ov ide s  t hree perform ance opt ions t o  
r e du ce o r  elim inat e  pa ging requirements of 
specific virtual ma chin es : locke d  pages , 
r es erv ed page fra mes , a n d  v i rtua l=rea l . 

T h e LOCK c om ma n d  ca n be used by the 
syste m ope ra tor to lock specific u s er pa ges 
of v irtual storage i nto rea l  stora ge . This 
elimi n ates paging act iv it y  for t h es e  pa ges.  
S i nce t his option reduce s  the n um b e r  of 
page frames t h at are av aila b le for use by 
othe r v i rtual m a chines , o n ly frequently 
used pa ges should be locked i n  real 
stora ge . 

A more f l e x i b l e  approach t h an locked 
pages is reserved pa ge f ra me s .  T he sy.stem 
operator assi gns a cert ain n u m ber of pa ge 
frames to a spec ified v i r tua l machine . 
Pages are not l o cked into t hes e pa ge 
fr ames ; t hey c a n  be pa ged out , b ut o n l y  
f or other a c t i v e  pages o f  t he s a me v irtual 
mach i n e .  T his option i s  usua ll y  m ore 
efficient t h an lo cked pa ges, s in c e  t he 
pages that r e ma i n  i n  rea l stora ge are those 
that are most act i v e  at t he mo ment , as  
det er mined by CP . A lthough seve ral vi rtual 
mach i n es can have l ocked pages , only one 
v ir t u a l  machine a t  a t i me can h a ve reserved 
pa ge frames . 

During V M/ 3 7 0  s ystem gener at ion , t he 
inst a l lation can a ss1gn the virtual =real 
optio n  to one or more v ir t u a l  machines.  
Howev er , o n ly one virtua l machi ne c a n  use 
the virtual=r eal ar ea at any one t i m e .  
W it h  t his opt ion , a virtual=real a rea is 
a l located dir e ct l y  from r e a l  stora ge w hen 
VM/3 7 0  is initia l l y  l oa de d ,  and that area 
re mai ns al located u n l ess it is r e leas ed by 
t h e system o perator . A l l pa ges , e xc e pt the 
vi rtual m achin e ' s  page z er o , are a l l ocated 
to t he corresponding rea l storage 
location s .  ( T o  control t he r e a l  compu t i n g  
syst em, C P  m u s t  control rea l  pa g e  zero . )  
Consequentl y ,  the r e al storage s i z e  m u s t  be 
large enou g h  to acc ommoda te the C P  nucleus , 
the entire virtu al=r eal ar e a ,  an d t he 
r e m a i n i n g  pa gea b le storage of V M/3 7 0  and 
the other virtual m a ch in es . 

T h e  virtual=r eal opt ion i m proves 
performance in t he se lec ted virtua l machine 
because CP n o  longer has to per form pa ging 
oper ations for i t . The performance of 
other virtual m achines m ay be a dv ersely 
affected unless e n ough re a l  s tora ge is 
a v ai l a b l e  for t heir pa gi n g  r equ ir e ment s ,  so 
care s hou l d  be t a ke n  in assig ni n g  the 
virtual=real stor age s iz e .  A l s o ,  
nonc o n tiguous segments are n ot al low ed for 
v irtu al=real syste m s . The !�LJ]�: gla��ing 
�Bg §Y§!gm §gBg��1!2ll §y!£� di scusses some 
s it u at ions i n  w h ich the virtual=real option 
i s  n ecessar y ,  and cont ains t he formulas 
nee ded t o  deter mine the a mount of 
vi rtual=real s tor age t hat is av a i la b l e  for 
v aryi ng real storage size s .  

F i gure 8 i l lustrate s re a l  storage 
a l locati on for a DOS  b at c h  v irt u a l  m ac hin e ,  
a n d  a DO S v irtual mac hine defi ned wi th the 
virtual=real option . 
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Figure 8 �  Com parison of S torage U sa ge for Virtual M achin es Wit h  and Without Virtual= Real 
O p tion 

Virtual Machine 1/0 Management 

The  v irtua l machi ne operatin g s ystem is 
responsi ble for t he operation of a l l  
vi rtual devices associated wit h it . T hes e 
virt u al dev ices may be defined in  the 
VM/3 70 d i rectory entry o f  t he v irtu al 
m achin e,  or t hey may be attac hed to ( or 
de tached f rom ) the virtual m achine w hile  it 
r e mains logged on . Virtual d evices may  be 
dedica ted , if they are assigned  to a ful ly 
equ iv alent re al dev ic e ;  shared , if a 
mi nidisk is linked by  more t han one v irtual 
machine;  or s pooled by  CP to i ntermediate 
d i rect access storag e .  

When OS  executes in  a r eal m achin e ,  
input;output  operations a re initiated whe n 
a problem program requests OS to issue  a 
st art I/O instruction to  a specific de vice . 
Device e rror recover y is h andled  by t he 
oper at i n g  system . In a v irtual machine , O S  
can  perform t hese same  functions , but t he 
device address spec ified a nd the storage 
locati ons referre� to  are virt u al . C P  
tr anslat es t h e  v irtual addresses t o  real 
addresses . 

Because t he v irtual  
only  i n  virtual (not 

machine exec ute s  
real)  superv isor 
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stat e ,  CP gains control when the Start I/O 
instruction is issued by the virtual 
machine operatin g s ystem . CP co pies into  
its  own work  area t he c ha n ne l  c omma nd list 
specified by  the  oper at in g  system , and 
pa ges into real storage all virtual storage 
locations required for dat a  tr ans fer . T he 
specified pages are  fixed in  rea l storage 
until the input;out put oper at ion  com plet es . 
If a s ingle c hannel c ommand word specifies 
a dat a  area extending ov er mu lt i pl e  pages 
of contiguous virtua l stora ge , CP  generates  
channel progr ams t h at u s e  channel  indirect 
data addressing t o  ha nd le noncon ti g uous 
page frames . If t he v irtual dev ice is a 
minidisk , CP mod ifies a ny c yli nder numbers 
speci fied to r eflect the true locat ion of 
t he data . CP assigns the virtual d evice 
address to the r eal device and s chedu les an 
actua l  input;output ope ra tion . 

During this  processing , CP designate s 
the virtual machine as not ex ecut abl e .  W hen 
t h e  v irtual machine gains control , CP gives  
it  a suitable con dit ion code  (as on  a real 
machine) to indicate the status of t he 
Start I/0 operation . I n  addition , CP 
reflects t he int errupts c aused  by t he 
input;output opera tion f or i ts 
inte rpre tation and processin g .  



I f  i nput;o utput errors occu r , C P  does 
not initiate error recove ry operation s ; 
these are t he r esponsibility of the virtua l  
mac hine ope r a ting s yst em . Basic  error 
r e cor din g is , howev er , provided by C P .  For 
more information on error proces s in g ,  see 
t he !�LJ1Q :  �1l��� g�g ���2� B�£Q��in� 
2-Y.!g� . 

The programs to be execut ed in a v irtual 
m achine ( ex cept a v irtua l=rea l mac hine ) 
genera l l y  m ust not incl u d e  dyn am ically 
mo dified channel programs . These a nd othe r 
restrictions that apply to  v irtual machines 
ar e dis cuss ed in the !�Ll]g : R!sn�!�g g�g 
2�2!�� 2�n��g!!2n §y!g� . 

Virtu al dis ks ca n be shared b y  se vera l 
vi rtua l  machines . Virt u al disk s haring is 
specified in  the VM/3 7 0  directory ent ry or 
by a u s er command.  I f  t he user issues t he 
CP L INK comm a n d  to s har e a v irtual disk , he 
must supply the appropriate p asswor d befor e 
he can gain access to  t he v irtua l device . 

A particu l ar v irtual machine ma y be 
a s signed read -onl y or readjwrite access to 
a s hared v irtual dis k . CP  c hecks eac h 
virtua l  mac hine i nput;output oper ation 
ag ainst t he s p ecifications in  the vi rtua l  
machine config urati on t o  ens ur e d ev ic e  
integr ity . 

V irtu al d is ks may be defined for 
te m pora r y  use b y  a virtual m achin e.  In 
t h at cas e ,  CP allocates rea l disk storage 
to the virtual machine until t he v irtual 
m achine logs off or spec if ically  detac he s 
the tem porary virtual disk . 

A virtual machine m ay be ass igned a 
dedicat ed channel,  via t he A TTACH CHANNEL 
c ommand . If a virtual m achin e is  ass i gned 
a dedicat ed channel , it ha s that cha nne l 
and all of i t s  devices for its exclusiv e 
us e .  CP trans lates t he virtual storage 
loca ti ons specified in  c hannel comman ds to 
r e al locations and performs any necessa r y  
paging o pe ra tions , b u t  does n ot n eed t o  
tr ansl at e  a n y  dev ice addresses . The 
virtua l  devices on a d edicat ed c hannel mus t  
h av e  dir ect , r e a l  equiva lents ( f or exa m ple , 
mi nidisk s  a re not allowed)  , an d t he v irtu al 
and r eal d ev ice addresses must be 
identical . A c hannel dedicat ed to a 
v irtual machine cannot be used b y  a ny othe r 
virtua l  machine . Virtual m achin es m ay hav e  
a mixt u r e  o f  dedicat ed and nondedica ted 
channels . 

A virtual i nput/output oper at ion by CP 
c an be s implified if  t he virtual ma c hine 
uses t he Diagnose inter f a ce . T he 
Conversat ional M onitor System , whic h  was 
d e signed specifical l y  for the v irtual 
m achine env ironment , uses this i nterface 
i nstead of the normal Start I/0 instru ct ion 
for most of its inpu t;output opera tion s . 

When the Diagnose inter f ace is u s ed , CP 
handles input;output e rror recovery 
operations . 

I nput;output oper ations init iat ed by CP 
for its own purposes ,  for e xa mple , paging 
and spool in g ,  are performed d ir ect ly and 
are n ot subj ect t o  t he tran s lat ion process 
described in t he pr ecedin g p aragr aphs . 

For a d escription  of  how v irtual 
machines running under the sa me V M/370 
system can communicat e  an d ex change dat a ,  
see " V irtual Machine Communication 
Facility" in this s ect ion . 

Spooling Unit Record I/0 

CP  s pooling  f acil it ies allow mu ltiple 
v irtu al machines to sha re real uni t record 
devices . since vir t u al m achines controlled 
by CM S ordinarily have l ow re quire ments for 
unit record input;out put , r eal dev ice 
s h ar ing is advantageous , a nd i s  the 
stand ard mode of system oper ation . 

CP , not the  virtual m achin e ,  controls 
t he u nit record devices that are designa ted 
a s  spooled in the directory entry . W hen 
t h e v irtual machine issue s  a S tart  I/O 
instruction to a spooled u nit record 
devic e ,  CP interce pts t he instruction and 
modifies it . CP moves t he dat a  into 
p a ge- size records ( that i s ,  4 0 9 6 -b yte 
blocks) on a V M/3 7 0  dis k  ar ea t hat serves 
as intermed iate stora ge be tween the real 
unit record devi ce and t he v irt u al machine.  

In put spool files , t hat is , data 
av ailable a t  a virtua l  card read er , can be 
creat ed from real card decks . The  real 
machine opera tor places t he card d eck in 
the i nput hopp er of  t he r eal car d  reader . 
The r eal card deck must be preceded by  a 
US ERID card t h at n am es t he v irtual machines 
to r eceive t he card dec k . 

Input spool files can  also be c rea ted by 
using RSCS remot e work stat i ons . T he 
oper ator at t he re mote work sta tion m ust 
place a card d eck in t he hopper of  t he 
re mot e card reader . This card deck m ust be 
preceded by a U S ERID  card t hat names t he 
R SCS v irtual mac hine a nd the virtual 
machine that is to  receiv e t he car d file.  
In t h is way , cards at  a remote location can 
be made av ai l a ble to any v irtual machine . 

Output spool fil es ar e cr eat ed on direct 
access storage when the virtual machine 
operating system writes to a v irtual  pu nch 
or pr inter . Real output is sched uled for a 
real printer or pun ch , or for remote 
output , w henever a user log s  off the system 
or issues a CP  CLOS E com m an d .  
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If t he dir ect access storage space 
as s i gned to spooling becomes full,  spool i n g  
s t o p s  and t h e  virtual u n it r ec or d  devices 
a p pear t o  be not r e ad y .  T h e  s poolin g 
o p er ator must make a d d itional spooling 
space a vailable . He  c an pur ge existin g 
spool files o r  assign additional d i rec t 
access storage space for spool fil es .  

Speci fic f i l es can be t ra n sfe rred from 
the spooled card punch or pr int er o f  a 
v irtual m a c h i n e  to the card reader o f  t he 
same or anot her v irtual ma c h i ne . ( A  
virtual c a rd reader is  n o t  li mit ed t o  
S O -c haracter r ecords . )  Files transfe rred 
be t ween v i r t ua l  unit record d ev i ces by t he 
s p ooli n g  rout ines are not ph ysic a l l y 
pu nched or printed . The CP s poo lin g 
su pport can make files a va i la b le to 
m ul ti ple v i r t ual m ac hi n es , or t o  different 
o p er at i n g  s y s tems ex ecu ting a t  different 
ti mes in  the same virtual m achin e .  

C P  c a n  prin t m u l t i p l e  c o p i e s  o f  a si ngle 
spool file , backspace an y n u m ber o f  pr inter 
p a ges , and d e f ine spooling c la s ses for rea l  
o u tput f i le s .  

Spooling Virtual Console 1/0 

CP a l lows the user to spool his v i r t u a l  
m achin e ' s  c o n s o l e  i n put;ou tput on d i sk , 
i n stead of , o r  in addition t o ,  hav i n g  it 
display e d  at his termina l . The d a ta 
spooled includes mess ages from or t o  t he 
v irtu al m ac h ine opera t i n g  system , C P  
c o m ma n d s  e n te re d  by t he user , CP m ess ages 
and r es ponses , and messa ges from or t o  the 
s ystem opera tor . Con sole spooling is 
invoked by t h e SPOOL CON SOLE c o mmand . I t  
i s  pa rtic ularl y useful w hen t he v irtual 
m achine is ex ecuting w i t h  the terminal 
d i sconnected , because t he v irtu al console 
ou tput , w hich would otherw ise b e  los t , is 
sa ved on d i sk . The saved d at a  is l at er 
printed on t he r e a l  printer . When a 
c o n sole spool file i s  close d ,  i t  beco m es a 
print er s pool file . 

Remote Spooling 

C P ,  in c o n j u n c ti on wit h  RS CS , s u p port s 
r emot e spooli n g ,  t ha t  is , R SC S  tra n smits 
f i les ac ross a teleprocessi n g  networ k . T he 
" R emot e S pool i n g  C o m munications Subsyste m " 
section d e scri bes RSCS a n d  how it is u s e d . 

2 0  I B M  V M/37 0 :  Introduction 

CP Commands 

CP commands a re used i n tera c ti vel y b y  
operators a n d  systems personnel t o  control 
the r eal computing system and V M/3 7 0 , and 
b y  users to control v ir t u a l  m a chines and 
the ir operating syste m s .  

CP c om m an d s  c a n  b e  used at a ny time , 
with out re g a rd to which o p er at i n g  system is 
cont r o l l ing the use r ' s  virtua l  machi n e .  To 
is sue CP  c o m m a n ds , t he u s er must first 
suspend ex ec ution i n  the virtua l  machine by 
si gnaling an attention int er ru pt to 
VM/3 7 0 1 s control progra m ; a vir t ua l  m a c hine 
a t te n ti on interrupt is  equ iv a lent to 
p r ess i n g  t he stop b u t ton on a real 
computing syste m .  Howev er ,  t he CM S user 
can 1ssue C P  comma nds without l e a vi n g  the 
CMS e n vironm ent , t h at is , w it hout s i g na l i n g  
a n  at tent ion interrupt . 

PRIVI LEGE C L AS S ES 

Each user of VM/3 7 0  is ass i g ned one or more 
privi lege cl asses as p art o f  t h e dir ect ory 
entry of his virtua l  mac h i ne . The 
priv i lege c lasses d efine the s ub set of CP 
commands that each user can ex e cut e .  

Fi gure 9 defines each p r iv i l e ge class,  
list i n g  t he functions a nd the use rs 
associated with eac h p r iv il e g e  class.  
Figu r e  9 a lso indicates which p ub lications 
d e scri be the com m a n ds for each cl ass . 

G E N E R A L  U S ERS 

To activate h is vir tual machine , the user 
must establish a conn ection wit h t he real 
compu t i n g  system that i s  e xecuting V M/370 . 
At that point , t h e  user issues t h e LOGON 
command to identify h i m se lf to VM/3 70 . 
V M/ 3 7 0  then cr eat es t he con t r o l  blocks 
ne cessary t o  simula te the vir t u al m a c hine 
co nfi gured in t he user ' s  VM/3 7 0  directory 
e n tr y . 

T h e  user ' s  t e r mi na l  c a n  a l so b e  a remote 
te rmi nal for a multiple- access v irtual 
machine operating s ystem ( such a s  V M/37 0) . 
T o  i denti f y  himself to a multi ple- access 
syst e m , t he user must i ssue the D I A L  
comma n d . Thereaft er , h i s  t er �inal i s  
contr olled by the multiple - access s ys tem 
d i re c tl y .  T h e  user ' s  t er m in al must be o f  a 
t y p e  supported b y  the m ul ti ple -acce ss 
s yste m . 



r 
Cla ss Us er an d Fu n ct ion 

A t  ��i�g�I §I§!�� QB��g!�� = The class A user c ontrols the 

c 1 , 2 

p t  

VM/3 7 0  s ys t em . c lass A i s  a ssigned t o  the user a t  t h e  V M/370 
sy stem console during IPL .  T he p r i m ary s y st e m  o perator is 
r esponsible for the a vailabi l i t y  of the V M/ 3 7 0  system an d its 
c o m m unication lines an d r esour ces . In a d dit ion , the c la ss A 
u s er controls system acc ounting , b roadcast m essages , virtual 
m a c h i ne performance opt ions and ot her co m mand operands t ha t  
affect t he overa ll pe rformance o f  V M/3 7 0 . 

�Q!g :  T he c lass A system ope ra to r  who is a utom atical l y  l o g ged 
on during CP  i n itia liz ation is d e signa ted a s  t he primar y 
system operato r .  

�I§!�� R�§�Y�£� QB��g!Q� : T he class B u s er controls a l l the 
real resources o f  t h e  V M/ 3 7 0  sys t e m ,  except t hose contr olled 
by t he primary system ope ra tor a nd spooli ng oper ator . 

§I§!gm �£Qg�g!!�£ : The c la s s  c user upd a t es cer tain 
fu nctions of t he VM/3 7 0  system . 

§EQQ!!ng QE�£g!Q£ : The c la s s  D use r c ontrol s  spool d at a  
files a n d  s pecific f u nctions o f  the syste m rs u n i t  r ecor d 
e q ui pment . 

§I§!�� !BgJI§! : T he c l ass E u s er ex amines and saves c e rtain 
d at a  i n  the V M/370 stor age ar e a .  

���!i£� R�B��§�B!g!i!� = T h e  cl ass F u s e r  obtain s ,  a nd 
e xami nes , i n  d et ail , c ert ain dat a about input a nd output 
dev ices connected to the VM/3 7 0  syste m . 

General User : The c la ss G u se r  con trols functions asso ciat ed 
;I��-��e

-;i;cu tion of his vi rtua l  machine . 

Any 3 T he Any c lassification is gi ven to c ertain CP c o m m an ds t hat 
a re avai l a b l e  to any u s er . T hes e ar e pri marily for t he 
purpose of gaining a nd relin quishing access to the V M/3 7 0  
system . 

H Rese r ved for I B M  use .  

l De sc ribed i n  the Y�L11Q :  QE��g!Q��§ §Yi�� · 
2 Desc ribed i n  the Y�L11Q :  §I§!�� 1�g!£ gg� R�2�1�� �g!�£!!Bgi!QB 

Gu i d e .  
1 3 Described i n  t h e  !�L�l� = £ R  £2��gng ��!��gn£g 12� §�B�£g! Y2�£2· 
L----------------------------------------------------------------------J 

Fig ure 9. CP Privil ege Class Descr ipt ions 

A ft er t he u se r  has his ter m in a l  
connect ed , h e  loads a n  o p er at ing s y s t e m  
i n to h i s  v irtual machine , using I P L  
c o m mand . T h e  u s e r  can stop ex ecut io n in 
the v irtu al m a chine t o  invoke c o mma nd s tha t 
si m ulate the f uncti ons o f  the o p erator ' s  
co ns ole or control h is virtua l  mac hine . 
Some of the se commands are : 

f2!!g!!� 
AD S T O P  

�g,gn!ng 
Defines an inst r u ct ion ad dress 
stop locat ion in vir tua l 
storage . 

DETAC H 

,Hggg!gg 
R e sumes execution i n  the 
virtu al m achin e (the functional 
equiva lent of pre ssing the 
S t ar t  k ey on a r e a l  compu t in g  
system)  • 

R e moves a spec if ied d e vice f rom 
the v ir t u al m a c hine 
configura ti o n . 

Control Pr ogra m 2 1  



£2!!!9�!!!! 
D I S PL AY 

E XT E R N A L  

LI NK 

QU ERY 

R E ADY 

S ET 

S P OOL 

S T O R E  

T E R M I N A L  

OTH E R  US E R S  

�g�ning 
Displays s pecified virtua l  
m a c h in e  r egisters o r  v irtual 
s t or a ge co ntents in  hexadec imal 
o r  E BC DI C .  

C a u ses a n  extern al i nt erru pt . 

Makes a specified v irtual 
direct a cc ess storage d evice a 
p a r t  of t h e  v irtu al machine 
con figurat ion if the device i s  
defined as s h ared a n d  t he u s er 
can su pply the a p propria te 
pa ssword . 

D isp lays c e r ta i n  syste m  
i nformation s u c h  a s  t he lo g 
message,  t he number of spool 
fi les� or t he vir t u al m a c hin e 
configura t ion . 

Si mulat es 
in terrupt 
device . 

a d e vice end 
from a vir t u a l  

Esta blis hes certa i n  syste m 
values s u ch as t he lev el o f  
e r r o r  message to be pri nted o r  
the a m o u n t  o f  V M/ 3 7 0  l i n e  
editing for termi nal i nput 
l i n es . 

A l t ers t h e  s p ooli ng c o n trol 
options (su c h  as n u m ber o f  
copies) for one o r  m ore vi rtua l  
unit record devic es t h at ar e 
u s e d  for spooling . I n  
addition , t his com m an d  
tr ansfers data f i les a mong 
users and remote st at ions , and 
st arts a nd stops c onsole 
spooli ng . 

Inserts data into 
m achine registers or 
storage.  

vi rtua l  
v irtual 

Al lows t he user to define t h e  
V M / 3 7 0  l o gica l  edit ing sy mbols 
and the logical l i n e  s iz e o f  
I/O to a n d  from h i s  te r mina l .  

Users , other than t h e  gener al us er , can 
p er form additio n a l  func tions . V M/ 3 7 0  
sy stem o pe rators c�n u s e  t h e  SET com m a n d  t o  
dyn amically provide a ny o f  t h e  V M/37 0 
performance o p ti on s , except virtual=rea l , 
t o  a partic u la r  vi rtual m achin e .  ( T h e  
virtual=r eal o ption i s  d efi ned d u ring 
VM/3 70 s ystem generat ion an d s p e cified in  
t h e  VM/3 7 0  d i r ector y for selec ted vi rtual 
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machines . )  System operators cont r o l  t he 
orderl y act i vit y o f  t he r eal com put ing 
system wit h  the FORCE c o mmand to terminate 
a partic ul a r  vir t u al mac hin e ,  S H UT DOWN to 
t e rmin ate a l l  VM/3 7 0  func tions so that a 
V M/3 7 0  restart can be p erfor med , a n d  A CN T  
to cr ea t e  accounting rec ord s  for a ll a ctive 
user s . 

S ystem re sour ce oper ators can control 
co m mu nication lines with E NA B L E  and 
DI S A B L E , logic ally r em ov e  a d ev i c e  from t he 
r e al comput ing sy s t e m  wi th D E TA C H  and V A RY ,  
and  add a device t o  eit her t h e  real 
co mputing syste m or a virt ua l  mac hine 
c onfi gura tion wit h  ATT AC H .  

s pool ing oper ator co m m an ds 
BACK SPAC , PL U SH , P U R GE , R E P E A T , 
HOLD , and  F R E E .  

i n clu d e  
S PAC E , 

system an al ysts can issue DCP t o  display 
r e a l storage loca t i ons a t  the te rmi nal o r  
D M CP to p rin t t hem o fflin e .  T h e  S A V E SY S  
co m ma n d  saves a n  i ma ge o f  a virt ual 
machine ' s  stor age s p ac e ,  r egis t ers , and 
progr am status word on a C P - o wned vol ume . 

Performance 

T h e  p er f ormance of a ny c o m p uti ng syste m  i s  
j udge d  b y  h o w  efficient ly a n d  q u ickly it 
pr ocesses t he work it ha s to d o .  

T h e following fac tors infl uence the 
performance o f  a V M/370 syst em : 

• The System/ 3 7 0  model u s ed . 

• The total n u m b er of v irtu al m a c hines 
ex ecut i n g . 

• The t ype of operating systems bei ng used 
in  t he vi rt ual m achin es . 

• T h e ty pe of work being d o n e  by eac h  
virtual machine . 

• T h e t y pe , capacity � a nd n um b e r  of 
primary p aging d evices . 

• T he number of cha nnels avail a b l e .  

• T h e c hannel ope ra ting 
m u l ti plexer or s el ect or . 

m od e , block 

• T h e a mount of real storage a va i la b l e . 

1 • T h e use of t he virtua l m ac hi n e  assist 
1 fe ature o r  t he VM/3 70 Ex tended 
1 Control -Program Su pport . 

In general , t h e  best p er fo r m a n c e  is s ee n  
i n  a V M / 3 7 0  s y s t e m  t ha t  ha s a la rge a mount 
of real storage , V M/ 3 7 0  har dw ar e  assist , 



m an y  chann els availa ble , ma n y  la rge pri m a r y  
paging d e vice s ,  and r el atively f e w  v irtua l 
m a ch i nes executi n g  at any on e t i m e .  
H o w ev er ,  v ir tu a l  machines tha t a re 
e xecuting C M S  make s m al l er d e m an ds o n  
s ys t em r esources t ha n  d o  v irtual mac hine s 
r u nning other o perating syst ems , 
p ar t icu l a r ly t hose t ha t  manage their own 
vi rtua l  storage . T herefo r e , a V M/ 3 7 0  
s y stem can sat isfa ct orily m a n a g e  ma n y  m ore 
virtua l  machines usin g CMS t h an ,  for 
ex ample,  v ir t u a l  machines using O S . 

It m ay be possible to i m prove the 
pe rf orma nce of an  operating system su c h  as 
OS by su bstituting CP  paging for virtual 
m achin e I/O o p er at i ons . To d o  t hi s ,  the 
user m ust s pe ci f y  f requen t l y - u s ed O S  
fu n ct ions ( su c h  as , t ra nsie n t  subroutine s 
a nd I S A M  indexes)  as r es i d en t . CP can t hen 
br ing t h e page cont a ining the routine o r  
d a ta i nt o  real stora ge w hen it i s  n e ed e d . 

I n stead of constructing problem pro grams 
w it h  c omplic a ted o verl ays , pr o gr a m m er s  
s ho u l d  allow CP ' s  p a ging facilitie s t o  
ma nage storage d y n am i c al l y . 

VI R T U A L  MACH I N E  C H A N N EL M O D E  S ELECT ION 

V i rt ual m ach in e SIO ( St a rt I/O )  opera tion s 
a r e  si m ul a ted b y  C P  i n  t hree c h annel m o d es : 
byt e mu ltiplex er , selector , a nd b l oc k  
m ul ti ple xe r .  

Vi rtua l  b yte multipl exer c h an n e l  m o d e  is 
r es er v e d  for I/O o pera t ions f or d e vices 
a l loca ted to c h an n el zero . 

Selec t or c h a n ne l  m o d e , t h e  d e fau lt m o d e , 
is t he m o d e  o f  operation for a n y  cha nnel 
tha t ha s an  attac h e d  c h an n e l -t o-channel 
ad apt er ( CTCA)  , r egard less of the selec ted 
c ha n ne l  m od e  setting . Because t h e  CT CA is 
tr eat e d  as a s hared control unit , it  must 
be c o n nected to a sel ecto r  c hann el . 

Bloc k  m u l tiplexer c h an n el m o d e  allows 
t he v ir t u a l  m achine ' s operating system t o  
o v e r l a p  SIO requests t o  m u l t i p l e  dev ices 
co n n ect ed t o  t he same c ha n ne l .  For a 
vi rtua l  machine in block m u l t ip l ex er m o d e , 
C P  si mulates a r e al block m u lt ip l ex e r  
operation . 

N o te : CP s im u lation of b loc k m ultiplexing 
d o es not r e flect c ha n n e l  a vailable 
i n terrupts ( C Ais) t o  t h e  user ' s  virtu al 
m achin e .  

T h e  selectio n  o f  bloc k  multiplexe r 
c h a n ne l  m od e  or s e l ector c h an n el m o d e  is 
ef fect iv e r e g ar dless of t he real c h a n ne l  
d e vices o n  the System/37 0 .  T he chann el 
o p er at i n g  mode is s e l ected v ia the CP 

DEFIN E com m a n d  in t he VM/37 0 di rec tory 
e n try for a vir tual m a c hin e .  

VI RT U A L M A C H I N E  AS S IST FEAT U R E  

T h e  v irtual machine a ssist fea ture , which 
i m proves the p er for m an c e  o f  V M /3 7 0 , is a 
combination of a CPU feat ure a nd VM/370  
prog r a m m in g . Vir t u al stor age operating 
syst ems (suc h a s  OS/V S 1 a nd DOS/VS}  t h at 
exec ute in p r oblem state un d er c ont rol of 
VM/3 7 0  use m an y  privileged inst r u ctions and 
S VCs t hat ca use inte rrupts tha t V M/3 7 0  m ust 
h a nd l e . W hen t h e  v irt u al m ac h i n e  assist 
feat u r e  is used , ma ny of these i nte rrupts 
are i n tercepted and han d l e d  by t h e  C P U ; 
consequently , VM/370 performanc e  i s  
i m pr oved . 

Th e v ir t u a l  ma c h i ne a ssist feat ure is 
avai l a bl e  with S yst em/37 0 M odels 1 3 5 ,  1 4 5 ,  
1 5 S ,  and 1 6 8 .  The v i rtual ma c h i ne a ssist 
feature is standard on t he S ys t e m;3 70 
Models 1 3 5- 3 ,  1 3 8 ,  1 4 5- 3 , and  1 4 8 .  

W h enev er VM/3 7 0  i s  load ed o n  a C PU that 
ha s t he virtu al m achine ass ist featu r e ,  t he 
feat u r e  is ena b led for a l l v i rt ua l  machines 
on t he syst e m . The s y s t e m  o p er at or ca n 
disable and enable the fe a ture f o r  the 
syste m , usin g the S ET S A S S IST co m m an d .  

W h e n  a user logs on , t he as s ist feature 
is enabled for his vi rt ua l mac h i ne , if it  
is e nabled for the  syst em . T h e general 
us er can set the fea t ure off f o r  his 
virtual machin e ,  an d l at er s et it on again . 
H e  c a n  also control w he t he r  SVC i nterrupts 
are handled by t h e  ass is t feat u r e  or by 
VM/ 3 7 0 .  

U n d er some c o nd i tions the virtual 
machine assist f e at u r e  cannot be· us ed . CP 
aut o m at ica lly turns the fea t ure off if  the 
user i nvokes c er t ai n  T R ACE fu n ct ions . CP 
automatically turns the fea ture on again 
when t he user en ds t he T R ACE FU N CT ION . 

For fur ther i n form ation a bou t SVC 
handling , t he assist fea t u re , a nd im proving 
performance in t he v ir tu al m achine 
e n v ir o nment , refer to the !�1IQ : 2Y§i�m 
��gg�������§ Q�!g� . 

V M/3 7 0  EXT E N D ED CONT ROL - P R O G R AM S U PPO R T  

VM/ 3 7 0  Ext ended C on t rol- P r og ra m  S upport i s  
a h ardware assist funct ion t hat is 
av ailable only on  the s y stem/3 7 0  Models 
1 3 5- 3 ,  1 3 8 ,  1 4 5 - 3 ,  an d 1 4 8 .  T h is h a r dw are 
assist function,  when used with the  
standard virtual m a c hi n e  assist feat ure 
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d e scribed pre vi o usl y ,  further r e du ces 
V M /3 7 0 ' s  real su perv isor state time needed 
to support virtual m achines . V M/3 7 0  
Ex t ended Control- Progra m S u pport pro vid e s  
the f ollo wing f uncti on s : 

1 • Expan d€d V i r t ual M a c h ine Assis t 
I • CP A ssi st 
1 • V irtu al In t er v a l  Timer A ssist 

Whenev e r  V M/3 7 0  i s  l o ad ed on one of t h e  
a bov e CP Us , a l l  t hree hardware a ssist 
f uncti on s plus virt ual m achine ass ist ar e 
act iv at ed u n less turned off by the s yste m  
operator , o r  unl ess t h e  har d w ar e  l ev e l  an d 
softwar e  l ev e l do not ma tc h .  

Expan d ed v ir t u a l  mach ine assist i nc l ud e s  
a m o r e  c o m p re hensive e m u l at i on of t he S S M , 
L P S W , S TN SM , and S TO SM pri vi leged 
i n struc ti ons . Ad ditional p r iv i l eged 
instr u ct ions are a l so e mu la ted . The 
virtual mac h i n e  assist function is not part 
o f  ex p an d ed v ir t u a l  machine assist . 

CP assi st p rovi des a hardw are a ssist f o r  
t h e  high-use portions o f  t h e  followi n g  C P  
fu nct i ons : 

1 • Vi rtual Machine I/O 
1 • Storage Management 
I • Page Manage ment 
1 • Privi leged I nstruction Han d l er 
I • Dis p at c her 

P ERFO R MANCE M E A S U R E MENT AND ANALY S I S  

Th e V M / 3 7 0  contr o l  pr ogra m has t wo commands 
that measure system per for m an ce :  M ON ITO R  
an d I N D ICA TE . The M ONI TO R c om m a nd c o l lects 
system m e asurement dat a  o f fli n e  for the 
syst e m  operator or syste m  a na l yst , while 
the I N D I C AT E  com m an d  displays system 
meas u r e ment data online f o r  the s ystem 
analyst or general user . 

The M O N IT O R  com m an d  gat h ers d ata 
relat ing t o  most aspec ts of s ystem 
performance and w r ites t he dat a on t a pe . 
W h en the data collec ted on ta pe i s  
summ a ri zed , it m ay in dicat e  t h e  cond itions 
contr ibut ing to perf orma nce d e g ra d a ti on . 

The I N D I C A TE c o m ma nd d i spla ys , a t  the 
te rminal , som e  key i n fo r m at ion abou t t he 
syst em to show t he c u rre nt performance 
cond i ti on s .  I N D I CAT E d isp l ays t h e system 
condit ions e x isting a t  the time it is 
i ssued . If , after using t h e IN D IC A T E  
co m m and , t he system a na l yst wa nts more 
e x ten si ve d a t a  coll ect ion an d r e du ct ion he 
can use the M O N I TO R  command . 

R e fer to the !�L11Q: �Y21�m R£Qg£�mm���§ 
2Y!gg , t he !�L11Q: Q£g£�1Q£�2 2�!gg, and 
the !�LllQ: £f £2!!g�g Eg!g£�ll£� !2� 
G e neral Users f o r  d eta ils a b out the M O N I TO R  
and-iiniciTE-

c o m ma n d s .  

T he appropr iate CP  s oftware r outine i s  I VI RTUAL M A C H I N E  C O M M UNIC A TI O N  F A C I L I T Y  
used i f  ( 1 )  C P  assist i s  t ur n e d  off , (2 ) 
ass ist feat u r e  does not support the 
specific se rvice required , o r  ( 3) an error 
con dit ion occurs . 

Virt u a l  i n terval t i m er ass i s t  prov i d es 
f or har dw are u p dating of the loca tion 8 0  
i n terval timer f or each v irt u al machin e 
t h at has t he v irtual t i mer assist func tion 
t urned o n . This ti m er assist pr ov ides a 
more accu r at e  and repeatable i n terva l time r 
va l ue f o r  vir tual m achines t h an w as 
p r ev ious l y  poss i ble t hrough C P  sof t wa r e . 

Bot h v ir t u a l  machine assist a nd e xpanded 
vi r t ua l  mac h i n e  assist are automatically 
t u r n ed off if  the user i n v o k es cert ain 
T R AC E  fu nctions . In  a d d i tion , vi rtual 
i n terval time r assis t  i s  turn ed off if 
external interrupts a r e  t raced . When the 
tracing f unc tion i s  terminat e d ,  CP 
au t o m at ically react iva tes these V M/ 3 7 0  
h a rd wa re a ssi s t  f unction s . 

For m ore d e tails on V M/3 7 0  
Control- Prog r a m m  Suppor t , r efer 
!�L11Q : �Y§1g.!!! f�Qg�g!!��.!..§ .2Y.!2.§l · 
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Ext e nded 
t o  t h e 

Th e V irtual Machine Com m un i cat ion Facility 
( V M C F) prov ides t h e  c a pa b i li t y  f or one 
virtual m achine to com m u n icat e  w it h  and 
ex change data w i t h  any othe r virtual 
mach i n e  o pe r ati n g  u n der t he s a m e  V M /3 7 0  
syst e m . 

M essages and data a re d i rected t o  othe r 
vi rtual machines v i a  the u s er i d . Data is 
tr ans ferred in up  t o  20 4 8  b yte b l oc k s  f rom 
the sending virtual machine ' s  s t or a ge to 
t h e  receiving virtual machine ' s  storage . 
The amount o f  dat a t hat c a n  be m oved i n  a 
si ngle transfer i s  l im it ed o n l y  by t he 
s i z es of v ir t ua l  machine storage of the 
respective v i r t u al m achines . 

Use of real storage is m in i m a l . O nly 
one r eal storage page need b e  l oc ked d uring 
the d a t a  tran s f er . A s p ecial external 
inter ru pt is used to noti f y  one virtual 
m a chi n e  o f  a p en d i n g  t ra nsfe r  of data ; this 
i n terrupt i s  also u s ed to synchr on i z e the 
s e nding and receivi ng cf d a ta . 

V M C F  is i m p l emented 
fu nct ions invoked using 
i n str uction an d a s p ecial 

by means of 
the . DI AGNOSE 

p ar am et er list . 



For ex am pl e ,  t he S E ND func tion d i rec ts a 
me ssage or b lock of data from v irtua l 
machine storage i n  t h e  sour ce (or s en din g) 
v ir t u al m ac h i n e  t o  v irt u a l  storage in the 
si nk (or rec e i vi n g )  virtual m a chi n e ;  t he 
R E C E IV E  fu nction a l l ows a virtual mac hine 
to selec tive l y  accept mess ages o r  d at a .  

A m ore d e tailed description o f  V M C F  
fu n ct ions a n d  how t hey c a n  b e  i nv oked i n  a 
v i rtua l  m a c h i n e  i s  contained in t h e  Y�L]]Q :  
�Y§�§! g�Qgfg!!§f�§ §y!gg . A des cr i pt ion 
of V M C F  logic is cont ained in  the Y�L]]Q :  
�Y2�§! 1£gi£ 2�g �f2B!gm �g!gf!i��!i2� 
2!!igg . 

VM/VS Handshaking 

V M/VS Handshaking i s  
bet w e en t he VM/3 7 0  
O S/VS 1 t h a t  m akes 
pr o gr am aw are of 
re qui rements of  
Han ds h ak in g :  

a c o m m u n i cat ion pat h 
control p rogra m  a nd 
each syst em control 

a ny capabilities o r  
t he o t h er . VM/VS 

• Closes CP spool fi les 

• P rocesses V S 1  pseudo pa ge f a u lts 

• P rovi d es an opt ion a l  non paging mode for 
V S 1  w hen i t  executes w i t h  V M/ 3 7 0  

• Prov ides m iscella neou s  enha ncements for 
vs 1 when it e xecutes un d er t h e  cont r o l  
o f  VM/3 7 0  

CL O S IN G  C P  SPOOL F IL E S  

W hen t he hand s h aki ng featur e  i s  act iv e ,  V S 1 
c l os es its CP spool f i les when V S 1  j o b  
o u tput f r o m  i t s  Di rect S ystem Output ( DS O ) , 
t e r m i n at o r ,  a n d  output w r ite rs i s  complete . 
Once t he spool files ar e clos ed ,  t hey ar e 
p r o ces s e d  by VM/3 7 0  a nd se nt to the rea l 
printe r  or p unch . Wit h t h e  V M/V S 
Han ds h akin g featur e ,  v irtua l ma c hine 
o perator in te rventi on i s  not r eq u ir e d  t o  
clos e t h ese spool fi les . 

PS EU DO P A G E  F A UL T S  

A p a g e  f a ul t  i s  a program i n t er r u pt t hat 
occurs w he n  a page that is  m ar k ed " n ot in  
s t or a ge" is  r e ferred to b y  a n  inst ruc tion 
wi thin a n  a c t i ve p ag e .  T he v ir t u a l  m a c h in e  
o p er at in g s y s t e m  r e ferring t o  the pa ge � s 
placed i n  a wait state w hi l e  t he p a ge �s 
brou ght into real s t or a ge . Without the 
ha ndshaki ng f e at ur e , t he en t ir e  VS1  v ir t u a l  

m a ch i n e  i s  p laced i n  p a g e  wai t b y  V M/3 7 0  
u n til the n eeded p a ge i s  av ailabl e .  

However , with t h e  hands hakin g feat u r e ,  a 
m u lt i program ming ( or m ul tita sk i ng)  V S 1  
virtual machine can di sp at c h  on e t as k  w h ile 
w a it i n g  for a page re gue st to be a n s we red 
for a n other t as k . VM/3 7 0  p ass es a pseudo 
page fault ( progra m inter rupt X '  1 4  ' ) to 
V S 1 .  W he n  V S 1  r ecogni z es t he pseudo page 
fault , it places only the task waiti n g  for 
t he page in page wai t ,  and can dispat c h  any 
other V S 1  t ask . T hus , w hen V S 1  u s es pseudo 
page faults , i t s  execut ion u nd er the 
control of V M/3 7 0  more clos ely res e mbles 
i t s  e xecution on a r eal m a c h ine . 

V S 1 NONPAGING MODE 

When V S 1 execut es un der t he cont rol of  
VM/37 0 a n d  its v irtua l  a d d re ss space is  
e q ual to the s i z e  o f  t he V M/3 7 0  v irtual 
m a chi ne , V S 1  is i n  nonpa g ing mod e . W he n  V S 1 
e xecutes in nonpaging m o d e , it u s es fewer 
p r iv i leged instruc tions a nd a voids 
d u plicate paging . How ev er ,  V S 1 m ay hav e a 
larger working set when i t  e xecutes in 
nonpaging mode t han w hen it does not . 
N o n p a g i n g  mode is a va il a b le on l y  when the 
V M/VS Handshaking feat u r e  is act iv e .  

M I S C E LL A NEOU S E N H A N C EM EN TS 

When O S/V S 1 executes in  a VM/3 7 0  
environ ment , some d u plica tion resul t s . 
Howe v er , when t he hands haking feat u r e  is 
activ e ,  t h e  V S 1  virtua l mac hi ne a void s  some 
of t hose i n s tructi ons o r  p rocedures t hat 
would result in i neffic ienc y .  For e xa m pl e , 
V S 1 a voids : 

• I S K  ( I n sert S t o r a ge K e y )  instruct ions 
and uses a key table 

• S eek separation for 2 3 1 4  d i rect acc e ss 
d e vices 

• T h e  E N A B L E/DIS A B L E  s equ en ce in  t he V S 1  
I/O Superv isor ( I O S )  

• T C H  ( Test C ha nnel)  
preceding S IO ( S t ar t  I/O ) 

i n s tr uc tion s 
ins t ruct ions 

VM/V S  HAN D SH A KI N G  R EQ UI R E ME N TS 

VS 1 must be g en er at ed w it h  t h e VM/3 7 0  
option a n d  ex ecute w i t h  a ve rsi on o f  V M / 3 7 0  
t h a t  supports V M / V S  Hands h akin g .  In 
ad dit ion , V S 1 must execute i n  E x t en d ed 
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Control (EC)  mode a nd its virtua l  mac hine 
si ze must not exceed 4 M .  

W he n  V M/V S Hand s h a k i n g  is av ailable i n  
an  o s;vs 1 v ir t u a l  ma c hi ne , the pseudo page 
fault han d l i n g  port ion of ha nd sha king is 
n o t  a va i la b le until the o per ator of t h e 
v irtual m ac h i n e  issues t he CP SET PAG E X  O N  
c o m mand . T h e  pseudo page f ault portion o f  
t he VM/V S Handshaking feature c a n  b e  s e t  o n  
a nd of f w i t h  t h e  CP  S ET com m an d .  T h e  CP S ET 
co m m an d  is d es cr i b ed i n  the !�LJ1Q : £R 
C o m m a n d  Re fer ence f or General Users ; more 
In£ormatian ___ about ___ usin9-- the ___ v M;vs 
H a nd shaking feature c an be fou n d  in t he 
Y�L11Q : 2!§1g� R£Qg£g���£�2 2Y!Q� · 

Reliability, Availability, and Serviceability 

VM/3 7 0  provid e s  
av ailability , and  
i t s  user s  throug h : 

i ncreas ed r el i abi l ity , 
s er v icea b i l i t y  ( RA S )  to 

• Mult i ple and sep arate v ir t u al m ac h in es 
( s ee " R A S  F eatures of VM/3 7 0  Design " ) · 

• The use of the RAS f e atur es o f  t h e  
Sys t em/3 7 0  hardware a nd V M/ 3 7 0  s yste m  
c ontr ol programmin g .  Thes e a re 
d iscus sed i n  detail i n  t he Y!1L11Q : 
Qb!2�R g,!!Q �££2£ !!�£Q£Qi!!g 2!!i9.� · 

R A S  FEA T U R E S  OF V M/3 7 0  DES IGN 

In t he v ir t u a l  machine enviro n ment , eac h 
use r i s  effect i v el y  isolated f rom the 
activities of all other v ir t u al m a chin e 
u s ers . 

2 6  I B M  V M/37 0 :  Introduction 

• CP i solates t h e  v i r t u al m ac h i n e  stor a ge 
by re ferr ing to i t  via i t s  o w n  page and 
segment t a bles only; a v ir t u a l  machine 
ca nnot gene rate a stor age addres s  t hat 
r e fers t o  any s t orage a rea e xcept its 
own . 

• Password s m us t  be used t o  gain access t o  
t h e s y s t e m  and t o  sha red d is k  f i le s .  

• T h e data o n  a sha red o r  c ri tica l d i sk 
f i le can be prot ect ed by des i gnat ing it 
as  a read -on l y  d i s k . 

• If a v irtual mac h i ne a bnorma l l y  
te rminates , onl y  t hat m achi n e  a n d  its 
user ( o r  us ers , if  it i s  a 
mult iple- access s ystem)  a re affec ted . 

• U s ers c a n  r u n  c onc urre nt l y  a s  man y 
v ersions , leve l s , type s ,  and copies of 
o p erating syste ms as the y requi re . 
s ystems can be gen er a t ed an d t ested in 
one v irtual ma c hi ne while prod uc tion 
work is done i n  anot her . A n ew system 
can be f u l ly tested before c on ve rs1on 
with no  i mpact on t he production work 
s c hedu le and no  need for a r e a l  machine 
d edicated to t es t in g .  

• V M/ 3 7 0  has c o m ma nd s  t o  tra c e ,  examine , 
and  alter t he ope ra tion of a virtual 
machine and to ex am ine an d alt er the 
contents of  its vi rtual stora g e . These 
commands are useful f or program 
debu g g i ng . 

• U s i n g  the Online Test Stand alone 
Ex ecutive P rogra m (OLTS EP) , a service 
re presen t at i v e  can p er for m onli ne 
dia gn osis of I/O erro r s  for most d ev ices 
att ached to t he Sy ste m/3 7 0 .  H e  can run 
O L T S E P  in a v ir t u al m achine w hile ot her 
work is being d one in othe r vi rtual 
machine s .  



T h e  conv ersational M onit or S ystem ( CM S) i s  
a compone n t  o f  VM/3 7 0 . To get her w it h  the 
control prog r a m  of V M/3 7 0 , it pr ov i d es a 
t i m e- s haring system suit ab le for d i rec t 
problem solving and progr am d ev el o p m ent . 
CM S is a n  operating system that e xec ute s 
o n l y  i n  a V M/3 7 0  virtual m achin e .  ( CM S 
us es t he Diagnose int erface for a ll of i t s  
d i s k  a nd tape i n p ut;output o p er ations and 
has no error r ecovery routines . )  

C M S  i s  a conversation al , s in gl e  user 
s y s t e m . The use r ' s i nterface to C M S  is t he 
virtual opera tor ' s  console , that i s , the 
te rminal use d  to g ai n  access t o  V M/ 3 7 0 . 

C M S  h a s  n o  m ultitasking 
( m ultipr o gr a m m i n g) c a pabilitie s , a s  i t  is  

d e signed to e xecute i n  a V M/3 7 0  v ir t u a l  
m achin e .  CP prov ides t he time- sha rin g 
e n vi ronmen t ;  C MS provid es t h e  
conv ers ational user i nterfac e . Using C M S , 
the user c a n  write program s  to be ex ecu t e d  
u n d er CM S o r  a n ot her v i r t u a l  ma c hine 
o perating syste m . 

CMS Configuration 

A virtual m ac hin e t hat is t o  use C M S  i s  
c o nfigured m uch t h e  s a m e  a s  any o t h e r  
v ir t u a l  m achine , w it h  a f e w  specia l 
c o n sidera tion s .  

The C M S  v ir t u a l  machi ne m ust be ass i gn ed 
at l ea s t  3 2 0 K bytes o f  vir t u al s t or ag e ,  o f  
which 1 28K i s  u s e d  by  t h e  C M S  nuc l e u s . 
U s e r  programs that execut e i n  CMS m ay 
i n cr eas e t h is requireme nt . The virtua l  
storage si ze m ay b e  d efin e d  as l ar ge a s  1 6  
m i llion byt es ,  in multi ples of 4 K .  

T h e  most a ctive portion o f  the nuc l e u s  
c a n  b e  s h a r e d  by u s er s  o f  C M S  v i a  t he 
s h are d  s e gment faci lities of V M/3 7 0 . The 
a m ount shared is 6 4 K ,  on e f u l l  s eg m ent . 
T h is allocat ion is not loc ked i n  rea l 
storage , which means t hat a p articu l ar 
sha red page m a y  not be i n  r e al s t or a ge at 
any giv en t i m e . H owever , t he most a c tive 
pages tend to remain i n  real storage . 

Addi ti on a l  portions o f  CM S can be s h ar e d  
in discont iguous se gments . Di sc onti g uous 
seg ments c a n  b e  atta c h ed t o  an d d et a c he d  
f r om t he C M S  virtual m a c hin e a s  n e eded . A 
n a me is associated w i t h  o ne or m ore 
di sc ontiguo us seg m en t s . S o m e ,  all , or n o n e  
o f  t he d iscontiguous s e g m e n t s  c a n  b e  
sha red . Discontiguous s egments must be 

Conversational Monitor System 

lo a d e d  at a d d resses b e yond the highest 
a d dress in t he vir t u al m achin e .  

C M S  s up ports u n i t  r ecord d ev i c es o n ly if 
t h ey are virtual a nd use the CP s pooling 
facilities . Real u n it r ecor d  dev ices 
c a n not be d e d icated to the CMS machine 
because C M S  has n o  u n it r ecord error 
re cov ery p roced ures . 

C M S  suppor ts t ape devi ces , bu t d is k  
v o lu m es a re t he p r i m a r y  e x ternal storage 
for CMS com m an d  pro cessin g .  

General l y , each CMS u s er is ass i g n ed at 
least two d isks : a rea d - on l y  system d isk 
and a r e ad;w r i te us er dis k . 

T h e  read- only system d i sk c on ta i n s  the 
CMS nucleus , disk - r es id ent CMS co m m an ds , 
and t he system l i b rary . The CM S system 
d i sk c a n  b e  s h ar e d  among C M S  us er s . 

Th e r ead/wr ite d is k  c ontains the use r ' s  
permanent an d t e mpor ar y  files . T h e  s iz e  of 
a CM S user d is k  is limited to one vol ume or 
the m a xi m u m  n u mb er o f  CMS r ecor ds t h at can 
be contained on  one volu m e .  CM S dis ks must 
be assigned in units of f u ll c yl i nd e r s .  
T h e  m a ximum si z e  o f  CM S disks , by d ev ice 
ty pes , is : 

Device 
2314/23 1 9  

3 3 3 0  
3 3 4 0- 3 5  
3 3 40 - 70 

3 3 5 0 ( native mode) 

Maxim u m  Size CM S D is k ,  
in

_
fylin.Q_g!:§ 

2 0 3 
2 4 6  
34 9 
682  
1 1 5  

H o wever , the m aximum siz e o f  VSAM  data 
sets used by  C M S ,  b y  d evice type , is : 

Device 
2314/23 1 9  

3 3 3 0 , Mod e l s  1 
3 3 4 0 - 3 5  
3 3 40- 7 0  

Maximum N u m b er o f  Cy lind er s  
£�£_!2!�-�!n!.Qi-2! 

2 0 0 
and 1 1  4 04 

3 4 8  
6 9 6  

F o r  V S A M  d at a  s ets i n  CM S ,  t h e  3 3 50 is 
not s u pported in native m od e  and the 3 3 3 0  
Model 1 1  is sup port ed o n l y  a s  a v irtual 
3 3 3 0 M odel 1 .  These limita tions e xist 
beca u s e  the C MS/V S AM support is bas ed on 
DO S/V S VSAM . 
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Figu r e  1 0  shows a virtual mac hine 
c onfig ured to e xecute C M S . A mi n i mu m CM S 
con figu r at ion w o u ld not include the vi rtua l  
ta pe s . 

Figure 1 1  i s  the V M/ 3 7 0  dir e ct ory entry 
for the CM S v irtual machine shown i n  F i g ure 

�oi Con"''' 

Virtual 

Storage 
320K,.----------, 

128K - -· - - - - -

CMS Nucleus 

OK�---�-----� 

Figure 1 0 .  Sample C M S  Con figur at ion 

T h e  first virtual d i s k  shown i n  Fi g ure 
1 1  is defined b y  the LINK contro l s t at ement 
t o  s h ar e t he CMS system on a rea d - onl y 
b a si s ; t he C M S  s ystem disk is o wn e d  by t he 
us er CM S S YS ( u s ually t he system programmer) 
and is a ssig n e d  t h e  v i r tual d ev ic e  a d d re ss 
1 9 0 i n  both the C M S S Y S  an d t h e S M IT H  
v ir t u al m ac h in e configuration s . The second 
vi rtua l  disk i s  d efi n e d  in Figur e 1 1  by t he 
M D ISK control stat ement a n d  is o wned b y  the 
user S MI TH .  It has virt u al a d dr es s  1 9 1 ,  is 
a ainidisk located on t he real v ol ume 
la beled C M S V L 1 ,  and occupies five cyl i n d er s  
st ar t i n g  w it h  r e a l  c y linder 0 2 5 on tha t 
vol ume . 

2 8  I B M  V M/ 3 7 0 : Introduction 

1 0 .  I t  defines t w o  v irtual disks a n d  t he 
r equired s pooled unit record d e vices . The 
tape s  are not defined in t h e  directory 
entry ; t he system opera tor a t taches the 
tape s  to the vir t u al mac hin e w he n  t hey are 
needed . 

,.--------
1 U S ER S M I T H  JOH N 
I ACCOUN T 5 9 7 6  
I CONSOLE 0 0 9  3 2 1 5  
I SPOOL O O C  2 5 4 0  R E A D E R  
I S POOL O O D  2 5 4 0  PU N CH B 
I SPOOL O O E  1 4 03  A 
I LI N K  C M S S Y S  1 9 0  1 9 0  R 

Virtual 
Card 

Reader/Punch 

Virtual 
Printer 

I M D I SK 1 9 1  2 3 1 4  0 2 5  0 0 5  C M S VL 1  W 

--, 
I 
I 
I 
I 
I 
I 
I 
I 

L-----------------------------------------J 
Figu r e  1 1 .  V M/ 3 7 0  D i rec tory E nt r y  for a CM S 

M achine 



CMS File System 

C M S  su pports 2 3 1 4 ,  2 3 1 9 ,  3 3 30 , 3 3 3 3 ,  3 3 4 0 , 
a n d  3 3 5 0  disks . The C M S F O R M A T  c omman d  
f o rmats the tracks of a CMS dis k int o 
8 0 0 - byt e blo c ks . The C M S  file s y s tem 
ma na ge s  the se 8 0 0 -byte blocks so t hat t he 
us er appears t o  hav e logica l fi xed - o r  
va ria b l e - l e n g t h  recor d s , an d sequ ent i al o r  
dir ect a cc ess t o  files . 

T h e  CM S su pport of V SA M  provid e s  C M S  
users wi th re ad , update , an d writ e a ccess 
t o  OS and DO S VSAM data sets on  mi ni d i sk s 
a n d  real disks . C M S  file s i z e , record 
l e n gt h ,  a nd m in id i s k  si z e  re str i ctions do 
not apply t o  V SA M  data sets used in C M S . 
A l so , the I B C DA S DI program (or t h e O S/V S 
a n d  DO S/VS d i s k  i nitia lization progra m s) , 
a nd not the C MS F O B M AT comman d ,  must b e  
u s e d  t o  for m at V SA M  data s e t s  u s e d  in C M S . 
The O S/V S and DOS/VS disk i n i t i aliz at ion 
pr ograms s ho u l d  b e  used o n l y  for ful l  
d i sk s .  T he I BCDA SDI progr a m  must b e  used 
for m i nid is k s . 

C M S  has fi les t h a t  cont ain m acro 
l i br ar i es and pro gra m lib ra rie s , a n d  
c o mma nds to u s e  and u p d a t e  t hese l i br ar i es . 
T h e  u s er or insta llation c a n  c re a te 
a d d i ti on a l  m a c ro and progr am l i br aries , if  
n e eded . 

CM S requires the s ys t em r es i d ence v ol u m e  
to be online . E a c h  user m ay hav e u p  t o  
n i n e  v ir t u a l  d is ks online a t  a n y  one time . 
( A l l  nine of these can reside o n  one r eal 

d i s k . )  

T h e u s er d is ks are d iffere ntia ted b y  a 
fi le mode d e si g n ator , ass i g n e d  w h en t he dis k  
i s  m a de act iv e . T he file mod e  c o nsists of a 
l e tter a n d  a n um ber . T he n u m ber indicates 
the disk ' s  access m od e  a nd the l e tte r 
d e f i ne s  a stand ard o r d er -o f -s e ar ch for dis k 
f i l es . s denotes t he system d i s k .  

E a c h  v irtual d i s k  m a y  be defined a s  
re ad-on l y  o r  r eadjwr it e ,  a nd may b e  s ha re d  
a m ong use rs as d escribed u n d er "Virtu al 
M a chine I/O M anagement" in the " C o n trol 
P r og ra m "  sec tion . 

Use r  files i n  C MS are i d en t i fi ed w it h  a 
fi leid consisting of t hree d esigna tors : 
f i le na m e , f i l e type , an d filemo d e . T he 
filen a m e  is t he n a m e  t he u se r  a ssig n s  to 
the f i l e . The filetype may spec ify 
partic u l a r  c h a racteristics o f  the file . 

For ex a m ple , t he f i l e t y pe E X E C  indicate s  
t h at t he file i s  a n  E XEC p roced ure ; 
A S S E M B L E  indicat es t h at t he f i l e  c onsists 
of ass embler langua ge sourc e  sta te me n t s .  

T he filemode describes t h e  location a nd 
access mode o f  t h e  fil e .  The l et t e r  (A 
t hrou gh G ,  s ,  Y, or Z) i nd icates t he d isk 
d i rectory t h at h as an entry for t he file . 
T h e  nu meric part of the f i lemode d efines 
the t ype o f  file access p er m it t ed . It 
indicates w he ther the f ile i s  private , 
read jwrite , re ad-onl y ,  or in s i m u l ated OS 
format . T he filemod e ,  in c on j unc ti o n  wit h  
t h e  r e ad /write s t atus o f  t he d i sk , 
d e te rmines which files on a dis k can b e  
acces s e d . F o r  exa m ple , a use r  ca n gain 
access t o  a f i le w it h  t he pr iv at e  filemode 
only if  t he d is k  on  whic h i t  i s  stored i s  
i n  r e adjwr ite m od e . A n y  o t h e r  u s e r  t hat 
s h ares t ha t  d i s k ,  a nd ha s read - o n l y  a ccess 
to t h e  disk , is u n a bl e  t o  gain access to 
fi les on t he disk marked privat e .  The 
filemode d e s ignator c a n  th us b e  used to 
provi d e  limited d at a  s ecur ity . 

A single u ser file may co ntain u p  to 
1 2 , 8 4 8 , 0 0 0  bytes of d a ta g rouped i n  up to 
6 5 , 5 3 5  logical r ecords , all of w hich must 
be on a s in g le virtua l d i s k . The m a xi m um 
n u m b e r  of files p er r eal d is k  is 3 4 0 0  for a 
33 3 0 ,  3 3 3 3 , 3 3 4 0 , or 3 3 50 d i sk ,  o r  3 5 0 0 for 
a 2 3 1 4  o r  2 3 1 9 .  

C M S  d i s k  files ar e w r it t e n  as 8 0 0- by t e  
r e co r ds , w hic h usu a ll y a re not p h ysica l l y  
c o n ti guous on  t h e  dis k . T hey a r e  allocated 
and deall ocated a ut o ma t ica l l y  by C MS a s  the 
file si ze d e m an ds . Each v ir t u al disk 
cont a ins a Master F i le D i rec t o r y ,  which 
contains form at an d siz e in fo r mation for 
each file on  the virtua l  d i sk a nd i nc l ud e s  
a poi nt e r  to the fi l e ' s chain l i n k  r ecords . 
( T h e  CM S M a ster F i l e  D i rec tor y ,  or a 

spec i fied su bset o f  it , called t he User 
File Direct ory , i s  b roug h t  i n to v i r t ual 
storage when t h e  d i s k  is m ad e  available to 
t he C M S  use r ; it is updat ed at least once 
per command if  the sta t us of any file on 
that virtual disk is chan ged . )  E ach fil e ' s 
c h ain link record s point to the 8 0 0 -b yte 
records of t h at fil e .  

Fi gure 1 2  i llustrat es t h e  CM S file 
struct u r e .  T he U ser File D irec tory e n tr y  
f o r  t he f i l e  n amed PROG 1 , filet y pe COBOL , 
points t o  t he c h a i n  link records fo r t hat 
fil e ,  eac h o f  w hic h poi nts to a se para te 
8 0 0 -b y t e  record o f  t h e fil e .  
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C M S  au tomatically open s an d closes all  
access ed fi les ( including spool f i le s )  f o r  
each c om mand o r  user progr am it  execu t es . 
Files can be s pooled between vir tua l  
machines t o  t rans fer fi l es bet w een u s ers . 
Ser v i c e  progr a ms , w hich c a n  be i n vok e d  b y  
CM S c om ma n d s ,  m ani pul at e f i les ; t hey c a n  
w rite a n  e n ti re d i s k  o r  speci f i c  d i s k  file 
to a t ap e ,  prin ter , p u nc h ,  or the termina l . 
Other c om m a nd s trans fer data fro m a t ap e  o r  
v irtual card r eader t o  d isk , re na me f i le s ,  
copy f i l e s , a n d  erase files . C M S  files can 
be w r it t e n  onto and rest ored f r om unla beled 
ta pe s via C M S  com m an ds .  T ap e  l a bels ar e 
not su pported by C M S .  

W h en a compiler is i n v oked , C M S  
d y na mica l l y  a l locates com p i l er work files 
on w hichev er active user d isk has the most 
a va i lable space (the location o f  t h es e work 
f i l es may also be s p ec i f ied b y  the u se �  , 
a nd d e a l l o c ates t hem at co m p l et ion . 
Co mpil er o b j ect d ecks a nd listing f i le s  a re 
norma l l y  al located on t h e  s am e  dis k as t h e 
i n put s ou r c e  file or on the prima r y  
read/wri te d i s k . T h e y  a r e  identified b y  t he 
in put filename together w i t h  the file type 
TE XT or LI STI NG . 

I n  addition to r e adin g and writ i n g  CM S 
files ,  CM S can read sequential or V SA M  D O S  
f i le s  and se q uential , p artitio n e d , o r  V S AM  
O S  d at a  s ets . The C M S M O VE F I LE c o m mand a nd 
the OS B SA M , B PA M , a n d  QS AM  m acros can b e  
u s ed t o  r e a d  O S  and D O S  data . C M S  ca nnot 
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w r it e  or u pd a te OS data sets o r  DOS fil es . 
H o wever , in C M S  t he user c a n  read , w r i te , 
or update V S A M  d at a  s ets . 

Problem programs t h at ex ecut e i n  CM S can 
cr eat e files on u n labe led ta pes in a n y  
record and blo ck s i z e ;  t he r ecor d format 
can be fix ed , v a r i a b le , or undefi ned . 

Initialization and Dump Restore 

The O S  IBCDA SDI s er v ic e  program initializes 
a l l  ty pes of  real and v irtual min idisks 
su pported by VM/3 7 0 . Deta i l s  on  h o w  to use 
this prog r am are in t he !�Ll1Q: QEg�a!Q��2 
§JJ!gg . 

The CMS 
m i n i d is ks for 
prog r a m  m us t  
minidisk t ha t  
cata l ogs . 

FO R M AT co m m a n d  i n it ia l i z es 
C M S .  H oweve r ,  the I BCDASDI 
be u s ed to init i a liz e any 
is used with VS A M  files or 

A CP Fo r m at p r o gr am formats C P - ow n ed 
v o lu m es , such a s  the system residenc e , 
pagi n g , an d spool i n g  d is ks . 

The DAS D Dump R estor e (DDR)  program of 
VM/3 7 0 ,  w h ic h executes sta nd a l one or und e r  
C M S , d um p s , restores , an d d is p lays a ll 
ty pes of minid isks . 

CMS Command Language 

T h e  C M S  c o m mand la nguage is f l e xible and 
can b e  tailored in t he fo llow in g  w a y s  by 
the insta l la t ion or b y  i nd i vid ua l use r s . 

M ost CM S comma nd s can b e  ente r ed b y  the 
user in  a trun cat ed for m  ( for ex a m p l e ,  " a "  
c a n  represent " a ssemb le ") • C MS k e e p s  a n  
ordered l i st of  com m and n am es ,  from w h ich 
it determines w hich c omma nd the tr unca ted 
form represents . The inst a l l ation can 
modify t he sequenc e  of the c ommand l i s t  and 
the valid limits of trun cat ion . 

Each user (or i n st al l at ion)  can define 
sy n o n y m s  for any or a l l  c om ma nd na mes . 

A ny executa ble progra m  stored on a C M S  
s yste m or u s e r  v o l u m e  can b e  invoked by 
name as a c om ma nd . To execute a progra m , 
the user m ust ent er t he progr am name,  
followed by a ny re qui red ope ra n d s ,  a t  the 
te rminal . 

T h e  EXEC processor o f  C M S  can be u s ed to 
d e f i n e  new c o m ma n d s  tha t  a re c ombi na tions 
of e xisting com m an ds . su c h  n ew co m m an ds , 
called E X EC procedures , eli m i n a te the 
tedious re -keyi n g  o f  fr equ ently u sed 



s eq u en ces o f  commands . T he EX E C  proc e ssor 
ha s logical c ap a bi l i t i es ; E XE C  p r ocedures 
can  test the c ontents o f  v ar i a b l es , br anch 
o n  s p ecified condit ions , a n d  e xec ute 
p r og ra mmed loo p s . A special EX E C  procedu r e  
c a l l ed a P R O FIL E E XEC c a n  be i n voked 
a u tomatical l y  when t he user issu es his 
first com m a n d  in t h e  C M S  envir onment ; it 
i n i tia li zes that user ' s  v ir t u al m ac hin e 
a c cor ding to t he informa tion i n  his PROF I L E  
E X EC file . F o r  more i n formation o n  how t o  
cr ea t e  a nd u se E X E C  p ro cedur es , s ee t he 
!�L11Q :  £�§ Y2�I�2 �y!g� . 

Program Development and Execution 

CM S h as a w i d e  r a nge of progra mming 
d e velopment c a p a bilities , it can : 

• C rea te and compile source p r o gr a ms 
• B u i l d  t est f ile s 
• Execu t e  an d t est programs 
• Debug prog r a ms at t he t er mi n a l  

C M S  c o m ma nd s  a r e  especi al l y  u s e fu l  f o r  O S  
a n d  DO S/V S program developme n t . 

M A NI PULATION O F  U S ER F IL E S  

B e f ore a user c a n  create a C M S  fil e ,  he 
must m ak e  a v irtual disk ac tive a nd d efine 
its mode wi th the CMS ACCESS co m m an d .  T his 
v irtual  disk must be part of his vi r tual 
machine con fi gur ation ; it must eithe r  be 
d efi ned b y  his directory entry or added to 
his v ir t u a l  m achine c on f igura t i on via the 
C P  LI N K  o r  ATT ACH c om m an d .  Befor e t he 
v irtual  disk can be used for the f i r s t  
ti me , i t  m ust be i niti al i z ed by t he CM S 
FO R M AT c o m m an d ,  w hich f o rm a ts the vi r t ua l  
d i sk i n to 8 0 0 - byte bl ocks a s  d es cr i bed 
u n der " CM S File Syst em . "  O ne e xc e pti on i s  
tha t d i sk s that are to cont ain V S AM d at a 
s ets m u s t  first be initia lized with the 
I B CDA SDI pro g r a m  (the DOS/VS or os;v s  disk 
i n it ializ at ion progr a m  m a y  b e  used for f ul l  
pa c k s )  , i n s t e a d  of wit h t he C M S  FO R M A T  
co m m an d .  

A u s er c an crea t e  a CMS file on  d i sk by 
us ing the c o m m a n ds R EA DC A RD , D I S K ,  or T A PE . 
F i le s  c a n  a l so be c r eat ed at t h e  t er m in al , 
by issu i n g  t he EDIT c o mmand a nd then t y pi n g  
i n  t h e  i n put . 

T he FIL EDEF com m a n d  
a n d  characteristics o f  
files t h at ar e t o  b e  
si m ula ti on ro utines . 
c o m m a n d  must be issued 

d e fines t he loc a tion 
OS d at a  s ets an d DO S 

ha nd led b y  the O S  
How ev er , a DLBL 
for OS V SA M  file s 

us ed un der C M S .  T he A S SGN and D LB L  
c o mmands define d ev i ces and DAS D files t hat 
ar e u s ed in the C M S  DOS e n vi ron me n t .  

Ex cept f o r  t h e  C M S  c om ma n d s  that 
spec i fically support V S AM ,  no other C M S  
commands ( such a s  T YPE , P R I N T ,  or EDI T) c a n  
access DOS o r  O S  V S A M  d at a  s et s . T he C MS 
su pport for Access M e t hod S e r vi ces a n d  V SAM  
is base d on D O S/V S ;  howev e r , the I S A M  
I n terface Pro gr am is n ot su ppor t e d . 

T h e  COPYFILE command cop i es a file or 
combines two or m o r e  files accor d i n g  to 
s p e c i fications in the c o m ma nd . The U PD A T E  
c o m m a n d  changes a s p ecified fi l e  according 
to a file containing c hange c on t rol 
recor d s . 

T h e  T Y P E  command disp l ay s  all or part of 
a sp ecified C MS f i le a t  the te r minal . The 
L I STFILE com m a n d  d isp lay s sta tus 
i nformation about all or s p ecified su bsets 
of u s er files . A si ngle ac tive d i sk , o r  all 
active d isks , may be sp ecified . T he list 
displayed may conta in only fi leids ( th us 
showin g  a user w h at files ex ist on his 
disk) , or it may i nc l ud e f i le f o rm a t ,  
al location , a n d  dat e infor m at io n . 

T h e R E N A M E  c o m mand c h a n ges a sp eci fied 
fi l e i d , or so me pa rt of the fileid , suc h  as  
the file type . T he ERASE c o m m a n d  delet es a 
file or a group of rela ted f i l e s  f rom a 
user ' s  read/write dis k . 

The C M S  Editor consists o f  t he E D IT command 
and its su b c o m ma nd s .  Wi th the C M S  Editor , 
a user c an c r e at e  a file by t y p i n g  t he data 
in at t he ter mina l .  H e  can sca n  a l l  or 
part of t he file,  an d insert,  c ha n g e ,  or 
delete rec ord s .  

F o r  ex a m ple , b y  e n te ring the sub c ommand 
LOCATE with all or p ar t  o f  a r e cord in t he 
file , t he user c a n  locate the rec ord , a s  in 
the f ollowing s t at e m ent : 

LOCATE /DAT A DIV IS ION/ 

The CMS Ed itor scans the fil e unt i l  t he 
fi rst occurr e nce of the specified 
c h aracters is fou n d .  T h e ed itor t hen 
displays t he record conta i ning this d a ta at 
the terminal . 

Once the r ecor d  is lo cat ed , it can b e  
changed , using the C H A NG E  subco mma nd , a s  i n  
t h i s  sequenc e :  

L O C AT E  / I D E M T I FI C AT ION/ 
C H AN G E  /ID E M TIFIC A TION/I D E NTIFI CATI ON/ 
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I n  t h i s  record , " I DEMT I F I CAT ION " is 
c h a n ged t o  " ID E N TIFICA TION " .  I n  a d d i ti on , 
if the user previ ously issued t he EDIT 
su bcomm a n d  VER IFY ON , the e di t or also 
d i spla ys the c hanged line at t h e t er mi n al . 

A l l  occurrences of a specific str i n g  o f  
c h ar a ct er s c a n  be c ha n ged w i t h  a single 
c o mmand : 

C H A NGE /U S E R  I DENTI FI CA TI ON/U S E R ID/ * * 

Eve r y  occ urrence of U S ER I D E N TIFIC A TION 
i n  t his file is c ha nged t o  U S E R I D .  This i s  
called a g l o bal chan ge .  

If a fi l e  is edit ed a t  a d i spla y 
t er minal (such as the 3 2 7 7  Disp l ay St at ion) 
and  V ER I FY is on , changes made to the file 
a re reflected i n  the d i s p l ay . For ex a m p l e ,  
a line inserted i nt o  t he f i le a ppea rs i n  
t h e  di spla y i n  i t s  proper posit ion i n  t he 
f i l e .  A l i n e  t hat is d e leted f r om the file 
i s  removed f r o m  the d i s p l ay . Changes made 
to t h e cu rrent line a p pea r i n  t ha t  li ne in  
the d i spla y .  

Det ailed i n forma t i on a b o ut the C M S  
E d i tor a nd h o w  t o  edit a fil e ,  in clu di n g  a 
dis cussion o f  edit i n g  a t  d i spla y  te rmi na l s , 
i s  i n  the� YHL11Q :  �H� Y2���2 2Yig� . 

A t ex t  proc essor ca lled S C R I PT/ 3 7 0  is 
avail a bl e  as a n  I UP ( I nsta lled Use r 
P r og ra m )  for use und er C M S . ( S e e  " Appen d ix 
B :  L an gu a ge P r oc essors a nd E m ula tors . ") 
SC RI PT/3 7 0  i n clud es m an uscript f acilit ies 
t h at create formatted output f rom one or 
m o re CMS files contai n i n g  t ext an djo r 
t ext- m an i pu l a t i n g  control w o rd s .  

P R OG RA M  C OMPI LATION A ND EX ECU T IO N  COMM A N DS 

T h e  com pil ers ex ec utable under CMS are 
i n voked b y  n am e  and prov ided with a sourc e 
f i le whose f i l e t ype d es i gn ator i n di cat es 
t h e com p i l er . T he C M S  c ommands tha t i n voke 
OS com pile r s  and t he ass e m bler are : 
A S S EM BL E ,  A SM 3 7 0 5 ,  V SB A SIC , C O B OL , F O R TGI , 
F O R TH X ,  G OF O RT , PLI OPT , an d P L I C .  On each 
of thes e command l i nes , the user c a n  
spec if y  C M S  option s , and  a l s o  l an gu age 
p r ocessor o�t ions , t hat are i d e n tica l to 
th ose coded on  an OS E X E C  c ar d  w hen t he 
la ngu a ge processor i s  i nvoked f r om O S .  

O S  p rog r am execu t io n  i s  c on trolled b y  
C M S  c om ma n d s  such a s  RU N ,  INCLU D E ,  an d 
L O A D .  A cor e i mage c o py of the progra m c a n  
be rec orded on d i s k  w i t h  GENMOD , an d l ater 
r et r i ev e d for ex ecut ion w i th LOA D MOD . 
L i b rari e s  to be searched dur ing p r o gr a m  

3 2  I B M  VM/3 7 0 : Introduc tion 

c o m p i lat ion or load a re spec i f i e d  by the 
G L OBAL c o m m a n d . 

T h e  CMS co m m an ds t h at i nv ok e  DOS 
compi lers a re : FCOBOL a nd D OS PLI . The 
COEOL user speci f i es t h e com p i l er options 
on an  O P TION c o m m a nd which p recedes the 
FCCBOL comm and . T h e  PL/ I u s er must s p ec ify 
compi ler options on an * P R OCE S S  sta tement 
which i s  p l aced i n  front o f  t he PL/I source 
progr a m . 

Under CM S the u s er can ex ec u t e  prog ra ms 
t hat read DOS se que ntial files and t hose 
that read a nd w rite DOS VSAM files.  
H o wever , under CMS , t h e user cannot ex ecute 
DO S pro gra ms t ha t  use d i rec t or i nd e xed DOS 
fi les . 

A l so , DOS private an d sy s t e m  source 
s t a t e ment , relocata ble , a nd core i m a ge 
l i br a ri e s  can be r ea d  in CM S .  S ev er a l  C M S  
co m m a n ds prov ide t h e  l i b ra r y  se rvices 
similar to those found in DO S/V S .  T he C M S  
co m m a nds are S S E R V , R S E R V , PS E R V , E S ER V ,  
a n d  D S E R V .  DO S p r i v at e  l i br ar i es t ha t  are 
t o  be  read i n  CMS m ust f i rst be i d ent ified 
with t he C M S A SSGN a nd D L B L  c o m ma nds . 

T h e  DOS l in k age editor is s i mu lat ed in 
CM S .  F i les to be link- e d i ted can b e  read 
f r om DOS l i br ar i es . T h e  CMS DO SL K ED 
co m ma n d  l i n k-ed its files a nd pl aces t he 
output i n  a C MS f i l e  called DO SL IB . The 
CM S DOSLKED c o m mand acc e p t s  the D O S  l i nkage 
editor control stat em ents ( A CT IO N , P H A S E ,  
INCL U DE , a nd E NTR Y)  as  i n put . 

T h e user ex ec ute s D OS prog ra m s und e r  C M S  
us ing t h e  FETCH a n d  S TA R T  co m m a n ds . 
L i t r a r i es t o  be sea rc hed m ust fi rst be 
sp eci fie d  on a CMS G LOBA L c om mand . 
Alth ough the user can s o m et imes create CM S 
module files from D O S  programs b y  usi n g  the 
FETCH and GENMOD comm an ds , t h is pr ocedure 
is not r ec o m m e nd ed . 

CO NT ROL C O M M ANDS 

The CM S user is able to d ef i ne c e rtain 
system functions w i t h t h e  S ET co m m an d . The 
fu nct ions includ e :  the a m ount of 
i n fo r m ation i n  the m ess age print ed at the 
end of c o m mand p rocessing , the t y pe of 
e rror m essages to be p r int ed at t he 
t e r m i nal , and  whe t he r unknown c ommands 
should be passed on  t o  CP . W it h  t he Q U ER Y  
co m m a nd , t he user i s  given the c u rre n t  
stat us of t h e s e  and ot her CM S fu n ct i on s . 

S ynon ym s  for com m a n d  n am es m ay be 
cr eat e d  by a user via e n trie s in a CMS file 
wi th a filetype of S Y NONY M .  



T he EX EC c o m m a n d  s p ecifies a f i l e  o f  C P  
a n d  C M S  com m a n ds , a s  w e l l  a s  conditional 
br anchin g and cont rol sta tements , whic h a re 
e x ec uted i n  a predet ermin e d  s eq u en ce by t he 
EX EC processor o f  C M S .  

L A N G U A G E  PROC E S SOR S  

A V M/3 7 0  Asse m bl e r  i s  distr i bu t e d  as a part 
o f  t h e VM/370 system a nd is r e q uire d  f o r  
i nsta lla tion a nd support . It is also u s ed 
t o  ass e m b l e  u s ers • prob lem progra ms . A l l  
necessa r y  m a c ros f o r  ins t a l l at ion an d  
s u pport are prov id ed i n  C M S  librari e s .  

A variety of progr a m ming la ng ua ge s a re 
a vailable for use wit h  C M S . V S  APL , B A S IC ,  
FO R TR AN , and  P L/I are useful la ngua g e s  for 
proble m - so l vi n g  appl i c ation s ,  w hil e C O BOL , 
as s em b l er l an gu age , a n d  a ga i n  P L/I a re 
useful f o r  c o mm erci a l  progr am dev elop m ent 
applicat ions . 

T he compilers t ha t  can execute u nd e r  C M S  
i n c l ud e  va rio us P L/I , FORT R A N ,  a n d  COBOL 
c o m pile r s . V S  BAS I C  an d VS APL also 
e x ecute u nd e r  C MS and include int er a ct iv e  
d e bu g  facilit ies a s  pa r t  o f  t h e  Program 
P r od uc t .  For i nform ation on  progr am min g 
l angu a ges and compilers that c a n  b e  used 
with C M S , see " Appendix B :  L an gu age 
Proc es s ors  and E mulators . "  

The c om pilers a r e  invoked wit hin t he 
co nv ers at ion a l  environment of CMS ; t h e  
n o rmal m od e  of execut ion i s  t o  ru n the 
c o m pilation to c o m pl etion , type any 
di agnos t i c  messages a t  t he te r mi na l , and 
ma ke the l i s ti n g  fil e  av ai l a b l e  for 
i n s pect ion at the t e r m ina l or f or pri n ting 
on  the real p r i n te r .  

The v s  A P L  i nter preter e xe cu t es in t he 
con vers at ion al env ironment of C M S . The 
i n te rpreter responds i n t e r actively t o  input 
k ey e d  in at t he t e r mina l ,  d i spla yin g  
results when c a l l e d  for o r  dis p l ay in g  
di agnost ic m ess ages w he n  input i s  i nva lid . 

M ost o b j e ct progra ms produced a n d  
c o m piled und e r  CMS m a y  be  e x e cut ed u n der 
CMS for direct prob lem solving . Progra m s  
t h a t  use c e r tain O S  system fu n ct ions , 
d e s cr i b e d  in t he following paragra phs ,  m u s t  
be  run und e r  t h e  appropr i at e  oper at i n g  
s y s t em . 

T o support t h e  compilers a n d  t h e  V S  A P L  
i n te rprete r , C MS s i m ul at es t he ex ecut ion o f  
m any o f  t he O S  a nd DO S macros . F o r  O S , the 
se q ue nti a l , d i rect , a n d  p ar tition e d  a cc es s  
m et hods are l o g ically simulate d . C M S  kee ps 
t h e se data records i n  t he c hain ed 8 0 0 - by t e  
blocks , w h ich a r e  s t a nda rd t o  C M S ,  a n d  
si m ula te s  t h e  OS d a t a  s et c h ar act erist ics 

inte r n a ll y .  C M S  s upports OS 
sets . M a ny OS S u pervisor Call 
including G ET M A IN/ F R E EM A IN an d 
simulated . 

V SAM  d at a  
functions 
T IM E  are 

For DO S ,  t he sequential acc e s s  m e thod 
and virtual s t or a g e  access m et hod are 
su pported a s  well as Do s; v s  lib ra r y  a cc e ss . 
Note that sequent i al o u t put files are 
w r it t en as  CMS  files a nd tha t D OS/VS 
libr a ries c an o n l y  be  r ead . 

T h e  OS a n d  DOS m acros t h at a r e  not 
s i mulat ed include t hose tha t s upport the 
I n d ex e d  Sequen ti al Access M et ho d  (IS A M )  and 
t he t e lecommu nica tions a cc e s s method s .  An 
OS problem progr am t hat u s es o n ly t hose 
fu nct ions for whic h  simula tion c ode e xi sts 
may b e  tested an d r u n  u n d er CM S .  For 
ex amp le , all F O R T R A N  IV (G 1 )  l a n g uage 
f unctions execute u n d er CMS w h ile CO BOL 
programs t ha t  use I SA M  do n o t .  

Fu nctions r e l a t ed t o  m u l ti ta ski ng a re 
either ignored b y  C M S  or m o d ified t o  
achiev e  single t a s k  e xec u tion . T he D O S/V S 
Sort/Merge progr am is not supported u n d er 
CM S .  S ee t he !�L�]� :  �Y21�! f£Qgt�!!�t�2 
G uid e for more inf ormation about C M S 1 s  O S  
and-DO S  macro suppor t . 

A L T E R N A T IN G  O P ER A TI NG SYSTE M S  

I f  a progr a m t o  b e  tested uses O S  a n d  DO S 
funct io ns t hat are not sim ula te d , or if the 
prog r a m  i s  d es i gn e d  for s o m e  ot her 
operating syste m ,  t he use r may e xe c u te t he 
two operating s ys t ems alter n at e ly . The 
v irtu al mac hine must be c onfig ured to r un 
b o th C M S  and t h e  ot her o p er at in g  s yst e m .  

Using this t ec hniqu e ,  t he u s er first 
loads t h e  C onversa tiona l Moni tor S ystem 
i n to t h e  virtual m a chin e .  The editor is 
used t o  make any necessary upd a te s  to the 
source program . S pool i n g  faci lities are 
used t o  copy t he prog ra m  ( i nteg ra ted i nto a 
suit a bl e  operatin g s ys t e m  j o b  s t r e a m )  into 
the v irtual card read e r . The use r then 
issues t he IPL com m an d  t o  load his ot her 
operating system and begin t he c om pi la tion . 
When t h e  j o b  s tr e am com p l et es , t h e  u s er 
must r e load C M S  with the I P L  c om mand . The 
spooled printer output gen e r at e d  by t he 
ot her opera t i n g  syste m  c a n  b e  read onto a 
C M S  user d is k ,  inspect ed for dia gnostic 
m essa ges , t he n  optiona ll y  sc hed ul ed for 
printi n g . Corr ections and addit ional 
compi lations , if necessa ry , f ol l o w  t h e  same 
proc e d ure . 

With this techniqu e ,  a u s er can compile 
O S  ! S A M  programs under CMS  and then test 
them under O S . S e e  t he I S A M  and 
dy n a m ica lly modif ied c ha nn e l  prog ram 
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re stric t i on s  l isted i n  t he !�L11Q : E!���i�� 
��g 2Y�!g� §gng��!!QB §y!g� . 

D E BU GGIN G FAC I L I T I E S  

The debu g g i n g  f aci l i ties of C M S  p er m it a 
u s er t o  set instruct ion a d d re ss stops i n  
h i s  prog ra m , to e xa m i n e  an d m o dify v irtu al 
r e gist er s and v ir t u a l  s t orage , a nd to t ra c e  
a l l  S VC i n terr upts . Us er -s el ect e d  
interrupts m ay be t raced w i t h  o u tput 
d i rected to e i ther a v i r t u al p r i nt er o r  t he 
terminal . 

S ym bo l i c  d ebu gging ca pa b i l i ties a re 
a va i la ble to F O RT R A N  progr am m ers using Cod e  
an d G o  FO R T R AN o r  FORTRAN I V  (G l )  i n  the 
F OR T RA N I n te ra c ti ve De bu g Progr am Pro du ct , 
to COBOL program mers using A N S  Versi o n  4 
C OB O L i n  the OS C O B OL Int er act iv e Debu g 
Progr am P r o du ct ,  and  t o  PL/I progra m m e r s  
u s i n g  t h e  PL/I c heckout com p i l er . V S  B A SIC 
and VS APL inclu d e  interactive debu g 
faciliti e s  as p art o f  t he Pr ogra m P rod uc t .  

CM S BAT C H FAC IL ITY 

The CMS Batch Faci l i t y  i s  a V M/ 3 7 0  
progr am m i n g  f aci lity t h a t  exec ute s und e r  
C M S .  I t  a l l o ws a V M/37 0  u s er t o  ex ecu t e  
j o bs in b a t c h  m o d e  by send i ng j ob s  f rom 
e i ther his o wn virtal m achine or t he real 
c a r d  r e a d er t o  a virtua l mac h i n e  d edicate d  
to r unning b a tch j o bs u n d er t h e bat c h  
f acility . T h e  batc h  fac i l i t y  vi rtua l 
machine then e xecutes t hese j o bs ,  fr eein g 
t h e  u s er • s  v ir tual machine for other use s . 

3 4  IBM V M/3 7 0 : Intr oduct ion 

The accou nting routines c h ar g e  t h e  
used 1 n  t h e  bat ch m a chine t o  
origi nating user . 

t ime 
t he 

A batc h facility virtual machine i s  
generated a n d  control l ed at a t er minal 
cons o l e  u n d e r  a userid ded ica ted to 
execution of j o bs in  bat ch m o d e . T he 
system operator generates a b a tc h  machine 
by p e rform i n g  an I PL of CM S ,  t h en ent er in g  
a co m mand (CM SBA TCH ) , w h i c h  specifies that 
the machine i s  t o  ex ecute jo bs in batc h  
mode . A ft e r  each job i s  exec uted , the 
batch fac il i t y  r e l oads its e l f ,  t her eby 
prov id i n g  a conti nuo usl y runni ng ba tch 
mach i ne .  Jobs ar e sent to t he ba tch 
machine ' s  v irtual card rea d e r  f r om e i t he r  
t h e  u s e r  terminals or t he s y s t e m  card 
re ader and a re exec uted se que ntia l l y .  W hen 
the last job is execu t e d ,  t h e bat c h  
facility waits for more i n p u t .  

T h e bat c h  fac i l i ty is d e sig ned f o r  the 
n o n - CM S u ser who r eq uires a s y st e m  for 
compiling or exec u ting batch j o bs l oa d ed 
fr om t he r e a l  system ca rd r e a d er . The 
batch fac i l i t y  is also u s efu l for t he 
interactiv e  user w h o  has c om p ute - b ound j ob s  
such as assem blies a n d  compi lat ions , or 
large pro gra m s .  Thus , intera c ti ve users 
can continue w or k i n g  at  t heir t er m inals 
w h ile t h eir ti me- c on s u m i ng j ob s  a re 
e xec uted i n  another v irtual m ac h i n e .  

A n y  user program written i n  a l a n gu a ge 
su pported b y  CM S can b e  e xec uted on the 
b a tch machin e .  The s am e  r estr i ct ions t hat 
apply t o  programs exec uted und e r  C M S , a ppl y 
to programs execu t ed un der t h e  C M S  Batch 
Facility . A l s o ,  t h e re a re restrictions on 
prog r a m s  using c er t ain CP  an d CMS co m ma n ds . 
For fu l l  information about the C M S  Batch 
Faci l it y , see t he !�L11Q : £�2 g��£�2 §Yi£�· 



Remote Spooling Communications Subsystem 

T h e  V M / 3 7 0  R e mote Spool ing C o m mu n ications 
Su bsy s t e m  ( R S C S )  i s  the V M/ 3 7 0  componen t  
t h at t r ans fers f i l es b e t w e e n  re mote 
s ta tions a nd virtual m ac hines at t he V M/ 3 7 0  
inst allation . R e mote sta tions a r e  
c o nfigur a tions of I/ 0 d ev ic es att ached t o  
t h e V M / 3 7 0  computer b y  b inary s y nc hronous 
( B S C )  s witc hed or nonswitched l i n es . 

An R SC S  v irtual mac hine c o ntrols the 
t r ans fer r ing of files . 

R S C S  has a su perv isor a nd line d ri ve r s . 
The supe r viso r  i s  an i n t e r f ac e  bet w een t he 
CP s pool syste m and t h e  R SC S  l i ne d ri ve r . 

VM/370 Virtual 
Mach i nes 

B 
OS/360 

HASP Batch 
Processor 

VM/370 

CONT R O L  P R OG RAM 

CP 
Spool 

System 

The line d rivers dr iv e ,  or cont r o l ,  a 
sp eci fic t y pe of remote sta tion . 

Figu r e  1 3  shows the re la tion sh i p  b e t ween 
the V M/370 virtual m achine us ers , t he CP 
spool syste m ,  and t he re mote sta ti on s . 

The RSCS Teleprocessing Network 

The R SCS n e t work consists of a 
tr ans mission control units , 
telec ommun ications l i n es a n d  
stat i ons . 

r ea l  CP U ,  
a n d  B S C  

remote 

R E MOTE STAT I O N S  

R SCS V irtual  
Mach i ne 

Line 

R Driver 

s Line 
c D river 

s 
Line 
D river 

r-
Nonprogrammable 

Remote Station 

2780 

Programmable 
Remote Station 

System/3 

H ASP 
Work 

Station 
Program 

Programmable 
Remote Station 

System/370 

J E S  or 
HASP 

Control 
Program 

Operating 'as 
a Remote Batch 

Processor 

F i gure 1 3 .  A VM/3 7 0  R SC S  Teleprocessi n g  Ne twork 
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TH E R E A L  C PU 

A real CPU t h a t  i s  execut ing VM/37 0 , and  
R S CS in a v ir t u al machine , is the center of  
the R SC S  teleprocessi n g  n et w or k .  T he 
o pe rator of the R S CS virtu al m a c hin e 
controls t he network b y  i s suing R SC S  
c o mma nds f ro m  h i s  termin al . 

The C P  s poo l system is an int egr al part 
o f  t he R SC S  telepr ocessing net work . All 
files t r a n s m i t ted bet w een r emot e locat ions 
an d VM/3 7 0  v irtual m a c hines are route d  
th rough t h e  CP  s pool s ystem via t he R SC S  
v irtual  mac h i n e . 

R S CS T EL EP R O C E S SING H A R D WA R E  R E Q UI RE ME NT S  

Te leproce ssing equipment ( t r ans mission 
co ntrol u n its , data sets , a nd c o m m unic a tion 
lines )  is r equired t o  c o ntrol the 
teleproc e ssing network . T r ans mission 
control u n its control t he transmissi on of 
d a ta be t we e n  the real CPU an d r emot e 
s t at ions ov er commu nicat ions li ne s . D a t a  
se ts are d e vices t h at code an d d ecod e  
binary d a t a  f o r  transm ission over the 
c o m m unic a tions lines . The s pecific d ev ices 
su ppor t e d  by V M / 3 7 0  for t hese f u nc ti on s  a re 
d e sc ribed. in the !t1LJ1.Q : :R�.!!!2!:§ §.EQ2!!ng 
�2.!!!.!!!��!£�!:!2�§ §Y�2�21�m C:R���) Y2§!�2 
��!g� . 

R EM O T E  S T A T ION S 

R SC S  re mote s t a tions ar e I/O 
con figu r at ions . T he minimum c o nfig ura tion 
c o n si sts of a card r e a �e r , a print er , and  a 
c ar d  pun c h . T here a r e  t w o  t y pe s  of re mote 
s t a tions : programmable and nonprogr amm a bl e .  

Progra mmable remote stations ar e I/O 
con figu r at ions t hat include a c ompute r , 
such a s  a S ys tem/3 , S ystem/ 3 2 ,  sy st em/ 3 6 0 , 
or sys tem/ 3 7 0 . I f  t h is c omputer i s  running 
a H A S P- t y pe o r  A S P - t ype batch p r o cessor , 
t h e r em ot e  station c a n  receive files 
t ra n smitted across t h e  RS CS n et w ork , 
process t he files , a n d  t ra nsmit the re sults 
of the proce s sing back t o  t h e  ori gin at in g 
lo cation . O t herw is e ,  t he progra m ma b l e  
re m ote sta tion can o n l y  receiv e ,  r ead , 
pr int , p u n c h ,  a n d  s e nd file s .  I n  othe r 
word s ,  if the prog r am m a bl e  r e m ot e  st ation 
does not hav e a H A SP- or A SP - t y pe of b a tc h  
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processor , it acts a s  
non program m a b l e .  

if it were 

Non prog ra m m a b le re mote sta tio n s  a re I/O 
configurations t hat can not be p r ogr a m m ed , 
bu t can r eceive , read , print, p unc h ,  and 
send files . An ex ample of a 
nonprogra m m a b le re m ote station is a 2 7 8 0  
Data Transm is s io n  Ter mina l .  

T h e t y pes o f  d e vic e s  su pporte d  f o r  all 
t ypes of remote st at i on s ,  p rogr a m ma ble and 
nonprogram mable , a r e  l iste d  in the !�LJ].Q : 
R�!21� §.E2211� ������i£�!!2!!§ §��§�§!:§m 
(�§�2) Q§���§ �y!g� . 

Using RSCS 

The facilities of R S CS ar e s el ect ed a n d  
cont r o lled by c om ma nd s  a nd con trol c a rd s .  
Connec tion s between g eo gr ap hic a l ly r emote 
locat ions are made by t he opera t or of the 
R S CS virtual m achin e .  

L I N K I N G  GEOGRAPHIC LOCA TI O N S  I N  TH E R SCS 
N ETWORK  

E a c h  location in the  R SC S  netwo rk is 
assigned a l o c ation iden t i fier , w hich R SC S  
us es t o  find a link , o r  pa th , t o  the remote 
loca t i on . 

T o  link a r em ot e st ation t o  a v irtual 
m a chin e ,  t he R SC S  opera t o r  i ssue s  the S T A RT 
c o m ma n d . Then , t o - begin t r an s mitt i n g  to 
t h e  R SC S  v irtual mac hine , the rem ote 
station oper ator tr ans m its a S IGNON ca rd . 

Once the l i n k  between a remot e s t a t ion 
and t h e R SC S  v irtua l mac hine is e s ta b lished 
via STA R T  a nd SIG NON , files can be 
transferred to an d from t hat location . An 
ID car d ,  w hic h s pecifie s the e ve nt ual 
desti nation , must precede each file 
tra ns mitted from the re m ote sta tion to the 
R S CS virtual m achine .  The R SC S  v irtual 
m achine uses t he inf orma tion on the I D  c a rd 
to t ransmit t h e  file to t he d es i gnated 
v irtual mac hine . I f  tag i nf or m a ti on is 
a l so s uppl ied , RS CS can t r ansmit t he file 
to anoth er re mote station . 

Figure 1 4  shows how the remote stations 
are linked to V M/370 v ir tu al m a c hines 
(including t he R SC S  vi rtua l  mac hi ne) a nd to 

other remote locations . 
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F i g ure 1 4 .  Li n ki n g  V i r t u al Machines an d Re mote S tat ions 

CO M M AN D S  U S ED TO TR A N SM I T  F I L E S  AND TO 
CONT ROL T HE R SC S  N E T WO R K  

F i le tra n sm i s sion an d 
t h e  t w o  m a i n  functions 
P r ogra m . 

system control ar e 
of t he R SC S  C on t rol 

The C P  T A G  and SPOOL com m an ds ar e used 
u n d er R SC S  t o  t r a ns mit files ac ross a 
telepr oc e ssing net work . Vir t u al mac hi n e  
users issue t h e  CP  T A G  com m an d  to n a m e t he 
lo cat i on i d e n t i f ier of t he d e sti na ti on tha t 
i s  to rec e i ve the fil e .  T h e  CP S POOL 
co m m an d  a n d  a command t ha t  c l oses the file 
b ei ng transmi tted , s u c h  as t he CMS PUN C H  o r  
P R INT com m a n d , cau s e  t he file to be se n t  to 
the RSCS v i r t ual m ac hi n e  for pro cess in g .  
T h e  R S C S  v ir t u al machine t he n  transmits the 
f i le across i ts net work . The CP TAG an d 
S POOL commands control t he transmission of 
f i les f rom virtual m ac h i nes to remote 
st ations , wher eas t h e ID c a rd c on t rol s the 
transmission of files from remote st at ions 
to v irtu al m a c h ines . 

R SCS has c o m mands a nd c o n trol c a r d s  that 
c o ntrol the operat i on o f  t he R S C S  system . 
T he s ystem co ntrol func ti o n s  a re e xec uted 
by the RSCS control program w h en it 
r e ceives c o m m a nd s  e n te red e it h e r  f rom a 
c o nsole or v i a  p u n c hed car ds . 

T h e RSCS v i rtua l machine o perator can 
u s e  all t he R SC S  c om ma nd s  to c ont rol the 
sy ste m ; operators at r em ot e  st at i ons use a 
su tset of t he c o m ma nds a vaila b l e  to the 
R S CS virtual m ac hi n e  operator . I n  general , 
funct ions suc h as purging a file f rom the 
s yste m , d e f i n i ng or delet in g  a l i nk i n  t he 
syst e m , r e posit i o n i ng a f i l e  f or wa rd o r  
backw ard d u r i ng pro cess in g ,  d is conn ect ing 
the  R SC S  v i rtual machine c onsole , and  so 
on , a re provided by t he syst em . Th ese 
co m m a n ds are desc r i bed in d e ta i l  in the 
!HLll� : ���£!� 2£��li�g �g����!£�!!£ll§ 
2�£§Y§!�� (�2£§) Q§�!�§ §�!£g . 
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If a ba tc h syste m h a s  a remo te j o b  entry 
capabili t y ,  such as HA SP a nd J E S2 , it 
r e q ui re s  its o wn control s t atem ent in  order 
to ex ecut e correct l y . When R SC S  i s  
opera ti n g  a s  a remote j o b  ent r y  s ys t e m  for 
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o n e  of t he batch proc e ssors , the R SC S  
operator can tra nsmit t o  tha t batch 
processor v i a  t he R SC S  C M D c o m m a nd . The 
CMD c om m and causes a H A S P  or ASP  c o m m a nd to 
be  t r ansmitted to t he batch p rocessor for 
e xec ution , j ust as i f  t he c o m m a n d  w ere 
tr ans mitted to t he proc e ssor b y  one of its 
work staton s .  



Machine Requirements 

d ev ic es ar e 
inf orma tion 

support ed 
an I B M  

T h e  f ol l o wi n g  machin es an d 
su ppor t e d  by VM/37 0 .  Spec ific 
re gard i n g  mod e l  n u m bers an d 
f e at u r es can be provided b y  
ma rketi ng re presentative . 

C P U S  

I BM s yste m/37 0  M o d el 1 3 5 
I B M  Syst em/3 7 0  Model 1 3 5 - 3  
I B M  Syst em/ 3 7 0  M o d el 1 3 8 
I B M  S yste m/3 7 0  Model 1 4 5 
I BM Syst em/ 3 7 0  M odel 1 4 5- 3 
I B M  System/3 7 0  Model 1 4 8 
I BM syst em; 3 7 0  M odel 1 55 II 
I B M  S yste m/3 7 0  Mod el 1 5 8 
I BM syst em/ 3 7 0  M odel 1 5 8 M P  ( u ni p roc e s so r  

m od e  only)  
IBM  Syst em/ 3 7 0  M odel 1 6 5 I I  
I B M  Systemj 3 7 0  Mod el 1 6 8 
I B M S ystemj 3 7 0  Model 1 6 8  M P  (unipr oc es so r  

m o d e  o n ly ) 
I B M  System/3 7 0  Model 1 6 8 Attached Processor 

syst em (u nipr oc es sor mode only)  

Thes e  m a c h i nes must be equipped wit h the 
D y n ami c A d dress Tra ns lation fac i li t y  a nd at  
lea st 2 4 5 , 7 6 0  b ytes o f  r e al stor a g e .  T hey 
must operate in ext e nded c o n trol m od e . The 
M od e l s  1 3 5 and 1 4 5  require the s ys t e m  
T i ming F a c i l ity and floa t ing- poi nt fea t ure . 
The Mod e l s  1 6 5 II and 1 6 8 r eq u i r e  t he 
C h an n el I n d ir e ct D at a  A d dressing feature on 
each of the f ol lo wi n g  s tan d al o n e  chan n els : 
2 8 6 0 ,  2 8 7 0 ,  a n d  2 8 8 0 . 

For information a b out storage 
re q uireme n t s ,  refer to the Y�LJ1Q: g!�nn!ng 
�n£ ��2!�� ��n���i!2n ��!£� · 

S Y S T E M  C O NS O L E S  

T h e  foll o win g s yst em consoles a n d  termina l s  
a r e  suppo rted b y  V M/3 7 0  as v irtu al consoles 
( s i mu l at ed as 3 2 1 5  consoles) : 

• 

• 

I BM 2 1 5 0 C o nsole w i t h  1 0 5 2  
Pri nte r - Ke y board , Model 7 

I B M  3 0 6 6  Models 1 and  2 S ys t em Co nsol e 
for t h e Syst emj3 7 0  M odels 1 6 5 II a n d  1 6 8  

Appendix A: System Requirements 

• I B M  3 2 1 0  Con s o l e  
Models 1 and  2 

Pr int er- K ey board , 

• IBM 3 2 1 5  C onsole Printe r- Ke y b o a rd , Model 
1 

• I B M  7 4 1 2  Console (v i a  RPQ AA2 8 4 6 )  w it h  a 
3 2 1 5 , M od e 1 1 

1 • IBM Sy st e m  C onsoles for the S ys tem/3 7 0  
1 Mod e l s  1 3 5 - 3 , 1 3 8 ,  1 4 5 - 3 ,  a n d  1 4 8 in 
1 pr inter- key b oard m od e  ( with the 3 2 8 6  
1 prin ter , Model 2 r e qu ir e d )  or i n  d isplay 
I mode 

• I B M  Syste m C o nsole for the S ys t e m/3 7 0  
Model 1 5 8 ( i n  printer - key boar d  mode 
( w i t h  t he 3 2 1 3  P ri n ter Model 

re quired)  , or in disp l ay mode 

T E L E C O M MU N I C AT IONS 

The follow i n g  devices a re supported f o r  use 
as virtual s ys t em consoles (a nd , 
conse que ntly , as CMS user t er mi n als) : 

• I B M  1 0 50  Dat a Co m mu n i cat ion S y s t e m  

• I B M  2 7 4 1 Comm un i cat ion T e r mi n a l  

• I B M  3 2 7 5  Display St ation , M o d el 2 ,  w it h  
int egrated c o ntrol uni t ( rem ote 
a ttachmen t) 

• I B M  3 2 7 7  Display St ation , M o d e l  2 (local 
and remote atta c h me nt) 

• L i ne Control for C P T- T W X  ( M odel 3 3/ 3 5) 
t e r minals 

• IBM 3767 C om munication Te rmi n a l ,  M od e l s  
1 a n d  2 ( 2 7 4 1  compat i bl e - equ i p p ed )  

T h e  fol l o w i n g  p r in ters c an be attac hed 
to local o r  r e mote 3 2 7 0 1 s : 

• I B M  32 8 4  P rinter , M od e l  2 ( local or 
r e m ote attachm ent ) o r  M o del 3 (remote 
at t a c h m e n t  only)  

• IBM 32 8 6  P r int e r , M od e l  2 ( loca l  or 
r e m ote att achment)  o r  Model 3 (remote 
attachment only) 

• IBM 3 2 8 8  L i ne Printe r , Mod el 2 ( l oc a l  or 
r e m ote attachment ) 
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T h e  su pported t er minal c ontrol units a re :  

• IBM 3 2 7 1 Control U n it , 
remote a t tach m e nt of 
s t at i ons , 3 2 8 4  Pri nte r s ,  
a n d  3 2 8 8  L i ne P ri nt ers . 

Model 2, for 
3 2 7 7  display 
3 2 8 6 P rin ters , 

• I B M  3 27 2  Control Unit , Mo d el 2 ,  for 
local att achm ent of 3 2 7 7  di spla y 
sta ti o n s ,  32 8 4  Print ers , a n d  3 2 8 6  
Print ers . 

T h e  su pported trans mission 
a re :  

• I B M  2 7 0 1  Data A d a pt e r  U nit 

c o ntrol 

• I BM 2 7 0 2  T r ansmission C on trol 

• IBM 2 7 0 3  T r ansm is s ion C ontr ol 

units 1 

• I B M  3 7 0 4 /3 7 0 5  Commu nications Co nt roll ers 
(In N et w o r k  C o ntrol Prog ra m m od e , 

Pa rti tioned Emulation Pro gr am m o de,  an d 
2 7 0 1 ,  2 7 0 2 , 2 7 0 3  E mulation P r og ra m m od e )  

• I B M  I n t e grated C omm unic ations Adapter 
( 1 4 6 4 0) av ailable on the S yste mj3 7 0  
Model 1 3 5  

V M/3 7 0  provides d evice and s u bs ys t e m  
s u pport for bot h progra m mab le a n d  
n o nprogra m m a b l e  R S CS r e m o t e  st at ions . 

T he dev ices s u ppor ted for 
n o n progra m m a b l e  remote s t ations ar e :  

• I B M  2 7 7 0  D a ta Com munication s yst em ,  w it h  
t h e 2 7 7 2  M u lt ipurpose C on trol U nit 

• I B M  2 7 8 0  Data Tr an sm ission Termin al , 
Models 1 a n d  2 

• I BM 3 7 7 0  General P u r pose C o mmunica tion 
Termina l , (operating in 2 7 7 0  
com pat ibi lity mod e) 

• IBM 3 7 8 0  Data C om mu nica tions Termina l 

The transmi ssion cont rol units su pport ed 
for pro gr a m m a b l e  r e m ot e  stations a re:  

• ICA ( I n t e g r at e d  C om mu nica tions A d a p te r) 

4 0  I B M  V M/ 3 7 0 : Introduction 

• IBM 2 7 0 1 D a t a  A d a pte r Unit 
Sy nchronous D a ta A d a p te r ,  Type II 

with 

• I B M  2 7 0 3  Tr ans m ission Contr ol Unit w it h  
S y nchronous T e r m i na l  Con trol ( e xc e p t  for 
3 7 7 0) 

• IBM 3 7 0 4  C om munica tions Controller (in 
EP mode o n l y )  

• I B M  3 7 0 5 C ommu nications Controll e r  ( in 
EP mode only)  

T h e  systems s u p ported f or re mote job 
e n t r y  into RSCS are : 

• IBM S y s t e m/ 3 6 0  M od el s  2 0 ,  2 2 ,  2 5 ,  3 0 ,  
4 0 ,  50 , 6 5 ,  7 5 ,  8 5 , 1 9 5 

• I B M  System 3 7 0  Mod e l s  1 1 5 ,  1 25 ,  
1 3 5 - 3 , 1 3 8 ,  1 4 5 ,  1 4 5 - 3 ,  1 4 8 ,  1 5 5 , 
I I , 1 58 ,  1 6 5 ,  1 6 5  I I ,  a nd 1 6 8  

1 3 5 ,  
1 5 5 

• IBM 1 1 3 0 System 

• IBM system 3 Models 6 ,  8 ,  1 0 , 1 2 ,  a n d  1 5  

• I B M  s ystem/ 3 2  

• I B M  2 9 2 2  P rogra m ma b le Termin a l  

W h en R SC S  i s  opera ting a s  a rem ote j o b  
e ntr y s ystem t o  a H A SP-t y pe or A S P-t ype 
batch proc e s so r ,  it s upports any I BM system 
t h at su pports the H A SP/A SP-type s yste m . 

T he software subsystems supported for 
R S CS are : 

• HA SP II Ver sion 3 . 1 ( 3 60 D - 0 5 . 1 . 0 1 4) 
• H A S P II Version 4 ( 3 7 0 8- TX- 0 0 1 ) 
• A SP Version 3 .  1 ( 3 6 0A ··C X- 1 5 X )  
• J E S 2  C o mponent of V S2 R e lease 2 
• J E S 3  Component o f  V S 2  ( w hen av aila ble) 
• R E S  C o m ponent of VS 1 Relea se 2 and  a bove 

D I R E C T  ACC E S S  S TOR A G E  D E VIC E S  

VM/3 7 0  supports t h e  foll owing d i rect access 
storage d e vices : 

• I B M  2 3 0 5  Fixed Bead S tora ge , M od el 1 
( M o dels 1 6 5 I I  a nd 1 6 8  o n l y) a nd Model 2 

• I B M  2 3 1 4  Dire ct Acces s  Storage Facility 

• I BM 2 3 1 9 Disk St or a ge 

• I B M  3 3 3 0  Disk s t or age , M o dels 1 ,  2 ,  and 
1 1  

• I BM 3 3 3 3  Dis k  
M odels 1 a n d  1 1  

Storage a n d  Control , 



• I B M  3 3 4 0  Di rect Access Storage Faci lity , 
M o d els 1 2 ,  B 1 , a n d  B 2 , w i t h  D a ta Mod ule s 
Mod el s  3 5 ,  7 0 , a n d  7 0 F , an d t he IBM 3 3 4 4  
Dir ect A ccess S tora ge , Model B2 . 

• I B M  3 3 5 0  D irect Acce ss S tor age , M o d els 
A 2  a n d  B 2 .  

D I R ECT A C C E S S  CONT ROL U N IT S  

VM/3 7 0  s u ppo r t s  t h e  f oll owin g cont r ol u n it s  
f o r  D A S D : 

• IBM 
2 3 0 5  
only ) 

2 8 3 5  storage c ontrol 
M od e l  1 ( M od el s  1 6 5 

M od e l  1 
II a n d  

f o r  
1 6 8 

• IBM 2 8 3 5  Stora ge C ontrol M od e l  2 f o r  
2 3 0 5  Mod e l  2 

• I BM 2 8 4 4  A ux i liary S tora ge Control f o r  
2 3 1 4  a n d  2 3 1 9  

• I B M  3 3 3 3  Di sk S to r a ge and Con t r ol M o dels 
1 and  1 1  for t he 3 3 3 0  M od e l s  1 ,  2 ,  a n d  
1 1  

• I B M  3 3 4 0  D i r ect Access S t orage Facil i t y , 
M o d el A 2 .  

• I B M  3 3 4 5  Storage a n d  Control Fr am e ,  
M o d els 3 ,  4 ,  a n d  5 o n  the M odel 1 4 5  

• 

• 

(wi th the standard IS C) for 3 3 3 0  Disk 
Stor a ge M o d els 1 a n d  2 ,  3 3 3 3  D i s k  
S tora ge and Control , Models 1 and  1 1 ,  
3 3 4 0  M O d el A 2 ,  3 3 4 4 , a nd 3 3 5 0 

I B M  3 8 3 0  Storage Control M odel for 
3 3 3 0  M od els 1 and  2 only 

IBM  3 8 3 0  S t or a ge Control M odel 2 for 
3 3 3 3  M o d els 1 a nd 1 1 ,  3 3 4 0  Model A2 , 
3 34 4 , a n d  3 3 50 

• IBM IFA ( I nt egrated F i le Ada pte r) 
( # 4 6 5 0) on system;3 7 0  M o d els 1 3 5  an d 1 4 5  
for 2 3 1 9  

• I BM I FA ( I ntegrated F i le Ada p te r )  
( # 4 6 5 5 )  on t he Model 1 3 5 for 3 3 3 0  M o dels 
1 an d 2,  3 3 3 3  M od els 1 and 1 1 ,  3 3 4 0  
Mod e l  A 2 , a n d  3 3 4 4  Mo del B2 

• I BM I S C  ( Int egrat ed S tora ge C on t rol)  
( 1 4 6 6 0) on the M o d el 1 4 5  for 3 3 3 0  Mo dels 
1 an d 2 ,  3333  Models 1 a n d  1 1 , 3 3 4 0 
M o d el A 2 ,  3 3 4 4 ,  a n d  3 3 5 0 . 

3 3 3 3  M od e ls 1 a nd 1 1 , 3 3 4 0  M od el A 2 , 
3 3 4 4 ,  and  3 3 5 0  

A l l  d ir ec t  access d ev ices ar e su p ported 
as VM/370 system resid e nce , paging , and 
spoo l i n g  d ev ices . All ex cept t he 2 3 0 5  are 
su pported by  C M S .  

MAGNETIC T AP ES 

V M/37 0  supports t h e  fol l o w i n g  t apes : 

• I B M  2 4 0 1 ,  2 4 0 2 ,  2 4 0 3  M agnetic T ap e  Un its 

• I B M  2 4 1 5  M ag n et i c  T a p e  U n it ,  M od els 1 ,  
2 ,  3 ,  4 ,  5 ,  a nd 6 

• I B M 2 4 2 0  M agnet i c  T a p e  U n it , M o d els 5 
a n d  7 

• I B M  3 4 1 0 M agn et ic Tape Un its , Mod els 1 ,  
2 ,  a nd 3 ( 9 - t rack onl y) 

• I B M  3 4 1 1 M a gnetic Tape Unit a nd Con trol , 
Models 1 ,  2 ,  and  3 (9 -track o n l y )  

• I B M  3 4 2 0  M a g n e t i c  Tape U n it , M od els 3 ,  4 ,  
5 ,  6 ,  7 ,  and  8 

M AG N ET I C  T AP E  CONT R O L  UN ITS 

VM/37 0 su pports t he following m a g netic tape 
control units : 

• I B M  2 8 0 3  T a pe C o n trol 

• I B M  2 8 0 4  T a pe Con trol 

• IBM 3 4 1 1  Magnet i c  T ape U n it and C ontro l ,  
M o dels 1 ,  2 ,  a nd 3 

• I BM 3 8 0 3  Tape Control 

P R I N T E R S  

VM/ 3 7 0 supports the following p ri n te r s : 

• I B M  1 4 0 3  Printer , Models 2 ,  3 ,  7 a n d  N 1  

• I B M  1 4 4 3  P rinte r , M od e l  N 1  

• 
I • 

I BM ISC ( I nt egrated Storage C o nt rol ) on 1 
the Model 1 58 for 3 3 3 0  Models 1 a n d  2 ,  

I B M  32 0 3  P ri nte r , M od e l  4 
Models 1 3 8 an d 1 4 8 only ) 

( S ystem/3 7 0  

3 3 3 3  M odels 1 a nd 1 1 , a nd 3 3 4 0  M od e l  A 2  • 

• I B M  I SC ( In tegrated Storage Cont ro l )  o n  
t he M o del 1 6 8 f o r  3 3 3 0 M od e l s  1 a n d  2 ,  

I B M  3 2 1 1 Pri n t er 
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R E AD E R/P U NC H E S  

VM/3 7 0  su pports t h e  f oll owi n g  reader s  an d 
punches : 

• IBM 2 50 1  C a rd R ea d e r , M od e l s  B 1  a nd B2  

• IBM 2 !> 2 0  C a r d  P un c h ,  M od e ls B 2  a nd B 3  

• IBM 2 5 4 0  C a r d  R ea d  Pu nc h ,  M od el 

• I B M  3 5 0 5  C a r d  Reader , Models B1  and B2 

• IBM 3 5 2 5 C ar d  P u nc h ,  M od e l s  p 1 , P 2  a n d  
P 3  

U N IT R ECO RD C O N TROL UNI T S  

V M/370 s uppo r t s : 

• IBM 2 8 2 1 C o ntrol U n it 

• IBM 3 8 1 1  P r inter C ontrol U n i t  

• I B M  IPA ( In t egr at ed P ri n t e r  A da pter) for 
the 1 4 0 3  Printer on t he Model 1 3 5 

MI NI M U M  V M/3 7 0  CO NFI GU RAT I ON 

C P U  

St orage 
O n e  
One 
One 
One 
Two 
One 

One of the S y stem/ 3 7 0  M o d el s  
d es i gnated 
2 4 5 , 7 6 0  bytes 
C onsole device 
Printer 
C ar d  R ea d er 
Card Punch 
S p i n dles D ir ect Acce ss S tora ge 
9 - track Magnet i c  Tape U n it 
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O n e  

One 
O n e  

O n e  

T e lecommu nications C o n t rol U n it 
(or t h e  I n t e gr a t ed C o m mu nications 
Adapter o n  t he Systemj 3 7 0  M odel 
1 3 5) or one 3 2 7 2  C ontrol Unit ( i f  
o n l y  3 2 7 7  Dis p l ay St at ions a r e  
used) 
Multip l ex er C ha n n e l  
Selector or B l oc k  M ul t i ple xe r  
Channel 
C om m u n ications Te rminal 

VM/370 Programming Characteristics 

Most of VM/3 7 0  is wri tte n in V M/3 7 0  
Assem bler language , u s in g  t he instruct ions 
av a i l a ble only on a n  IBM S yste m/37 0 with 
d ynamic address t r anslat ion . 

Support Considerations 

C M S  i s  used to i ns t al l  all VM/3 7 0  program 
r e leases a nd update s . 



Appendix B:  Language Processors and Emulators 

VM/370 Assembler 

T h e  V M/ 3 7 0  Assembler is distr i bu t ed as a 
p art o f  t h e  V M/37 0  s y s t e m  a nd i s  r eq uired 
for inst a ll at i o n  a nd furthe r  s u p port of the 
sy ste m . All n ecessary inst a l l at ion an d 
su pport m acros a r e  prov ided i n  C M S  
l i bra rie s .  

The C onve rsational Monitor s yst em (CM S )  
an d t he R emote S p ooling C om mu nica tions 
s u b s ystem ( R S C S )  are com ponents of V M/3 7 0  
a n d  ar e distri but e d  w i t h  it . C e rt a i n  o the r 
f ac i l i t i e s  m e n ti o n e d  i n  t his pu blicat ion 
ar e n ot part o f  V M/37 0 ,  but can b e  
se para tel y  ord e r ed fro m  I B M . T h e s e  i nc l ud e : 
I B M  System/3 6 0  a n d  System/ 3 7 0  o p er at in g  
s y s t ems , I B M  l anguage proc e ssors a nd othe r 
p r og ra m prod ucts , I B M  Inst all e d  U s er 
Pr ogr ams , a n d  IBM Field D ev e loped Progra m s .  
F o r  m ore informati on , cont act y ou r · IBM  
r epr es en t a t iv e . 

Program Products 

F i g ure 1 5  l i s t s  t h e  I B M  Prog r a m  Pro duct s  
t h at ar e ex ecutable u nd e r  C M S .  

T o  find t h e amou nt o f  stora ge req u i re d  
t o  i nsta l l  a program product , r efer t o  t h e  
appropriate p r o g r a m  product p u b lica ti on . 

Installed User Programs 

A t ext - p roce s s i ng program i s  avai l a bl e : IBM  
In s tal l e d  User P rogra m ( I UP )  SC RI P T/3 7 0  
(I B M  Program No . 5 7 9 6 - P A F) • S CR IP T/ 3 7 0  

cr eat es for matted out put f r o m  o ne or m ore 
C M S  fil e s , e ac h  of w h i c h  co ntains t ex t  
an d/or SCR IP T control word s .  The SC R I P T  
f i les a re c r e a t e d  an d m o d i f i e d  a t  a 
t er m inal u s i n g  t he C M S E d it o r . 

S CR IP T/ 3 7 0  m anuscript fac i l i t i e s  i nc l ud e  
rig h t  margin j ustification , l i n e  cent er in g ,  
i n s ert i n g  t o p  a n d  bo ttom t i t le s ,  a nd the 
a bi l i t y  t o  i n voke a dd i t ion al S CR IPT input 
f i l es fr o m  t he file b e i n g  processed . O t he r  
facilities t o  assist i n  t he p r e p ar at ion o f  
l ar g e docu m ents include symb olic 
ca pab i l i t i e s  t h at can g e n er at e  a t a bl e of 
contents , and n u mber pages a nd f igures . 

.-------
1 I IBM 
I I Prog ra m 
I I B M  Prog ram P ro d uct 1 N u m ber 
1 ---------------------- 1 ------
I D C S  PL/I Opti miz i n g  Com p i ler 1 57 3 6-P L 1  
I I 
I DOS PL/I Resident L i brary 1 57 3 6-L M 4  
I I 
D C S  PL/I T r a n si ent L i brary 57 3 6-L M S  

D C S  PL/I Op t i mi z i n g  Com piler 57 3 6-P L3 
a n d  L ibraries 

DOS/V S COBOL Compiler & L i brar y  57 4 6-C B 1 

DOS/V S COBOL Obj ect L ibrary 57 4 6-L M 4  

O S  Code & G o  FORT R AN 5 7 3 4-F0 1 

OS F O RT RAN IV ( G  1 )  57 3 4-F0 2 

OS F O R T RAN I V  L i br ar y  ( Mo d  I)  57 3 4- L M 1  

OS  F O R TRAN I V  ( H) Ext en ded 

O S  F O R T RAN Li br ar y  ( Mod II)  

F O RT R AN Interactive Debu g 

57 3 4-F03 

57 3 4-LM3 

5 7 3 4-F OS 

I O S/V S COBOL Com p i ler & L i b ra ry 
I 

57 4 0-C B 1  

I O S/V S COBOL Li br ar y  Only 
I 
l O S Full Amer ican N at i on al 
1 s t andard C O BOL V er sion 4 
1 C om pi l er and L ibrary 
I 

O S  Full American Nat ion al 

OS 

OS 

OS 

OS 

OS 

O S  

v s  

v s  

st an dard COBOL Ver s i o n  4 
Library 

C O BOL In ter act i v e Debu g 

P L/I Opt i m i z i n g  Com p i ler 

P L/I Resi d en t  L i br ar y  

PL/I Transient L i brary 

PL/I Opt i m i z i n g  Comp i l er 
a n d L ib r a r ie s  

PL/I C heckout C ompiler 

B A SIC P r ocessor 

A PL 

57 4 0- L M 1  

57 3 4-CB2 

57 3 4-LM2 

57 3 4-CB 4  

57 3 4-PL 1 

57 3 4-L M 4  

57 3 4-L M S  

57 3 4-PL 3  

57 3 4-PL2 

57 4 8-X X 1 

57 4 8-AP 1 1  
L----------------------------------------J 

F i gure 1 5 .  IBM  Pro gr a m  Pro duct s  
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A time -sharing facility is avail a b l e  as 
an IU P :  t he M cG i l l  U nive rsity System f o r  
I n te rac ti ve Computin g  ( M U S IC) , IBM Pr o gr am 
No . 5 7 9 6-AJC . M U SIC is a conversa t iona l 
ti me-sha ring operatin g  system t h at can 
ex ecut e in a v ir t u a l  machine u nd er V M/3 7 0 . 

MU S IC  s u p ports several p r o gr a m m i n g  
la ng ua ge s ,  for e x a m pl e :  O S  F O R T R A N  G 1 , V S  
B A SIC , OS ANS  C O B OL , APL and O S  Assem bler 
F.  M U S IC also has a batch fac i l i t y , 
Conte xt E d i tor , accounti ng , sort pr ogr ams , 
an d com m a n d  langua g e . F or a d d i t iona l 
i nforma ti o n  a bo ut MU S I C ,  s e e  t h e  M U SIC : 

§gng£21 !D!2�!21i2n ��nY�l , or d er ___ uo . 
G 3 2 0- 1 2 3 8 . 

The V S/ R E P A C K  IU P p a ck a g e ,  IBM  Pr o gram 
No . 5 7 9 6 - P DZ , allows t he u se r  to collect 
a n d  g ra p hi c a l l y  display t he p att ern o f  
act ivity of his p r o g r a m  or syste m , a n a l yze 
this d a ta to predict how r earr an gin g 
port ions o f  t h e  program w i l l  im prove 
locality of reference (t her e by r edu cin g it s 
wor k i n g  s et s i z e  a n d  pa ging activi t y) , and  
ve ri f y  that the program is o p er at i n g  
corr ect l y . 

A d at a  r e du ction program i s  a vailable a s  
a n  I U P :  the s tatisti c s - g e n er at i n g  package 
for V M / 3 7 0  (VM/SGP ) , IB M P r ogra m  No . 
5 7 9 6 - PDD . V M/ S G P  r e d uces t h e  d at a  t h at is 

r------·-
1 4 0 1  
1 4 40  

S/ 3 6 0  1 4 0 1  1 4 6 0  
Syst em/3 7 0  M od e l  1 4 4 0  1 4 1 0 

Modc�l 2 0  1 4 6 0  7 0 1 0  
-----------
1 3 5 , 1 3 5-3 , 1 3 8 1 7 52 0  1 4 4 5 7 
1 4 5 , 1 4 5-3 , 1 4 8 1 4 4 57 1 4 4 5 8 
1 5 5  I I , 1 5 8 1 3 9 5 0  
1 6 5 I I  
1 6 8  

collected b y  t h e  V M / 3 7 0  m e a s u rement 
faci l i t y ,  t h u s  providing us eful i n for mation 
for inst a llation ma nage men t ,  s ystem s  
programm e r s , consult an ts , an d u s er s . 

Integrated Emulators 

Emulator-depen d ent progr ams ( ex cept for D O S  
emulat ion u nd e r  O S  o r  O S/VS) t h a t  e xec ute 
on a parti c u l ar S ys t em; 3 7 0  eq u i pped w it h  
t h e  a p propriate compatibility f e a tures can 
ex ecu t e  on  tha t  S ystem/ 3 7 0  in DOS  o r  O S  
virtual m ac h i n es u n d er V M/3 7 0 . 

F i gu r e  1 6  shows , b y  s y ste m/ 3 7 0  m od e l  
n u mber , which i n t e gr at e d  emu l ators can 
ex ecu t e  under VM/3 7 0  a nd the c o m patibility 
feature num bers ( t xxxx)  t h at ar e r equ ired . 

No changes ar e r eq u ir e d  t o  t he 
emulat ors , to D O S  or O S ,  or to V M/3 7 0  to 
allow e m u l ator - d ep en dent p r ogra ms t o  
ex ecu t e  in v i rtual machine s .  

O n  t he system/3 7 0  M od e l  1 5 8  onl y ,  the 
virtual m ac h i n e  assist feat u r e  cannot 
operate c oncu rre n t l y  with the 7 0 7 0/7 0 7 4  
compa tibility feat u r e  (Feat u r e #7 1 1 7 ) . 

------------------------, 
I 

7 0 9  I 
7 0 9 0  I 

7 0 7 0  7 0 9 4  I 
7 0 7 4  7 0 8 0  7 0 9 4 II I 

---- I 
I 
I 

17 1 1 7 I 
1 7 1 1 7 1 7 1 1 8  :17 1 1 9  I 
17 1 27 1 7 1 28 # 7 1 2 9 I 

------------------------------------------ __ __. 
Fig ure 1 6 .  I n tegrated Emu l ators t h at Execu t e  u n der V M/370 
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Appendix C: VM/370-Related Publications for CMS Users 

T his appen d ix lists V M/3 7 0 - re l a te d  
p u b lica ti on s  f o r  C M S  user s .  T h e  follow in g 
V M/3 7 0  publ icat ions c o n ta i n  ge neral 
i nf ormation concern i n g  C M S  for n ew u s er s : 

V M/37 0 :  Quic k Guide for Users l 
VM/ 3 7 0 : Commands ( General U ser ) 1 

VM/ 3 7 0 :  Commands ( Other than 
General User ) l 

VM/3 7 0 :  CMS Command and Macro 
Reference 

VM/ 3 7 0 : CMS User ' s Guide 

V M/37 0 :  Introduction 
V M/ 3 7 0 :  S ystem M essa ges 
V M/37 0 :  Te rmi nal User ' s  Gui d e  
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L i br ar i es 

I B M F O R T R A N  I V  Li br ary GC28- 6 8 1 8  
M at he m at i cal and S ervic e  
Sub pr o g ra m s  
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S t andar d COBOL" has b e e n  a b b reviated t o  
" O S A NS COB O L "  i n  t h e  fol lowing list . 
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O S  A N S  COBOL Installa t i on SC 2 8 - 6 4 5 8  
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O S/VS A ccess M e thod Servic e s  
OS/ V S  Pl anning an d U s e  Gu i d e  
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OS P L /I O pt i miz ing C om pi le r  SC3 3 -0 0 3 7  
C MS User ' s  Gui d e  
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G eneral I nforma tion 
OS PL/I Checkout Compil er : GC 3 3 - 0 0 0 3  

G eneral I n forma t i on 
OS PL/I Checkout Com p i l er GC 3 3 - 0 0 3 0  

P r ogram P roduct S pecifica tions 
OS PL/I Checkout Com pil er SC3 3 - 0 0 07 
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OS PL/I Lan gu age R eferen c e  GC 3 3 - 0 0 0 9  
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OS PL/I Checkout Com p il er SC 3 3 - 0 0 3 4  

M essages 
OS  PL/I Checkout Com pil er SC 3 3 - 0 0 3 1 

Insta -llation 
OS PL/I Checkout Comp il er T S O  SC 3 3 - 0 0 3 3  

Us er ' s  G u i d e  
OS  P L/I Checkout Com pil er - S C 3 3 - 0 0 3 2  

Ex ecution L og ic 
OS PL/I Checkout Com p i l er , SC 3 3 - 004 7 

CM S Use r ' s Guide 
O S  PL/I Resident L i br ar y  GC 3 3- 0 02 3 
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O S  PL/I Transient L i brary GC 3 3 - 0 0 2 4  
Pro gr am Pro duct S pec ific a ti ons 

D O S  PL/I C he c kout C om pi l e r  GC 3 3 - 0 0 1 6  
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Installation 

DOS PL/I Opti m i zi ng Com pi l er G C 3 3 - 0 0 0 8  
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DOS P L/I Op ti mi zi ng Com piler S C 3 3 - 0 0 5 1 
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Guide for C M S  
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processors 
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M aterial 
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