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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 exist. 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, and a Remote Spooling 

Communications Subsystem (RSCS), which spools files to 

and from geographically remote locations. 

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 Recovery Management Support, 

system requirements, supported language processors and 

emulators, compatibility of VM/370 with CP-67/CMS, and 

VM/370-related publications for CMS users. 

This publication is a prerequisite for the VM/370 system 

library. 
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T his publ ic a t i on i n troduces a n d  d e s cr ibes 
t h e  IBM V ir t u a l  M ac hi n e  F a c i l i t y;3 7 0  
( V M/3 7 0 )  a n d  i t s  compon ents , t he 

Co n v er s at io n a l  M onitor S ys t e m  (C M S )  a nd the 
R e m ote S pooli ng Communications Subsyste m  
( R S CS) • 

• 

This p ubl i c a tion c o n t ai n s  f o u r  p art s : 

The " I ntrod u c t i on "  
virt ual mac h i nes,  
ap p l ications . 

d e s cr ibes 
a nd 

V M/3 7 0 , 
the i r  

• " Control Program Description " d escr ibes 
h o w  the V M /3 7 0  c o n tr ol program m an a g e s  
t he r es o urces of t he re al co mp u t i n g  
s ys t em . 

• " Con v ersat ion a l  M onitor S y s te m "  

• 

d e sc r ibe s t h e  f ac i l i t i es o f  CMS: pr o bl e m  
s o l v i n g  a nd progr am d e v elo p m e n t  
capabi l it i es f o r  i n t e r a c t i v e  use r s .  

" R emot e s pool i n g  
s u bs y s t e m "  descr ibe s  
organi za tion of R S CS .  

T his publication 

C om m u n ica ti o n s  
t he func tions a nd 

c onta i n s  f i ve 
a p p en dix es : 

• A p p e n d ix A :  R ecov ery M a na g e ment s u p port 

• A p p e n d ix B :  S y s t e m  R e q u i r e m e n t s  

• A p pe n di x c: L an gu age Pr oce ssors a nd 
Em ul ator s 

• A ppe nd i x  E :  Com p a tibi l i t y  o f  V M /3 7 0  
w it h  CP- 67 /C M S  

• A p pe nd i x  F :  V M/3 7 0 - Rel at e d  Publ icat ions 
for C MS U s e r s  

The r ea d er m u s t  h a v e  a ba s i c  kno w l e d g e  
o f  d a t a  proc e s si n g  s ys t ems a n d  a n  
u n d erst a n di n g  of v ir t u a l  s t ora ge c o nc e p t s . 
See t h e  s t ud e n t  t e xt p u bl i c at i o n  

!�i£Qg�£i!QB 1£ !!£1Y�1 �!g��gg !� 
�I�!g!L1IQ, O rd e r  N o . GR20- 4260 , for 
i nf ormation about v i r t u a l  stora g e . 

W he n  th e t erm 333 0 is u s e d  i n  thi s 
p u bl ic at i on , i t  ref e r s  to t h e  I B M  3330 Dis k 
s t or age,  M o dels 1 ,  2, a nd 1 1 ,  or the I B M  
3333 D i s k  s t or a ge a n d  C o n t r o l , M od e l s  1 a nd 
1 1 . 

Preface 

R e ferences t o  t he I B M  27 4 1  C om m uni c a tion 
Te rmi n a l  a l s o  i n cl u d e  t he I BM 3 7 6 7  
Com mu n icat ion T e r m i na l ( i n  27 4 1  mod e ) , 
u n l e s s  oth e r wi s e  s p e c i f i e d . 

R EL A TE D  PUBLICATIO N S  

f!�BBiBg ��g �ystg� �gng��ii£B �y!gg, 
Ord e r  No . GC20 - 1 8 0 1  

£g����E 1��gy�gg �yigg tg� �2�2��! 
Q§�£§, Order No . GC20 - 1 8 0 4  

�Q!� �y!g�, o rd e r  N o . GC 20- 1 8 0 5  

Order No • 

�Y2!�� Me§§���§, Or d er N o .  GC20 - 1 8 0 8  

Q�±��f �BE ��£� Rec£�g!ng §y!gg, Or d er 
N o . G C20- 1 8 0 9  

O r d er N o .  

§!Q22�£I �Qg ��§1g£ !ng�!· O rd e r  No . 
GC 20- 1 8 13 

£QB1£Q! E�Qg£�! C�E> 
O r der N o .  S Y20- 0 8 8 0  

Se rvice Routin e s  E££g£�! �Q9!£r Orde r  io:-s!2o-oaa2 ___ _ 

Bg�g!� �£££1!�� ££!�Y�!£�!!QB§ ���2!2!2! 
CR�£�) f££9��� 1£g!£, O r d er No . 
SY 20- 0 8 83 .  
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]§�f§, Or der N o . 

���!�£! 2! ff �ng £�� f2!!�ng§, or d er 
N o . G X2 0 - 1 9 6 1  

N o t e : T h e  Q�i£! ��igg 
a n d  C M S  C o m m a n d s  a re 

GBOF3S76.--------
a n d  �Q!!�£1 Q! f� 

part o f  O r d er N o . 

F ig ure 1 i s  a n  o ver v i e w  o f  t h e V M/3 7 0  
l i br ar y ,  w it h  t he publica t i o n s  g r o uped 
a c c o rd i ng to t h e i r  p ro babl e u s er s .  

R e fer ences i n  t he t e x t  t o  ti tles of 
r e l at ed V M / 3 7 0  pub l ic a t i o n s  w i l l  be g i ven 
i n  abbr e v i a t e d  form . 

S U P P L E M E NT A RY PU B L I C AT IO N S  

T it le s  o f  ot her p ublic a t i o n s  f o r  V M/ 370 
u se r s  a r e  in " Ap p e n d ix F :  V M /3 7 0- R elated 
P u bl i cat ions for C M S  U se rs . " 
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Figure 1 .  
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If both of these 
documents are 
to be ordered, � 
please use: 

GBOF3576 

� 

VM/370: System 
Messages 

GC20·1808 

VM/370: Quick Guide for 
Users Reference Summary 

GX20-1926 
VM/370: Summary of 

Commands 
GX20-1961 

Virtu a l  Machine Fac ility/ 3 7 0  L ibr ary 

.•• ���=·�0�:::· •••••• 
- \':::::::::::::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::)}! 



GC20 - 1 800-4, 

R EM O T E  3 2 7 0  S U P P O R T  

!g!: P r og r am F eat ur e 

V M/3 7 0  now s u pports t h e  3 2 70 D i s pla y 
s ys t e m  a s  a remote v i r t u al machin e 
cons o l e  attac hed v ia n o n s wi t ch e d  
poi n t- to- poi n t comm un icat io ns l i n es to a 
2 7 0 1 Dat a Ada p te r  U n i t  or a 2 7 0 3 
T r a n s m is s i o n  C on t r ol U n i t . T h e  
3 7 0 4 /3 7 05 E m ul a t i o n  Program ( EP)  an d t h e 
P art it io n e d  E m u l a t i o n  P ro gra m ( PE P ) , i n  
e m ula t i o n  m od e , a l so s u pport t he r emot e 
3 2 7 0 . 

T his pro gram feat u r e  a l so a ll o w s  the 
remote 3 27 0  user to copy an e n t ir e 
screen d i s pl ay on a 3 28 4 , 3 28 6 ,  or 3 2 8 8  
pri n te r  a t  t h e  re m o t e  locat ion . 

" Ap p en di x B .  S ys t e m  R equ i re me n t s "  i s  
u pd at e d  t o  reflect t h is s u p p o rt . 

V M/ 3 7 0  M E AS U R EM EN T  FACIL I T Y  

!�!= P r o g r a m  Fe a t ure 

The V M/ 3 7 0  c on trol p r o g r am h as t w o  
c o m ma nd s t h a t  m ea s u r e  s ys t e m  
perf o r m a nc e . T h e  M O NIT O R  co m m an d i s  
e n h a n c e d  t o  c o l l e c t  s y s t e m  pe rf o r ma nc e 
dat a  o v er a period of time a nd to sa mple 
s y s t e m  loading and activity f or syste m 

Pa ge M od i f ied bj Mar c h  31, 1975 

S u m m a r y  o f  A men d ments 
f o r  G C 2 0-1 8 0 0 - 4  

a s  up dat ed b y  GN 2 0- 2 6 5 7  
VM/3 7 0  Release 2 PLC 13 

pe rfo r m a n c e  
INDICATE, 
c o nd i ti on s . 

a n a l ys i s . A n ew c o m m a n d , 
l oading �4cnl�u� ---r-��� 

A n e w  s e ct i o n , 
M e as u r ement a n d  Anal ysi s "  
t h e " C ont rol P ro g ra m 
p o r ti on of this m an u al . 

" Perfor mance 
i s added to 
De sc ri p ti on "  

V M/ V S  H A NDS H A K I N G  

!�!: Program Feature 

T h e  V M / V S  Han d s h a ki n g  f e a t ure is a 
c o m mu n icat ion path be t we e n  vM;370 a n d  
O S/VS 1 t h at m ak es each sys t e m  c o nt rol 
program a w ar e  of cer t ain c a p abi lit i es 
a n d  r e q u i r e me nts of the othe r .  

A n e w  s ec t i o n , " VM/V S H a n d sh a k i ng " , 
i s  a d d e d  to t h e  " Co n t r o l  P r ogram 
D e s c r i p t i o n" portion of t h i s  ma nua l .  

M IS C E LL A N EO U S 

f�!ng�g: D oc u me n tation 

" A pp e n di x  D:  V M /3 7 0  R e stric tion s "  i s  
re m o ved . I t  i s  n o w  in the 1�L11Q: 
f!�nn!ng �ng �I§!�� 2�n���!!gn 2�!g�. 



NEW D E V I C E  S U P PORT 

!��: Pr ogr a m  Feature 

VM/37 0 now s u pports t he I BM 334 0  D i r ect 
Access s t o r a ge F a c i l i t y . This s u p port 
i nc l ud e s  t h e  3 5 -meg a b yt e  a n d  7 0 - m e g a by t e 
334 8 D at a  M od u l es, R otat i o n a l  P o s i t i o n  
Sensing ( R P S ) , a n d  t h e  Fi x e d  H e a d  
Fe at ur e .  

V M/370 n o w s up p or t s t he I B M  37 6 7  
C o m m u ni c a t i on Te r m i n al ( a t  30 0 bps) , 
o p er at i n g  as an I B M  2 7 4 1 C o m m u nica ti o n  
Te r mi nal onl y .  

R E MOTE S PO O L I NG C O M MU NI CATIONS SU BS Y STEM 
( R S CS ) 

!��= Pro gr a m  F e a t u r e  

The R emot e Spoo l i n g  C o m•u n ica t i o n s  
Su bs y s t e m  ( RSC S )  i s  now s u p p or t e d  a s  a 
V M/37 0 compone n t . R SC S  c a n  tra n s m i t  
s p o o l  f i l e s  a c r o s s  a t e l eproces s i n g 
n et work to a n d  from re mote s ta t i on s . 
Re mote stations supported in clu d e  
H A S P- t y p e  a n d  ASP- t y p e  b at c h  proce s s ors 
a nd work s t a ti o n s .  Th e new component is 
a control progra m d e s i gned to run in a 
virtual mac hine d e d i c a t e d  to r em ot e 
s po o li n g• 

The s u bs y s t em c a n  be c o n trolled b y  
v i rt u a l  mac h i n e  users , t h e  RSCS v i r t u a l  
m ac h i n e  o p erator, a n d  opera tors a t  
re mote s t a t i on s .  

O S  ACCESS ENH A NCE M ENT F O R  R E A D ING DOS FIL E S  

��!= P rogra m F e a t u r e  

CMS can n ow re ad, but not w ri te or 
upd a te , D O S  seq ue nt i a l  f i l es t h at r es i d e  
o n  DOS dis k s . T h e  O S  macros s i m u la t ed b y  
C M S  a re used t o  r e a d  DOS d at a .  

S u m m a r y  o f  A me n d m e n t s  
f o r  G C 2 0 - 1 8 0 0 - 4  

V M/ 3 7 0  Rel e as e  2 PL C 1 1  

S EL E CTION OF V I R T UA L  
O P E R ATI NG M O D E  

�g�; Program Feature 

M A C HINE C H A NNEL 

P r og r a m s  using block mu l t i p l ex er c h a nnel 
o p er a t i o n  ( s u c h  a s  D O S/ V S ,  V S 1 ,  a nd V S 2) 
c a n  n o w  be r un i n  block m u lt i p l e x e r  
mo d e .  T h e  v i r t u a l  ma c hi n e ' s  c h a nnel 
operati n g  mod e can n ow be s el e ct ed by 
t he u s er o f  t he v i r t ua l ma c h i ne or i t  
c a n  be set b y  t h e  Dir ect o r y  s er v i c e  
p r o gr a m . T h e  m o d e  selected c a n  be e i t he r  
selector o r  block m u l t i p l exer.  

P U B L I C ATION C HAN GES 

�h��g�g: D oc u me n ta t i on O nl y  

The t i t l e  " A p p e n d i x  c. I B M  P r og ra m s  
E xe c u t a b l e  un d er CMS " h as been c h a n ged 
t o  " A pp en d i x  c. L a nguage P roc e ssors a nd 
E m ulators . " 

" A ppendi x D .  s ys t e m  Com mand s "  h as b een 
d e let ed ; t h e informa t i on i n  it has b e e n  
m o v e d  t o  the s e c t i ons " Con t r o l  Program 
D es c r i pt i o n "  a n d  " C on v e r sa ti o n a l M oni t o r  
s ystem . "  

Th e t i t l e  " Ap p e n d i x  F .  V M /37 0 
C o mpat i b i l ity" has b een cha ng e d  t o  
" Ap pe n d i x  E .  Com p at i b i l it y  o f  V M/37 0 
w it h  CP- 6 7/C M S . "  

The Glossary has b e e n  d e leted . A 
c om p r e h e n sive list o f  d at a  proces s i n g  
t e r ms a p pears in t he 1]� ]�1� fiQ��§§i�9 
�!Q§§�f�, O rd e r  No . GC 2 0- 1 6 99.  A 
c o m p r ehen s ive l i s t  of VM/3 7 0  te r m s  
a ppea rs in t h e  !�LJ1Q: 2!Q§§�I� ��g 
��§!�I I nd�!· 



I B M  3 7 04 /3 7 05 COM M U RICAT I ORS COBT ROLLERS 
R ET WORK COR T ROL P ROGRA M  ( NC P) A N D  
PARTI TIONED E MULATION PROGRA" (P!P) 

��!= Pr o gr a a  F eature 

V M/3 7 0  nov s upports a l l  t h ree of the 
3 7 0 4/ 3 7 0 5  c ontrol program s : 

• E mu la ti on Prog ram (EP)  
• N et wor k Control P r ogram ( NCP) 
• Partiti oned Em ulation Program (P EP ) 

The Pr eface is u pdat e d  t o  reaove a 
statement l i m i ti ng s upport to t h e  E P  
control progra m .  

su a a a r y  o f  A aen daent s  
for GC20- 1 80 0- 2 

as u p d a ted by GR2 0-2638 
V M/37 0 Rel ease 2 P LC 4 



N EW D EV ICE SUPPORT 

��!= Progra m Feat ure 

T he f ollowing d e vices are now support ed : 

• I BM 3 0 6 6  System Conso le , M od e l  2 
• IBM 3 27 2  Control Uni t , Model 2 ( local 

att ac h m ent) 
• IBM 3 2 7 7  Dis p l a y  Statio n , Model 2 

( local att acbaent)  
• IBM 3 3 3 0  Di sk S tor age , Model 1 1  
• IBM 3 3 3 3  D is k  s t orage a nd C on trol , 

Mod el 1 1  
• IBM 3 4 20 M agnet ic Ta pe U ni t ,  M od e l s  

4 ,  6 ,  a nd 8 ( 6 2 5 0  bpi dens it y )  

R E AD-ONLY O S  D ATA S E T  ACC E S S  S U P P O R T  

!�!= Prograa Featu r e  

CMS c an now read , but not w rite or 
u p dat e , real OS sequen t i a l  an d 
p ar t it ioned data sets . 

IBM 3 7 0 4/ 3 7 0 5  COft K UN ICATIO N S  CON TR O L LE R S  

!�!= Prograa Featu r e  

This publication now inclu d es 
in for m at i on about use of t h e  IBM 3 7 0 4  
a nd 3 7 0 5  C om m unicati ons Cont ro l l er s  in 
Net w o r k  C ontrol P rogra : :ode a nd 
Partiti oned Em ulation Program aode as 
w e l l  as in Emulation P rograa aod e . 

s u m ma ry of A me nd me n t s  
f o r  GC20- 1 8 0 0- 2  

VM/3 7 0  R e l e a s e  2 PLC 1 

V I R T U A L  M A C H I N E  ASS IST FEAT U R E  

�g!: Program F e a t ure 

The V irtu a l  Machi ne A s si s t  f eature ,  
av ai lable o n  t he sy stem/3 7 0  Mod e l s  1 3 5 ,  
1 4 5 , and 1 58 ,  reduces V K/3 7 0  ov er h ead 
ass ociated w it h  r u n ni n g  os;vs 1 a nd 
DO S/VS o peratin g s ys t ems i n  v irtual 
machines . This � �  desc ribed under 
" V i r t ual Mac hine Assist Feat u r e . " 

SVC 7 6  E R R O R  RECO R D I NG I NTE RFAC E 

��!= P r ogra m F e a t ure 

By use of t he svc 76 E rro r Rec ord i ng 
I nterface , VM/3 7 0  prov id es u ni f o r m  
r ecor ding of e rrors e nc?unte�e d  by som e  
o per ati n g  s ys t e ms r u nn1ng 1 n  vi rt ua l  
ma chi nes . T his i s  desc ribed in " Ap pe ndi x 
A :  Recover y Man agement Su p po r t . "  

E N H A N C E M E N T S  TO THE C M S  EDI T O R  

��!= Pr ogram Fe at ur e  

"M an ipu l at i on o f  
c han ged t o  r e fl ect 

t he C K S  Edi tor 

T h e  sect ion e n t i t l ed 
User Fil e s "  h as bee n  
en hancements to 
a ssocia ted with 
dev ices . 

su pport o f  dis p lay 

NEW P ROG R Aft PRODUCT S  

!�!= Programs 

The OS PL/I Che ckout Comp i l er , t h e VS 
EA S I C  P rocessor , a nd the P l a nning 
S ystems Gener ator h av e  been added t o  t he 
list of P ro g r a m  P rod uc ts e xe c utable 
under CKS . 
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V ir t u a l  M a c h i n e  Fac il i t y/ 3 7 0  i s  a s yste m 
c o n t rol p ro g ra m  ( SC P )  t h at m a n a ges a r e a l  
c o m p u t i n g  s y s t e m  s o  t h a t  a l l  i t s  r eso u r ces 
-- CP U ,  s t or a ge ,  a n d  i n put;ou t p u t  d e vi c e s  
-- a re a vaila b l e  to •any users a t  t he s ame 
t i m e .  E a c h  u s er has at h i s  d isposa l  the 
f u nc ti o n a l  e q ui va l e n t  o f  a r eal , d e d i c at e d  
c o m put i n g  s ys t em . B ecau s e  t hi s  f uncti ona l 
e q ui va l e n t  i s  si m ul a t ed f o r  t he u s er by 
VM /3 70 a n d  does not r e a l l y  e x i s t , it i s  
ca l led a " vi r t ua l" machi ne. 

V M/ 3 7 0  is d es i gn e d  for I B M  S yste m/3 7 0  
M od e l s  1 3 5 ,  1 4 5 ,  1 5 5 I I , 1 5 8 ,  1 65 II , a n d  
1 6 8 .  T h e  rea l S y s te m / 3 7 0  m u s t  h a v e  t he 
D y n a mic A dd r e ss T r a n sl ation f e a t ur e ,  a 
har d w ar e f a c i l ity t ha t  tra nsla t e s  vi r t ua l  
s t o ra ge a d d re sses t o  r e al st o r a g e  
a d d r es s es , a n d  t h e  s y s t e m  T i mi n g  F aci l i t y . 
Also , i t  m ust operate i n  e x t en d ed co n t r o l  
m o d e ,  a m o d e  i n  w hich a l l  t he f e a t u res of a 
S y s te m/3 7 0 , i ncl ud i n g  d y n a m i c  ad dr ess 
t r an s l at io n ,  are o p e ra t i ona l .  

V M/ 3 7 0  i s  t he S ys t e m; 3 7 0  v e rsion o f  a 
co nt r ol program c a l l e d  C P - 6 7 / CM S , w hi c h  
p er forms s i m i l ar f u n c t i o ns on a s y s te mj3 6 0  
M od e l  6 7 . Li ke i ts p r e d e c es sor , V M/ 3 7 0  
prov ides : 

1 .  V ir t u al machines a n d  v i r t ua l  s tora g e . 

2 .  T h e  abi lit y t o  r u n  m u l t i pl e  o pe r a ti n g  
s y s t e m s  c oncurrentl y .  

3 .  A c on v e rsa tion a l , t i m e -s harin g sys t em . 

A ma j or d i f ference bet ween C P - 6 7/CMS an d 
V M/ 3 7 0  is t hat V M / 3 7 0  provid e s  a R e mote 
S p ooling C o m m unications S u bs ys t em ( R S CS ) . 
I n  add i ti on , V M/37 0  s u p po r t s  s u c h  dev i c es 
as t he I BM 3 3 3 0  D is k  S t ora ge ,  t he I B M  3 3 4 0  
D i re c t  Access Storage F a c i l i t y ,  an d t h e  I B M  
2 3 0 5 Fix e d  H ea d  S t o r a ge , a nd offe r s  several 
pe rf o r m an ce o ption s to o pt i m i z e  pe rf orma nc e  
in t he v i rt u a l  mac h i n e  e nv i r o n m ent . 

VM/370 Components: CP, CMS, and RSCS 

V M /3 7 0 h a s  three m a j o r  e le m en t s : 

1 .  

2 .  

The Control 
controls t h e  
c o m p uter to 
m ac h i n es . 

P r og ram ( CP) , w hi c h  
r e s o ur c e s  of t he rea l 

p ro v i d e  m u l t i p l e  v i r t u a l  

T h e  Con v ersat i o n a l  M on i t or S ys te m  
(C M S )  , a s ub s ys t e m  t h at giv es us ers a 

w i d e  r an ge of c on v e rsa ti ona l , 

Pa ge M o d if i ed by TNL G N2 0- 2 6 5 7 , Ma rc h 3 1 , 1 9 7 5  

Introduction 

ti m e- s har in g  f a c i lit i e s ,  inc l ud i n g  
c re a ti on and m an a gem ent o f  f iles , a n d  
compi lat ion , t e s t in g , a nd e xe c u t i o n  o f  
p r oblem p r o g r a m s . 

3 .  T h e  Remote S po o l i n g  Com m u nicat i ons 
S u bsy s t e m  ( R SC S) , whic h e n a b l e s  users 
to transm it f i l es t o  a n d  r ec e i v e  f i l es 
f r o m  re mote s t a t i o n s  i n  the 
te leprocessi n g  n et work . 

Virtual Machine Operating Systems 

W h i l e  t h e  c o n t ro l  p r og r a m  o f  V M / 3 70 m an a ges 
t he concu r r e nt e xe c u ti o n  of the vi r t ual 
mach i n e s , it i s  also n e c es s a r y  to have an 
o p e r a t i n g  s ys te m  ma na g i ng t he work f l o w  
w i t h i n  each v i rt ual mach i n e .  B ecaus e e a c h  
v ir t u a l m a c h i n e  e x ec ute s i nd e pe nd e n tly o f  
o t h e r  vi r t ual m a c h in es , e a c h  o n e  may u s e  a 
d i f f e r e nt o p e ra t i n g  s yste m ,  o r  d if f e r e n t  
relea ses o f  t h e  s a m e o p er at i n g  s y s te m .  

T h e  o p e ra t i n g  s ys t ems t hat c a n  r u n  i n  
v ir t u a l machines a r e  s h o w n  i n  F ig u re 2 .  C P  
p ro v i d e s  e a c h  of t he s e  wit h v i rt u al d ev ic e  
s u p p o r t  a n d  v i rt u a l  s t ora ge . T he ope ra t i n g  
s yste m s  t h e m s e l v e s  e x e cu t e as t hou g h  t hey 
w er e  cont r o l l i n g  rea l d evice s a nd real 
storage , b ut they m us t  n ot v io l a t e  any of 
t he r e s t rict i on s  l isted i n  the !�L�IQ: 
�lagging �ng �!§!�! g�n�£�iiQB g�!g�. 

r 
I Batch o r  

l�!llg1�=�§�£_±�i�£�£i!!� ��lti�!�!££�§§ 
A PL ,Do s - 3 6 0  I DO S 

I DO S/VS 
I OS/PCP 
I O S/MF T  
I OS/MVT 
I O S/ V S 1 
I OS/V S 2  
I O S - AS P 
I P S 4 4  
I RSCS 
L,___ 

F i g u r e  2 .  Vir t u al 
S y s t e m s  

(w it h C P  o p t i o n )  
V M/370 
Ti me S h a ri n g  

Opt ion o f  O S  

�.2!!.!��§�!!Qn�1 
CM S 

M a c h i n e  Operat i n g  

F i g ure 3 s h o w s  s i x  v irtu al m a c h i n es 
r u n n i n g  conc u r re n t l y  und e r  c on tr o l  of C P  on 
an I B M  S ystem/ 3 70 , Model 1 4 5 ,  w it h  5 1 2 K  of 
r eal s t o r a ge . O n e  machine is d oi n g  ba tc h  
prod u c tion w o r k  un d er t he pres e nt r el e as e  
o f  DO S ;  a s eco nd i s  e xec uti ng p rog ra m s  that 
re q ui re a back r el e as e  o f  DOS ; a n d  a t hir d 

I nt rod uc ti on 9 



i s c o n t r ol l in g  t he R SC S  net w or k . The oth e r  
t h re e  v i r t u a l  mac hi n e s  a r e  r u n n in g  CM S for 
t hr e e s ep ar at e  c o n v e r s a t i o na l u s er s .  

.- , 

I I 

...- --, 
I I 
I Mode l  1 4 5  I 
I 5 1 2K I 
I I 

____ ___, 

I I I 
I I I 
I I I 
I I I 

...---, 
I I 

I D O S  I <_J I 1 --> 1 C M S  I 
I B A T C H  I I I I I 
L _J I I .._____, 

I I 
I I 

.------, I I 
I DO S  I I I I 
I BACK 1 <--___J 1 --> 1 C M S  

I R E LE A S E  I I I 
L_ __ ______J I 

I 
I 

.- I ,------, 
I I I I I 
I R SC S  I <  '---> 1 C M S  I 
I I I I 
L-----_J L--___J 

Fi gu r e  3 .  M u l t i pl e  V ir tua l M a c h i n e s  

The VM/370 Directory 

T h e  V M/37 0 d i rectory i s  a d is k -r e s i dent 
f i l e  t hat co n t a i ns e n t r i e s  f o r  a l l  t h e  
v i r t ua l  mac h i n e s  i n  t h e  V M/37 0 s ys t em= E a c h  
d i r ect or y  e ntry co nta i ns a use r 
id e n ti f i c a t i o n  ( use r i d ) , a p as sw o r d ,  t h e  
s to r a g e  s iz e  o f  t he v ir t u a l mac h i ne , t h e  
p r i vi l e g e  c la s s  o r  c l a s s es ass i gn e d t o  t he 
u s er ,  an d t he I/O d ev ic es he c a n  use . I t  
ma y a l so c o n t a i n  ot h er o pt io n a l  
i n fo r m at io n . W hen t he u s er l og s  o n  t h e  
V M /37 0 s y s t e m  b y  e n t eri n g  a v al i d  u s er i d  
a n d  p as s w or d ,  a v ir t u a l  mac hine i s  c rea ted 
for him ba s e d  o n  t he i n f or m at io n  in his 
d i r ect o r y  e n tr y . H e  then can im media te l y  
beg i n  t o  use h i s  v i r tu al m ac h i n e .  

Figu r e  4 s hows a t y p ica l l o g o n  p roce d ure 
of a user w h o se u se r i d  is " s m it h . " When he 
t y p es i n  h i s  p a s s w or d , p r i n ti ng or 
d i sp la yi n g  of the p as s w o r d  m ay be m as k e d ,  
t o  m ai n t ain s ec u r it y . C P  a c c e pts hi s 
u s e rid a nd password as c o r r ect , an d 
n o t i f ies h i m  t ha t  he i s  logged o n . T h e  
u s e r t h e n  l oa d s  an o p er at i n g  s y s t em , i n  
t his c as e ,  CM S .  

1 0  I B M  V M/37 0 : I n t r o d u ct i o n  

...----------·--------
1 
1 vm/3 7 0  o n l i n e  
1 l o g o n  s m i t h  
I E N T E R  PAS S W O R D : 

I 

---, 
I 
I 
I 
I 

I L OG O N  AT 1 1 : 03 : 1 8  O N  W ED N ESDAY 0 1 / 1 5/7 5 
I 
I 
I I 

I i pl ems 
I 

I 
I 

L-­

F i g u r e  

----- J 

4 .  L o g g i n g  o n t o  
In vo ki n g  C M S  

Virtual Machine Components 

V M /370 

T he c o m p o n e n t s  o f  
c onf ig ura ti on a re : 

a v irtu a l  

• V i r t ua l  S ys tem C o n s o l e  
• V ir t u a l  St orage 
• V i r t ua l  C PU 
• V ir t u a l  C ha nn e l s  and I/O D e v ic e s  

a n d  

m a c h i n e  

E a c h  user ' s  e n t r y  i n  t he V M/37 0 
d ir e c t o r y  d e f i ne s  t h e  d ev i c es and t he 
a mou n t  o f  stora ge he need s .  De sc ri pti ons 
of the c om p o n e n t s  f o l l o w. 

V IR T U AL S Y S T E M  C O N S O LE 

T he u se r ' s  t e r m i n a l , s u c h  as t he I B M  2 7 4 1 
C o m mu n icat i on T e r m i na l or the I B M  327 7  
D i s p l a y  s ta t ion , ser v es a s  t he v ir t u a l  
sy s t e m  c o n s o le . U s i n g  t h e  te r mi na l  
ke yboa r d  a n d  C P  co m m a n ds , a u s e r  can 
p er f orm a l most all t h e  f u nc tions a n  
o pe ra tor can p e r f o r m  o n  a r e a l  m a chi n e .  
T hes e i n c l u d e  l oa d i n g  a n  o pe ra ti n g  s y ste m ,  
stop p i ng a n d  s t a r t i n g  v irtu a l  m a c h i n e  
ex e cu t io n ,  a nd d is p laying a nd c ha nging t h e  
c on te n ts o f  r e gi s t e r s  an d s t o r a g e . 

V I RT U AL S T O R A G E  

E a c h  v irtu a l  mac hi n e  ha s i ts o w n  virt ua l  
s to r a ge s p a c e , w hi c h  m ay be as s m al l  as 8 K  
( 8 1 9 2 )  byt es or a s  la r g e  a s  1 6  mi l l i on 

b yte s ,  or a n y  s i z e  in bet w een t hat is a 
m u l t i p l e  o f  4K ( 4 0 9 6 )  b yte s .  I t  uses t h i s  
sto r a g e  space e x act l y  a s  t hou g h  it is r ea l  
s t o r a g e ,  but it is not a wa re of o r  l i mi ted 
by the storage s i z e  of t h e r ea l  m a chine.  
For ex a m p l e ,  t hree v ir tua l mac h i ne s of 2 5 6K 
b yte s e a c h  can r un o n  a s in gl e  r ea l  
c o m p u t i n g  s y s t e m  t ha t  h a s  o n l y  38 4 K  bytes 
of r e a l  s t ora g e .  T his is p os s ib l e  becau s e  
CP brings i n t o rea l s t ora g e  w ha te ve r  pa rt 
o f  v ir tu a l  s t o r a g e  is n eed e d  for t h e  
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vi rtua l  machine ' s  e xe cu ti o n , w hile parts 
t hat are not needed i m m ediat ely m ay n ot be 
ke pt in r ea l  s t orage . I nstead , the y ma y be 
se n t  to a direct access d ev i c e  an d s t or ed 
un t il t hey are needed a g a i n . 

T he s iz e  of t he v irtua l stora g e  is 
d e f ined in the vi rt ual m achi n e ' s  d irectory 
entry and m ay d i f fe r  a m ong vi r t ua l  
machine s .  

Each virt ual m ac h i n e  can r e f er o n ly t o  
its o w n  v ir t u al storage . This pro tec ts 
ea c h  virtual machine ' s  storage from t h e  
a c t iv it ies o f  ot her v ir t ua l  mach i-ne s .  

V I RT UAL CPU 

CP prov i d es CP U resourc es to eac h a c ti ve 
vi rtua l  machi ne thro ugh ti m e  sl ici n g . Eac h 
v irt u al C P U  period ic a lly gets a sh ar e o f  
r eal C P U  t i m e . 

CPU pro v i d es 
!�� �Y2!.�!LJ1Q 

O rd e r  No . 

E sse n ti a l l y ,  t he vir tu al 
t he facilit i es descr ibed i n  

F�!�£!E!�§ 21 QE�r��!Qn, 
G A 2 2 -7 0 0 0 . S o m e  restricti ons 
are dis cuss ed in t he Y�LJIQ: 
�!§��! ��n�r��!2n ��1£�· 

exi s t ,  and 

R1�nn!n.9 �n£ 

T he v irt u a l  machine o pera ti ng sys te m ca n 
be either si n gle task or m u l t i t as k . T he 
v irt u al CPU can be r u n  in either ba sic or 
e xtended c on trol m od e  (ext e n d ed control 
m o d e  inclu des all t h e  facilities nece ssa ry 
to run VM/37 0 as t he v i r t u al m achine ' s  
o p er at in g  sys t e m) • T hus O S/M F T  and OS/VS 1 , 
a s  we l l  a s  C M S  and V M/37 0 ,  can all r u n  i n  
v ir t u a l  m achin es . 

T he virtual m a c h i n e  can exe cu t e  a l l  
syst em/37 0 i nstructions exc e pt RE A D  D I RECT 
a nd W RI T E  DI REC T .  The D IAGNO SE instru c t i o n  
is r e s e r v e d  f o r  s p ecial pr o g r a m  
commun ication w it h  CP . 

V I RTUA L CHA NNE L S  AND I/0 D EV ICES 

A v irt u a l  mac hine can s u ppo rt the s am e  
d e vices as a real mac hine ca n .  Vi r t ua l  
d e vices a re l ogical l y  controll ed by t h e  
v ir t u a l  machine a n d  not b y  VM/37 0 .  
I n put;o utput (I/O) o pe r ation s , and any 
error r e cov ery proces s in g ,  a re norma lly the 
c om ple te responsibi l i ty of t he v ir t u a l  
m achin e operat ing sys t e m . 

V i r t u al an d r eal dev ice a d d re sse s ma y 
d i ff e r .  C P  c onverts vir t u al c hann el an d 
d ev ice addr ess es to real channel a nd d evice 
e qui va l e n ts a nd performs w h at ev er dat a 
t r an s l at i ons are nec essa ry . 
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All vi r t u al dev ices must h av e  r ea l  
cou nt erparts , suc h as di sk to d i s k  a nd t a pe 
to tape . s om e v i r t u al d ev i ces (l i ke t apes) 
must have a one-to�one relationship with a 
rea l  c ounterpart . Others m ay be m apped t o  
porti ons o f  a re a l  d e vice ( for e xa m ple , a 
virt ual disk m ay o ccupy all or p art of a 
real disk) • severa l  virt ua l d i sks can 
e xi s t  on one real d isk . 

Fi gure 5 illustrates a r ea l  2319 disk 
v ol u m e  that ha s bee n ma pped a s  three 
virtual di sk s .  T hese disks may bel o n g  to 
t hree v ir t u a l  mac h i nes or to one virt ua l 
mac h i n e. surh v i r t u al disks are cal l ed 
m i n i d isks because they a re not ma pped to 
full-sized real equiv alents . s erv ice 
programs dis t r ibuted with VM/37 0 c re a te and 
maintain these m in i d is ks , w h ich can be u s ed 
as n or m a l  disk v o l umes by C M S , DOS , and 
OS . 

Virtual Real 
Cylinder Cylinder 
Numbers Numbers 

0 0 

0 REA LID 

MINIOl 
48 49 

0 50 

25 MINI02 75 
0 76 

MINI03 

126 202 

Figu r e  5. Rea l  D i sk Pa rtitioned 
Minidisks 

into 

REA L I D i s  t he r e al v olu m e  s er i al nu mber 
of t h is v o lu m e . M I NI 0 1 , MI NI 0 2 , a nd MI NI 03 
a re t he l a be l s  o f  m in i disks on t he v ol u m e  
REAL I D . Note t ha t  each mi nid i sk sta rts a t  
virtual c yl i n d er zero . 

A virt ual m ac h i n e  con f i gurat i o n  may 
i nc l u d e  v irtua l u n it rec ord d e vice s ,  s uch 
a s  printers and punc hes . Since v ir t u a l  
m ac h i nes usua lly ha ve l o w  vol ume 
re q ui re ments for unit r ecor d  I/0 , t he in put 
and o u t put of several vi r t ua l  uni t record 
devices can usually be han dled by o n e  real 
u n it record devic e . C P  c on tro l s  these 
virtual devi ces ( as w ell as the real 

I n trod uc ti on 1 1  
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d e v ice s) an d di r ec t s  a l l  i np u t  a nd o u t p u t  
f o r  t h e m  to i n te r m e di at e dir ect acces s  
s pace t h a t  h a s  b e e n  a llocated for t hi s  
p u rpose . T h i s  f un c t i o n  is cal l ed s po o l i n g  
an d is exp l a i n ed u n der " S p o o l i n g "  i n  t h e  
sec t i o n  e nt i t l ed "The Co ntrol Pr o gr am . " 

A v ir t u a l  d e v i c e  t h at is d e f i n e d  as 
d ed icat e d  t o  a s p e c i f i c  v i r tu a l ma c hi n e  
m u st h a v e  a r e a l  eq u i v a l e n t . T he v ir t u a l  
m ac hi n e ,  n ot CP, t he n  c o n t r ol s b o th the 
r e a l  a nd v i r t u a l  d e v ic e . 

A v ir t u a l  mac h i ne c o n f i gu r a t ion c a n  
i n c l u d e  a v ir t u a l  t r a n s m is s i o n  c on trol uni t 
( TC U ) . A s u b se t  of t h e  l i n es o f  a r eal T CU 

m ay be d e f i n e d  as a v ir tu a l  TC U ,  a s  s h o w n  
i n  F i g ure 6 .  

Rea l  S y s t e m/3 7 0  
------, 

V i r t ua l  M a c h i n e  A 
r 
I 
I 
I 

--, 
I 
I 
I 

Vir t u al M a c h i n e  B 
r-------, 
I I 

L-------.1 I I 

I 
I 
I 
l 

r--

I I L__ _____ _J 

V M / 3 7 0  

I 
I 
I 
' 

V ir t u a l  V i rt u a l  1 I 
2 7 0 3  2 7 0 3  r-1 1 --, 

Li n e s  L i n es I I I I 
I L----------------__J I 
I R ea l  2 7 0 3  T C U  I 
' ' 

r-----, 
I I 
I I 
�--_J 
D A T A  S E T  

r-----, 
I I 
I I 
L_ __ _J 

D A TA S E T  

F i g ure 6.  V i r t u al D ev ic es : T r a n smission 
Con trol U n i t s  

A v ir t u al c hann el- t o- c h a n n e l  ada pte r ca n 
b e  d e f i n e d  e i t he r  w i t h  or w i t hout a r ea l  
eq u iv al en t ; t he former p e r m i t s  a v i r t ua l  
ma c hi ne t o  c om m un i ca t e  wit h a r eal 
c o m p ut in g s y s t em ot her t ha n  i t s  o w n , w h i l e  
t h e  l a t te r  a l l o ws d i r e ct c o mm u n ic at i o n  
betw een v ir t u a l  m a c h i nes i n  t he sa me 
c om p ut i n g  s ys te m . 

1 2  I B M  V M/ 3 7 0 :  I n t r o d u c t i o n  

Re s tricti on s  t h at app l y  t o  v irtual 
mac h i n es ar e stated in the !�Ll]Q: f!E��i�g 
��g �I§!�! §�n���!iQn §gig�. 

F a c tors t h a t  in f l u e n c e  t he p erformance 
of v ir t u a l  mac h ine s ,  a nd o pt i o n s  that can 
be used t o  i m p r o v e  p er for m a n c e ,  are 
descr i be d  in t he sec t i on e n ti tled 
"Pe rf or mance . "  

VM/370 Applications 

V M/37 0 a ssi s t s  an ins t a l l at ion t o  perfor m  
i t s  w o r k  m o r e  e ff ic ie n t l y  a nd ea si l y . 
V i r t ua l  m a c h i n e  app l i cat i o n s  a i d  
progr a m mers , opera tions pe rson ne l , and 
i n te ra c ti ve u se r s .  

PRO GR AM M IN G  

Pro gra m ming i s  f a c i l i tated i n  t he fo l lo w i n g  
ways : 

1. Pro g r a m s  b e in g  dev e l o ped need not 
conform to t h e  r ea l  s t or age s iz e  of 
t he r ea l  c om p u te r . 

2 .  Vir t u a l  m ac h in es ma ke pro g r a m  testi n g  
more f l e x i b l e .  S u b j e ct t o  av a i l a b l e  
resourc es , a v ir t u a l  mac h i ne c a n  b e  
made a c t i v e  w he n ev er n eeded,  t hus 
r e laxi n g  tight testi n g  sc hed ule s  and 
allowing p r o gr amm er s  m o r e  c o m p i l at i ons 
and t ests pe r d a y . 

3 .  

4 .  

5. 

6. 

JCL (Job Con tro l  Lan gu a ge )  u s u a l ly is 
n o t  n eeded w hen compi l i n g ,  a s se mbli n g, 
a nd/or testin g u n d er CM S .  

Users can t e s t  p r i v i l eg e d  code i n  
t he ir o w n  v ir t ua l  mac h i ne s .  

Prog r am m er s  c an us e d e bu g g i n g  a i d s  at 
th e i r  t e r m i n a l  t h at p ar a l l e l  t hose of 
a n  operator at a s yst em conso l e :  
d is p lay i n g  a nd stori ng i nto the 
g e n e r a l  or f l o at i n g - p o i nt r e g is t ers or 
int o  v ir t u a l  stora ge , i n st r uction 
address stopp in g ,  an d a lt e r i n g  t he 
nor m a l  f low of e xec ution . Which of 
these f un c t i o n s  e a c h  u s er is a l lo w ed 
t o  p e r f o r m  are d e f i ne d  b y  the 
pri vi l e g e  cl ass ( e s )  as s ig n e d  t o  h i m . 
(For a d isc ussion of pri vi lege 

c l asses , see 11CP Com m a n ds . " )  

C MS s i m pl i f i es 
man ipu lat ion of 
d i s k , a n d  a l l o ws 
s e l ec t e d  portions 
a n d  s t o r a ge dumps 

t he cr eat ion and 
source progra m s  on 
t he u s er t o  exami n e  
of prog ra m l i s ti ng s  
at his t er m ina l .  



7 .  R SC S  en abl es u s ers t o  t ra nsmit f i le s  
t o  and receive fi les from users a t  
ot h er geo gr a phic l ocation s .  

8 .  T h e  VM/3 7 0  dat a  privac y ,  secur it y ,  an d 
user- isolat ion f eatures protect eac h  
use r ' s  da ta , programs , an d disk f i l es 
fro m access or destruct ion by othe r 
use r s . 

9 .  M a nv svstem/3 6 0  and Sys tem;3 7 0 
progr a •s ca n  be c ompi le d  un d e r  contr o l  
o f  CM S ;  wit hin certain restric tions 
these programs m a y  also be t�st ed 
u nd er CM S .  ( R e fer to " Progra m  
D e ve lopme n t  and Execution " i n  t h e 
s ect ion " C onv ersational Monitor 
S ystem "  f o r  a more com plete discu s s ion 
of progra• execution u nd e r  C M S . ) DOS 
assembl e r  language progr ams can be 
com p i l ed u nder C M S  if t he installation 
adds t h e  a pp ro p r i a t e  DOS a acros to t h e  
C M S  syst em . P robl em pro g ra m s  usi ng 
DOS mac ros can be con v ers at io n ally 
dev eloped u nd er co ntrol of C ft S ; the n 
c on trol of the virt u al m ac hin e is 
p as s ed to DOS , and t he progra•s a re 
c o mpiled and tested . T he us er 
sp ecifies w h ic h operating s y s te a  is to 
c ontrol h i s  vir t ual m achin e by m eans 
o f  t he IPL com•and of C P . 

OP E R A T ION S 

T he v ir t u al aac hine environme nt relieve s  
c e rtain probl e m s  o f  schedu l in g ,  s u p p ort , 
and backup , a n d  exped ites p r oduction i n  the 
f o l lo wi ng ways : 

1. S ystem g en er at ion , s u pport , a n d  
t es t i ng , a s  well a s  oper ating s y s t em 
conv ers i o n  and t es t ing , c a n  be d one 
wi thout a d ed icated r e al • ac h in e ,  
concu r r ently w it h  nor•al production 
work . This red uces errors t h at m i g ht 
ot herwis e be caused by using a system 
that h a s  n o t  bee n  f ul l y  t es t ed , an d it 
als o r e duces t he possibility of 
abnormal terminations o f  t he s y s t em . 
For exaap l e ,  a pro gra • te • po ra r y  f i x  
( PTP) a pplied t o  a aodifiabl e  copy o f  
a n  I B M  o perating sy ste • v o l u m e  c an be 
tested concurrently with t h e  
prod uc tion e xecution o f  t h at s am e  
o p er at i n g  sys t e •  i n  a nother vi r t ua l  
machi ne , provi d e d  s u fficient d ir ect 
access storage resourc e s  a re 
a vai labl e . The vir t u al m achine t es t  
w il l  be analogous to one made on a 
rea l mac hine providin g :  

• There a re no tim i n g  depen den cies . 

• T he t e s t  i s  not m e asurin g t i m e .  

• Dyn am ical ly mod i f ied 
programs ar e not u s ed 
noted in " A ppend ix 
Restrictions . " 

channel 
except as 

D: V M/ 3 7 0  

A possible co mbinat ion o f  v irtual 
machines in a VM/3 7 0  conf ig ura ti on is 
shown in Fig u r e  7 .  Oper at in g  s y s t em 
t es t i n g  is shown r u nn i ng c o nc urrentl y 
with batch work and a variety of 
con v e rsa tion al ap plication s .  

2 .  V M/37 0 allows DOS and OS , inclu d i n g  
v i r t u a l  s torage ( V S) ve rsion s , to run 
c oncurren tl y  on t he s a m e  Syst em/3 7 0 .  
M u lt i ple cop i e s  of t he sa me ope ra tin g  
s ystem can a l s o  r u n  concurrently i n  
separate virt u a l  machi ne s .  

3 .  M any t y pes o f  ba tch a pplic a ti ons can 
be run , e i ther i n  an indiv id u a l  u s er ' s  
vir t u a l  machine or in a vi rt ual 
machi n e  dedicated to run n i n g  bat c h ,  
w it h  no cha n ge to the ba tc h  prog ra m . 

4 .  N e w  com puter o perators c a n  g e t  " ha nd s  
o n "  e x perience usin g  a v ir t u a l  m achine 
ter minal a s  a syste m  c onsole . 

5 .  A n  ins t a l lation using VM/ 3 7 0  h a s  more 
f l e xibility in us1n g anot her 
sys t e m/ 3 7 0  computing syste m  f o r  
back u p . T h e  back up s y s t em n e ed n ot be 
t h e  s ame sy s t e m/3 7 0  m od e l  nor ha ve the 
same a m o un t of r eal s tor a g e . Backu p 
may be d o ne in two wa ys : 

• The VM/3 7 0  s ys t em r es idence v olu•e 
and t he user a nd CMS v o l u me s  m ay be 
run on anot her System/3 7 0  i f  t he 
device addr ess es o n  bot h  m achi n es 
are t he sa me . This is n o t  uni q ue 
to i M/ 3 7 0 ;  t he sam e  pro cedure wou ld 
be u sed to back up OS o r  DOS 
s ys te m s .  

• T h e  second method i s  u niqu e  t o  
VM/3 7 0 .  The user volum e s alone m a y  
b e  car r i e d  ov er t o  anot her 
computing system t ha t  is using 
V M/ 3 7 0 . The back u p  sy s t e m  must 
i nclu d e ,  but is not lim i te d  to, t h e  
same typ e a n d  nu mber of real 
d evices as t h es e u s er v o lu m es 
re qu ire . Since t h e  virtual d e vice s 
d e fined in t h e  u s er v o l u m es ar e not 
ass igned to s pecif ic rea l  d e vices 
until e xecution t i m e ,  t he 
insta l lations need not c once rn 
themselves with device addr ess es ; 
VM/ 3 7 0  on the back u p  s y s te m  will 
assign r e al dev ices jus t as it does 
for its own vir t ua l  mac h i ne s .  
Thus , t h e  production w o r k  o f  t he 
system be ing bac ked up c a n  be run 
in vir t u al m achin es concu r r ently 
w it h t he e xecution of the vir t ua l  
•achines o f  t h e  backu p  s y s t e a . 

I ntrod uction 1 3  
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F i g ure 7 .  V i rtual M achines f o r  Concurr ent Product i o n , Develo p me n t ,  and T es t in g  

I N TE RACTI VE U S E  

There a r e  t w o  kinds of i n ter act i v e  s y s t e m s  
t h at r un u n der VM/ 3 7 0 :  mult iple-access a nd 
si n g le use r .  

1 .  M ul t i pl e- access s ys t e m s  l i k e  
A PL,DOS- 3 6 0  r un i n  one v i r t u al m a c hi n e  
an d dir ectly s er v ic e m a n y  i n te ra c ti ve 
termina l s .  A u s er o f  a 
m u l t i p l e- access system issues the DI A L  
c om ma nd i n stead o f  t h e  LOGON co m ma n d  
t o  co nn ect his terminal w i th t h e  
vir t ua l  m a c h i n e  r u n n i n g  t h e 
m u l t i p l e- access system he wishes t o  
use . Once h i s  t er m in a l  is connec ted , 
t h e  u s e r  i ssue s s t a t e m en t s  in t h e 
com m an d  l a n gu a ge a ss ociated with the 
m u ltiple -access s ys te m  onl y .  

For e x a m pl e , t h e  com m a n d  D I AL A PL 
cou l d  conn ect t h e  u s er ' s  te rminal wi t h  
a n  APL,D OS-3 6 0  system r u n n i n g  i n  a 
v ir t u a l  m ac hine u n der Vftj3 7 0 . Onc e  
c onnec ted , t h e  user wou l d  com m u n i cat e 
o n ly w it h  APL comma nds . 

1 4  IBM V M /3 7 0 :  Introduction 

Not e : T h e  use r should be a wa re that 
when he u se s  t he DIAL c omma nd , h e  d oe s  
n ot l o g  o n  t o  C P  an d t her e for e he 
cannot u s e  any CP co mma nd s .  

2 .  systems t ha t  c a n  b e  run i n te rac tivel y 
b y  a sin g l e  us er i n c l u d e  t h e  
Conv ersa t io n a l  M onitor Sys te m a nd a n y  
o peratin g s ys t em t hat c a n  r u n  o n  a 
v irtual mach i n e . A ti me sharing 
e nvi ronment i s  cr eat ed w hen Vft /37 0  
creat es multi p le v i rtua l  mac hi ne s ,  
e ach contro l l ed by a n  operat in g  
s y s t e m , f o r  e xa m ple , C M S .  These 
s yste m s  operate con cu r r ently wit h each 
other a s  well a s  wit h ot her 
conv ersat ional or batc h  s y s te m s . CMS 
i s  useful for p r o gr am dev el o p ment and 
problem solvin g .  

The Cft S c om ma n d  langua ge p ro vi d e s  each 
user w i t h  a wide r an g e  of c ap abi lit i es 
at his t e rmina l ,  such a s :  

• Cr eat ing so u rce progra m s ,  data , and 
text files dir ectl y  on d is k .  

• Addi n g , delet i n g ,  m o d i f y i n g ,  
rearra n g in g , e xtracting , or merging 
files andjor port ions of f il es . 



• Compiling , 
s ome t ype s 
u nder C MS. 

testing , and debugging 
o f  OS pro blem pro gram s  

• Creating complete JVV streams to be 
p as s ed t o  batch opera t i ng s y s te m s  
s uc h  a s  D O S  or O S  f o r  com p i l at ion 
andjor ex ecut i o n .  T h e  re sulta nt 
output c a n  be p r i n t ed o n  a 
high-s peed printer or d i rec ted back 
to C M S  for a n al ysis an d correct ion 
by t h e user. 

• S u bm i t t in g  jobs t o  a bac kg ro und C MS 
Batc h faci l i t y. 

• Exten d i n g  CMS facilities t o  s u i t  
the user:s re quire men ts , s uch a s  
creating a d di tional c o m mands o r  
develo ping c o m ma nd p roc ed ures. 

Introdu ct io n  1 5. 



Control Program Description 

T h e  control progr a m  of VM/37 0 ,  C P , crea tes 
a nd c on t r ol s  virt ual m a chi n es. A virtu al 
a ac h in e  is t h e functional e q u i v a l e nt of a 
rea l c om p u t i n g  syste m. Execut i n g a pr ogr a m  
on a v ir t u a l  aac hine produces exa c t l y  the 
sa me o ut p ut a s  e xecuting t h at pro gr am on a 
r eal m ac h in e .  

W he n  a user l o gs o n t o  VM/37 0 , C P  c r ea tes 
a v ir t u a l  m ac hi n e  for him bas ed on 
in for a at io n  s t or e d  in t h e  V M /37 0 d i rec tory. 
T he VM/37 0 d i re c to r y  c o n t ai ns o n e  entr y for 
each u s er i d ent ificat ion. Each e n t r y  
i n c l ud e s : t h e  password associ ated w it h  t h e  
u s er id ;  a d escription o f  t he vi r t ua l  
i n put;o utput d e vices asso c i a t e d  w it h  t his 
v i r t u al m a c h i n e; its n orma l a nd ma xi m u m  
v i r t ua l  s t orage si zes ; t he u s er ' s  C P  
c o a m an d p r iv i l e ge c lass (es) ; a nd opti ona l 
v i r t ua l  mac h i ne characteristics , such as 
ext ended con t r o l  mode. 

CP controls t he resources o f  the rea l 
c om p ute r to provid e  m u l t i p l e v ir t u a l  
m a c hin es. CP intercept s ,  tra nslate s ,  a nd 
sc hed ules a l l  real i n p u t;ou t p u t  operations 
of t he v ir t u a l  m a c hine. A ll vi r t ua l  
mac hines ex�c u te i n  problem st at e ,  an d t h e 
cont r o l  pr o gr a m  t r a ps a nd proce sses a ll 
i n te rrupts a nd pri vileged i n st r u ct ions. 
O n l y  C P  execu t es in supervisor sta te. 

Virtual Machine Time Management 

A l t h o u g h  vir t u al m a c hines a ppea r  to t h e i r  
u se rs t o  b e  e xecuting i nstru c t ions , it is 
t he r ea l  C P U  t hat is actua l l y  d oing the 
work. 

The r eal C P U uses a t e c hn ique ca lled 
t i me slicing to provi d e  t he e f f ect of 
m u l t ip le v i r t ua l  C PUs. Each virtu al 
m ac h i n e  p er i o dically ga ins access to the 
rea l  C P U  f o r  a small am ount of time c a l l e d  
a " t i m e  s l ice. " T o  d e t e r m i ne b o w  
f re q ue n t l y  a nd for ho w much t i m e  a v i r t u a l  
a ac h in e  s ho u l d  g a i n  access t o  t h e  real C P U , 
C P  e xa mi ne s  t h e  n umber of console r eq u est s  
o r  t er m in a l  i nt errupts t h e  v i r t ua l  mac h i ne 
h a s  issued d u ri n g  i t s  past t i m e  s l ic es .  I f  
t hes e w er e  aany , C P  d ef i nes t he vi rtua l  
mac hine a s  a c on ve rs at i o n al u s er an d 
ass igns it t he s m aller o f  t w o  possible ti m e  
slice s .  I f  the y wer e  f e w , t he v ir t u a l  
a ac h i n e  i s  a n onconv ersa tiona l use r  a nd i s  
a ssigned t h e  l arger t i m e  sl i c e. Als o ,  C P  
g i v es conv ers ational us ers m ore f r e q ue n t  
a ccess t o  t he r e a l  C P U ;  nonc on ve rsa ti ona l 
users g e t  t i a e  s l ices less frequen tly. 
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C P  all ows a v i r tual a a c hine t o  g a i n  
access to t he rea l C P U  onl y if t h e  vi r t ual 
mac h i ne i s  n o t  waiting for soae r esource or 
act i v it y ,  such a s :  

• A p a g e  of storage t o  b e  broug h t  i n. 

• A n  i n put;output OFe ra tion to be 
t r a nslated , beg u n , or coa plete d. 

• A CP c o m m a n d  to f inish execu t i n g. 

VM/37 0 includes perf or ma nce o p tions tha t 
can b e  used to improve t he p erfor mance o f  a 
v irt u a l mach ine. A virtua l  machine to 
which a performance option has been applied 
is t er m ed " prefe rred. " A l though eac h 
option could be applied t o  a di f ferent 
v ir t u a l  machine , this is not normal 
prac tice i f  o p ti m u m  perfor m an c e  is r equired 
for o n e  or t w o  speci fic vir t ua l  machi ne s. 

Two of t h ese o p tions can be used to 
inc rease the amount o f  r eal CPU t i m e  made 
av ail abl e  to a par ticu la r v irtua l machi ne : 
priority a n d  f avore d  execut ion. 

The pri o r i t y  v al u e  ass i gn ed to a v irtual 
m ac h i n e  is used , in c ombi na tion wi th oth e r  
param eters , t o  i n f l u�nc e  t he d is p at ch i n g  
algor ithm a nd g iv e  t h a t  virtua l  mac h i n e  a 
la rge r slice o f  CPU t i m e ,  prov ided it can 
fu l ly utilize t he t i me.  The pri ori t y  
a ssig nment a f fects t h e  execut ion o f  a 
parti c ul a r  v i r t u al m achine as c o m p ar ed w it h  
ot her v irtual mac hines tha t ha ve the same 
gene r a l  e xecution c h ar acteristics .  
P r ior ity may b e  as signed b y  the system 
ope ra tor but is mor e f r eq u en t ly a par a m et e r  
o f  t he v irtua l mac h ine ' s  d i rec tory e n try. 

Th e favored ex ecut ion option p ro vides a 
part i c u l a r  v i r t u al m a c h i n e  an assured 
percent age of rea l  CPU tiae , pro vided it 
c a n  f ul l y  utili ze t h e  t i m e. T he sys t em 
oper ator s p e c i f ie s  this opti on a nd the 
perc e nta ge by the S ET FAV O R E D  comman d. 
O nly one v irtua l m a c h i ne a t  a t i m e  c a n  h a ve 
this f orm o f  t h e  f avor ed execut ion o p t i on. 

Another f o r m  of t h e  S ET FAV O R E D  coamand,  
w it h  no 'perc e n ta ge spec i f ied , c a n  be issued 
f or se veral vir t u al machines ,  to e nsur e  
t h at t h ey ga in access to t he rea l  C P U  m o re 
f re q ue n t l y  t h a n  o t h e r  vir t u al a ac h in es .  

More detai l ed in for m at ion o n  t h e s e  and 
o t h er opt ions that i m prove vir t ua l  machine 
perf ormance is contained in t he !]/ 3 7 0 : 
�!2!�� f�Bgr a����� G uide. 



Virtual Machine Storage Management 

E a c h  v irtua l •achine has storaqe ass oci at ed 
wi t h  it . The a• ount of s t orage is defined 
in the V!/37 0  d i rector y .  Bac h  vir t u a l  
• achine fu nct i ons a s  i f  it h a s  a la rge 
a • ount of rea l stor ag e .  H ow ever, each 
virt u a l  •achine•s s t ora ge is c rea ted a nd 
c on t rolled b y  CP as vir tu a l  s t or age. Th e 
vir tua l sachi ne•s s t or ag e  cau be la rger or 
saa ller than the s t or age of t he r ea l  
• achin e .  

Th e di rector y  entry c ontains t w o  size s  
f or each vi rt ua l  aachi n e : i t s  n or m al siz e 
an d a aaxi•u • s iz e .  Th e n or•a l si ze • us t  
be a t  least 8 K  (8 1 92 ) b yt es . The maxiau • 
s i z e  • us t  be n o  larger t ha n  1 6  •i lli on 
b y te s .  B ot h  si ze s  • ust b e  m ult i p les of 4K 
( 4 0 9 6 )  • Th e virtual machi ne usua lly u se s  
t h e  a m ount of storage d e fi n e d  a s  i t s  n or m a l  
s i z e .  H owever, t he us er c a n  tem p ora rily 
redefine his virtual s t or a ge s i z e  t o  any 
v a lue t hat is a • ulti p le of 4K ( 4 096 ) a nd 
n ot g re a te r  than his m axim u m  s i z e .  

Stor a ge i n  the virtual a achin e  i s  
logic a lly div ided into 6 4K ( 6 5,53 6 )  b yte 
a reas ca lled seg•en t s .  Thes e a r e  logi c a lly 
divided furt her int o 4K byte a re a s  ca lled 
pa ge s .  F or each vir t u a l  • achine, CP 
cr eates and maintains a set of segment a nd 
pa ge ta b les to descr i be t he v irt u a l  st orage 
an d to r e f lect the a llocati on of the 
vi rtua l storage pages t o  page fr a•es in 
r e a l  s t or ag e .  These t a b les are used by the 
D ynamic Address Trans lati on f e atur e durin g 
v ir t u a l  aachine execu t i on t o  loc a te the 
rea l  storage addre sses to which t he virt u a l  
s t or ag e  addr esses actua lly r e fe r . 

The st or a ge of the rea l sy s te m/37 0  is 
physic a lly and logically divided int o 4K 
byt e ar e as ca lled page fra mes . W h e n  a pa ge 
of virtual s t orage is br ought into rea l 
s t ora ge ,  it f its e xactly in t o  a p a ge 
fra•e . 

The hea vi ly used p or t i ons of V!/3 7 0  ar e 
kept in r e a l  stor a ge . H ow e ve r, only 
f reque n t ly referenced vi rtual s t or a ge p a ges 
a r e  kept in rea l storag e ,  thus opt im i zi n g  
real stor a ge utilizat i on .  1 p a g e  ca n be 
b r ough t  into any a vai la ble pa ge fr ame ; t he 
necess ary r e locat ion is d one du ring progra a  
e xec uti on b y  C P  usin g  dynamic ad dr ess 
t r an s lat i on .  The active pa ges f r om a ll 
logged - on vi rtua l  m a ch in es and from t he 
p a geable r out ines of VM/3 7 0  c om pete f or 
a vailable page frames . When t h e  n u m ber of 
page fr ames av ailable f or a l locati on fa lls 
be low a threshold value, CP deter mines 
w h ich virt u al storage pa ges c urrentl y 
a l l ocated to real s t or age are r e lat iv e ly 
in act iv e and initiates suitable page- out 
ope ra ti ons f or them . 

In acti v e  p a ges ar e aai ntai ned on a 
d irect access st ora ge devic e . If a n  
inactive page h as been chan ged a t  s o•e t im e  
d urin g  virtual •achine e xec uti on ,  C P  
a ssig ns i t  t o  a p aging d evice, s e lect i n g  
t he fastest s u c h  device w i t h  a va i la bl e  
space . I f  t h e  p a g e  h a s  n ot c h anged, i t  
reaains a llocated in its origina l direct 
access loc a ti on and is p a ged int o r e a l  
s t ora ge fr om t here t he next ti me the 
virtual machine r efers t o  t hat page . 1 
virt u a l  machine progra m ca n use the 
D IA G N O S E  i ns truction to c o•mun icat e  to CP 
t h at t h e informa t i on f r om a specific 
page (s ) of vir t u a l  s t or a ge is no lon ger 
needed ; CP t hen re leases the a re a s  of the 
pagi n g  d evice ( s )  t h at had been assig ned t o  
h old t he s pecif ied page ( s ). 

P a ging is d one on d e aa nd b y  CP . Thi s 
means that a p a ge of vir t u a l  st or age is n ot 
read (pa ged ) f r om the pa gi n g  d e vice t o  a 
rea l storage page fr aae un t i l  it is 
act u a lly needed f or v i r t ua l  aachine 
�xec u ti on .  N o  a t t em pt is aade by CP t o  
ant icipate w hat pages aight b e  re qui red b y 
a vi rtual m ac h i n e .  W hi le a paging 
operation is being perf ormed f or one 
vir t u a l  •achine, an ot h er v irt u a l  machin e 
can te ex ecuting . P a g i ng ope ra ti ons a re 
ini ti ated and p e r f or m ed by CP and r equire 
n o  act ion by t he virtua l mac hine . 

Th e opera ting system c on tr olli ng a 
virt ual machine m ay ex ecu t e  in ext ended 
c ontr ol m od e .  Th is mea ns tha t i t  can 
c reate a nd c on tr ol virt u a l  stor age of its 
own, in addition t o  the virtua l s tora ge i t  
has which i s  c on tr olled b y  CP . The virt u a l  
m achine opera t i n g  systems tha t ca n d o  thi s 
a re : OS/V S 1 ,  OS/V S 2, DOS/V S ,  an d V M/37 0 .  
(VM/3 7 0  can c reate several vi rtua l s t ora ges 

a t  once . )  In the f ollow i n g  exa m p le , OS/V S 1 
is u s ed t o  i llustra te h ow an operatin g 
system han dles t he v i rtu a l  storage i t  
c reates, a n d  h ow t h i s  i s  d i f fer ent f r o• t he 
virtu a l  st ora ge that VM/3 7 0  c rea tes f or a 
vir t u a l  machin e .  

O S/V S 1 creates a nd c on t r ols a single 
vi r t u al s t or a ge . It mai nt a i n s  a set of 
page and s e gment t a bles t hat r e lat e t his 
virtu a l  s t or a g e  to the vi rtua l storage of 
the virtual machin e .  In V M/37 0 ,  the t eras 
" f irst level storage" , " sec ond le vel 
stora ge " ,  and "t hird l ev el st or age" r e fer 
t o  r e a l  s t ora ge, t he s t ora ge of the vi rtua l  
m a c h i n e ,  a n d  t h e  vir t u a l  s t or age cr eat ed 
and contr olled by the vi rtua l machine , 
re specti vely .  W hen OS/V S 1 is execut i n g, 
instruct i ons and d a ta f r om thi rd le ve l 
storage must be avai lable t o  t he CPU . F or 
t h is purpose t he rea l mac hine c a n not use 
the p a ge ta bles cr eated by 0SjV S 1  n or t he 
page tables crea ted b y  C P .  The real 
mac h i ne must h a ve a set of p a ge an d s egm ent 
t a tles that relate th ird le ve l s tora ge t o  
fi rst leve l  stor ag e .  CP d y n amica lly 
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c o n s t r ue t s  an d m a in t a in s  s u e  h ta b le s , 
ca l led s ha d ow tabl e s .  CP m ai n t ains a 
s i n g le s et of s hadow p ag e  ta b l es f o r  a n y  
o n e  vi r t ua l  m a c hi n e . A s i n gl e s et i s  a l l  
t hat i s  n e c es s a r y  f o r  o s;v s 1 , o s; v s2 , o r  
D o s; v s .  

H o w e v e r , w h e n  V M/ 3 7 0  i ts el f  i s  u s ed as a 
v ir t u al m a c h i n e  o pe r a t i ng s y st e m , it ca n 
c re a te m u l t i pl e  v i r t u a l  m ac h i n es , e ac h  w it h 
i t s  o w n  v i r t u a l  s t o r a g e .  I n  t h i s  c a se ,  the 
s had o w  ta b l e s  a r e i n v al i dat ed by CP 
w h en ev e r it p a s s es c o n t r ol f r om one vi r t ua l  
mac h ine t o  a n o t h e r .  

O n e  o r  m o r e  s e g m e n t s  o f  v i r t u a l  st o r age 
c a n  be s har e d  a m o n g  v i r tua l ma c hi n e s . Th e  
i n f o r ma ti o n  to be s h a r ed m us t  be r e ad - o n ly ; 
it m ay be dat a o r  r ee nt r a nt p r og ra m 
m o d u l e s .  T h e  i nf o r m a ti o n  t o  b e  s h ar ed must 
b e  pa r t  of a m on i to r or  o p er a t i n g s ys t e m  
( f or e xa mp l e , CMS)  t h at h a s  b e en r eco r d e d  

or " s av e d "  o n  a V Mj 3 7 0  s y s te m  d i sk . 
s t orage se g m e n ts c an no t  b e  s h ar ed a m on g  
v ir t u al m ac h i n es ex e c u t i ng w i t h  t he V i r t ua l  
M a c h i n e  A ss i s t  f e a t u r e  o n , o r  i n  ext e n d e d  
c o n t r o l  m o d e  w i t h  t r a n s l a t e  o n . 

CP p r o v i d es t h r ee p e r f or ma nc e  o p tio n s  to 
red uce o r  e li m i n a te p ag in g  r e q u i r e m en t s  o f 
s p e c i f i c  v i r t u al m a c h i n e s :  l oc ked pa ge s ,  
re se r ve d  p a g e  f r a m e s , a n d  v i r t u al = r eal . 

T he L O CK c om m and can b e  u s ed by t he 
s y s t e m  o p e r a t o r  t o  l o c k  s p e c i f i c  u s er p ages 
o f  v i r t u a l  s t o r age into rea l s t o ra g e . Thi s 
e l i mi n a te s  pa g i n g  ac t i vi t y  f o r  t he s e  p ag es . 
s i nc e  t his opt ion r e du c es t he n u mbe r of 
pa ge f r a m e s  t ha t  a r e  av ail a b l e  for u s e  by 
ot her v ir t u a l  m ac h in e s , o n l y  f re q uentl y 
u sed pa g e s  should be l o ck ed in r e a l  
s t or a g e .  

A m o r e  fl e x i bl e app r oa c h t ha n  l ocked 
p a ges is re se r ve d  p a g e  f r a m es . T he s y s t em 
o p er at o r  ass i gns t o  a s pe c i f i ed vi r t ua l  
mac h i n e  a c e r ta i n  n um ber o f  p a g e  fr ames for 
i t s  o w n  u s e . P a ges a r e  n ot l oc ke d  i n t o  
t he se pa g e  f r a me s ; t h e y  can b e  p aged out , 
bu t o n ly for ot h e r  a c t iv e  pa g e s  of t he sa me 
v i r t ua l  m a c hi ne .  This option is u s u ally 
more e f f i c i ent t han locked pa ge s , s i nc e  t he 
pa ge s t h a t r e ma i n  in r e a l  s t o r a g e  ar e t hos e 
t h at ar e most act i v e  a t  t he mome nt ,  a s  
d e te r m i n e d  b y  CP. A l t h o u g h  s ev e r al v i r t u al 
m a c h in es can h av e l o c ke d  pa g e s , o n ly one 
v i rt ua l  m a c h i n e  a t  a time c a n  h av e  r es er v ed 
p a ge fr a m es . 

D u r i n g  V M/ 3 7 0  s y s te m  g e n e r at io n ,  t he 
i n s t a l l at i o n  c a n  g1ve o ne o r  m o r e  v i r t ua l  
m a c h i ne s t h e  v i rt u al = r e al o p t io n . How ev er ,  
o n ly o n e  v ir t u a l = r ea l  m a c h i n e  ca n be a c ti ve 
a t  a n y  o ne t i me . W i t h  t hi s  o pt ion , t h e 
v ir t u a l  m a c h i ne ' s s t or a g e  is a l located 
d i rec t l y  f ro m  real s t o r a g e  at t he t im e  
V M / 3 7 0  i s  i n it i a l ly l oa d ed , a nd r e mai n s  s o  
a l l oca ted u n l e s s  r e l e as ed b y  a n  o p e r at o r  
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c om ma nd . A l l  p a g e s  ex cept t he v i r t u a l  
mac h i n e ' s  p a g e  z e r o  a r e a l l oca ted t o  the 
c o r re spond i n g  real s to r age locat ions . (In 
o r de r  t o  cont r o l  t he rea l c om pu ti n g  s ystem , 
real p a g e  ze r o  m us t  be cont r o l l ed by CP . )  
C o n s e qu e n t l y , t he rea l s t orage si ze m ust be 
l a rge enough t o  acc o m m o d at e t he CP n u c l eus , 
t he e n t i r e  v i r t ua l = r e a l  ma c hi ne , a nd the 
remaining pageable s to r a g e  o f  V M /3 7 0  and 
t he o t h e r  v i r t u a l  ma c h i n e s .  

T he v i r t ua l = r e a l  opt i on i m p roves 
pe rf o r ma n c e  i n  t h e  s e l ect ed v ir t u a l  m a c h i n e  
becau s e  CP n o  l o n g e r  ha s to pe rf o r m  paging 
ope r a ti on s  f o r  it . The p er f o r m a n c e  of 
o t he r  v i r t u a l  mac h i nes ma y b e  ad ve r sel y 
a f f e c ted u n l ess e n o u g h  r ea l  s t o r age is 
av a i l a b l e  f o r  t he i r  pa g i ng re qui re me n ts , so 
c a re s h o u l d  be t ak e n  in as s i g n i n g  t h e  
v i r t u a l = r e a l  s t o r a ge s i z e . The Y�LliQ :  
E1�nning �llQ �Y2!�� §�ll�£�1i2n §�iQ� 
d isc u s ses some si t ua ti o n s  in whic h the 
v i r t ua l = r ea l  o ption is n ecessa r y . 

F i g u r e 8 i l l u st r at es r e al s t o r age 
a l l o c a t i o n  for both a n o r ma l  D O S ba tc h  
v i r t u a l  mac h i n e , a n d  o n e  d e fin ed w i t h  t h e  
v i r t u a l= r ea l  option . 

Virtual Machine 1/0 Management 

T he v i r t u a l  mac h i ne ope ra ting s y s te m  i s  
r e s po n si b l e  fo r t h e  o p e r at ion o f  a l l  
v i r t u a l  dev ices a s soc ia ted with i t .  T h e se 
vi r t ua l  devices m ay be d e f i n ed in t h e  
d i r ectory e nt r y  of t h e  v i r t ua l  mac h i ne , o r  
the y m a y  be attac h e d  t o  (or d e t a c hed f r om )  
t he v ir t u a l  mac h i n e ' s  c on f i g u ra ti on while 
i t  re m a i n s  l o g ge d  o n . V i r t u al dev ices may 
be d edicat ed , a s  w he n  ma p ped to a f ull y 
e q u i v a lent r eal d evice ; s ha r e d ,  as w hen 
mapped to a minid i s k  o r  when s pec ified as a 
sha red vi r t u al dev i ce ; or s p o o l ed by CP t o  
i n t e r m e diat e d i r e c t  access stora ge . 

In a r e a l  mac hine r unni ng u nd e r  c o n t r ol 
of O S , i n put;o u t p u t  op er at ions ar e n o r mally 
init i a t e d  w h en a p r ob le m  prog ra m re q ue s t s  
O S  to i ss u e  a S T A RT I/ O i n s t r u ct ion t o  a 
s p e c i f i c  d ev ic e . D e vice e r r o r  recove r y  i s  
hand l e d  b y  t he o p e r at i n g  s y st e m .  I n  a 
v ir t u a l  m a c h i n e , O S  ca n pe rform the se same 
f unc t i o n s , but the device a d dress sp ecif ied 
and t h e s t orage locations r efe r en c e d  w i l l  
b o t h  be vi r t u a l .  CP tr a nsla te s t h e  v i r t ual 
s pe c if i c a t i o n s  to r e al . 

Bec ause t he v i r t u al m a c h i n e  ex e c u t es 
only in v i r tua l ( not rea l) s upe r vi sor 
s ta te , CP gains control w h en t he START I/O 
ins t r u c t i o n  is i ssued b y  the v i r t ual 
m ac h i n e  o p e r a t i n g  s ys t e m . CP copies i nt o  
its o w n  work a r ea t he c ha nne l c om ma nd l i s t  
spec i f ie d  b y  t he op er at i n g  s y s t e m ,  and 
p a ges into r ea l  sto r a ge all v i r t ua l  s t o rage 
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l oc a ti o n s  re q ui red f o r  data t r ans f er .  T h e  
sp e c i f i e d  p a g es are f ixed i n  rea l stora g e  
u n t i l  c o m p l e ti on of t h e  i np u t ;o u t pu t  
o p e r a t io n . I f  a sin g l e  chan n el co m m a n d  
wo r d  h as s p ec i f ied a d ata a r ea e xte n d i n g  
o v e r  m u l t i p l e  pa g e s  o f  con t i gu ou s  v i r t u a l  
s t or a g e ,  CP g e n er a t e s  c ha n n e l  p r og ra ms tha t 
use c h a n ne l  i n d i re c t  d at a  a d d r ess in g t o  
han d l e  d i s cont i gu ou s  pa g e  f ra m e s .  I f  the 
v i r t ua l  d e vi c e  i s  a m i n i d i s k , any cy l i n d er 
n u m bers s p e c i f ied a r e  m od ified t o  re f lec t 
t he t r ue l oc a tion of t h e  d at a .  T he v i r t u a l  
d ev ice a d dr ess i s  m a p pe d  t o  t he rea l  d e vi c e  
a nd a n  a c t ua l  i n pu t;o u tp u t  o p er at io n  is 
s c hedu l e d . 

D u r i n g  t hi s  proce s s i ng ,  t he vir t u a l  
m a c h in e h as b e en m a r ked a s  n o t  e xec u ta b le 
by C P .  W h e n  t he virt ual m a c hi n e  g a ins 
control i t  i s  g i v en a s u i t a b l e  c ond i ti o n  
c od e  (a s  on a real m ac hi n e) t o  i n d i c at e  t h e 
s t at u s  o f  t h e  S TA R T  I /O opera tion . I n  
a d d i ti on , the i n te r r up ts caus ed by t h e  
i n p ut;o u t pu t  o pe r a t i o n  a r e  r e f l ec ted t o  the 
v i r t ua l  machi n e  f o r  i t s  i n t er p r et at io n  an d 
p r o c es s i n g .  

I f  i n p ut;o u t p u t  err ors occu r ,  C P  d oe s  
n ot i n i ti a t e  error r e co v e r y  o p er at ions ; 
t h es e  ar e t h e r es p o n s i b i lity of the vir t ua l  
ma c hi ne o pe ra t i n g  s yst em . B as ic error 
r ecor d i n g  is , how ev e r ,  p rovided b y  CP . For 
more i nf o rm a t i o n  on e rr or processin g ,  s e e  
t h e " R e l i a b i l it y , A va i la b i l it y , a nd 
Se rvicea b i li t y "  sec tion a n d  " Ap p en dix A :  
R e cov ery M an a g e ment s u p p ort" . 

T he p r o g r a m s  t o  b e  r u n  i n  a vi r t ua l  
mac hine (e xc e p t  a vir t u al = r e a l  m ac h i n e )  
g en er al l y  mu s t  n o t  i nc lu d e  d yna mica l l y  
m od ified c h a n n e l  p ro g r am s .  T he s e  a n d  o t h e r  
r e s t r i c t i o n s  t h a t  a p p l y  to v i r t u al m ac h in es 
ar e dis cus s e d  in t he !�L11Q :  �!���i�g ��� 
�Y2i§! ������i�2� §Q��g . 

A v i r t u a l  d i s k  d e vi ce can b e  s h ar e d  
am on g m u l t i p l e  v ir t u a l  machi n e s . Vi r tua l 
d e vice s h a ri n g  i s  s peci f i e d  i n  t h e 
d i r ect o r y  ent r y  or by a u s e r  c om ma nd . I f  
i t  i s  the l a t te r , the u s er m u s t  s u p p l y  an 
a p pro p r i at e  p a s s w o r d  to t he s y ste m b e f ore 
ga i ni n g  access to the v i r t u a l  d ev ic e . 

A p a r t ic u l a r  vi r t u a l  m ac h i n e m a y  be 
a s s i g n e d  r e a d - o n l y  or r ead;write access to 
a s ha red d i s k  d e vi ce . CP v er if i es each 
v ir t u a l  m ac h i n e  i n p u t;out pu t  o pe r a tion 
a g a i n s t  the parameters i n  t he v i r t u a l  
m ac h in e  co n f i gu ra t i o n  to e n s ure d e vice 
i n te g ri t y . 

V i r t ua l d i sk d e vi c e s  m a y  b e  d e f i n e d  for 
t em por ar y  use by a v i rtua l mac h ine . I n  
t h a t  c a se , CP a l l ocates r e al d i s k  stor a g e  
t o  t he v ir t u a l  m ac hine u n t i l  t he v i r t ua l  
mac hine l o g s  o f f  o r  sp e c i f i c a l l y  d et ac hes 
t h e t e mpor ar y  v ir t u a l  d e v ic e . 

2 0  I B M  V M/3 7 0 : I n trod uction 

A v i r t ua l mac hine ma y b e  a s sig ned a 
d e di c at ed c han n e l , v ia t he A T TACH CH ANNE L 
c o m ma nd .  A vir t u al m ac h i n e  ass i g ned a 
d e d i c at e d  c ha n ne l  h a s  that c ha nne l a nd all 
of its devices for dedi cat e d  u s e . CP 
t r ans lates t he v ir t ua l s t o ra g e  loca ti ons 
spec i f ie d  i n  c h a n n e l  c o m m a n ds to r ea l  
locat ions a nd p e r f o r m s  a n y  nec e ssa r y  pa g i n g  
o pe ra tion s ,  b u t  d o e s  n ot n eed t o  translate 
any d ev i ce a d d re sse s .  The v i r t ua l  d e vices 
on a dedicated c hann e l  must h a v e  dir ect , 
rea l  e q u i v a l e n t s  ( f or e xa m ple , mi nidi sk s 
a re n o t  a l l o w ed ) , an d t he v irt u a l  and r ea l  
dev i c e  addresses must b e  id e n tical . A 
c ha n n e l  d e d i cated to a v irt u a l  machi ne 
c a n n o t  be us ed . V ir t u a l  m ac h i n es may hav e 
a m ixt u r e  of ded ica ted a nd nondedicated 
c ha nne l s .  

T he i n i t i a t i on o f  a v i r t ua l  i n p ut;o utput 
ope ra tion b y  CP c an be s i m pl i f i e d  t hr o u g h  
u s e  o f  t he D ia g n o se i n te rf a c e  b y  t h e  
v i r t u a l  mac h i ne opera t i n g  sy stem . The 
C onv e rsationa l M on i t o r  S ys te m ,  whic h has 
b e e n  d e s i g n ed s p e c i f i c a l l y  for t h e v ir t u a l  
m a c h i n e  e n v i r on me n t ,  u s e s  t h i s  i n te rface 
i n s te ad of t h e  norm al ST ART I/0 i n st r u ct ion 
for most of its i n p ut; o u t p u t  o pe r a ti ons . 
W he n  Di a g n os e  is us e d ,  CP h a n d l es 
input;output e r ror rec ove r y  ope ra tion s .  

I n p u tjo u t p u t  o pe rati ons i n i tia ted b y  C P  
f o r  i ts o wn purposes , for exa m p l e, p a g i n g  
a n d  spooli n g ,  a re pe rf ormed d i re c tl y and 
a re not s ub j ect to the tr ans lat ion process 
descr ibed in t he p reced i n g  pa ra g ra ph s .  

Spooling Unit Record 1/0 

CP spooli n g  fac i l it i es allow m u l t i p l e  
v i r t u a l  m ac h i n es t o  s h ar e u n it r ecord 
dev ices . S i n c e  v i r t ua l mac hi ne s  c on trol l ed 
b y  C M S  ordi n ar i l y h av e  l o w  r equ ir e ments for 
u n it r ecord i n p u t;o u t p u t , s uc h  device 
sha r i n g  i s  adv an t a g e ous , a n d  it is t he 
s t an d ar d  mode of sy ste m ope ra ti on . 

C P ,  n ot t h e  v ir t u al m a c h in e ,  contr ols 
t h e u n it r ecord d e vices tha t h a ve been 
de sig nated a s  spoo l e d  in t he d ir e ct ory 
entry . W he n  t he v ir t ua l mac hi ne i s s ue s  a 
S T A RT I/O i n s t r u c t io n  t o  a s po o l e d  u nit 
record device , C P  i nte rc e p ts the 
i n s t r uc ti o n  and m o d i f i es it . CP mov es t he 
d at a  into pa g e- s ize records ( t ha t i s , 4 096 
b y te b l oc k s )  on a V M/3 7 0  d is k  area t hat 
s er v e s  as i n t e rmed i a te s t ora g e  b e twee n the 
rea l  unit record d e v i c e  and t he v ir t u a l  
m a c h i n e .  

I n put s pool f i le s ,  tha t i s ,  da ta 
a va i l a bl e  at a v ir t u al c ar d  r eader , can be 



c re a ted when the real machine oper at o r  
f eeds i n t o  t h e real c a r d  read e r ,  c a r d s  t h a t  
a re prec e de d  by a U S E R I D  c a r d  s pec ifyi ng t o  
w h ic h  v i rtual mac hine t h e  i n put is t o  go . 
I n p u t  s pool f i l e s  c a n  a ls o  be crea ted b v  
using a n  IBM 27 8 0  Dat a T r an s m i s s ion 

T er • in a l . CP prov i d es a v irtual mac hine 
monito r  prog ram t h at trans f ers f i les 
bet w een a 27 8 0  and t h e  d ev ices of a n y  
specified v i r t ual machi ne . I n  t h i s  w ay , 
car ds at a r e mote location c a n  be mad e  
a vailable t o  a n y  vir t u al machin e . 

o utput spool f i l e s  ar e created on dir ect 
access storage w he n  t h e  virt u a l  mac hi n e  
o pe ra ti ng s ystem w r i t e s  t o  a v irt u al p u n c h  
o r  pr int er . R eal o u t p u t  is sc hedu led f or a 
rea l pri nter or p unch , or for r emot e 
output , w henev er a u s er logs off the system 
o r  i ss ue s  a C P  spool i n g  command t o  clos e 
t he f i l e . 

If t h e  dir ect acc ess st orage space 
a s sig ned to s poo l i n g  is f i l led , spooling 
w il l  stop a n d  the virtual u n it r ecor d 
d ev ices w i l l  appear not read y .  The 
spooling operato r  may make addit i o na l 
spooling s pace a v a i lable by p u r g i n g  
e x i sti n g  s poo l f i les or by assi g n i n g  
a d d i tiona l di rect a c c e s s  s t o r a g e  space t o  
t he s p o o l i n g  fu nction . 

S p ecific f i l es c a n  be transfe rred f rom 
t he spooled c a rd p unch or p r i n t er o f  a 
v i r t u al machi n e  to t h e  card reader o f  the 
sa me or another virt ual m achin e .  (A  
v ir t u al car d  r eader is not l i m i ted to 8 0  
c ha racters . )  Piles t rans ferr ed bet w een 
v i rt u al u nit r ecord devices b y  the spooling 
ro utine s  are not p h ys i c a l l y  p u n ched or 
p r inted . . W it h t his met hod , files ca n be 
made a vailable to multipl e vir t u al 
m ac hines . or t o  different opera t i n g  systems 
e xec uting at differe n t tim es in t he s a m e  
v ir t u al machine . 

CP s pool in g options i nc l u d e  pri n ting 
mu l ti p le copi e s  o f  a single spool f i l e ,  
backsp aci ng a ny n u m b er of printe r  pa ge s , 
a nd d e f i ni ng spooli n g  cl ass es for t h e 
s c hedu ling of real outpu t .  

Spooling Virtual Console 1/0 

C P  allows t he user to s po ol his virtu al 
m ac h in e ' s console inputjinput on d i sk , 
i n s tead of , or i n  addi tion to , h av i n g  it 
d i s p l ay e d  at h is ter mina l . The d a ta 
spooled i nc l ud e s  m e s s a g es from or to t he 
v irt u al m a c h ine o p era ting syste m ,  C P  
c o m mands e n te red b y  the user , CP m es s ages 
an d res p o ns es , and messa ges from or to the 

system opera t or.  T his facil it y , inv o ked by 
the SPOOL CON SOLE c omma nd , is particularl y  
u se f ul when t h e  vir t u al m ac h i n e  i s  
ex ecut ing w it h  the termina l  d i sc onnected , 
since the vir t u a l  conso l e  o u t pu t ,  w hi c h  
w ou l d  ot he r w i s e  be los t ,  i s  sa ved on d i sk . 
The s aved data is l at er p r in t ed o n  t he r ea l  
prin t er . 

Remote Spooling 

C P , in con j u nc ti o n  wit h R SC S ,  provi des 
support for re m o te s pooli ng , tha t i s , R SC S  
provi d es f o r  transmission o f  fi les across a 
t el eprocess ing network c on trol le d  b y the 
R SC S  control progr am . The s ec t io n  " Re m ote 
Spooling c om m u nica tions S ub s yste m "  provi d es 
d etai ls about t he s u bs yst em an d how it i s  
u sed . 

CP Commands 

CP c ommand s are used i n t er act iv e ly t o  
con trol t he rea l  computing syste m a nd 
V M/3 7 0 ,  a n d  to provide u s er control o f  
v irtu al m a c h i n e s  a nd a ss oc ia ted c o nt rol 
program f acil i ties . 

CP commands c an be u s ed at any t i m e ,  
w it hout r e ga rd t o  w h ic h  ope ra ti ng syste m  is 
c ontrolling t he user ' s  v ir t u al m achine . To 
issu e  CP c o m ma nd s , the u se r  m ust f i rst 
suspend e xecution i n  the v ir t u a l  machine by 
presenting an a t tention i n te rrupt to 
V Mj3 7 0 1 s  c o n t ro l  progr am ;  t his is t he 
v ir t u a l  machine e q u iva le nt of p re ssi ng the 
stop b utton on a r e al comput in g s ys t em . 
How ev er ,  t he C ft S  user can i s s ue C P  c ommand s 
without leavin g  t h e  CMS env iron ment , t hat 
is , w i t h ou t  pre se n ti ng an a tte ntion 
interrupt . 

P RI VI LEG E C L A S S E S  

E a c h  u s e r  o f  V ft/ 3 7 0  is assi gned o n e  or more 
privilege classes a s  pa rt of the d irectory 
entry o f  his v ir t ual mac hine . A use r ' s  
privi lege cl ass (es ) defines his allow a bl e  
subset o f  C P  c o m mands . 

F i gure 9 id e n tif ies the pri vilege 
classes , their f unctions , and the u s ers to 
w hom t h ey are assi gned , a nd na m e s  the 
p ub lications in w hi c h  the comman d s  for each 
class are desc ribed . 

C ontrol Prog ra m Desc r i ption 2 1  



Cl ass User a nd F u nc tion 
--------------------------, 

A l  R!!!�!I �I�!�� gE�r a1Q£ : The c la ss A user controls the 
V M /37 0 syste•.  C lass A is assigned to the user a t  the V M/37 0 
s ystem c o n s o l e  at I P L  time. T h e  priaary syste• opera to r is 
responsi ble for t he a v a i labi l i t y  o f  the V ft/ 37 0  s yste• and its 
c o m m unication li nes a n d  r esou r ces. In addit i on , t he c l a ss A 
u s er cont r o ls systea accounting , b road c a s t  messa ges , virtual 
m a c h i ne p e r f or •ance o p tions a n d  ot her c o m a a n d  o pera n d s  t ha t  
a f f ect t he overa ll pe rfo raa nc e  o f  VM/37 0 .  
!�!� : The c l as s  A s y s t em o p er at or w ho is a u t o m a t ic a l ly logged 
on d uring CP i ni t i al i z at i o n  is des i gnated as t he P rimary 
Sy s t e a  O perator. 

B l  �I§!�! ���QYif� QE�£!!2! = The c la ss B user c o n trols all t h e  
r e al resour ces o f  t he V M/370 sys te • , e xc e pt those controlled 
b y  the prim ar y  s ys t em o p er at or and spoo l i n g o perator. 

c 1 , 2 �I§!�� f!�E!!!!�! = T he c l as s  C u s er u p d ates certain 
f un c t i o n s  o f  t he V M/ 3 7 0  syst em. 

D l  �E��!i�E QE�£2!2! : T h e  c l as s  D us er controls s pool d a ta 
f i l e s  and specific f u n ct io ns o f  t he syste m ' s  u nit rec o r d  
equ i pment. 

E 1 , 2 �I§!�! A!!!I§! : The c la ss E use r e xa mi ne s  a nd saves certain 
dat a in the VM/3 7 0  s t o rage a rea. 

F 1 , �  ��!!!£� ��EI���Di2i!!� : The c la ss F use r obtain s  and 
exa m i nes i n  d e tai l ,  c e rta i n  d a ta a b out i n p ut a nd output 
devices c o n n ected t o  t he V M/ 3 7 0  syst em. 

G •  General User : T h e  cl ass G u s er co nt rols functions a ssocia ted with-the
-execution of his v i r t u a l  m achine. 

A n y t , •  ��I M�! = T h e  class Any u s er h as l i m it ed use of VM/370 to 
gain initial a ccess t o  the V M/ 3 7 0  system. 

H Rese rved f o r  I E M u s e. 

l D e sc r i b ed i n  the !�LlZQ :  Q�!!tO!�§ �y!g� . 
2 D e sc ri bed i n  the !�LlZQ : �I§!�� � rog!��§!�§ 2�!g� . 
� D e sc ri bed i n  the !�LJZQ : g1l�l� ��g ]!!�! ����!gi�E Guide. 
• De scri bed in t he !�LJZQ : �Q!��ng 1�ng�g§ Gu id§ !�! gi�§i�! M§�!§· 

Figure 9 .  C P  P riv ilege C lass D e sc r i pt i o ns 

G EN ER AL U SE R S  

I n  o r d er t o  b e c o ae acti ve i n  t h e  s ys t em , 
t h e  user prepares h is terminal a nd 
e s ta b l i sh e s  a l i n e  conn ect i o n  to t he r eal 
c omput i n g  s y s t ea t hat is r u n n i ng VM/37 0 .  
A t  t h a t  poi n t , the LOGOR comm an d  i d ent i fi es 
t he u s er t o  V M /3 7 0 , w hi c h  t he n  c re a te s  the 
c on trol b l oc k s  necessar y to s i mu l at e  t he 
v i r t u al a ac h i n e  c o n f i gu r ed i n  his d i re c tor y 
e n try. Or t h e  user ' s  t er m i n al c an be a 
r e a ot e  t er ai n al for a aultip le-access 
v i r t ua l  machi ne o p e r ati n g  s ys t em (su c h  as 
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APL, DOS - 3 6 0 ) . To i dent i fy hims e l f  t o  a 
mu l t i p le- access sys tea , t he use r  i ss ue s  the 
D I A L  command and is , t h er e a f t er ,  c o n t r ol led 
by t he multip le- a ccess s yste m  di r ec t l y. 
The user ' s  termin al aust be o f  a t y pe 
supported by t he m u ltiple-access s ys te m. 

Or dinarily , t he user iamed i a t e l y  l oa d s  
a n  o peratin g  system i n t o  his v irtual 
a a c h i n e ,  u s i n g  t he I P L  c oaaa nd .  E xec uti on 
in the vir t u a l  a ac h i n e  can be s t o pped at 
any t i • e , a nd t he user can then i nvoke 
c o a aa nds to siau l a t e  t he funct i ons o f  t he 
operator ' s  c onsole o r  othe rwise to c on t r ol 
his virtual a ac h i n e . Soae o f  t hese 
com mands are : 



A D  STOP 

D I SP L A Y  

D E T A C H  

R E ADY 

S POOL 

STORE 

B E G IN 

LI N K  

QU ERY 

SE T 

TE R M I N A L  

11�!J!l!!.9 
Ca use s  an e x t er nal interrup t . 

Defines an i nstruct io n  addr ess 
s t o p  locat ion i n  vi r t ua l 
storage . 

Displays s peci fied v ir t u al 
machine reg isters or vi r tua l 
storage cont ents in hex adeci m a l  
or EBCDIC . 

R e mov es a s peci f ied de vice f rom 
the virtual m a chin e 
conf iguratio n .  

Simulat es 
i n te rr up t  
dev ic e .  

a d e vice end 
fro m  a vir t u a l  

A l t ers t he spooling con trol 
options (such as n u m ber o f  
copies) f or one or m ore vi r t ua l  
unit record devices t h at ar e 
controlled b y  t he spooli ng 
f acili ti e s .  In addit ion , t his 
comaand transfers d a ta f i l e s  
a m ong users an d r emot e 
s t ations , a n d  starts a nd stops 
conso l e  spoolin g .  

I n serts 
machine 
storag e . 

d ata into 
registers or 

v ir t u a l  
vi r t ua l  

R esumes ex ecut ion in the 
virtual m achi n e  (t he fu pct i o na l  
e q u ivalent o f  pressing t h e 
st art key o n  a rea l  computing 
syste m ) .  

Ma kes a speci f i e d  v i r t u a l  
direct access st orage d evice a 
part of th e v irt u al machine 
configuration i f  t he d e vice i s  
def ined as s har a bl e an d t h e  
u s er c a n  supply t h e  a p propria te 
password . 

Int errogates c erta in syste m 
i nformation such as t he log 
messag e , t h e  number o f  s pool 
files , or t he v irtual machine 
confi g ur ati o n . 

Establi shes cert ain s yst em 
v a lues such a s  the l e ve l  of 
e r ror m e s s ag e  t o  be pr int ed or 
t h e aaount of VM/3 7 0  ed i ti n g  
f o r  terminal i n put l in es . 

A l l o w s  t h e  
V M / 3 7 0  
c ha racters 
li nesize of 
te rminal . 

user t o  d e f in e t h e 
logica l ed i ti n g  

a n d  t he lo g i cal 
I/O to a nd f ro m  his 

OTH E R  U S E RS 

T he following d i sc usses some of the 
f unctions t h a t  o t her VM/ 370 u s er s  may 
perfor m .  VM /3 7 0  sy ste m ope ra tors c a n  use 
the S ET comm and to dynamically p r o v i d e  any 
of t he VM/3 7 0  perf o r ma nce opti o n s ,  e xc e p t  
virtual=real , to a p art icu l ar v irtual 
mac h ine . (The v i rtua l = re a l  o p ti o n  i s  
defined i n  the V M/3 7 0  s ys t em gener at i o n  and 
specified i n  the d irec tory e n t r y  of the 
se lected v irtual machin e . ) s ystem 
oper ators c o n t ro l  the orde rly a c ti vi t y  of 
the real computing s ys t em w i t h  FO R C E  to 
t er minat e  a particular vi rtua l machine , 
S H UT D O W N  to t e r m i n a t e  all V M/ 3 7 0  fu nct i ons 
such t hat a VMj3 7 0  re sta r t c a n  b e  
pe rf o rm ed , a n d  ACNT t o  cr eat e  accou nt i n g  
recor ds for a l l  active use rs .  s ystem 
opera tors c an define a paging 
charact eristic in SE T tha t will a f f e c t  the 
a mount of m ul tipro gr am m i n g  att e mpt ed by 
V M /3 7 0 . 

s y s t e m  resource opera tors c a n  c on t rol 
comm unication lin es wit h EN A BL E  and 
D I S A BL E ,  logic a l ly re move a d e v ic e  f rom the 
real c om puting system wit h D ET A C H  and V A R Y , 
and add a dev ice to e i the r the real 
computing s ystem or a v ir t u a l  machine 
con f i guration with A TTACH . 

Spooling ope ra tor c o mmand s 
B A C K S P AC , FLU S H ,  PU R G E , R EP E A T ,  
HOL D ,  an d FR EE . 

i nc l ude 
SPAC E ,  

Sy stem analysts c a n  is sue DC P t o  d i spla y 
real storage locat i ons at t he t er m i n a l  o r  
D M C P  to p r i n t  t he m  off l i ne . T he y c a n  use 
Q U E R Y  to l e arn curr ent sy s t e m  paging 
ch aracteristics . S A VE S Y S  c a n  be i ss ued to 
save a "core i m a g e "  copy o f  a v irt u a l  
machi n e ' s stora ge space , reg i s te r s , and 
program sta t us wor d on t he V M/3 7 0  s y s t em 
resid ence disk . 

Performance 

The perfor mance o f  any com put i n g  system is 
judged ty how e f f iciently a nd q uic k l y  it 
proce sses t h e  wor k  it h as t o  do . 

T h e  following fac tors inf l ue nce the 
perf ormance o f  a V M/ 3 7 0  s y s t em : 

• T h e  S ystemj 3 7 0  model u s ed . 

• 

• 

T h e  total n u m ber o f  v irtu al m achi n es 
ex ecuti ng . 

T he t y p e  of operating s ystem s being used 
in the virtual m achi n es . 

C o nt r o l  Pr ogra m De sc ri ption 2 3  



• The t y pe of work bei n g  done by each 
v ir t u a l  m a c h ine.  

• The t y p e , ca paci ty , and n ua ber o f  the 
priaary p a g i n g  dev ices . 

• The n u m be r  o f  chann els available . 

1 • The c ha n nel o pe ratin g  
1 m u lt i plex er o r  se lect or . 

m ode , block 

• T he amount o f  real storage av a i la b le . 

1 • T he use of the V irtual M a c h ine A ssist 
I f e a t u re . 

I n  g e neral , the be s t  per form ance is s een 
i n  a V M/ 3 7 0  system t hat has a large a m ount 
of r e al stor a g e ,  many cha n nels a vailable , 
m an y  l ar g e pria ary paging d evice s ,  a nd 
re l a ti ve l y  f e w  virtual machines e x ecut i n g  
a t  a n y  one t i m e . H o w e ve r , v i r t u al m achin es 
t h at ar e ex ecu t in g  C M S  make s a a l le r  d e ma nd s 
on system resourc e s  t h a n  do virtual 
m ac h i n es running other operat i n g  systems , 
pa rtic u l a r l y  those t h at m an a ge t heir o w n  
v ir t u al s t or a ge . T here fore , a V M/3 7 0  
s y stem c a n  sa ti sfac toril y m an a g e  m any aor e 
C M S  m ac h i n es t ha n ,  for e x a a ple , O S  
machine s . 

The per f o r m a nc e  of a n  oper atin g s ys t em 
such as O S  can be improved by substituting 
C P  pagi ng f or virt ual m achin e I/O 
o p er at io n s . This is done by specif yin g  a s  
r e s i d e n t  as many f r eq u ent ly-u sed O S  
f u ncti ons a s  possi bl e  (for exampl e ,  
t r ans i ent s u brout ines a nd I SA M  inde xes) • 

C P  c a n  the n b ri n g  the p ag e  cont ainin g t he 
r o u t i n e  or dat a into r e a l  s t orage w h e n  it 
i s  needed . 

I n s t ea d  of c onstruc ti n g  p ro bl e m  pro gr a m s  
wi t h  c o m p l i cated overlay s , p rogra aaers 
sho uld allow CP ' s  p a g i n g  f acilit ies t o  
m an age s t o r a g e  dy namically . 

V I RT U AL M AC H IN E  C HAR N EL MODE SE LEC TI ON 

V ir t u al m achine S IO 
s i m ula ted b y  C P  i n  

o pe ra tions 
t hr e e  

a n d  b y t e - mu lt iplex er , s e l ector , 
a ultiple xer c hannel mode . 

a re 
w ays : 
bloc k  

Virtua l b y te - m ul ti pl exer m o d e  i s  
r es er v e d  for I/O o perat ions t ha t  a p p l y  t o  
d e v ic e s  a l l oca ted t o  cha nnel z ero . 

S el ect or ch ann el aode , t he d e f a u l t  m od e ,  
i s  the m od e  o f  operati on for any cha nnel 
t hat h as an attac he d  Cha nne l -to-Ch annel 
A d apter ( CTCA)  , r egard less o f  t he selec ted 
c ha n ne l m ode setti n g  (the CT C A  is tr e at ed 
as a s har ed control u n it and , t herefore , i t  
m u st be c onnec ted t o  a selector c h an n e l ) . 

2 4  I B M  V M/ 3 7 0 :  Introduction 

B lock au l t i plexer channel a od e  is a CP 
siaul ati on of r e a l  b l oc k  a ulti plexer 
opera tion ; it allows t he v irtu al machin e ' s 
oper at i n g  s ystea to overla p SIO re que s ts to 
a ul ti pl e d e vices connect ed to t h e  s aae 
chan n e l . 

Bote : CP siau lation of b l oc k  a u l ti pl e xing 
does not reflect c ha nnel a va i la ble 
inter r upts ( C A is) t o  the u ser ' s  v irtual 
aachi ne . 

T he s elect ion of b l oc k  a ulti ple xe r  
c ha nnel aode o r  s e lector c han n el mode is 
effect iv e regard less of t h e  rea l cha nnel 
d e vices on t he s ys t ea; 37 0 . T h e  chan nel 
oper ating mode is selec ted via the C P  
D E F I NE coaaand (see t h e  !M/3 7 0 : £���ng 
�!ngyjg� �u ide !�! ��1 U se!§) or v i a  a 
D i rec tory service progr aa o pt ion (see t h e  
!.U]].Q : £.E!U:�!21:.!.2 §y!g�) • 

V I RT U A L  M A C H I N E  A S S IST F E AT U R E  

T he V ir t u a l  M ac hine A ssist fea t ure , which 
i aproves t he per f o r mance of V M/3 7 0 ,  is a 
com bination of a C P U  fea ture a nd VM/370 
progr a a mi n g . Virt u al storage o p er at i n g  
syst e as (su c h  as O S/VS 1 a nd DOS/VS) that 
run i n  problem state u nder control of 
V M/3 7 0 ,  use ma ny pri vil eged instru ct i ons 
an d S VCs t hat cause inte rrupts tha t VM/3 7 0  
m us t  handl e .  W h e n  t h e  V ir t u al M achine 
Assist featu re is used , many of these 
i n te r r upts are i n t er cept ed and h an dl ed by 
t he CP U ;  consequ e n t ly , VM/ 3 7 0  p e rf orma nce 
is i m proved . 

The Virtual Machine Ass ist f e at u r e  is 
av ai l a ble w it h  Sy stem/3 7 0 M ode l s  1 3 5 , 1 4 5 ,  
1 58 ,  a nd 1 6 8 . 

Whene ve r  V M/3 7 0  is ! PLed on a CP U t hat 
bas t he Virtual M a c h i ne A ssist tea ture , t he 
fea ture is enabled for all v ir t u al m achines 
on t he syst e a . The systea o pe ra tor can 
d isable and en a b l e  t h e  f eatu r e  f or t he 
syst e a ,  u s i n g  t he SE T coaaa nd .  

When a u se r  logs o n , t he Assist feat u re 
is en a t l ed for his virtua l  mac h i n e ,  if i t  
is e nabled f o r  t h e  s ys t ea . T h e  general 
user can set t he fea t u re o f f  for his 
virtual aach i n e , an d l at er s et it on again . 
Be c an als o  contro l w hether SVC i nte rrupts 
a re h a ndled b y  t h e  Assist f e at u re or by 
VM/3 7 0 .  

More i n fo ra ation 
a ppears und e r  " E rr o r  
i n  " A ppendix A :  
support . "  

a bout s vc h a ndling 
Recor din g Procedur es "  
R ecovery Management 

Under soae conditions , 
M ac h i n e  Assist feat ure ca nnot 

t he V irtual 
be used . CP 



GC 20 - 1 8 0 0- 4 ,  P a g e  M o d i fi ed b y  T N L  G N 2 0- 2 65 7 , Ma r c h  3 i , 1 9 7 5  

a u toma tic a l l y  t urn s t h e  f eat ur e o f f  i f  t h e  1 • Cl osi ng CP spool f i l es 
u s er i n v o k e s  c e r t a i n  T R ACE f u n ct ions , 
at t aches a de dicated c h a n ne l ,  or a tt e m p t s  1 • 
to l oad a s ystem c o n t ai n i n q  a s h ar ed 
s e gm ent . CP

-
a u t o mat ica l l y  

-
t u r n s  the 1 • 

Pr ocessi n g  V S 1 p s eu do p a g e  f a u lts 

f e a t ure on again when t h e  u s er e n ds t h e  1 
T R A C E ,  d e t a c h e s  t he d e d ica ted c ha n ne l ,  or 
l oad s a s ys t e m  that d oes not c o nt a i n  a 1 • 

Pro vi d i n g  an opt ion al n o n p a gin g m o d e  for 
V S 1 w he n  it is run with VM/3 7 0  

P r o v i d i n g  m i sc e l la neous e nha nc e me n ts for 
V S 1 when i t  i s  r u n  u n d er t he contr ol of 
V M / 3 7 0  

s h ared s e gment . I 
I 

F or f ur t h e r  i n f o r m a t i o n  a bo u t  S VC 
han d l in g ,  t h e A ss ist f e a t ure , a nd i m provi n g  
pe rf o rm an ce i n  t h e v irt u a l  ma c hi n e  
e n v i r o n m e nt , r e f e r  to t h e  !�L]]Q :  �I§!�� I CLO S IN G  C P  SPO O L  F I LE S  

R±2gf���gf�§ §�!gg . 

I PE R F O R M A NCE M E A S U RE ME NT A N D  A N A LY S IS 

T he V M / 3 7 0  control p r o gr a m  h a s  t w o  c om ma nd s  
t ha t mea s ure s ystem p e r f o r m an c e : M O N IT O R  
a n d  IN D I CAT E .  T he M O N ITOR c om ma nd c o l le c t s  
s y ste m mea s ur e m e n t  d at a  o f fl i n e  f o r  t h e 
s y s t em o p er at or or s y s te m  a na l y s t ,  w h i l e  
t he I ND I C A T E  c o m m a n d  di s p l a ys s y s t e m  
m e asur ement data o n l ine f or the s ys te m  
a na l ys t  o r  ge n e ral use r .  

T he M O N I T O R  c o m m and gat hers dat a 
r el at i n g  t o  most aspect s of s y s te m  
pe rf ormance a n d  wri tes t h e  d at a o n  t ap e .  
W h en t he dat a c o l lected on ta pe i s  
s u m mari zed , i t  m a y  i n d i cat e t he con dit i ons 
co n tr i bu t i n g  to p erfor m a n c e  d e grad a t io n .  

The I NDI C A TE c om m an d  d i s pl ays , at t h e  
t er m i n al , s o m e  k ey i nf o r m a t i o n  a bo u t  t h e  
s y stem to s h o w  t h e  c u r r ent per f or m an c e  
con d it ions . IN D I C A TE d is p la y s  t he s ys te m 
c ond i t i o n s  e xi sti ng at t h e  t i m e  it is 
i s s u ed . I f ,  after u s i n g  the I ND I CA T E  
c o m mand , t h e  syste m anal y st w an t s  m or e 
e x t e n s iv e d a t a  collect i o n  a nd red uc ti o n  h e  
c a n  u s e  t h e  M O NI T O R  c o m m an d . 

Refer to t h e  Y�L]]Q: �I2ig� f£Qg£����£�2 
§�igg , t he Y�L]]Q : QE�£�12!�§ Q�igg, and 
t h e  !�Lll� : �2���ng b�ng��g� ��!gg !2! 
G en eral U s ers f o r  d e ta i l s  a bo u t  t he M O N IT O R  
and-INDI CATE-

c om m an d s .  

I VM/VS Handshaking 

VM/VS H a n d s h a k i n g  i s  
betw een t he V M / 3 7 0  
O S/VS 1 t h a t  m a k e s  
p r o gr am aw are of 
re q ui re me n ts of 
Han d s h a k i n g  cons ists 

a com m u n i cation p at h 
c o n t r o l  progra m  a nd 
e a c h  s y s t em co n t r o l  

a n y  ca pa b il i t ie s  or 
t h e  ot her . V M/V S 
o f :  

W h e n  t h e  h an ds hak in g f eat u r e  i s  a c ti ve , V S i  
c l ose s i t s  CP spool f i l es w hen V S 1 j ob 
o u t p u t  f r o m  i t s  D i rect s ys t e m  o u tput ( D S O) , 
te r m i n a t or , a n d  o u t p ut writ ers is c o m p l et e . 
O n ce t h e s p ool f i l e s  a re c l osed , the y are 
proc e ssed b y  V M/ 3 7 0  an d s ent to t he r eal 
printer or p u nc h .  W i t h  the V M/VS 
Hand s h aki n g  f e at u r e ,  v ir t u a l  machine 
oper a t o r intervention i s  n o t  re q uired to 
c l o se these s pool f i l es . 

I PSE U D O  PAG E  F A U L T S  

A page f a u l t  i s  a p r o gram i n t e r r u p t i o n  t hat 
occu r s  w he n  a page that is ma rked " not in 
storage " is r eferred to b y  an i n str uction 
w it h i n  a n  a ct iv e page . The v i r t ua l  mach i ne 
opera ti n g  s ystem r e ferr i n g  t o  t he p a ge is 
p l a c e d  i n  a wait s tate whi le the pa ge 1 s  
b ro ug h t  i n t o  r e al s t or a g e .  W it hout t he 
han ds h a k i n g  fea t u re , the e nti re V S 1 vi r t ual 
mac h i ne i s  pl aced i n  page w ai t  by VM/3 7 0  
u n t i l  t h e n e e d ed pa ge is a va i la b le . 

H o w e v er , w i t h  t h e  ha ndsha k i n g  f ea t ure , a 
m ul ti pr ogra m m i n g  ( o r  mu l t it a s k i n g )  V S 1  
v ir t u a l m a c h i n e  c a n  d i spa tc h one ta sk whi l e  
wa i t i n g  f o r  a p ag e  r eq u es t  t o  b e  a n s w ered 
for a n o t h e r  ta s k .  V M/ 3 7 0  pa sse s a pseudo 
page f a u l t  ( pr o g r a m  i nt err u pt i o n  X 1 1 4 ' ) t o  
V S 1 . W h en V S l r e c o g n i z e s  t he p se ud o pa ge 
f a ul t ,  it places o n l y  t he task w a it i ng for 
t he p age i n  pa ge w a i t ,  a nd c a n  d i spa tch a n y  
ot her VS 1 t a s k . T h u s , w h e n  VS 1 u se s  p se udo 
page f a u l t s , i t s  e xe c u t i on und e r  the 
cont r o l  o f  VM /3 7 0  more c l o se l y  re s e mb l e s  
i ts e xe c u t i o n  on a r ea l  m a c h in e .  

I V S 1  N O NPA G I N G  M OD E  

W h e n  V S 1 i s  r u n  u n d er t h e  control o f  V M / 3 7 0  
and i t s  v ir t u a l  add re ss s pace i s  e q ual t o  
the s i ze o f  t h e  V M/3 7 0  v ir t u al m a c h in e ,  V S 1 
is in n o n p a g i n g  m od e .  W he n  V S 1 e xec utes i n  
non pag i ng m od e ,  i t  us es f ew er p r i v i l e ged 
instr u ct i o ns and avoids d u plic a te p a gi n g .  

C o n t r o l  Prog ra m D e sc ri p ti on 2 5  
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H o we ve r ,  VS 1 m a y h a ve a l ar ger w o r k in g s et 
w h en it is r u n  in n o n p a g i n g  mod e  than whe n 
i t  i s  n o t . N o n p ag i n g  m o d e  is a v a ila b le only 
w hen the V M/ V S  Han d s haki n g  featur e is 
a ct iv e .  

I M I S CE LL AN EO U S  EN HAN C E M E N T S  

1 W hen O S /V S 1 is r u n  i n  a V M /3 7 0  e nv i r o n m e n t , 
1 a c e r t a i n  a m o u n t  of d u p l i c at i o n  r es u lts . 
1 How ev er , w h en t h e h a nd s ha k i ng fea t ure i s  
1 a c t i ve , t he VS 1 v i r t u a l  m a c h i n e  avo ids s o m e  
1 o f  t ho s e  i ns t r u c t i o n s  o r  p r oc e d ures tha t 
1 w o ul d  r e s u l t  i n  i n e f f i c i en c y . For exa m p l e ,  
1 V S 1 av o i d s  : 

1 • I S K  ( In s er t  S t o r a ge K e y) i n s truc ti ons 
1 a nd u s e s  a key table i n s t e a d  

1 • Seek s ep a r a t i o n  f o r  2 3 1 4  d i r e ct access 
I d e v ices 

I • The E N A BL E/ D I S A BL E  s e q u e nc e  i n  the V S 1 
1 I /O S u pe r vi sor ( I OS ) 

1 • T C H  ( T es t  C ha n n e l )  i n s t r uc ti on s  
1 preced i n g S I O  ( St ar t  I/O) i n s tr uc t i o ns 

I V M j V S  H A ND S H A K I NG RE QU I R E ME NT S  

V S 1  m u s t  
a n d  r u n  
s u pp o r t s  
V S 1  m u s t  
m o d e . 

g e ne rated w i t h  t h e  
w it h  a v e r s i o n  o f  
V M/ V S  Han d s h a k i n g . 
be r u n  in E xt e nded 

V M/ 3 7 0  o p t i o n  
V M/ 3 7 0  tha t 

In a d d i t i o n , 
C on t rol ( EC)  

When V M/ V S  Hand s h a k i n g  i s  a v a i l a b l e  in 
a n  O S/V S 1 v irt u a l  m a c h in e ,  the pse ud o pa g e  
f a u l t  h a nd l i ng p o r t i o n  o f  h a n d s h a k i n g is 
not av a i l a b l e  u nt i l  the o pera tor of t h e  
v i r t ua l  m a c h i n e  i ss u e s  t he C P  S ET PAG EX O N  
co m m an d .  T he p s e u d o  p a g e  fa u l t  po rti o n  o f  
t he V M / V S  H a n d s h a k in g  f e at u r e  c a n  be s et o n  
a n d o f f  w it h  t he C P  SE T c o m m a n d . The CP SE T 
c om ma n d  i s  d e scribed i n  t h e  !�L11Q :  £2!!�Qg 
1�Q�Y��g §yig� !2f §gQgf�1 Q§gf§ ; mor e 
i n f o rm a t i o n  a bo u t  u s i n g  t he V M/V S 
H a n d s h a k i n g  f ea t u r e  c a n  b e  f o und in t h e  

!�LllQ : �1§!�! R�2�f�!!gf�� §�iQg . 

Reliability, Availability, and Serviceability 

V M /3 7 0  prov ides i nc r e as e d  r el i a bi l ity , 
a v a i l a bi l it y ,  a n d  s er v i cea b i li t y  ( R A S )  to 
i t s  use r s  i n  t wo w a y s : 

2 6  I BM V M /3 7 0 : I n t r o d u c t i o n  

1 .  

2 .  

T hr o u g h  t he d e s i g n  
o f  m u lt ip le v i r tu a l  
d i scussed belo w . 

of the en vironme nt 
ma c hi ne s .  T h i s  i s  

T h r o u g h  u s e  o f  t h e  R AS feat u r es o f  t h e 
S y s t e mj 3 7 0  ha r d wa re a nd V M / 3 7 0  s ystem 
c ontrol p r o gr a m m i n g .  These are 
d is c u s s ed i n  d e ta i l  in " A ppend i x  A :  
Re cover y Man a g e m e nt Su ppor t . "  

R A S  F E A TUR E S  O F  VM/3 7 0  D E SI G N  

I n  t he vi r t u a l  m ac hi ne env iro n m ent , each 
user is effect ive l y  i sola ted f ro m  the 
ac ti vi ties o f  a l l  o t h er v ir t u a l  machine 
u s e r s . 

1 .  CP i s o l ates t he v ir t u a l  machine 
s t or a g e  b y  r e f e r r i ng t o  i t  via i ts o wn 
page a n d  s e gment t a bles o n ly ; a 
v ir t u a l  mac h ine ca n n o t  g e ne ra te a 
s to r a g e  a d d r e s s  t h at r efers t o  any 
storage a rea e xc e p t  i t s  own . 

2 .  Pas s word s m us t  be us ed t o  g a i n  access 
to t h e  system an d t o  s h ar e d  disk 
fi les . 

3 .  T h e  d a t a  on s h ar e d or cr i t i c a l  disk 
f i l es can b e  pro tected by d e si g na ti ng 
i t  as " r e a d -o n l y " .  

4 .  T he t er m i n a t i o n of a v i r t ua l mach i n e  
a f fects onl y  t h at m ac h i n e  a n d  i t s  u s er 
( or u s er s , if it i s  a m u l ti ple- access 

s ys t em )  • T he us e r  i s  se n t  a n  
a p p r o p r i a t e  m es s a g e  at t he v ir t u a l  
o p e r a t or ' s  c onsole b e f o re the 
ter mi na t i on . T he l i n e  w i l l  be l eft 
ope n ,  but t he use r  w i l l  need to l og on 
to V M/ 3 7 0  an d l o ad his o p e r a t i n g  
s y s t e m  aga i n . 

5 .  Users c a n  r u n  c onc u r r e n t l y  a s  m a n y  
versi on s ,  l ev e l s , t yp es ,  a n d  cop i es of 
operat i n g  s y s t e m s  as the y re q u1 re . 
S ys t e m s  c a n  b e  g e n er at e d ,  t es t e d  and 
modified i n  o n e  v i r t ua l mac h ine wh i l e  
product i o n  w o r k  i s  b e i ng r u n  on 
anot her . W it h  no need for a d e d ica ted 
m a ch i n e , a n e w  s y s t e m  c an be f u l l y  
t es t e d  b e f ore c o nve rsi o n  wi th no 
i m p act on t he p r od uc t i on work 
sc h ed ul e .  

6 .  T o  a s s i s t  i n  loca t i n g  p rog ra mming 
m a l fu nct ion s ,  VM/ 3 7 0  p rovid e s  c o m ma nd s  
t o  t r a c e , e xa mi ne , a nd a l te r t h e  
operati on o f  a v i rt u al m a c h i n e  a n d  t o  
exa m i n e  a nd a l t e r  t he c on te n ts o f  i ts 
v i r t u a l  stor a g e . 

7 .  U si n g  t h e  O n l i n e  T est St a n d a l on e  
E xecu t i v e  Pr og ra m ( O LT SEP) , a service 



GC 2 0- 1 8 0 0- 4 , Page Mod ified b y  T N L  G N 2 0 -2 6 5 7 , M a r c h  3 1 ,  1 97 5  

re prese n t a ti ve c a n  p er fo r m  o n l i n e  
d i agnos is o f  I/O errors f o r  m o s t  
d e vi c e s  a ttached to t he S y s tem/37 0 .  H e  

can r u n  OL T S EP i n  a v i r t ua l  
whi l e  o t h e r  work is b ei n g  
o t h er v ir t u a l  machi ne s .  

machi n e  
d o n e  o n  

Con t rol Pro g ram D es cr ip t io n  2 6 . 1 
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Conversational Monitor System 

The C o n ve r sa ti onal Mon i t or S y s t em ( CM S )  is 
t he m a j or s u b s y s t e m  o f  V M /3 7 0 . Tog e th e r  
w i th the c on t rol progr am o f  V M/ 3 7 0 , i t  
p r ov ides a t i m e  s ha r i n g  s y s t e m  s u i ta b l e  f o r  
d i re c t  p r o b l e m  s o l vi n g a n d  pr o gr a m  
d ev e lo p m e n t . CM S is a n  opera t i ng s y s te m  
tha t e xe c u t e s  on l y  i n  a V M/ 3 70 v i r t u a l  
m a c h in e .  ( CM S  u s es t he D ia g n os e  i n te rfac e 
f o r  a l l  of i t s  disk a n d  t a p e  i n p ut;o u t pu t  
o p er at io ns a n d  i n c l u d es no e r ror rec ove r y  
routine s . ) 

C M S  i s  a con v er s a t i o na l , s i n g l e  use r 
s y s te m .  The use r ' s i n t e r f ac e  t o  C MS i s  t h e  
v ir t u al o p er a t or ' s  c o ns o l e , t ha t  i s ,  the 
te r mi n a l  used to gain access t o  V M/ 3 7 0 . 

C M S  has no mu l t i p rog ra m mi n g  
c a pa b i l i t ie s , a s  i t  i s  d es i g n e d  to r u n  in a 
V M/ 3 7 0  v ir t u a l  m a c hin e .  C P  provides t h e  
t i me s h a ri ng e n vi r o n m ent ; C M S  p ro v i d es t he 
conv ers at ional u s er i n t e rfac e . U s i ng C M S , 
t h e  user ma y w r i te p r o g r ams t o  be e x e cu t e d  
u n d er CM S o r  u n der anot her v irt ua l  ma c hi ne 
o p e ra ting s ys te m .  

C M S  i s  a n  exten s ion o f  t he C a mb ri d g e  
Mo nit o r  S y s te m , a m a j o r  c o m p o n e n t  o f  t he 
p r edecessor of V M /3 7 0 ,  C P- 6 7 /C M S . 
" A ppe nd i x  E :  Compati bi l i t y  of V M/ 3 7 0  w it h  
C P - 6 7/CM S "  discu s s e s  t he rela tionshi p 
b e t we e n  t h e se s y ste m s . 

CMS Configuration 

A v ir t u a l  m ac hi n e  t ha t  is to u se C M S  i s  
c on f ig u re d  m u c h  t h e  s am e  a s  a n y  o t h er 
v ir t u a l  m a c h in e , w it h  a f e w  spec i a l  
c on si d e ra t i o n s . 

T h e  CM S v ir t ua l  m a c h i n e  mu s t  be a ss i g ne d  
at l e a s t  3 2 0 K  b yt e s  o f  virt u a l  s t o r ag e ,  o f  
w h i c h  1 2 8K i s  u sed b y  t he C M S  n uc le us . 
U s e r  p r og r a m s  t h a t  e x e c u t e  i n  CMS m ay 
i n cr eas e  t h is r e q u i r e m e n t . T he vi r t ua l  
s t o ra g e  si ze m a y  b e  d ef i ned a s  l ar ge a s  1 6  
m i l l io n  byt es , in m u l t i p les of 4 K .  

The m o s t  a c t iv e  p o r t i o n  o f  the n u c l eu s  
c a n  be s h ar e d b y  u se r s  of C M S  via t h e  
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s ha r e d  s e g me n t  f ac i li ti e s  of V M/3 7 0 . The 
a mo u n t  shared is 6 4 K ,  on e fu l l  s e g ment . 
T h is a l l ocat i on is not l oc ked 1 n  rea l 
stora g e , w h i c h  m e ans t hat a p art icu lar 
s h ar e d  pa ge of i t  ma y not b e  in real 
s to r a ge at an y given t i m e .  How ever , t he 
most activ e p a g e s  tend to re m a i n  i n  real 
stora g e . 

C MS s upports u n i t  r ecord d ev ices o nly i f  
t h ey a r e  v ir t ua l a nd u se t h e  C P  spooling 
fac il i ties . Real unit r ecord devi ces 
cannot be d e dica t e d  to the C M S  machine 
since C MS i n c l u d es n o  u n it r ecord error 
r ecov ery p r oc e d u re s . 

C M S su pports t a pe d e vi c e s , b u t  d i sk 
v o l u m e s  a r e  t he p r imar y  ext ern a l  s t orage 
for CMS c o m ma nd p roce s s i ng . 

E a c h  CM S u s e r  is a ss i g ned a t  le a st t wo 
d i sk vol u m e s .  ( T h es e  a r e  v ir t u al dis k s , 
u s u a l l y  m i n i d i sk s . )  T h e se a re :  

1 .  A r ea d- o n l y  s y s t e m  d i sk volume , 
c o n ta i n i n g  t h e  CMS n u c l eu s ,  disk 
reside n t  C M S  c o m ma nd s ,  a nd s ystem 
l i b ra r y . T hi s  v o lu m e  is s h ared among 
a l l  C M S u se r s . 

2 .  A r e adjw rite d is k  f o r  pe r m a ne n t  a nd 
te mporary u s e r  f i l es . T his user disk 
can b e  d e f ined a s  a n y si ze re q ui red 
for the u ser f i l es , as l on g  as it is a 
m u l t i p l e  of o n e  c y l i nd e r  a nd i s  n o  
l a r g e r  t han o n e  v o lu m e . (O n  a 3 3 3 0  
d ev ic e ,  t he u se r  d i sk m u s t  be n o  
l a r g e r  t han 2 4 6  c yl ind ers ; on a 
7 0- m e g a b y t e  3 3 4 0  devic e , a m a xi m um of 
6 8 2  l o gica l  c y l i n d e r s  c a n  b e  used . )  

F i gu r e  1 0  s h o w s  a v i r t u al m achine 
con fi gur ed to run C M S .  F or the m i n i m u m  CMS 
c on f i g urati on , t h e  v ir t u al t ap es w o u ld not 
be i n c l u ded . 

F i g ur e  1 1  s ho w s  t he V M/3 7 0  dir ectory 
entry for t he C M S  v i r t u a l  mac hi n e  s h o wn in 
F i g ure 1 0 .  I t  d e f ines t w o  v ir t u al disks 
and t he r e q u ired s pooled u n i t rec ord 
d e vice s . The t ap e s  ar e n ot d e f i ned i n  the 
d i re c tory entry b u t  ar e at t a c h e d  t o  t h e  
v ir t u a l m a c h i n e  b y  t h e  s y s t e m  o pe rator when 
nee d e d . 



VirtuAl - -- ----
Storage 320K 

128K - - - - - - - - -

CMS Nucleus 
OK I 

F i g u re 1 0 .  T ypical C MS Con figurat io n  

T he f i r s t  v irtual disk s hown i n  F i g ure 
1 1  is defined by t he L IB K  entry to sha r e  
t he C M S  systea on a r ead-on l y  basis ; t he 
CM S sys t e a  dis k  is o w ned by t he user C M S S Y S  
( usua l l y  t h e  system p ro gramaer)  an d i s  

assigned t he v irtual dev ice add ress 1 9 0 i n  
b o th t h e  C M S SYS a n d  t he S M I TH virtual 
a ac hine con fi guration s .  T h e  sec ond vir t ua l  
d i s k  defined i n  Fig ure 1 1  i s  o w n ed b y  t he 
u s er S MI TH . I t  h a s  virt ual addr ess 1 9 1 ,  is 
a ainidis k l ocated o n  t he real v oluae 
labe led C M S V L 1 , and occupies 5 cylin der s  
s t ar t i n g  w it h real cy l inder 0 2 5  on tha t 
volume . 

r-----------------------------------------� 
I USER S MI TH J OH I  
I ACCOUBT 5 9 7 6  
I C O B S OL E  0 0 9  3 2 1 5  
I SPOOL O OC 2 5 40 R E AD E R  
I S P O O L  O OD 2 5 4 0  P U I C H  B 
I S POOL O O E  1 4 0 3  A 
I LI I K  C M S S Y S  1 9 0 1 9 0 R 
I M D ISK 1 9 1  2 3 1 4  0 2 5  0 0 5  C M S VL 1  W 

Figure 1 1 . D i r ectory 
Mac hine 

E ntry for a C M S  

I I 

CMS File System 

System 
Disk 

(Read-Only) 

....._ .../ 

.......----.... 
....._ ...,., 

User 
Disk 

(Read/Write) 

"-.... ./ -

Virtual 
Card 

Reader/Punch 

Virtual 
Printer 

C MS s uppor ts 2 3 1 4 ,  2 3 1 9 ,  3 3 3 0 ,  3 3 3 3 , and 
3 3 4 0  disks . T he tracks of a C MS d i sk a re 
prefor•atted b y  t h e  c " s  FOR "A T c oa aand into 
8 0 0 - byte bloc k s .  U s i ng t h e  bloc ks ,  t h e  CM S 
f i le syst ea is a b le t o  pre se n t  the user 
with the e f f ect o f  logical fix ed o r  
v ar iable l e n g t h  record s , a nd provide 
sequential o r  direct access to f i les . 

C MS provides s pecial files cont aining 
a acro libraries and prograa lib ra ri e s , a nd 
special coaaands to u s e  and a o d ify t h e a . 
The user or insta lla tion c a n  c rea te 
additional aacro and prograa l i br ar ies i f  
needed . 

CM S r equ ires t he s ystea reside nce voluae 
to be onlin e . Each u s er a ay h av e  up t o  
n in e  v irtual d isks online a t  a n y  one ti me . 
(All ni ne of t he s e  a i g ht r es ide on one r eal 

dis k . ) 

T h e  user d is ks are d i f f e re n ti a te d  b y  a 
f i le a ode desi gnato r , ass i g n ed w hen t he disk 
is made activ e . The f i le m od e  c o n si sts of a 

Conversat ional Monitor Sys t e a  27 



l etter a n d  a n u a ber . T he number i ndica te s 
the disk ' s  access mode , as explained 
below . T he l etter , w h ic h aa y be A th rough 
G, s , Y ,  or Z ,  allo ws the u s er to define a 
s t an d ar d  or d er-of-search for d i s k  f i les . s 
d e n o te s  t he Syste m  disk . 

Each v ir t u a l  d i s k  aay b e  d e f i ned a s 
read - o n l y  or read;wr i te , and m a y  be s h ar ed 
aa o n g u s er s  as descr ibed i n  t he " Vi r t ua l  
Machine I /O Management S ection . " 

use r  f i le s  i n  C M S  ar e i dent i fied w i t h  a 
f i l eid cons i s t i n g  o f  three d e signa tors : 
f i lename , f i l e type , an d fil e m o d e .  T h e  
f i lename is t he n a m e  t he u s e r  a ssig ns t o  
t he f i l e . T he f i letype m ay specify 
p ar t i cu l ar ch aracterist ics of the f i le . 
F o r  e xa m pl e , t he f i let ype EX EC indicat es 
t h at t he f i l e  is an E XEC proce d ure ; 
A S SE M B LE i nd i c ates t h at t he f i l e  cons ist s 
o f  ass em bler l an g u a g e  s ource sta te me nts . 

T h e  f i l e mode d escr ibes t he loc a ti o n  a nd 
access mode of the f i l e .  T h e  letter ( A  
t hrou g h  G ,  s ,  Y ,  or Z )  indica tes tha t  d i s k  
i n  whose d i rec tory t h e  f i l e  is l isted . T h e  
nu a er i c  p ar t  o f  t he fi lemode d e fines the 
t y pe of access permitted t o  the f i l e . It 
i n d icat es w het her the file is pri va te , 
re ad; wri te , read -onl y , or i n  s i m u l at e d O S  
form at . T h e fil e mode w or ks in c o n j unc ti o n  
w i t h  the access s t a t u s  o f  t h e  d is k .  For 
ex ample , a u s e r  can gain access to a file 
wi th the 11 pri vate 11 f i l em o d e  only i f  t h e  
d i s k  on w hi c h  i t  i s  stored is in read; write 
m od e . A n y  u se r  s h ari ng t he d is k ,  and 
hav i n g  r e a d- o n ly access t o  t he d i sk , i s  
unable t o  g a i n  access to f i l es on t he dis k 
m ar k ed 11 p r iv at e . 11 T he file mode d e si g na to r 
c a n  thus be u sed to provi d e  l im it ed dat a  
s ecur it y . 

A si ngle u se r  f i l e  may con t ai n  u p  t o  
1 2 , 8 4 8 , 0 0 0  byt es o f  data grou ped i n to u p  t o  
6 5 , 53 5  logical reco rd s , all o f  w hich must 
b e  on a s i n g l e  v ir t u a l  dis k . The ma x i m u m  
n u m be r  of f i l e s  per r e al d i s k  is 3 4 0 0  for a 
3 3 30 ,  3 3 3 3 ,  or 3 3 4 0  disk , or 3 5 0 0  f or a 
2 3 1 4  or 2 3 1 9 .  

C M S  d i sk f i l e s  are writ t en as 8 0 0 - byt e 
r ecords , w hich usually are not ph ysica ll y 
c o n ti g uous on the disk . T h e y  a r e  al lo cat ed 
an d deallocat e d  automatically by C M S  as the 
f i le si ze d e m and s .  Each v i rt u al dis k 
cont ains a CM S file dir ectory , which gives 
f o rmat a nd si ze i n f o r m ation for e ach fil e 
on t he v irt u al disk a nd inc lud e s  a poi nte r 
to the f i le ' s  c h a i n  l i nk r ecords . ( T h e  CM S 
f i l e  directory , or a s peci f ied subse t  of 
i t , is b r o u g h t  i n to virtual stor age w hen 
t he d is k  is made av ailable t o  t h e  CMS user ; 
i t  i s  u pdated a t  l e ast once per co m m an d  i f  
t he st atus o f  a n y  file o n  t hat v ir t ua l  disk 
ha s been c h a n g ed . )  Each fi l e ' s  c h ain link 
r ecords p o i nt t o  t he 8 0 0- b yte rec ord s of 
tha t f i le . 
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F i g ure 1 2  i ll ustrat es t he CM S file 
str u ct u r e .  T he CMS file d i re c tory entry 
f or the f i l e  n amed PROG 1 ,  filet y pe COBOL , 
points to t h e  c ha i n  link rec o rd s f o r  that 
f ile , each o f  which points to a s e parate 
8 0 0- byte r ecord of the f i le . 

User I I 
F i le J • • • I P ROG 1 C OB OL 

D i rec tor y I I 

I 
I 
I 
v 

C ha i n  I P tr to i P t r  to J 
Link ! Block I Bl ock 1 
for I 1 I 2 I 
P RO G 1 

r 
I 
I 
v 

_____ __. 

r----. 
8 0 0- I I 
B yte I I 
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Fig ure 1 2 .  C M S  Fil e  For m at 
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C M S  a utomatical l y  opens and closes all 
acces s e d  files ( i nc luding spool f i les)  f or 
eac h  command or user p r o gr a m  ex ecut ed . 
Specific files may be s pooled b e t ween 
virtual machines to accom p l is h  file 
tran s f er bet w een users . Se rvice c o m mands 
a l l o w  such file m an ipulat ions as w r iting an 
ent ir e dis k c r  specific disk f i le ( s) to a 
tape , printer , p u n ch , or t h e  ter minal . 
Ot her commands transfer da ta f r o m  a ta pe o r  
v i r t u a l  card reader to dis k ,  ren ame files , 
copy fi les , and erase f i les . C M S f i l e s  can 
be written onto and restored fro m  u n l a beled 
tap e s  v i a  C M S service c ommand s .  Tape 
labels are not s up port ed by CM S .  

C M S  d yn a m i c a l l y  allocat es c o m p i ler w or k  
f i l e s  a t  t h e b e ginning o f  c ommand e xec ution 
on whichever act i v e  u s er d is k  has t h e  most 



a vailable space ( alth ou g h  t he i r  locat i o n  
a ay be s p ecif ied by t he user) , an d 
dea llocat es t hem at co mp let i on . C om pile r 
o b j ect decks and listing f i l es are nor m al l y  
a l l o c at ed o n  t he s a • e  disk as the i n put 
so urce f i le or on the pri m ar y  r e ad/writ e 
di s k .  T hey ar e identif ied by the i nput 
f i le na me toge ther wi th t he filetype T EXT o r  
L I S T I N G . 

I n  additi on to re adi ng an d writing CM S 
f i l es ,  en s can read seque ntia l D O S  f il e s  
a nd se q ue n ti a l  and p a r t i t i o n e d  O S  dat a 
s ets . T h e  C M S  MOVEF I L E  command and t h e  O S  
BS AM ,  BPAM , an d Q SAM macr os c a n  be used t o  
r ead O S  a nd D O S  d a ta . C MS cannot , how e v er , 
w r i t e  or updat e O S  data sets or D O S  f i l e s . 

Prob le m  prog ra m s  that e xecute in CMS can 
c r eate f i l es on u n labeled tape in a n y  
record a n d  bl ock si z e ; t h e  r ecord for mat 
c an be fix ed , v ariable , or und e f i ne d . 

Initialization and Dump/Restore 

T he OS IBCDA S D I  service progra m ,  whic h 
re plac e s  the MI BIDAS D s erv i c e  pro gr am ,  
i n it ializ es a l l  types o f  real and vi rtual 
a i nid i sks su pported by VM/37 0 .  D et a i l s  on 
how to use t his pro g r a m  are in the VM/11Q : 
Q���!!�!�§ ��!de , and the !�� �I§1�!L1�Q 
Q£��!!� ��§tem : �!!1!!!�§ ,  Order N o . 
GC 2 8- 6 5 8 6 - 1 3 .  

The C M S  F O R M AT co mmand 
m in idis ks for CM S .  

i n it i a l iz es 

A CP Form at pro gr am for mats C P- ov ned 
v o l u:es , such as the s y s t em residen c e , 
p a gin g ,  and s p ooling disks . 

The D D R  service p ro g r am o f  V M /3 7 0 ,  w hi c h  
ex ecu t es u nder CM S but provides servi c e  to 
a l l  syste m users , d umps a n d  restores a l l  
t y pes o f  minid isk s .  

CMS Command Language 

The C M S  c o m ma nd l an g uag e is f l e x i ble an d 
can be t ailored in t he following wa ys b y  
the insta lla tion o r  b y  i ndividu al u s er s . 

Most C M S  commands c an be entered by t h e  
u s er i n  a tru ncated for m ( for e xa mple , " i " 
c a n  represe n t  11i pl 11 , " a "  can r epr es ent 
" ass e m b l e " )  • CM S m a inta ins a n  o rde red list 
of c o m ma nd na m e s , f ro m  which it deter m i n es 
w hich command t h e  t r u nc a te d  f o r m  
re prese nts . T he i n s t al l at ion c an m o dify 
the s eq u ence o f  t he c o m ma nd list a nd the 
v a l i d  li mits of truncati on . 

Each user ( o r  i n stal l a t ion) can define 
syno n y ms for a ny or a l l  c o m ma nd na me s .  

Any executable progra m stored o n  a C M S  
S j s t e m  or u se r  v o l u m e  can be i n v o k e d  by 
name as a c o m ma nd in the sa me wa y as a n y  
o the r command i s  i n voked , t hat is , b y  
ty p i n g  t he progra m na me , f ol l o wed b y  a n y  
required operands , at t h e  t er m i n a l . 

T h e  EXEC proc essor of C M S  c a n  be used t o  
d e f i n e  n e w  c om m an d s  t hat are c o m bi na ti ons 
of ex ist ing c om ma n d s .  S uc h  new co m m ands , 
cal l ed E X EC procedures , e l i m i nate the 
ted i o us re -keying o f  fr equ ently used 
s equ ences o f  c o m ma n ds . The E XE C  proce ssor 
has logical c ap abi l i t i es ; EX EC p rocedu res 
can t est t he contents of v a ria bles , b ranch 
on speci f i e d  con ditions , a n d  e x ecute 
pro gr a m med l oops . A spec ia l E XE C  proced ure 
called a P ROFILE EX EC can be i nv oked 
auto m atica l l y  w he n  the use r  i s s ue s  his 
f irst command in the CMS env iron ment ; it 
initia liz es t ha t  use r ' s virtua l  machine 
according to t he i n f or m ation in h is P R O F IL E  
EX EC file . F o r  more inf ormation on h o w  to 
c re a t e  and use EXEC procedures , s e e  t he 
!�L]]� :  EXj� Y§���§ �Y!�� · 

Program Development and Execution 

T he C onversa t io n a l  M onit or Syste m  i ncludes 
a vi de r an ge of fu nct i ons to f ac i li ta te 
program dev elopmen t .  T hese i nc l ud e  c o m ma n d s  
to cr eat e  a n d  c o m p i le source progra ms , t o  
m od if y a n d  correct source prograas , t o  
build t est f i les , t o  e xec ute a nd test 
pro g r a ms a n d  to d e bu g  from t h e  t er minal . 
T he commands of C M S  are e s pec i a l l y  usef u l  
for O S  program development , b u t  m ay be u s e d  
w it h  ot her opera t i n g  s y s t e = s  a s  well . 

M AB IP UL ATIOB O F  U SE R  F I L E S  

Before a user c an cr eat e  a C M S  f i l e ,  he 
must make a v irtual disk a c tive a nd define 
i ts m ode with t h e  CMS A C C E S S  c o m m an d . T h i s  
v ir t u a l  d i s k  must be part of h i s  virtual 
m a chine conf igurati o n ,  a s  def ined by hi s 
d i rectory en t r y  or by u s e  o f  t he CP L INK o r  
ATTACH com mand . B efore t he v i r t ua l  d i sk 
c an be used for t he f irst t im e , it must b e  
initialized by t h e  C M S  F O R M A T  c o m ma nd , 
which f ormats t h e  v ir t u al d i s k  i nt o  
8 0 0 - by t e  blocks a s  described unde r " C M S  
File S ystem . "  

A user can creat e a CMS fil e o n  disk by 
u si n g  t he commands R EA DC A R D , D I S K , or T A PE . 
Files can a l so be cr eat ed at t he t er m i nal , 
by issuing t he E D IT c o m ma nd a nd then t ypi ng 
i n  the i n put . 

Conversational M on itor Sys t e m  2 9  



T he PIL E D E P  com m an d  d efines t he loca tion 
a n d  charact e ri stics o f  OS data s ets an d DOS 
f i l es t h at are t o  be handled b y  the OS 
s i m u la ti on routine s .  

T h e  C OPYPI L E  c o m m and cop i es a f i l e  or 
coa b in es t w o  or aore files according to 
spec if ications in the comm and . The U P DAT E 
coa a an d  chan ges a s p ec i f ied f i le acc ord i n g  
to a f i l e  con taining c hange co ntrol 
r ecords . 

T he T Y P E  c o m m an d  dis p l a ys a l l or par t  of 
a s pec i f ied C MS f i l e  at t h e  t ermin al .  T h e 
L I S T F IL E  comaand d ispla y s  s ta tus 
i n f o rma ti on a bout a l l  or s p ec i f i e d  su bs et s 
o f  u s er f i l es . A sin g le active d isk , or a l l  
a c t i ve d i sk s , m a y  b e  s p eci f i e d . T he list 
d i s p l ay ed m ay contain only fileids ( th u s  
s h o vi n g  a user what f i l es exist on h i s  
d i s k) , o r  it m ay i n c l u d e  f ile f o r ma t , 
a l loca ti on , a n d  d ate i nf or m at ion . 

The R E NA M E  c ommand c h an ges a s p eci fied 
f i l e id , or s o m e  component of it,  suc h as 
f i le type . The ERASE com mand del etes a file 
o r  a gro u p  o f  related f i les f ro m  a use r ' s  
read;v ri te d i s k . 

T he EDIT c o m m an d  a n d  its subcomma nd s 
c o m pri se the C M S  Edito r . W i t h  t he CM S 
Ed itor , a u s er can creat e a f i le by t ypi n g  
the d ata i n  a t  t h e  ter m i n al . He can s can 
all or p art o f  t he file , a nd insert , 
c ha n g e , or d e l e te records . 

F o r  e xa m pl e , b y  e n t e r i n g  t he s u bco m m an d  
L O CAT E w it h  a l l  o r  p a r t  of a record i n  the 
f i le , the use r can locate the r e co r d , as in 
t he f o l l o w i n g  state a e n t :  

L O C AT E /DA T A  D IV I S ION/ 

The CftS Edito r scans t he f i le u ntil the 
f i rst occ u rrence o f  t he sp eci f i e d  
c h ar act ers is fou nd . T h e  record c o n ta i ni n g  
t h i s  d a ta i s  then dis p l ay e d  a t  t h e 
t er m in al . 

Onc e t he record i s  located , it can b e  
c han ged ,  u s i n g  t he C HA N G E  s u bc o m aa nd ,  a s  i n  
t h i s  seq u e nc e : 

LOC ATE /I D E MT I P I C AT I O N/ 
C HA N G E  / I D E ft T IPICA TIONji D EN TI P I C A TI ON/ 

In t h i s  record , " I DE MT I P IC AT ION " is 
c h an ged to " ID EN TIFICA TION " . I n  addition , 
if the user ba s i s s ued t h e  E D IT s u bco m m an d  

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

VERI F Y  ON , t h e  chan g ed l i n e  is 
auto mati c a l l y  d i s p layed at the te rmi na l .  

All occurrences of 
c haracters can be 
coa aand : 

a s pecific stri ng of 
changed w it h  a single 

CHANGE /U SER I D E NTIPICATI ONj U SE R I D/ * * 

E ve r y  occurrence 
I D E N T I F I C A T IO N "  in this file 
" U SE R I D " . This is cal l ed 
change . 

o f  " U SER 
i s  c ha nged to 

a " g lobal" 

If a file is edited a t  a d i s pla y 
te rminal ( su c h  as t h e  3 2 7 7  D isplay st ation)  
and V ER I F Y  is on , c ha nges made to t he f i le 
a re a utomatical l y  r e f lect ed in t he display .  
Por ex amp l e ,  a l ine i nserted i n to the f ile 
a p pears i n  the display in its proper 
posit ion in the f i le . A l i ne that i s  
deleted from t h e  f i l e  is r emov ed fr om t he 
dis p l ay . C ha n ge s  made to t he c urre n t l i ne 
appe�r in that l i n e  in t he disp l a y . 

D e t a iled i nforma tion a b o u t  the C M S  
Editor a nd h o w  to e dit a f i l e , including a 
d iscussion o f  editing a t  d i s pla y te rmina l s , 
can b e  f ound in t h e  !�11Q : EDII 2�i d� . 

A text p rocessor called S C R I P T/ 3 7 0  is 
av aila ble as a n  I UP (I n sta l led U se r  
Progr a m )  f o r  u s e  u n d er CMS . ( S ee " Ap p endix 
C :  L anguage P rocessors a nd E m ula tors . ") 
S C R I P T/ 3 7 0  includes m anuscript f aci lit i es 
th at cr eat e formatted output f r o m  one or 
more C MS f iles containin g text andjor 
tex t- manipulating c o ntrol word s .  

PROG R A M  COM P I L AT ION AN D EX ECU T IO N  COM M AN D S  

T he compilers e xe c utab l e  und e r  C M S  a re 
i n voked b y  n a m e  an d prov i d ed w it h  a s ource 
f ile w hos e f i letype desig na to r  i nd icates 
the compi l e r .  T h e  com m an d s  i n c lu d e :  
A S S EM BL E , A SM 3 7 0 5 ,  VSBA SIC , C O B O L , F ORTGI , 
FORTH X ,  GOFORT , an d PL IOPT . Each allows 
t he s p ecification of a p a ra me te r li st that 
m a y  c ontain CMS o p t ions as w ell as coapi l er 
options t hat are ide n tica l to th ose coded 
on an OS EX EC car d  w hen invo ki ng t he 
coap i ler from O S .  

P rogram e xecution i s  contro l l e d  b y  CM S 
coa m ands s u c h  a s  R UN ,  I NC LU DE , a nd LOAD . A 
c o re - i mage copy o f  t h e  progr a •  can b e  
recor d ed on d is k  with G E N MOD , a nd later 
retrieved f o r  e x e cution w it h  L O A Dft O D . 
L ibr ar ies t o  be searc hed during program 
c ompi l ation o r  l o ad ar e s p ec ified by t he 
GLO B AL command . 
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C O N TR O L  C O M M A N DS 

T ne CM S u s er is a ble t o  d e f i ne c e r ta i n  
s y s t e m  pa rame ters wi th t h e  S ET com m an d .  
T he p ar a m et er s  i n c lu d e : t he a m o u n t  of 
i n f o rm a ti on to be i n c l u ded i n  t h e m es s a g e  
pr inted at t h e e n d  o f  co mma nd proce s s1 n g , 
t h e  type of e r ror m e s s a g es t o  be p r int e d  at 
t h e  t er m i n a l , and w he t h er u nk n o w n  c om ma nd s  
s h o uld be passed on to C P .  W it h  t he QU ERY 
c o m m a n d ,  t he u s er is given t he c urrent 
sta tus of t h e se a n d  o t h er CMS p ar a m et ers . 
s yn o n y ms for command na mes m a y  be c r ea ted 
b y  a use r  via entries in a CMS t 1 � e  w it h  a 
f i l et y p e  of SYN O N Y M . T he E X EC c o m ma n d  
spec if i e s  a f i l e  o f  C P  a n d  CMS com m an ds , as 
w el l  as condit i o n a l  bra nc h i n g  and c o n tr o l  
s t a te men ts , w h i c h  wi l l  be ex ecut e d  i n  a 
p r edet er m i n e d  s eq u ence b y  the E XE C  
proc e ssor of C MS .  

LA NG UA G E  P R O C E S S O RS 

A V M/3 7 0  A s s e m b l e r  i s  d i str i bu t e d as a p ar t  
o f  t he V M/ 3 7 0  s y s t e m  a nd i s  re q ui re d  f o r  
i n sta l la ti o n  a nd suppor t .  I t  i s  a l so u s e d  
t o  ass e m b l e  u s ers •  p r o b l e m  pro gra m s .  A l l  
nece ssa r y  m a c ros f o r  i n s t a l l at i o n  a n d  
su pport ar e p r ov ided i n  C M S libra rie s .  

A v ar i et y  o f  p ro g r a m m i n g  la ng u age s a r e  
a va i la b l e  f o r  u s e  w it h  C M S . B A SI C , 
F O R T RA N ,  a nd PL/I are u s e f u l  l an gu ages for 
p r o b l e m- s o lv i n g  a p p l ic a t i ons , w hi l e  C O B OL , 
a s se m b l e r  l a n g u a ge , an d again PL/I ar e 
us efu l for com merc i a l  p rogra m d e ve lo p m e n t  
a p plic a tion s .  

T h e  com pil ers t hat ca n e x ec u te under C M S  
i nc lude O S  PL/ 1 , O S  C O B O L , V S  B A S I C ,  an d O S  
FO R T R AN IV . For i n f o r m a t i o n  o n  progra m m i n g  
l a n g ua g e s  a nd c o m p i l e r s  t h at c an be u s e d  
w i t h  C M S , s e e  11 A p pendix C :  L a n g ua ge 
P r oc e ssors a nd Em ul a to r s . "  

The c o m pi l e r s  a r e  i n voked w it h in t h e 
conv ers a t i o n a l  e n v i r o n m ent of C M S ; the 
normal m od e  of e x e c u t i on i s  to r u n  t h e 
c o m p i l at ion t o  c o m p l et i on , t y pe a n y  
d i a gnostic me ssa g e s  a t  t h e  t er m in a l ,  an d 
m a ke t h e l is t i n g  f i l e  a v a i la b le f o r  
i n spec tion a t  t h e  te r m in al or f o r  p r in t i n g  
on t he r e al pr i n t e r . 

Most o b j e c t  pro g r a ms produ c e d  a n d  
c o m p i l e d  u n der CM S m a y  be e x ec uted u nd e r  
C M S  f o r  di rec t pro b l e m  s o l v i n g .  Pro gr ams 
t h at use cer t a i n  O S  s y s t e m  f u nc t i ons , 
d e sc ri bed i n  t he f o l l o wi ng p a r a g r ap h s , must 
be r u n  u n der t he a p p ropria te ope ra ti ng 
s y st em . 

To s u pport t h e  O S  c om p i le r s , C M S  
si m ul ates t h e  execu t i on o f  m an y  o f  t h e  O S  
m acros . T he s e q ue n tia l ,  d i rec t ,  a n d  
pa r ti tioned access m et h o ds ar e lo g i ca l ly 
s im u l at e d ;  t he d a ta record s a re p h ysica l l y  
m a i n t a i n ed i n  t h e  c h a in e d  8 00 - b y t e  blocks 
t ha t  are s t a n d a rd to CMS a nd a re proce ssed 
i n te r n a l l y to s i mu l at e  O S  d at a  s et 
c h ar a ct erist ics . M a ny O S  s u pe r vi so r  Call 
f un c t i ons i nc l u d i n q GET M A IN /F R E E M A IN and 
T IM E  a r e  s i m u l a ted .

- · 

T he O S  mac ros tha t a re n o t  si m ul a ted 
i nc lu d e  t h o se t h at s u pport the I n d ex ed 
S e q u e n t i a l  A cc e s s  M e t h od a nd the 
tel e c o m m u ni ca t ions access m et hod s � A n  O S  
pro t l e m  p r ogra m t ha t  use s o n l y  those 
f un c t i ons for w hi c h  s im u l at ion code exists 
m ay be t es t ed a nd run und e r  C M S . For 
e xa mp l e , all FO R TR AN IV (G  1 )  l angu a ge 
funct ions w i l l  exec ute under C M S  wh i l e  
C O B O L  prog r a m s  t h a t  u s e  ! SA M  w i l l  not . 

F u ncti ons rel a t e d  to m u lt i- t a s ki n g  a r e  
eit her i g n ored b y  C M S  o r  m od if i ed to 
ac h ie ve s i n gl e t a s k  ex ecut ion . S e e t he 

Y�LliQ :  ��§!�! f�Qg�������§ gglQ� f or m ore 
infor m a t i o n  a b ou t  C M S ' s  O S  mac ro s upport . 

A L T E R N A T I N G  O P ER A T I NG S Y S T E M S 

I f  a progr a m t o  be tested u s e s  O S  f u n ct ions 
t hat ar e not simu l a ted , o r  if the p rogram 
i s  d e si g n e d  for som e  o t h er o p er at i n g  s ystem 
( su c h  as DO S) , t he use r ma y e xec u te the two 
o pe r a ti ng s ystem s a l t e r n at el y .  T he v ir t u a l  
m a c h i n e  must b e  conf ig ured t o  run b ot h  C M S  
a nd t h e  o t h e r  o p e r a t i n g  s ys t em . 

U s i n g  t h i s  t e c h n iq u e ,  t he u s er f irst 
l o a ds t he C o nversa ti ona l M oni t o r  s ystem 
i n to the v i r t u a l  m achin e .  The Edit or is 
u s ed to make a ny nece ssa r y  u pd a te s  to the 
so urce program . s poo l i n g  fac i l i t ies are 
u s ed t o  copy t he prog ra m ( i nte g ra ted i n to a 
s ui t a bl e  o pe r a t in g s ys t em j o b  s t r ea m )  into 
t he v ir t u a l  c a rd rea d e r .  T he use r  then 
i ssue s t h e  I PL com m an d  t o  l o a d  his ot her 
ope r a t i n g  s y s t e m  ( s uc h a s  D O S) a nd begin 
the c om pi l at i on . W hen t he j o b  s t r e a m  h as 
been processed , C M S  is r e l oa d ed wi th t h e  
I P L c om m an d .  T he s p oo l ed p r i n t e r  out put 
gener ated by t he o t her o p e ra ting s ys t e m  can 
be re a d  onto a C M S  user d is k , i n sp ec t e d  for 
d i a gn o s t i c  messa ge s ,  t h e n  optiona l l y 
sc he d ul e d  f o r  p r in t in g .  Corr e c t i o n s  a n d  
a d d it ion a l  c om pi l a tions , i f  nece ssa r y ,  
f o l l o w  t h e  procedure a bov e .  

W i t h  this t ec h n i q u e ,  a u s er c a n  c o m p i l e  
O S  ! S A M  p r o gr a m s  u nder C M S  a nd then t e s t  
the m u n d e r  O S . S e e  t he d is cu ss ion 
" Dy n am i c a l l y  M od if ied C ha nnel P ro g ra m s "  in 
the Y�LllQ : f1£��i�g £EQ �X§!�� Q�ng�£!!2n 
Q�igg . 
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D E B UG G I IG FACI LITIES 

T he debuggi ng facilit ies of C ! S  perai t a 
u s e r  to set i nstruc tion address stops in 
his p r o gr aa , to ex aa ine and aod ify vir tua l  
reg isters a nd virtual storage , and to t r ac e  
a l l  s v c  interrupts . U se r- se l ected 
i n te r rupts ma y be tr aced w it h  output 
dir ect ed t o  eit her a v irtua l printer or the 
te rmina l .  

S y m bo l i c  d e b u g g i n g  capabilities a re 
a va i la b le to F O RT R A I  program m ers using Co de 
a n d  Go FORT R A N  or FO R TR AN I V  ( G 1 )  i n  the 
F O R T R A N  I nteracti ve Debu g  Pro gr am Pro du ct , 
a n d  to CO BOL pr ogram mers using A N S  Ve r sion 
4 C OB O L  i n  the OS COBOL Inter act iv e Debu g  
Prograa Product . 

C ! S  B A TC H  F A C I LITY 

The CMS Batch Facility is a V M/3 7 0  
progra m mi ng f aci lity that runs under t h e  
C M S  su bs yst ea . It allows a VM/ 3 7 0  user to 
run j obs i n  b a tc h  mode by q u eu i n g  jo bs from 
eit her his ow n v irtual aac hine or the rea l 
c a rd reader to a virtual m achin e dedicat e d 
to r u n n i n g  batc h j o bs und e r  the Batc h  
Facili t y .  The Batch Facil ity v ir t u al 
a ac hine t hen ex ecu tes t hese j o bs , freeing 
the use r ' s  vi rtual m achi n e  for ot her u s es . 
T he accou nt i n g  routines c har ge the time 
used in the batch m a c h i n e  to t h e 
o r i gin at i ng u s er . 

32 IBM V M/3 7 0 : I ntroduction 

A Batch Facility vi rtua l  mac h i ne is 
ge nerated and controll ed at a t er minal 
console under a userid ded icated to 
e xec ution of j o bs in batch mode . The 
system operator gene ra te s  a ba tc h  machi ne 
by perforaing an IPL of CMS , t hen ent ering 
a co a mand (CM SBATC H ) ,  whic h specifies that 
the aachine is to execut e j o bs in batch 
mode . A fter each j ob is e xec uted , the 
Batch Faci l i t y  r e l oads its el f , t h er eby 
prov iding a conti nuously running ba tc h  
aach i ne . J o b s  ar e q u eu ed t o  t he batch 
aachine • s  v i rtual card reader f r om e i ther 
use r  termi n a l s  or t he s yst em car d  r eader 
and are ex ecut ed se quen tia lly . Whe n the 
last job is e xecuted , the Bat c h  Faci lity 
wa its for more i n p u t .  

T he B a t c h  Facility is d e sig ned f or the 
non - C M S  user who r eq u i r es a system for 
coa p i ling or executing ba tc h  j o b s  l oaded 
from the real s ystem card r ea d er . The 
Bat c h  Facility is a lso use f ul f o r the 
inte ractive user who h as compute- bou nd j obs 
s uch as assemblies a nd c om pila tions , and 
for e xecution of l ar g e  u s er pro gr ams . T his 
allow s interact ive users to c on ti n ue work 
at their ter a i n als w h ile t h eir 
t i me- consu ming j o b s  a re run in a n othe r  
virtual machin e . 

Any user progr am written in a la ngu age 
supported by C M S can be e xec uted on the 
batch machin e .  The s a a e  r estr ictions t hat 
apply to pro g ra ms run under C M S , a pply to 
prog r a ms run under t he CMS Bat c h  Facility . 
Also,  th ere are restrictions on prog rams 
using c ertain C P  and CMS com mands . For 
full i n format ion about the CMS Batch 
Fac ili ty , see the !�L11� :  £9��!�g 1!�gyggg 
gyjgg !9� §����!1 Q�§ · 



Remote Spooling Communications Subsystem 

T h e  V M/3 7 0  R e aote S pooling C o• •u nica tions 
Subsyste a (R SCS)  is t h e  V M/ 3 7 0  co aponent 
t hat prov ides for spooli ng of f i le s  b e t we e n  
re mote stati ons and v i r t u a l  mac hines a t  t h e 
V M/ 3 7 0  ins t a l l at ion . ( R e•ote s ta tions a re 
config ura tions of I/O dev ices at t ac h e d  t o  
t he V M/3 7 0  co•pu ter b y  b inary synchronous 
( B SC ) s wi tched or nons vi tched l ines . ) 

The RSCS Virtual Machine 

RSCS has a supervi sor and also " l ine 
d rive rs . " The supervisor , in con junction 
with t h e  C P  s pool syste m ,  prov ides for 
c o• a unication between t he loca l V M/3 7 0 
v irtua l machines and remot e  s t at io n s . 

VM/370 Virtual 
Machines 

B 
OS/360 

HASP Batch 
Processor 

CMS 

VM/370 

CONT ROL P ROG RAM 

The line d rivers ar e co•pon en t s  of R SC S  
designed t o  " d riv e , "  or c o n t rol , a specific 
type of remote station . 

F i g u r e  1 3  s hows t h e  r e la t ion sh i p  b e t ween 
the V M/3 7 0  virtual aachine u s er s , the CP 
spo o l  syste m ,  a nd t he re m ote sta tion s . 

The RSCS Teleprocessing Network 

The R SC S network consists of t he V M/37 0  
computer , transm i ssion con t r o l  u nits 
att ached t o  t he centra l  V M/3 7 0  c o m p ute r , 
d ata sets and BS C t e l e co a au n icat io ns lines , 
and r e mote sta tions . 

RSCS Virtual 
Mach i ne 

Line 

R Driver 

s Line 
c Driver 

s 
Line 
Driver 

R E MOTE STAT IONS 

Nonprogrammable 
Remote Station 

2780 

Program mable 
Remote Station 

System/3 

HASP 
Work 

Station 
Program 

Programmable 
Remote Station 

System/370 

J ES or 
HASP 

Control 
Program 

Operating as 
a Remote Batch 

Processor 
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I THE V M/3 7 0  CO M P UTER 

T h e  VM/3 7 0  co•puter is t he f u nc tional 
c e n te r  of c o•aunicati on s  in t he R SC S  
t e l e pr ocessi n g n e twork . T he o p er ator o f  
t he R S CS v ir t u a l  •achine c ontrols the 
ne twork b y  i ss ui n g  RS CS co•a an ds at t h e  
R S CS v ir t u a l  •achine console . 

T he C P  spool system is t he lo g ica l 
c en t er o f  t he RSCS te le proc e s sin g n et wor k . 
A l l  f i l es t r ans•itted between re •ote 
l oc a ti ons a n d  V M/ 3 7 0  virtual • ac h i n es ar e 
ro u ted through the C P  s pool s ystem v i a  t h e 
R SC S  v i r t ua l  machine . 

R S C S  T E L EP R OC E SS I NG H A RD W A R E  REQU I R EM ENTS 

To c o n tr o l  the teleprocess i n g  n et work , t h e 
V M /3 7 0  compu t er must have t e l e proce ssi ng 
e q uipment ( t ra n smission control un its , dat a 
s ets , a nd c om • u nications l i n es )  att ached t o  
i t .  Tr ans • is s i o n  control units c o n trol the 
tra n s m i ssion of d ata between the V M/ 3 7 0  
comput er a n d  remote stations ove r 
c o m m unications l i n e s . Dat a s ets ar e 
d ev ices t hat code and decode b i na ry da ta 
f o r  tra nsmi ssion o v e r  t h e  coamunicat ions 
l i n es .  T he s p ec i f ic d evices supported b y  
V M/3 7 0  f or these f unctions are d es cr ibed i n  
t he 1�L11Q : j�!Q�� �222!!�g �Q�!Y�!£!�!��§ 
�YR2I2!�! (j���) Y2�!�2 �uid� . 

R EM O T E  S T A T ION S 

R SC S  rem ote s t ati ons ar e I/O 
con f igu r at ions . T he m i n i m u m  c onfigura tion 
c o n si s ts of a card reader , a printer , and a 
card pu n c h . T here are t w o  types of remote 
s t ati ons : pro g r a m m a b l e  r e mote sta tions a nd 
n o n p ro g ra m m a b l e  remote s tations . 

P r o gra m ma b le re mote s tations ar e I/O 
con f ig ur at ions t hat includ e a compute r , 
s uc h  a s  a systea/3 , System/ 3 6 0 , or 
S y s t e m/3 7 0 .  I f  t his computer is running a 
H A SP- t y pe or A S P-type b at c h  proces sor , t he 
r em o t e  s t at ion can r ec e i ve f i l e s  
tra n smitted across t h e  RSCS n et w or k , 
p r o c ess t he f i l es ,  and tra ns•it the re sults 
o f  the proc essing back to t he o r i g i n at i n g  
l o c ation . O t herw is e ,  t he progra • ma b l e  
re mote s ta ti o n  can on l y  receiv e ,  r ea d ,  
pr int , p u n c h , a n d  s e n d  f i l e s . I n  othe r 
word s ,  i t  acts as i f  it w er e  
n o n p r o gr am•ab l e .  

3 4  I B M  V M/37 0 :  I n troduction 

Bon pro gr a•mable re mote sta tions a re I/O 
conf i g urations t h at can not be pr ogr a••ed,  
tut can receive , read , prin t ,  p unch , and 
se nd f i l e s .  ln ex amp l e  o f  a 
nonprogramma b l e  re mote sta tion i s  a 2 7 8 0  
Data Transmission T er minal . 

T h e  types o f  devices su ppo r t e d  for all 
t y p es of r e m ote stati ons , prog ra mma b le and 
nonprogrammab l e , are listed in " Appendix B .  
Sy stea R eq u ireme nts" a nd i n  the !AL17 0 :  
��Q�� �E�!!ng �2!!g�!£!!!2n2 ��R212t em 
(j��� ) �2��§ �y!g� . 

Using RSCS 

The facilities of RS CS are s e l ect ed and 
con trol l e d by means of c om ma nd s  a nd c ontrol 
card s . Connec tions bet w een geo gr ap hically 
remot e l ocations a re ma de by the opera tor 
of th e RSCS vir t u al m achin e .  

L I N KI NG G EO G R A P H I C  LO CAT IONS I N  T H E  R SC S  
N ETWOR K  

E a c h  location in t h e  R S C S  network i s  
a ssi g ned a location i dent i fi er , w hi c h  R SC S  
use s to f i n d  a l in k ,  or pat h ,  t o  t he r emote 
locat ion . 

In order to l ink a remote station to a 
virtual machine , the RSCS operator i s sues 
the START command for the requested link id . 
Then , in order to begin transmitting to the 
RSCS , the remote station operator transmits 
a SIGNON card to the RSC S  virtual machine . 

O n ce t h e  link b etwee n a re m o te s ta tion 
a nd the RSCS vir t u al m achi n e  is esta blis hed 
v ia START a nd SIGBON , tra nsmission to and 
f ro m  that l oc at io n  can begin . E ac h  file 
t r a ns mitt ed fro m  t h e  remote sta tion to the 
R SC S  virtual machine is prec ed ed b y  a n  I D  
c a rd that specifies t h e  des t inat io n  o f  t hat 
file . Us ing t he I D  card , t he f i le can be 
transmitted to any VM/3 7 0  virtual machine 
or , speci fying the userid of the RSC S  
virtual machine and TAG information on 
the ID card , the f i le can be transmitted to 
another remote station in the RSCS network . 

F i gu r e  1 4  s hows how the rem o te stati ons 
a re li nked to V M/ 37 0  v irtu al machines 
(in c lu d ing t he R SC S  virtual mac h i ne) a nd to 

other remot e  locations . 
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C O M MA IDS USED TO TR AN S M I T  F IL l S  ABO TO 
CO NTROL THE R SC S  N E TWORK 

Tr ans a is s i on of f i les a nd systea c on t r ol 
a re the t w o  main f unct i on s  of t he R S C S  
C on t r ol Pr ogra m .  

The C P  TAG and S POOL c om m an d s  ar e u s e d  
u n der R S CS t o  t r a n s m i t  f i les a c r oss a 
te le pr ocessing n et w or k . V irtu a l  aac hine 
u s er s  u s e  t he CP TAG c oa a an d  to n aa e  t he 
locat i on ident ifier of t h e  destina ti on of 
the f i le t o  be transmitt e d . The CP S POOL 
c oa a an d  and a c oaaand t ha t  c lose s  the f i le 
t o  be tra nsai tted , s uc h  as t h e  CMS PUB C B  or 
P R IBT c oa aand, are u sed t o  enqueue the fi le 
on the R S CS virtual a ac hi n e  f or p r oces s i n g  
a n d  transmit t i n g across the net w or k .  The se 
c om ma nd s  pe rf ora the saae funct i on as t he 
ID car d  used t o  t ransait f i le s  f r oa the 
r em ote locat i ons to t he virtua l aac hine . 

R SC S  p r ovides coaaa nds a nd c on tr ol cards 
f or c ontrolli n g  the oper at i on of the R SC S  
syst e a . The sy ste m c on t r ol f unc ti ons a re 
e xe c u ted b y  t he RS CS Contr ol P r ogr a a  w hen 
it r e ceives c c a mands e ntered e ither f r o• a 
c ons ole or via p un c h ed car d s . 

The RSCS v irtua l aac hi ne ope r a t or can 
use all the R SC S  c oa ma nds t o  c on t r ol the 
syste a ;  operator s  at r ea ot e  st at i ons use a 
s u tset of t he c oa ma nds a va i la b le t o  the 
R SCS virtual m ac h i n e  opera t or .  I n  gener a l, 
such f u nct ions a s  p urging a f i le f r om t he 
syste m ,  defining or delet in g a link i n  t he 
syst ea, r e p osit i on i ng a f i le f orward or 
bac k ward during p r ocessing, d is c on nect i n g  
t he R SCS v ir t u a l  •achine c on s ole , a nd s o  
on , a r e  provided b y  t h e  syste a . These 
c oaaands are descr ibed i n  d e ta i l  i n  the 

!J!L1IQ : R e.!_2 te �p oolin_g C O.!J,Y nigti on s  
�Y�§Y§!�! ( RSC�) Q§ e r ' § � uid� . 
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Ba tc h s ystems vit h reaot e  job e n t r y  
c a pa bi lit y , suc h as H A S P  an d J ES 2 ,  pr ovi d e  
control coa a a nds u n iq ue t o  t he i r  syste a s . 
T h e se c om ma nd s a re e xecuted by m e ans o f  
coa a an ds a n d  contr o l  cards e n te red a t  
stations c o m m unicating vit h t ho s e  bat c h  

3 6  I B "  ' "13 1 0 : I n trod uction 

sys te a s . W hen RS CS is o p er at in g  as a 
re aote j ob entry systea t o  o n e  o f  t he bat ch 
proc e ssors , the RS CS o p er ator can issue 
coaaa nds t o  t hat batch �rocessor by usi ng 
the R S CS C"D coa • an d .  T he C"D co•aand 
causes a HA SP o r  A SP c oaaand to be 
transai tted to the bat ch processor for 
ex ecut ion, just a s  i f  the c oa aa nd ve re 
transaitted to t he processor by o ne of its 
vork stat ons . 



Appendix A: Recovery Management Support 

The I B M  Sy ste mj3 7 0  a n d  its S ys t e m  Control 
P r o gr ams prov ide an e xte nsive group of 
ad vanced reli abil i t y , avail a b i l it y ,  a n d  
s er v iceability ( R A S) feature s .  These 
f e a t ures address the s ystem requir e m ent s 
d e m anded by online a nd t ime- sha ri n g  
o pe ra ti on s . 

The o b j ective of t he RAS features o f t h e  
I B M  Sys t e m;3 7 0  i s  t o  reduce t he freq u ency 
an d imp act of s y s t e m  i nterru ption s ca used 
by machi ne fail ure . In m any cases , t he 
s y s t em can be ru n in a degraded mod e  so 
tha t maintenance c an be d e ferred to 
s c hedu led ma int enance periods . W he n  
pe r manent fail ures d o  o ccu r , t heir i m p act 
c an be r educed by fast isolation a nd r e pa i r  
of t h e  malf unction . RAS f e at u r es ar e a s  
follows : 

1 .  Recovery fac i l i t ie s  a r e  pro v ided t o  
red uce t h e  n u m ber o f  failures t hat 
cau s e  a complete s y s t e a  termina ti on . 
This pe rmits d e f err ed m ai n t en ance . 

2 .  Repair procedures include o n li n e  
diagnosis and correction a nd;or 
circ um ven tion o f  m al f unct ions 
concurrent w it h  VM/ 3 7 0  exec ution . The 
effect of such repairs o n  s y s t e m  
av ailati lity is thus reduced . 

System/370 Recovery Feature 

T he IBM System ; 3 7 0  att e mpt s  c o rrecti on of 
m ost machine errors without pr o gr am 
as s ist an ce . VM/370 is notif ied , via a 
mac hine c heck i n terrup t ion , o f  bot h har d  
• ach ine checks (permanent errors) a nd soft 
mac hine c heck s  ( transient error s ) . V M/3 7 0  
t hen init iat es error r ecord ing a nd e r ror 
recove r y  proced ure s .  

T h e  foll o w in g  r ecov ery f e a t ures a re 
i m ple me n ted in the I B M  S ystem/37 0 :  

1 .  C PU ret ry of f ai l i n g  CPU o p er at io ns . 

2 .  Va lidity c hecking by Error Corr ect ion 
Codes on processor and c ontrol st ora ge 
to c orrect all sing le- bit errors . 

3 .  I nput;out put o per ation r et r y  
facilities including a n  extended 
c ha n nel sta tus word ( BC S W ) , w hi c h  
p r ov ides c hannel r e t r y  data to c h a n n e l  
a nd con trol un i t  retr y  procedur es . 

4 .  Expanded machine c hec k i nterrupt 
f acilities to i mprove error recording 
and recov e ry p rocedure s .  

A det a i l ed descripti on o f  the rec ove r y  
facil i ti e s  f o r  an y p articu l ar IBM 
Sy s t e m;3 7 0  model can b e  obta in e d  in the 
syste ms guide for t h at CPU , for e x a m p l e ,  
t he p u t licat ion � Gu i d e  t o  t h e  IBM 

�l§!g!LJ1Q �2g el 1�� , o rd er No:-
G c 2 0= 1 7 34:-

AUTOMATIC RECOV ERY F E ATU R E S  

T he t w o hardware fea t u re s tha t t r y  t o  
correct m a c h i n e  m al functions be for e  pass i n g  
con t r o l  to t he M ac h i ne C he c k  H a ndle r a re 
CPU Re try and Error correct ion codes 
(ECC) . CPU R etry al lows the machi ne to 

reco ver f rom transi ent CPU err ors (so ft 
m a chine ch ecks) that would othe r wi s e  make 
i t  necessary to r e l o ad t h e o p er at i ng system 
or t er m in at e t he executing prog ra m . ECC 
de tec ts and often corrects i n v alid data 
fet c hed from processor a nd c ontrol 
stora g e . 

CPU err ors are a u tomatica l l y  re tried b y  
mic ro program routin es . T hes e rout ines s av e  
source data before i t  i s  alt ered by t he 
oper ation . W hen an error is d e tected , a 
microprogram returns t he CP U t o  t he 
begin n ing of the o pera tion , or to a poin t  
whe re the oper ation w as ex ecut i n g  
correctly , a nd the opera tion i s  re pea ted . 
After several u n s u cces s ful r et r ies , t h e  
error i s  considered pe rma nent and ca uses a 
mac h i ne c h eck interruption . 

ECC checks t he v alidi t y  of d at a  from 
processor and c o ntrol storage , 
a u tomatica l l y  correct i n g  s in g l e- bit 
error s . It also detec t s  m u l ti ple-bi t 
e rrors b ut does not corr ect t he m . 

As data en ters and l eav es storag e ,  ECC 
c hecks each double vord f or c o rrect pari t y  
i n  e ach b yte . I f  a s i n g l e- b it error i s  
detected , ECC cor rects it . The cor rec ted 
d o ub l e word i s  t hen s ent back into processor 
or control stora ge a nd on to the C P U . 
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If a •ult i ple- bit s t ora ge error i s  
d e tec ted , a machine check int erru p t i o n  
o c curs , and in formation a b out the error i s  
s tored . T h e  Machine Check Handl er t h e n  
g a ins cont rol a n d  determine s ,  f rom the 
s tored i n f o rm a ti on , what act io n  t o  t ake . 
( S ee t he four pos s i b l e  actions l i s ted i n  
t h e  sec tion " Machi n e  Check Han dl er " 
below . )  

VM/370 Recovery Features 

T he pri ma ry ob j e c ti ves of V M/3 7 0 ' s  R ecov er y 
M an agem ent s u p port a r e :  

1 .  T o  r e duce t he number 
te rmina ti ons that r es u l t  
m al fu ncti ons . 

of s y ste m 
from m a c hin e 

2 .  T o  m i ni miz e t he 
i nc id e n t s . 

i m pa c t  of s uc h  

These o b j ectives ar e acco m p l i s h e d  by 
p r o g r a m m e d  r e cov ery w h ich a l l ows s ys te m 
o pe ra ti o ns to con tin ue when ev er p oss i bl e ,  
a n d  by r ecor ding o f  t he s y s t e m  s ta t u s  f o r  
a l l  e r rors . T h e  recovery m an ag e m en t  
functions o f  V M / 3 7 0  are provided b y  MC H 
( Machine Check Hand l e r )  and C C H  ( Ch annel 

C heck Handler ) . 

M AC H IN E  C H ECK HAN DLER (M CH ) 

A mac h i ne mal f unc tio n  can o r i gin at e fr o m  
t b e  CPU , processor stora g e , or c on trol 
s t o rage . Whe n an y o f  t hese f ails to w o r k  
p r o p er ly , t h e  hardw are a t t e m pt s  t o  c o r rec t 
the ma lf unc ti o n . ( Se e  " A u t om a t ic Recover y 
F eatu r e s "  a b o v e . )  If t h e  m ac hi n e  r ecov ers 
f rom the error t hr o u g h  its ovn rec o ve r y  
f a c i li tie s , t he Mac h i n e  C h ec k  Handler 1 s  
n o t i fi e d  b y  a machine chec k i n te rrupti on .  
M C H  records t h e  f ac t  t h at t he m achin e has 
f a i l ed to o p erate p ro perly . C onc urre ntl y 
w i t h  t h e  machine c h e ck i n t erruptio n ,  t h e 
CPU l o gs out f ields of i n f o rmation i n  
proc e ssor s torage d et ai l i n g  t he caus e and 
nature of t h e error . MCH a n a l y z e s  this 
i n f o rma tion a nd b ui l d s  the m ac hi n e  ch eck 
r ecor d .  

If th e m ach in e fa ils t o  rec ov e r  f ro m  the 
er ror through i ts o wn r ecov er y  f acilit i es ,  
a • ac h i n e  check interruption occ urs , a nd a n  
i n te r ruption code i ndicat es t h at t h e 
r ecovery att e m pt v a s  unsucc e ssf ul . M C H  
the n a na l y z e s  t h e  d a t a  and a t t e m p t s  to k e e p  
t he s ys t em as f u l l y  o pe ra tional a s  
possible . The cause o f  t he m al f u n ct io n  
d e t e r m i n es w hat a c t i o n  M C H  take s :  
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1 • 

2 .  

3 .  

Resume o perations l eav ing n o  adv erse 
effec t s  o n  the syste m .  

R es u m e  syste m opera tion s a t  the 
e xpense of the u s er t h at vas 
int erru pted . 

Is olat e t he f a i lure t o  a page a nd f l a g  
the pa ga as i nvalid or u n a v a i l a b l e  for 
use by the P a g i ng s u pe rvisor . 

4 .  Aut o mat ic restart wi t h  spool f i l e s  
s a v e d  or p l ace t he sy s t e m  in a 
disa bl ed w ait s t at e .  

CHA N N EL C H EC K  H A N D L E R  (CCH)  

The Channel C heck Handl er is a r es ident 
progr am that rec e iv e s  co ntrol f ro m  the I /O 
supervisor when a r eal channel error 
occurs . CCH rec o rd s  the e rror .  Cha nnel 
data c h ec k s  assoc i at e d  w i t h  a v irtual 
m a c h i n e  i n put;ou tput ope ra tion a re pa ssed 
on to the virtual machin e for handli n g ;  
o t her t y pes o f  cha nne l  e rrors ca use 
te rmi nation of t h e  v ir t u a l  m achine . 
Cha n n e l  errors associa ted wi th a n  
i n p ut;output o peration i n it iated by C P  ( for 
ex a m p l e ,  paging o r  s p c oli ng) a re retried b y  
the a pprop r i a t e  d ev ice- d epe nd e nt e rror 
rec overy procedure i f  CCH det er m in es t hat 
s ys t e m  int e grity has not b e e n  d a ma ged . 

I f  CCH d e t e rm in e s  t h at s ys t e m  int egrity 
has been dama ged ( f er e xa m ple , i f  the 
channel has been r e s et , o r  if t he dev ice 
address s t ored is inva lid) , the syste m  is 
placed i n  a dis abled w ait s t at e  and a 
mess age is sent t o  the s ystem resource 
ope r ator . 

HAN DL I N G  O F  HARD M AC H I N E  C HE C K S  

If a permanent e r r o r  ( h ar d  m a c h i n e  check ) 
occurs , t h e  error is a na l y zed to de te rmine 
whe ther o r  n o t  it is cor r ec t a b l e  by 
progr a m m ing . Ti me- of-da y c l oc k  and C PU 
timer e rrors t h a t  r es u lt i n  a m ac hin e check 
int erruption a re not c o rre c table . A 
time -o f -da y clock error causes t he r eal 
comput i n g  s y s t e m  to b e  placed i n  a di sabled 
wai t stat e . A C PU t i m er error cau s es 
VM/ 3 7 0  t o  b e  ter•ina ted , a nd then 
rei n i ti a li zed by an auto m at i c  r es t ar t . 

Uncorrec table or unre tryabl e  CPU error s , 
s torage e rror s , and s torage protect key 
fai l ur e s  are handled a s  d i scus sed i n  the 
fo l lowing paragraph s . 



W hen a m ac hi ne c heck i n terruption indi cat es 
t h at an u ncorrecta b l e  or u nretrya b le C P U  
e rror a ssoc i a ted wit h  V M/3 7 0  h as occu r r ed , 
t he syst em o perator is infor aed of the 
e rror a nd t h e  system is t er m in at e d .  A n  
a u t o m at i c  r es t art r e i nit ia l i z e s  VM/ 3 7 0 . 
A ll virtua l  mac h i n e  users m u s t  log on 
a g ai n .  I f  t h e error is assoc ia te d  w i t h  a 
virtua l  mac h i n e , the user is i n fo r m e d  o f  
t he error an d t he v irtua l mac hine i s  rese t , 
u n le ss i t  i s  using t he v ir t u al = r ea l  
opt ion . In t hat cas e , t he v i r t u a l  mac hine 
is te rmi nated , and t h e  user m u s t  t he n  l o g  
on a n d  r e- IPL h i s  aachine . 

W he n  t h e contro l pr ogra m  d e tects a 
per ma n e n t  e rror (hard m achi n e  c heck) i n  a 
r e a l  storage page f r a m e  t ha t  is be i ng used 
by a vir t ua l  machine , the frame is m ar k e d  
inv alid if t h e  error is interm i t te nt , or 
unavailable i f  the e rror is sol i d .  I f  t h e 
p age fr ame has not been a l t e red by the 
vir�u� l  machine , a new page fr ame is 
ass i g n e d  to t he v ir t u a l  mac h ine a nd a 
bac k up c opy of the p age is brou ght in t h e 
n e x t  t i m e  t h e  page is r e fere nced . The 
storage e rror i s  transparent to t he virtu a l  
a ac h i n e  u s er . 

I f  the page frame has been a lt er ed , 
VM/3 7 0  r es et s  the virtual m ac h in e ,  clear s  
i t s  v i r t u a l  s t orage to z eroes , a nd s e n d s  a n  
a ppropri a te me ssage t o  t h e  user . I f  t he 
v i r t u al machine is using t he v i rtua l=rea l 
o p tion , i t  is te rminated . In e it h er cas e ,  
n o r a al system operation continues for a l l  
o t he r  users . 

Mu l t ip le - b it storage e rrors in t h e  CP 
n ucl eus cannot be refreshed ; the y ca use 
VM/3 7 0  to b e  te rmi nat ed . An aut o m at i c 
r est art r ein it ializes VM/37 0 .  ( Single- b i t  
storage e rrors a r e  correct ed b y  ECC , as 
n o t ed abov e . )  

W he n  i ntermittent storage protect ke y 
f a i lu re s  occ u r , whether ass ociated w it h 
V M/ 3 7 0  or a v irtual machine , the ke y i s  
ref reshed a nd ope ra ti o n  con t i n u es .  

I f  t h e  s torage protec t key f a i l ure i s  
u ncorrect a b l e  ( so lid) a nd i s  a ssocia ted 
with a virtual m a c hi n e ,  t he u s er is 
not if ied and t he virtua l mac hi ne i s  
te rmi nated . T h e  p ag e  fraae i s  aar k ed 
u n av a1 � a n� e .  U ncorrecta b le ( solid ) s torage 
protect k e y  f a i l ur e s  ass oci at ed w it h  VM/3 7 0  
cau s e  t h e  VM ; 3 7 0  system t o  b e  te rmi na ted . 
An a utomatic restart r ei nit ial i z es V M/37 0 .  

B AB DL I B G  O F  SOF T  M A CH I NE C H EC KS 

Although h ard a achin e  c hecks a l w ay s  cau se a 
machine c heck inte rrupti on to occ ur a n d  
log ou t s  to b e  written , soft m a c h in e  checks 
are h andled in one of two ways d e pe nd i ng on 
which mode of o p er ation t he V K/ 3 7 0  s ys t e m  
i s  in . 

T h e  t wo po ss i bl e  m o d es o f  s ys t e m  
operation are recording m ode a nd qui e t  
a od e . I n  reco r d i n g  m o d e , s o ft a achine 
checks cau s e  mac hin e c heck inte rrupti ons to 
occ ur a nd logouts t o  be w r it t e n . I n  qu iet 
mode,  only hard mac h i ne c he c k s  ca use 
mac hi n e  check interr upti ons and l o gout s . 

The i n i tiali zed stat e  ( an d  t her efore ,  
t he normal O Fera t i ng state) o f  V M/ 3 7 0  f o r  
C P U  R e t r y  r e p o r t i n g  is r ecor d in g mode . For 
ECC report i n g , t he initia li ze d  sta te o f  
V M/3 7 0  is model de pen dent : q u i et mode for 
Models 1 3 5 ,  1 4 5 ,  1 58 ,  and 1 68 ,  a nd 
recording mode for Models 1 55 I I  a n d  1 6 5  
I I .  

A change from R ECORD t o  Q UI E T  mode can 
occ ur in one o f  t w o  w ays : w he n  12 s o ft 
machine ch ecks have occ urred , or when t h e  
SET M O D E  RET RY/ M AIB QU I ET co mmand is 
ex ecu t e d by maintenance F e r sonn e l .  A change 
f ro m  Q U I ET to RECORD mode occurs w hen t he 
SET MODE R E TRY/M A I B  R E C O RD c ommand i s  
e xe c u ted b y  m ain ten ance p er sonn el . 

I f  a tran sient error ( s o ft m achin e 
check) occurs w h ile the syste m  i s  i n  R EC OR D  
mod e ,  a m a c h i n e  c heck rec ord c on ta i ni ng 
inf or mation a bo u t  t h e  error is w ritt e n  on 
t he M C H/CC B  error cylinde r .  This rec ord 
inc l ud e s  t h e  d at a  in t he fix ed lo gout ar ea , 
t he dat e ,  t he t i me of day a nd other 
perti nen t  data . T h e  o p er at or is not 
infor med t ha t  a soft mac hine c heck has 
occ urred . 

If a t ra nsient e rror occurs while t he 
system is in Q U I E T  mode , n o  a a c h i ne c heck 
i n te r r uption occur s , and n o  logouts are 
wri tte n . The h ar d w ar e ,  w hich had gained 
con t r o l  w hen the soft mac h i ne check 
occ urred , r e t urns control to e it her V M/ 3 7 0 
or t h e problem progra m ,  w h ic h e ve r  had 
con trol a t  t he t i m e  the m a c h in e  chec k  
occur r ed . 
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E B RO R  R ECOV ER Y  PROCEDUR E S  

Dev ice- d epend ent error rec overy proced ure s 
a re i nc l ud ed in V M/ 3 7 0  for all dev ices 
s u pp or t e d  by V ft/3 7 0 . F u nc t iona lly , t he se 
proc ed ur e s  perform as do t h eir counter part s 
in a n  OS or D O S  syste m . T h e  s t an d ar ds u s ed 
by OS or DO S for priority of e rror tes ti n g , 
rec o amend ed retry acti on , and n u m ber o f  
r et r y  att e apts for a partic u l a r  er ror type 
a re used b y  V ft/3 7 0 . T he error r ecovery 
p rocedur es accept a n d  use t h e  e xtended 
c ha nne l sta tus word , determine if r et r y  is 
p o ss i bl e ,  and initiate r etry actions . 

An appropriate error r ecov ery proced ure i s  
i n v o k e d  whe ne v e r  an e rr or occur s  w hi c h  i s  
r e l at e d  t o  a CP input;out put opera ti o n , 
s uc h  as pa g i n g  or spoo l i n g .  I f  t he error 
cannot be corrected , it is rec orded , a nd 
the syste m reso urce o p er ator is notified o f  
t h e  error . 

�g�g!!�g 2! !!�!Y�! ��f�!�� 1�E�t/0YiEY! 
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c h a n n e l  d at a  ch ecks , an d i nt er f ace control 
c he c ks ) ass ocia ted w i t h  virt u al machin e 
S T A RT I/O r e ques ts are passed to the 
vi rtual mac h i ne . T h e  m a c h i n e  o p er at in g 
s y s t e m  
re try . 

ass ess es t he error and a ttempts 

N o t e  t h at C M S  uses t he D ia g nose 
i n te rf a c e  to request V ft/ 3 7 0  to p er form 
in p u t;o u t put operations , a nd V M/3 7 0  the n 
pe rf o r m s  a n y  nece ssar y  r ecovery o p er at ions 
for errors associated with t he re q ue s t . 

!!�fQ�gJ:!!g 
���Q�§ 

By u s e  o f t he S VC 7 6  error recordi ng 
i n te rf a c e , V M / 3 7 0  provides u n i f or m  
r ecord i n g  o f  e rrors enco u n t er ed by 
o p er at in g  systems r u n n i n g  in vi r t ua l  
machine s . V ft/ 3 7 0  records t he r e al addr es s  
( r at her t h a n  t he v ir t u a l  add ress) of a 

d e vice t h a t  e xperien ces an erro r , so t hat 
it can be lo cat ed by su pp ort pe rsonne l . 
The opera ti n g  syste ms t hat u s e  t he S V C  7 6  
i n t er f ace are : 
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V M/3 7 0  Release 2 an d a bov e 
( r u nning in a virtua l  aac hine)  

D O SjVS 
O S/VS 1 
O S/VS2 
OS R el eas e 2 1 . 0  a nd above 
D O S  Rele a se 2 7 . 0  (requir es PT F 1 1 1 2 4) 
DO S R elease 2 7 .  1 ( re quire s PTP 12 0 5 1 )  

When a n  s v c  7 6  i s  issu e d ,  CP ex aai n es 
t he error record bui lt b y  the vi rtual 
aac h i ne o pe ratin g s ys t em . If t he 
infor mat ion is va lid , C P  t ra n sla te s  f rom 
virtual to real d e v i ce addr ess es and t hen 
records the error informa tion on the V M/ 3 7 0  
e rror recording cylinder . If t his 
infor mation is i nva lid , the s v c  i s  
ref lected back to t h e  v irtu al m achine and 
no record i n g  t akes place.  Duplicate 
recor d i n g  of e rrors is thus a void ed . 

I n  case of a pera anent I/O error ,  V M/37 0 
sends a message to t he pri ma r y  s ystem 
o pe ra tor . 

I f  a virtual machine is using one of the 
a bo ve operating systems and is als o  u s i n g  
t h e V irtual M ac h i n e  A s sist f e a t ure , then 
all S VCs are han d l e d  by t he Ass is t  f eat u r e  
(e xce pt s v c  7 6 , w h i c h  is a l w ay s  han d led b y  

C P ) . H owever , t he user can s p ec i fy t hat CP 
han d l e  all S VC s  by issuing SE T A S SI ST 
N O S VC , or b y  incl u d i n g  the S V CO FF option in 
his direct ory entry . 

I f  a virtual mac h i n e  is us i n g  an 
oper a t i n g  system t h a t  does not use the svc 
7 6  i nterface , bot h  CP a n d  t he v irtual 
machine record e rrors . 

For more informaticn a b o u t  the s vc 7 6  
e rror recor d i n g  in t er face a n d  t he Virt ual 
M achine A ssist feature , ref e r  to the 
!�L11Q: �Ist�� ��������§ Guig� . 

RECORDI NG F A C I L I T I E S  

The CP Env iro nme ntal Rec ordin g ,  Editi n g ,  
a n d  P ri n t in g p r o gr a m  (CPER E P) i s  i nc l ud ed 
as part of the V M/ 3 7 0  s yst em and is r u n  as 
a problem progra m under C ft S .  The pri nted 
o utput from C PE R EP u n der V M/ 3 7 0  h as t he 
same format as t hat gene ra ted b y  OS , 
O S/VS 1 ,  and OS/VS 2 .  The s y s t em c a n : 

• E d it and print a l l  cr s pecif ied error 
records c o n t ai n e d  on the system error 
recor d i n g  f ile . 



• C re a te a history of r e c o r d s  o n  a n  
acc u m u la t i on tape t h a t  i s  u s ed as i n pu t 
to a n a ly s i s  pro grams t ha t  r u n  u nd e r  
O L T SE P .  

• Erase a ll o r  spec i f i e d  ar e as o f  t h e 
err or r ec o r d i n g  f i le . 

VM/370 Repair Facilities 

T he O n l i n e  Test S t a nda l one E xec u t i v e  
Program ( O L T S E P )  a n d  Onl i n e  T es t s  ( OL T )  
ex ecu t e  i n  a v ir t u a l  mac h i ne t ha t  r un s  
c onc urre n t l y with normal s ys t em oper at io ns . 
T he s e  p r o g r a m s  pro v i d e  online d iag nos i s  of 
i n p u t; o u t p u t  e rrors f o r  most dev i c es t hat 
att ach to t h e IBK Syst e mj3 7 0 . 

T h e  s er v i c e  repr e s e n t a t i v e  c a n  e x e c u t e  
o n l i ne tes t s  f rom a ter m i n al as a us er o f  
t he s ys t em ; VK/ 3 7 0  cons ole f unctions , 
i nc l udi ng t h e  abili t y  t o  d i s p l a y  or alt er 
t he v ir t u al m a chine s t o r a ge , a re avai l a b l e  
w h e n  t h e s e  t e s ts are r un . T ho s e  t ests t hat 
v io l a t e  V K ; 3 7 0  r e s t r ic ti o n s  ma y not run 
c o rrec t l y  in a v i r t u al m a c h i n e  
e n v iro n ment . 

VM/370 Restart Facilities 

W he n  eit her K C H  or CCH d e t e rm i n e s  t h a t  a n  
e rror h a s  d a m a ge d  t h e  i nt e g r i t y  o f  V K/ 3 7 0 ,  
t h e s y st e m  IPL rou tine i s  c a l le d  t o  p e rf o r m  
a n  ord erl y t e rm i n at i on o f  t he s y s t e m  a n d  
s u b s eq u e nt r e load i ng a nd i n i ti a li za t i on o f  
V M/3 7 0 . T h e  s y s t e m  att e m p t s  t o  ex e cu t e a 
w ar m  s t ar t , t hu s  a l l o w i n g  t e rm i na l l i ne s  t o  
be r e - e n abl e d  auto m at ic a l l y  an d com pl et ed 
spool f i l es to be m aint a in e d . S t or aae 
r econ f ig u r a t i c n  data ( s uc h  as p a ge f ra m�s 
m a rk e d  u n a v a i l a b l e  or i n v a l id ) , w hi c h  i s  
acqu i r e d  du r in g  t h e  proc e s s  of r e c o v e ri n g  
f ro m  r e a l  s t o r ag e  error s , i s  lost . A ft er a 
V K/ 3 7 0  s y s t e m  fa i l ure , eac h use r  m us t  
rei ni t i a li ze his v i r t u al m ac h in e .  

Re s e t t i n g  o f  a v ir t u al m ac h in e ,  w h et h e r  
c a u s e d  by a rea l c om p u t i n g  s ys te m  
m a l f u n c t i on o r  b y  a virt u al m a c h i n e  p r o g r a m  
error , d o e s  not af f ec t  t he e xe c uti on of 
o t h e r  v i r t u a l  m ac h i n es , u n l es s  t he y  are 
s h a r i n g  t he a rea i n  w h i c h  the m a lf unction 
occ urred . 
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GC 20- 1 80 0- 4 ,  P a ge Mod i f i ed b y  TN L G N 2 0� 2 6 5 7 , Ma r c h  3 1 , i 9 7 5  

Machine Requirements 

T he f ol l o wi ng m ac h in es a nd d ev ic e s  a r e  
su pported b y  V M/3 7 0 . S p ec i f i c  in form a t i o n  
r eg ar d i n g  m o d el n u m b e rs a nd s u p p o r te d  
f e a t ure s c a n  be p r o v i d e d  b y  an I B M  
m a r k et i n g  r e pres e n t at i v e . 

C P O S  

I B M  Sy st em/3 7 0  Model 1 3 5 
I B M  S ys te m/ 3 7 0  M o d el 1 4 5 
I B M  Syst e m/ 3 7 0  Model 1 55 I I  
I B M  S y s t e m; 3 7 0  M od e l  1 5 8 
I B M  S yste mj3 7 0  Mode l  1 65 I I  
I BM s y s t e mj 3 7 0  M od e l  1 6 8 

T hes e m a c h i n es m u s t  b e  e q u i pped w i t h  the 
D y na mic Address T r a n s l a t i on f a c il it y ,  t h e 
s y s t em T i m i n g  fac i l it i es , a nd a t  lea s t  
2 4 5 , 7 6 0  b yt e s  o f  re al s to r a ge . T hey m u s t  
o p er at e  in e x t ended c ontrol mod e . T h e  
M od e l s  1 3 5  and 1 4 5 r eq u ir e  t h e 
f l o at i n g- point feat u r e . T he M od e l s  1 6 5 I I  
a nd 1 6 8 re q ui re t h e  C h a n n el Indirect Dat a 
A d dr ess i n g  f e at u r e  on each of t he f o l l o w i n g  
standa lone cha nnel s : 2 8 6 0 ,  2 87 0 ,  an d 2 8 8 0 . 

The resid e n t  p o r t i o n  o f  t h e  V M/ 3 7 0  
control p r o gr a m  requ i r es a p prox i m a te ly 1 1 2 K  
b y te s of real storage p l u s  an av er a g e  o f  
2 . 8K byt es p e r  act ive v ir t ua l ma c hi n e . 

F o r  more i n f o r m a ti on a bo u t  s t or a g e  
r eq u ir em ents , r e fer t o  t he !�LllQ : g1���!�9 
�g£ �I§ig! ggng��!!2n Q!1£� · 

S Y S T E M  CON SOL E S  

T he fo l lo w i n g  sys t e m  consol e s  a s  w e l l  a s  
t h e  te r m i n a l s  l i sted bel o w  a r e  s up port ed b y  
V M / 3 7 0  as v ir t u a l  consoles ( si m u la te d  a s  
3 2 1 5  cons o l es ) . 

I BM 2 1 5 0  Con sol e w it h  1 05 2  
Pr inter - Ke y board , Model 7 

I BM 3 0 6 6  Syst e m  C o n s o l e  f or t he Sy s te mj3 7 0  
Mod e l s  1 6 5 I I  and 1 6 8  

I B M  3 2 1 0  Console P ri n t er- K eyboa rd ,  M od e l s  1 
a nd 2 

I B M  3 2 1 5  Cons o l e  P r in t er- K e yb oa rd , Mod el 1 
I B M  74 1 2  Con sole (vi a R P Q  A A 2 8 4 6 )  w it h  a 

3 2 1 5 , M o d el 1 

Appendix B :  System Requirements 

I B M  S ystem Con sol e for t h e  S yst emj 3 7 0  M od el 
1 5 8 (in p r i n t er - k e y board m o d e  w i t h  t h e  
3 2 1 3  P r i nt e r  M od e l  1 re q ui red , or i n  
d i sp l a y  m od e )  

T E L E C O M M U N I C AT I O NS 

T h e f o l low i n g  d e v ic e s  a re s u pported f o r use 
as virt ual s ys t e m  conso l es ( a n d ,  
con s e qu e ntly , a s  C M S  user te rmina ls) : 

IBM 1 0 5 0  D ata C om m u n ic a tion S ys te m  
I B M  2 7 4 1 Com m u nicat ion T er m i n al 
IBM 3 2 7 7 D i s p l a y  Station , M od e l  2 ( Loca l  

a nd Remote � t t ac h m en t ) 
L in e  Cont rol f o r  C P T- T W X  ( M od e l  3 3/ 3 5) 

te r mi na l s  
I B M  3 7 6 7  C om mu n i c a t i o n  T e r m ina l ,  M od el s  1 

a n d  2 ( 27 4 1 com p at i b le- equ ipped ) 

T h e  followin g d e v i ce 
r emot e s p o o l i n g  a nd the 
c om m a nd s : 

is su pport e d  for 
e n t r y  of s p ool 

I B M  2 7 8 0  Data Tr an s m is s i on T er m in al M o d el 2 

( Se e  a l so " S �s t e m  S u pp ort for t h e  R S C S  
T e l e p roc essi n g  N e t w o r k "  b e l o w . )  

I B M  3 2 7 1 Control U nit , M o d el 2 (R e mot e  
A tt a c h m e n t )  

I B M  3 2 7 2  Con trol Unit , M od e l  2 (L ocal 
A t t a c h m e n t )  

I B M  2 7 0 1 Data Ad a p t er U n it 
IBM 2 7 0 2  Tra ns mission C ontrol 
I B M  2 7 0 3  Tran s m i ssion Co nt r o l  
IBM 3 7 0 4; 3 7 0 5  C om munica ti ons C o nt r o l l e rs 

( I n  Net work Control Pro gr am mod e ,  
P ar t it i oned E m ulation P rogra m mod e , and 
2 7 0 1 ,  2 7 0 2 , 2 7 0 3  Emu l at ion Pro gr am mode)  

IBM I n t e gr at ed C o m munic a tions Ada p te r  
( t4 6 4 0 )  a v a i l a bl e  on t h e  s y s t emj3 7 0  M odel 
1 3 5  

A pp en d ix B :  Sy stem Re quire me n ts 4 3  
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V M /3 7 0  pr ov i d es d ev ic e  a nd s u bs y s tem 
s u pport t or bo t h pr ogr a m m a b le a nd 
no n pr og r a m ma b l e  RSCS r e m o t e  s t a t io n s . 

• De vic e s  S u p po r t e d  for N on p ro g ra m ma b l e  
Re mot e S t a t i o n s  

I B M  2 7 7 0  D a t a Co m mu n icat i o n  sy s te m ,  wi t h  
t he 2 7 7 2  M ul ti p urpose Cont r ol U n it 

I BM 2 7 8 0  D a t a  T r a n s mi s s i o n  Te rmi na l , 
M od e l s  1 a n d  2 

I BM 3 7 7 0  G en e r a l  P u r pose C o m m u n ic a ti o n  
Te r mi na l , Mode l  2 (op erat i n g  in 2 7 7 0 
com p at i b i l i ty m od e) 

I B M  3 7 8 0  D a t a  Com m u n i cat i o n s  T er m in al 

• Tra n s mi ssi o n  Control Uni ts Su ppor t e d  for 
P r o gr am m a b l e  Remote S ta ti on s  

I B M  2 7 0 1 D at a  A dapt er U n i t  wi t h  
Sy nc h ro n o u s  Data Ad apt er , T y p e  I I  

I BM 2 7 0 3  Tr a n s m i s s i o n  C on t r o l  U ni t  wi t h  
s y nc hr o n o u s  T e r m i n a l  Cont r o l  

I B M  3 7 0 4  C om m u n i c a t i ons C ont roller ( i n  
E P  m o d e  o n l y) 

I B M  3 7 0 5  C o m m u n i c a t i ons C o nt roller ( i n  
E P  m o d e  o n l y) 

• S ys t e m s  S u p po r t e d  f o r  R e mote J ob E ntr y 
i n to R S C S  

I B M  S ys t e m / 3 6 0  Mod e l s  2 0 , 2 2 ,  2 5 , 3 0 ,  
4 0 ,  5 0 ,  6 5 , 7 5 ,  8 5 ,  1 9 5 

I B M  S ys t e m  3 7 0  Mo d e l s  1 1 5 ,  1 2 5 ,  1 3 5 ,  
1 4 5 ,  1 5 5 ,  1 5 5 I I , 1 5 8 , 1 6 5 ,  1 6 5  I I , 
a nd 1 6 8 

I B M  1 1 3 0  S y s t e m  
I BM S ys t e m  3 M o d el 1 0  
I B M  2 9 2 2  Program m a ble T er m i n al 

W h e n  R S C S  is o pe r at i ng a s  a re m ote j ob 
e n t ry s ys t e m  t o  a H AS P-t yp e  or A S P -t y p e  
bat c h  p r o c es s o r , it s u pports a n y  I B M  s ys te m  
tha t s up po r t s  t h e  H A S P/ A S P -t yp e  s y s t em . 

• Sof t w a r e  s ub s y s te m s  Support ed for R S C S  

H AS P  I I  V e r si o n  3 . 1 ( 3 6 0D - 0 5 . 1 . 0 1 4 ) 
H A S P  I I  V e r s i on 4 ( 3 7 0 H -T X -0 0 1 )  
A S P  V er s i o n  3 . 1 ( 3 6 0A - C X- 1 5 X )  
JE S2 C o m p o n e n t  o f  V S 2  Rel ea s e  2 
J ES 3  C o m p o n ent o f  V S 2  ( w he n  a va i la b l e )  
R E S  C om pone n t  of V S 1 Rel e a s e  2 an d a bov e 

4 4  I B M  V M/3 7 0 : I n t r o d uc t i o n  

D I R E C T  ACC E S S  S T O R AG E  D EV I C ES 

I B M  2 3 0 5  F i x ed Head S t ora ge , M o d e l  1 
( M od els 1 6 5  II a nd 1 6 8 o n l y )  a nd 
Mod e l  2 

IBM 2 3 1 4  D i r ect A cc e ss Storage Fac ili t y  
I B M  2 3 1 9  D i s k  S t o r a g e  
IBM 3 3 3 0  D is k  Stora g e ,  M od e l s  1 ,  2 ,  a nd 1 1  
I B M  3 3 3 3  Disk S tor ag e an d Contr o l ,  M o d els 1 

a n d  1 1  
I B M  3 3 4 0  Direct Access S t o r a g e  Facilit y , 

M o d els A 2 ,  B 1 ,  a n d  B 2 , w i th D a ta Modules 
M od e l s  3 5 , 7 0 , an d 7 0 F  

D I R ECT ACCESS CONT R O L  U N IT S  

I B M  2 8 3 5  S t orage C ontrol M odel 1 f o r  2 3 0 5  
M od e l  1 ( Mo d e l s  1 6 5 II  a n d  1 6 8 only ) 

IBM 2 8 3 5  s t ora ge C ontrol M od e l  2 f o r  2 3 0 5  
M od e l  2 

I B M  2 8 4 4  A u x i l ia ry S t or a g e  Con t r o l  for 2 3 1 4  
and 2 3 1 9  

I B M  3 3 3 3  Disk S t o r a g e  a n d  Cont r o l  M o d els 1 
a n d  1 1  for t he 3 3 3 0  M od e l s 1 ,  2 ,  a nd 1 1  

I B M  3 3 4 5  I nt e gr at e d  S t or a g e  C o n t r o l  M o d els 
3,  4,  a n d  5 on t he M od e l  1 4 5 f o r  3 3 3 0  
D i s k  s to r a g e  Mo d els 1 a n d  2 ,  a n d  3 3 3 3  
D i s k  S t ora ge a nd C on tr o l ,  M od e l s  1 a nd 1 1  

I B M  3 8 3 0  S to r a ge Control M od el 1 for 3 3 3 0  
M o d e l s  1 a nd 2 o n l y  

I B M  3 8 3 0  S t o r a g e  C o n t r o l  Mo del 2 f o r  3 3 3 3  
M o d els 1 a n d  1 1  

I BM I F A  ( In t egr at e d  F i l e  A da pt e r )  ( i4 6 5 0 )  
o n  S y s te m j 3 7 0  Mo d els 1 3 5 a n d  1 4 5  f or 2 3 1 9  

IBM I F A  ( I nt e gra t e d  F ile A da p te r) ( i4 6 55 )  
on t h e  M o d el 1 3 5 f or 3 3 3 0  M o d e l s  1 a n d  2 ,  
3 3 3 3  M od e l s  1 a nd 1 1 ,  a nd 3 3 4 0  M od e l  A 2  

I B M  I S C  ( I n t e gr at ed Stor age Con t r o l )  o n  t he 
M o d e l  1 5 8 f o r  3 3 3 0  M od e l s  1 a nd 2 ,  3 3 3 3  
Mod e l s  1 a n d  1 1 , and 3 3 4 0  M o d el A2 

IBM I S C  ( I nt egrated S torage C on tr o l) on the 
M o d e l  1 6 8 for 3 3 3 0 Mo d els 1 and 2 ,  3 3 3 3  
M o d els 1 a nd 1 1 , a nd 3 3 4 0  M o d el A 2  

A l l  dir ect a c c e s s  d e vic e s  a re sup por ted 
as V M/ 3 7 0  s y s tem r es i d en c e ,  p ag in g ,  and 
spoo l i n g  d ev ic e s . A ll except the 2 3 05 a re 
s u p p o r te d  b y  C M S .  

M AG N E TI C  T A PES 

I B M  2 4 0 1 , 2 4 0 2 ,  2 40 3 M ag ne t i c  T ap e  U n its 
IBM 2 4 1 5  M a gnet ic Tape U ni t , M od e l s  1 ,  2 ,  

3 1 4 1 5 1 a n d  6 
IBM 2 4 2 0  M a gne tic Tape U n i t , M od e l s  5 a n d  7 
I B M  3 4 1 0  M a g n e t i c  T ap e  U n it s ,  M o d els 1 ,  2 ,  

a n d  3 
I B M  3 42 0  Magn etic T ap e  U nit , M od e ls 3 ,  4 ,  

5 ,  6 ,  7 ,  a n d  8 



GC 2 0 - 1 8 0 0- 4 r 

MA G N E TI C  T A P E  C O N T R O L  U N ITS 

IBM 2 8 03 
I BM 2 8 0 4  
I B M  3 4 1 1  

Tape Control 
T a p e  Con tro 1 

M a g netic T ap e  
1 ,  2 ,  a n d  3 
Ta pe Con trol 

U ni t  a n d  Con t r o l , 
M o d e ls 

I B M  3 8 03 

P R I NTE RS 

I BM 1 4 0 3  P ri n t er ,  Mo d el s  2 ,  3 ,  7 a nd N 1  
I B M  1 4 4 3  Pri n te r , Mod e l  N 1  
I B M  3 2 1 1  P r i nt er 
I B M  3 2 8 4  Pri n te r ,  Mod el s 2 an d 3 ( r e mot e 

3 2 70)  
I B M  3 2 8 6  P r i nt e r , M odel s 2 and 3 (r e m ot e 

3 2 70)  
I B M 3 2 8 8  L i n e  P r i n te r ,  M o d el 2 ( r e mot e 

3 2 70) 

R E A D E R/ P U NCH E S  

I B M  2 50 1 C a rd Reade r ,  Models B 1  an d B2 
I B M  2 5 2 0  Card P u n c h ,  Mod els B 2  a nd B 3  
I B M  2 5 4 0  Ca rd Read P un ch , M o d el 1 
I B M  3 5 0 5  Card Read e r , Mo dels B 1  an d B2 
I B M  3 5 2 5  C ar d  P u n c h ,  M od els P 1 , P 2  a nd P3  

UNIT RECORD C O NT R O L  U NIT S 

I B M  2 8 2 1  Con trol Uni t 
I BM 3 8 1 1  P r i n t er C on tr o l  U ni t  
I B M  I PA ( I n t e g rated P r i n t er A d a p t er )  for 

the 1 4 0 3  Pr i n t er on the Model 1 3 5  

P a ge M o d i f ied b y  T N L  M a r ch "l 1  
..J I I 1 9 7 5  

M IN IM UM VM / 3 7 0  C O N F I G UR A TI O N  

C P U  

s t o r a g e  
O n e  
O n e  
O n e  
O n e  
T wo 
o n e  
One 

One 
O n e  

O ne 

O ne o f  the 
d e s i gn at e d  
2 4 5 , 7 6 0  b y te s  
Consol e d ev i c e  
P r i n t e r  
Card R e a d er 
C a r d  P unc h 

s y s te m /3 7 0  M od e l s  

S pi n d l e s  Dir ect A ccess S tor a g e  
N in e- t r a c k  M a gnetic Ta pe U n i t  
T e l ecomm u n icat ions C o n t r o l  U ni t  
( or t h e  I n te g ra ted C om m unic a ti on s  
Ada p t e r  o n  t h e  S y s t em/ 3 70 M od el 
1 3 5) or o n e  3 2 7 2  C on t ro l  U n i t  ( i f  
o nl y  3 2 7 7  Dis p lay s t at ions a r e  
u s e d )  
M u l t i p l e x e r  Chan n el 
S e lector or B l oc k  M u lti p l e xe r  
C h an n e l  
C om m u n ic a t i o n s  T e r m i n a l  

VM/370 Programming Characteristics 

V M / 3 7 0  is w r i t ten in V M /3 7 0  Ass em b l er 
l a n gu a ge , u s i n g  t he i ns t ru cti on s a v a i l a b l e  
onl y on a n  I B M  Sys t e m;3 7 0  w i t h  d yna mic 
address tra n s l at ion . C M S  comm an d m o du l es 
are w r i t t e n  in VM/3 7 0  A s semb l e r  la ng uage . 

Support Considerations 

C M S  is used to i n c or po r a t e  a l l  V M/37 0 
progr a m  r e l e a s e s  a n d  u pda te s .  

A p p e n d i x  B :  S y ste m Re qui re me n ts 4 5  





Appendix C: Language Processors and Emulators 

VM/370 Assembler 

A VM/3 7 0  Ass e• bler is distributed as a part 
of the V M / 3 7 0 system a n d  i s  r eq u ired for 
ins t a l lati o n and f urther s upport of t he 
systea . A l l  necessary insta l la tion a nd 
s u pport macros are provided in CM S 
l i br ar i es . 

The Conversationa l Monitor s ys t em {CMS ) 
is a component of VM/37 0  a nd is distri b uted 
with i t . Certain ot h er f acilit i es 
m en t io n e d  in t his p u b l icat ion a re not part 
of V M/ 3 7 0 ,  but can b e  s ep a r at e ly ord e red 
froa I B M .  These incl ude : I B M  S ys t em/ 3 6 0  an d 
s ysteaj 3 7 0  op erating systeas , I B M  la n g ua g e  
p r oc e ssor s  a nd o ther p r og r a m  products , I B M  
Ins t al le d  U s e r  P rograms , a nd I B M  Field 
D e ve lo pe d  Prog ram s .  For m o r e  infor mat ion , 
cont act y our IBM representa t iv e . 

Program Products 

F i gure 1 5  lists the I B M  program pro du ct s  
t h at ar e ex ecu t able under C M S .  

To f i nd t he amount o f  stor age r eq u i r e d  
t o  inst all a prograa produc t ,  r e f e r  to the 
a ppropria te program prod u ct p u bl ic at io n . 

Installed User Programs 

A t ex t - p rocess i n g  progra m is a v a i la b le : I B M  
I n stal led Use r Prog r a m  ( IU P) S C R IPT/ 3 7 0 
( I BM Pr o gram N o .  5 9 7 6- P A F) . S C R I PT/ 3 7 0 

c re a te s  f orma tted o utput from o n e  or mor e 
C M S  f i l es ,  each of w h ic h c o n ta i n s  te xt 
a nd;or SCRI PT control words . the S C R IPT 
f i les ar e created a n d  m od if ied a t  a 
te rmina l usi n g  the CM S Edi t o r . 

SC R I P T/3 7 0  man uscript f acilit ies in clu d e  
r i g ht m ar gin j ustificat i o n ,  line c e n te ri ng , 
i n se rti n g  t o p  and bottom t i t l es , and t he 
a b i l it y  to inv oke addit iona l SC R I P T  i n put 
f i le s  f rom the f i le bein g  proces s e d .  Ot her 
facilit i es to assist in t he prepa ra tion of 
l a rg e  d oc u me n ts i nclu de s y m bolic 
cap abi l it ies t hat can g enera te a tab l e  o f  
c o n te n ts , a nd n umber p ag es and f i gu r es . 

r------------------------------------------, 
I I B M  I 
I IBM P r o gram I 
I Pro g r a• P ro duct N umber 1 
I I 
! O S  Code & Go POR TR l l  5 7 3 4-P 0 1  I 
I 
l O S FOR T R A N  I V  ( G 1 )  5 7 3 4-P0 2  
I 
l O S P O R T R A I  IV L ibrary ( M od I )  
I 
l OS FORTRAN IV ( H )  E xt e nd ed 
I 
l OS F O RT R A N  Li brary (Mod I I )  
I 
I FO R T R A N  Interactive Debu g 
I 
I OS/V S  COBOL Comp i l e r  and 
I L i brary 
I 
I O Sj V S  COBOL L ib r a r y  O nl y  
I 
l O S F u l l  A merican N a tiona l  
1 Standard COBOL Version 4 
I C o m p i l e r  a nd Li brary 
I 
l O S  P u l l A mer ica n N a ti ona l 
1 S tandard COBOL V ersion 4 
I L i brary 
I 
l O S  CO BOL I nt e ractive D e b u g  
I 
l O S  PL/I O pt i m i z i n g  C ompiler 
I 
I V S B A SIC P r oc essor 
I 
I V S B A SIC 
I 
l O S PL/I R esident Libra r y  
I 
l O S P L/I T ra n s ie n t  Libra r y  
I 
l O S PL/I O p t i m i z i n g  Compiler 
I a n d  Li b raries 
I 
l O S PL/I Checkout Com p i l er 
I 
! P l a n n i n g  Systems 
1 G e neratorjCMS ( PS G/CMS)  
'--
F i g u r e  1 5 .  IBM P ro gra m P rod uc ts 

5 7 3 4-L M 1 

5 7 3 4-P0 3  

5 7 3 4-LM 3  

5 7 3 4-FO S 

5 7 4 0-CB 1 

5 7 4 0-L M 1 

5 7 3 4-CB 2 

5 7 3 4- L M 2  

5 7 3 4-CB 4  

5 7 3 4-PL 1 

5 7 4 8-XX 1 

5 7 3 4-XX 1 

5 7 3 4-LM 4  

5 7 3 4-LM 5  

5 7 3 4-PL 3 

5 7 34- PL2 

5 7 4 8- XT 1 

A t i m es ha ri ng f a c i li t y  i s  a vaila ble a s  
a n  I U P : the McGill U niv ersity S y st e m  for 
Inter act i v e  C o m p ut i n g  ( M U SIC)  , I B M  Prog ra m  
Bo . 5 7 9 6 - A A T . MUS IC i s  a conv ersational 
t im e- s haring o perating s ystem tha t c a n  run 
in a virtual machine u nder V M/3 7 0 .  

Append i x  C :  Language P roce s so r s  and Emu l ator s 4 7  



s yste mj 3 7 0  
Model 

1 3 5 
1 4 5 
1 5 5 I I , 1 58 
1 6 5 I I , 1 6 8  

1 4 0 1 
1 4 4 0  
1 4 0 1  
1 4 4 0  
1 4 60 

1 4 4 57 
1 4 4 57 

1 4 6 0  
1 4 1 0 
7 0 1 0  

14 4 58 
1 3 9 5 0  

7 07 0  
7 0 7 4  

1 7 1 1 7 
1 7 1 1 7 

7 0 8 0  

1 7 1 1 8 

7 0 9  
7 0 9 0  
7 0 9 4  
7 0 9 4I I  

1 7 1 1 9 

F i g ure 1 6 .  I n t egrated E m u l ators t hat E x ec u t e  U nd e r  V M/ 3 7 0  

Integrated Emulators 

Eau l ator- dependent programs ( e x c e p t  for DO S 
e m ulation und e r  OS or O S/V S) t hat ex ecut e 
o n  a p ar t icu lar S y s t e mj3 7 0  e qu i p ped wit h 
t he approp ri a t e  co mp a t i b ilit y f e a t ures ca n 
e x ecute on t h a t  s ys temj37 0  in DOS or O S  
v ir t u a l  m ac h i n es under V M/ 3 7 0 . 

Fig ur e  1 6  
nu m be r , w hi c h  

s ho ws , b y  system;3 7 0  model 
i n te gr at ed emu l ators can 

48 IBft V M/ 3 7 0 : I n troduction 

ex ecute under VM/3 7 0  a nd the c o m patibili t y  
feat ure numbers ( t x xxx)  t h a t  a re requi red . 

Ho c han ges ar e  requ ired t o  t h e  
emu la t ors , t o  D O S  o r  OS , or to Vft/ 3 7 0  
its e l f  t o  a l l o w  e m u la tor- d e pe nd e n t  progra m s  
to e xecute in virtu al m achi n es .  

O n  the S ysteaj3 7 0  Model 1 5 8 only , t he 
V ir t u a l  M a c hine A ssist F ea t ure cannot 
o pe ra t e  c on cu rr en t l y  wit h t he 7 0 7 0/ 7 0 7 4  
com patibility feature (Fea t ure 1 7 1 1 7) . 



A vir t u a l  aachine created by VM/3 7 0  is 
c a pa b le of ru nning an IBM Systeaj3 6 0  or 
syste•/3 7 0  operating s ystem as lon g as 
c ert ain V M/ 3 7 0  r estr ict i ons a re n ot 
v i olated . Virtua l  machi ne restr ict i ons an d 
cert ain execu t i on characteristics a re 
sta ted i n  this appe ndi x. 

Dynamically Modified Channel Programs 

In gen er a l, virtual machines m ay n ot 
e xecute channel p r ograms t h a t  a r e  
dy na •ica lly m od i f ied ( that is, ch a n n e l  
p r ogr ams t hat are c hange d between t he t i m e  
the STA R T  I/O ( SIO ) i s  i s s u e d  and t h e  en d 
of t he i nputjou t put occurs, e i t he r  b y  t he 
c hanne l progra a  i tse lf or by t he CPU ). 
How ever, s om e  dyna•ically m od if ied c ha nne l 
pr ogra•s a re give n  spec i a l  h an d li n g  by CP : 
s p ecifica lly, t hos e generated by the 
Indexed Se que n ti a l  Acc ess Met hod ( IS AM )  
r u n n i n g  u n der O S/PCP, O S/MF T ,  a nd O S/M VT ; 
t h ose ge nera ted b y  IS A M  running in an OS/V S 
v i r t ual= r e a l  p ar t it i on ;  and t h ose gene rated 
b y  the OS/VS Te le c oa munications A cces s  
M e t h od ( T C A M )  L ev e l  5 ,  w i t h  t h e  VM/3 7 0  
opti on .  

T he s e lf - m odify in g channe l p r ograms tha t 
ISA M  g e ne ra tes f or s om e  of its operat i on s  
r eceiv e s p ecia l hand li ng if V M/37 0 is 
g e ne rated wit h  t he ISAM opt i on and i f  t he 
virtua l machine using IS AM has t h a t  opt i on 
s p ecified in its iM/ 3 7 0  di rec tory e n � � J · 
There i s  n o  suc h  re stricti on f or DOS IS A M ,  
o r  f or IS AM i f  i t  i s  r u nning i n  a n  O S/V S 
virtua l= vi r t ua l  parti ti on .  If IS A M  is t o  
r u n  in an O S/V S v ir t u a l=rea l pa rtition, y ou 
must spec i f y the IS A M  opti on in t he V M/ 3 7 0 
direct ory e ntry f or the O S/VS virtua l 
mac hine . 

V irtua l mac hines usin g  O S/V S TC A M  (Lev e l  
5 ,  generated or i n v oked w i t h  t h e  V M/ 3 7 0  
opt i on )  iss u e  a D IA GN O S E  instruction whe n 
the c ha n ne l  program i s  m od i f i e d .  T his 
in stru ct ion causes CP to r e f lect the c ha nge 
i n  the virtua l ccw stri ng to t he r e a l  ccw 
string bei n g  execut e d  by t he c ha n ne l. C P  
i s  the n a b le t o  e xecute t he dyn ami cally 
• odified channel progra• pr oper ly . 

T he res tri ct ion against d y n a mica lly 
mod ified c h a n n e l  prog rams d oes n ot app ly i f  
t he v irt u a l •achine has t h e  vir tua l=rea l 
pe rf orma nce opti on a n d  the NOT R ANS opt i on 
has been set on . 

Appendix D: VM/370 Restrictions . 

Minidisk Restrictions 

The f ollowi ng res trict i ons 
a in i disks : 

exist f or 

1 .  In t h e  case of Read H ome A d d re ss wit h  
the ski p b i t  off ,  V M/ 3 7 0  m odifies t he 
home address data i n  u se r  s tora g e  a t  
the c om pleti on of t h e  chan n e l  p r ogra• 
becau s e  t he addresses must be 
converted f or minidi sk s ;  t he re f ore , 
the data b u f f er ar e a  m a y  n ot b e  
dynamically modif ied d uring t he 
inputjoutput oper ati on . 

2 .  On a minid isk , i f  a CCW s t r i n g  u s es 
mu lt it r ack search on i n p ut/output 
operat i on s, s u bs eq u e n t  ope r a t i ons t o  
t hat disk must have p reced ing seeks or 
c on ti nue to use m u lt it rack oper a t i ons . 
T here is n o  restrict i on f or dedica ted 
d i sks . 

3 .  OS/PC P, MFT, and MV T ISAM m ay be u s ed 
w ith a min id i s k  on ly if the m i nid isk 
is loc a ted a t  the begin n i n g  of the 
p hysica l disk � tha t  is, at c y li nd e r  
ze£ o) • T here 1s n o  s u c h  r estr icti on 
f or DO S or O S/VS ISA M . 

4 .  V M/ 3 7 0  d oe s  n ot r et u rn a n  e nd of 
c y linder c on di t i on to a v irtu a l  
machine that h a s  a virtua l 2 3 1 1  ma p ped 
to the top h a lf ( th at is, tr acks 0 
t hr ou g h  9 )  of 2 3 1 4  or 2 3 1 9  c y li nd e r s . 

5 .  If t h e u se r ' s  channel prog ra m  ( CCWs) 
f or a mi nid i s k  d o  n ot p er for m  a S eek 
op erat i on, then to preve n t  accid e n ta l 
accessi n g ,  V M/ 3 7 0  i n s erts a 
p osit i oning S e e k  ope r a t i on i n t o  the 
use r ' s  ccws . Thus , cert ain cha n n e l  
pr ogr a ms m a y  genera te a c on d i ti on c od e  
( CC )  o f  zer o on a SIO instead of a n  

e xpected cc of on e, w hi c h  i s  r e f lect ed 
to t he virt u a l  mac hine . The f i na l  
sta tu s  i s  r e f lected t o  the v ir t u a l  
machine as an inte r r u p t. 

6 .  D A S D  c hannel prog £ a m s  d i rec ted t o  
minidisks on 3 3 30 or 3 3 40 devices may 
giv e differe n t  res u lts tha n  on 
d edica ted driv es i f  the channel 
pr ogram inc ludes mu lti p le - track 
opera ti on s  and depends on a S ear ch ID 
High or a Search ID H i gh or E q ua l  t o  
te·rminate the p r ogr am . T h is is 
becau s e  the record 0 c oun t f ie ld s  on 
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t he 3 3 3 0  and 3 3 4 0  m u s t  cont ain t h e  
r e al cy li nder n u • b er of t he tra c k  on 
which the y reside ; therefo r e , a S e ar ch 
I D  Hi g h  based on a l ow virtua l  
c yli nd e r  n um be r  m ay terminat e  
p r e a at u r ely i f  a rea l record 0 is 
e nc o unte red . This restrict io n  does 
n o t  apply to •inidisks with a 
re loca tion f ac to r  of zero . T his 
r es t r i ct ion does a pply to •inidisk s 
w i t h  a VTOC g re at er than on e tr ack 
t h at are u s ed w it h  OS ( R e lease 2 0 . 6  
a nd la te r) o r  OS/ VS (any releas e) , 
s in c e  t he VTOC L ocate f u nction uses a 
Sea rc h  I D  High to stop at t h e  e n d  o f  
t he V TO C . 

N ote : I f  t he 1 R 1 byte of 1 CCHH R 1 is 
e q u al to zero at the tim e  a vir t u al 
S tar t I/O is issued , but the 1 CC H H R 1 
f ie ld i s  read in dyn amically by t h e 
c h an n e l  pr ogr aa before t he SEARCH I D  
cc w i s  e xec uted , t h en t h e  r e al S E A R C H  
I D  CCW uses t h e  r e l oc ated 1 CC H H R 1 
f i e ld in ste ad of t he 1 CC BH R 1 f i el d 
t h at v as dy n a a i ca l ly read in . This 
causes e r roneo us resul ts . To avo i d  
t his p r o blem , t he v irtual •ac hine 
should not d e f a ul t  t he ' R '  byt e o f  
1 CC H H R ' t o  bin ary z er o  i f  t he searc h 
a rg uments are t o  be r e ad i n  
dyn aa ically and a S EA R C H  I D  on R ecord 
RO i s  not i n te n d ed . 

7 .  The I BC D A SD I  program c annot assi gn 
alt er n at e  tr acks for a 3 3 3 0 . 

Timing Dependencies 

Ti a i n g  d epende nc ie s  i n  i n putjo utput devices 
or pro gr am m i n g  do not fu nction c onsi ste ntly 
under VM/3 7 0 : 

1 .  The f ol l o w i n g  telecommunication acces s  
a ethods ( or .t he des i g nated optio.n) vi olate 
t he restriction on timing depen d en cy by 
u s in g p r o g r am-cont ro lled interrupt 
tec hn i q ue s  a ndjor the restr iction on 
d y n aaically m o dified c ha nnel pro g r a m s :  

• OS B a sic Te leco m m u nicatio n s  A c cess 
Met hod ( B T A M )  w i t h  t he dy namic 
buf f er i n g  o p t ion . 

• OS Qu eu ed Te leco mmunic ations A ccess 
Method (QTA M ) . 

• D O S  Que ue d  Tel ecoaa u n icat ions 
A ccess M et hod (Q TAM )  • 

• OS Telecomm unications Access M et ho d 
(TCA M )  • 

• OS/VS Teleco a a u nication s Access 
M ethod (TCAM)  L evel 4 or earlier , 
a nd Le ve l  5 i f  T C A M  is not 
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generated o r  i nv oked with the 
VM/3 7 0  option . 

The se acce s s  me thods may run in a 
vi rtua l=real machine wi th CCW 
tran s l a t ion s uppre s se d  by SET NOTRANS 
ON . (0 S BTAM ca n b e  ge nera ted 
without d yn aa i c  buf ferin g ,  in w hich 
cas e no v irtual mac hine e xec ution 
violati ons occur . ) How ev er ,  t he BTAM 
r eset poll macro will not e xec ute 
und e r  V M/3 7 0  if issued from t hird 
lev e l  storage . F or e xa aple , a rese t 
poll macro h as a NOP effect i f  
execut ed f r o m  a virtual= vi rtual 
stora g e  un der VS l w hic h is ru nning 
under V M/3 7 0 . 

2 .  Progr a m m i n g  that makes use o f  the PCI 
c hannel interrupt for c ha n n e l  prograa 
modificat ion o r  proc e ssor signa lling 
must b e  w ri tten so t h at pro c essi n g  can 
continue norm a l ly i f  t he PCI i s  not 
recogni zed unt i l  I/O coap let ion or if 
the modifications perf ormed a re n ot 
e xecuted b y  t h e  channel . 

3 .  Devices t hat e xp e ct a r esponse t o  an 
int erru pt wit hin a fi xed pe riod of 
ti me may not f u n ct ion corr ect ly 
becau s e  o f  execution d e la y s  ca used b y  
n or aa l  V M /3 7 0  system proces s in g . A n  
example o f  suc h a device i s  the I BM 
1 4 1 9 Ma g netic �h ar act er Reader . 

4 .  The ope ration of a v i rt u al block 
multiplexer cha n n e l  is ti ming 
dependent . For t his r e as on , t he 
channel a ppears a va i la b le to the 
v irtual machine ope ra ting syste m , a nd 
channel available int errupts ar e not 
o ts erv ed . H o wever , o pe ra tions on 
virtual block -•ul t i p l ex i n g d evices 
s ho u l d  u s e  t he availab le fea t ure s like 
Rotational Positi on S ensin g t o  enhance 
ut iliz ation o f  the real c ha n ne l s .  I f  
a vi rtual m ac hine h as a dedicat ed 
block mu ltiplexer c ha nne l , the n tha t 
cha nnel o perates in tru e 
block- mu l tiple x ing m od e  f o r  the 
vir tual m ac h in e .  

CPU Model-Dependent Functions 

On t he Systea/ 3 7 0  M od e l  1 58 o nl y , the 
Virtual Machine Assist feat ur e  cannot 
oper ate c oncu rrently wit h  the 7 0 7 0/1 07 4  
c oa pa tibili t y  feature ( Feat u r e  1 7 1 1 7) . 

P rograas written for C P O  aodel-d e pe ndent 
functi ons may n o t  e xecut e proper ly in t he 
v ir t u al machine under VM/3 7 0 .  The 
f o l l o wi ng points s h o u l d  be noted : 



1 .  P ro g ra ms wri tten t o  e x am in e  t he 
a achine logout area do not hav e  
a eani n g f u l  dat a  since Vft/3 7 0  d oe s  not 
reflec t  t he aachin e  logout d at a  t o  a 
v ir t u al !l achine . 

2 .  Pro gr aas w r itten t o  obtain C P O  
identific a tion ( vi a  t h e  Sto r e  C P U  I D  
instructi on , STI DP) receive t he r ea l  
aachine val ue . W h en the STIDP 
ins t r u ct ion is issued by a virtua l  
11achi ne , the ver:n. o n  code cont ains t he 
v al u e 2 5 6  in hexadeci aal ( 11F F 11 ) t o  
re prese n t  a vir tual m ac hin e . 

3 .  Pro gr a ms w ritte n to obtain channel 
identi fication ( v ia t h e  St ore C ha nne l  
I D  instruc ti o n , S T I DC) r eceiv e 
in for aat ion froa t he v irtual cha nnel 
b l oc k . For dedicated c h an n e ls ,  t he 
r eal channel aodel and t y pe a nd the 
length of the I/ O e xt ended lo gout ar ea 
ar e r e flect e d . For non- dedica ted 
c ha n ne l s , h o we ve r , onl y t he vir t u a l  
channel t y pe i s  r e f l ected ; the o t he r 
fields c o n ta i n  zeroes . 

4 .  lo s i au la t i on of other CPU m o dels is 
attempted by Vft/ 3 7 0 . 

Virtual Machine Characteristics 

O t her c haracteristics t hat ex ist f or a 
v i rtu�! mac hine under V ft/ 3 7 0 are as 
fo llows : 

1 .  If the virtual =r eal o p t ion is selected 
f or a v i rtual m achine , i n p utjo u t pu t  
o p er at ions speci fy ing d a t a  tra n s f e r  
into or c ut of the virtual m achin e ' s 
p ag e  z er o , or into or out of st ora ge 
l oca ti ons whose add res s es ar e gr eat er 
t han t he storage a l l ocated by t he 
virtua l=real option , must not o c cu r . 
T h e  s t or age- protect- key mechanism of 
the I B M  s yste m/3 7 0  C PU an d chann els 
o p er at es in t hese situations but is 
una b l e  t o  p r o v i d e  predict able 
prot ect ion t o  ot her v irtua l mach i ne s . 
I n  addi tion , vi ol ation o f  t his 
r es t rict ion a ay compro mise t h e  
i n t e g r i t y  of the s ystem . T h e  r es u lt s  
ar e u n p r e dicta b l e . 

2 .  V M/ 3 7 0  h as n o  aultiple pa th su pport 
a nd , he nce , d oe s  not take adv ant a g e  o f  
t he t w o- chan nel s w itc h . H o w e ve r , a 
t wo-c h a nnel switch can be u se d  bet w een 
t he IBM systemj 3 7 0  r u n ning a vir t ua l  
mac h i ne und e r  V M/3 7 0  and an ot her CPO . 

3 .  T he D I A G NOSE i n s truction c an no t  be 
issu e d  by t he v ir t u a l  aac hine f o r  its 
normal function . VM/ 3 7 0  uses this 
i ns t ru c ti on to allow t he virtual 

4 .  

machi ne t o  c o aaunicat e  system services 
r equests . T he D i a g nose i n te rface 
re quir e s  the operand s t o r a ge addres s es 
p assed t o  it to be rea l to the vir t ua l  
!lachi ne issuing t he D ! ! GN O S E  
instruct ion . F o r  more i n f o r ma ti on 
about the D I AGBO SE instru c t io n  in a 
v ir t u a l  machine,  see the !!LJZQ : 
�l§te� Proqr����I�2 ��!de .  

A control u n i t  never a p pea r s  b usy t o  a 
virtual mac hine u n l ess t he u nit is on 
a channel ded icated t o  the virtual 
aachi n e . 

5 .  The n u a ber o f  p a ges u s e d  for 
inputjout pu t  aust not e xceed the tota l  
n umber o f  u ser p ages av ail a b l e  i n  r ea l  
stor a g e ;  v iolation of t his re striction 
causes t he re al com pu t i n g  system to be 
put into a n  e na bl ed wa i t  s ta te .  

6 .  The C P  IPL c o m mand ca nnot si mulate 
self-modi f ying IPL s eq u e n ces o f f  
dedicated unit record d e v ic e s  or 
certain sel f -modi f y i n g  IPL sequ ences 
o f f  t a P e  dev ice s . 

7 .  The VM/ 3 7 0  spo o l i ng fac i l i ti e s  d o  not 
support p u n c h - feed-r ead , s t ac k er 
select ion , or c ol u m n  bi �a r y  
operati o n s .  Detection of c ar r 1 a g e  
control c h an n e ls is supp o r t ed f o r  a 
v irtual 3 2 1 1  o n ly . 

8 .  VM/3 7 0  does not support c ou n t  c ontrol 
on the virt u al 1 0 52 o per ator ' s  
console . 

9 .  

1 0 .  

1 1 .  

1 2 .  

P r ogr a ms t hat use t he i n te g ra ted 
e mulators f uncti on o n l y  i f  t he r eal 
co•puting sy stem h a s  the a p propri a te 
coapati bility f e at ur e .  V ft/ 3 7 0  does 
not att e m pt sia u la t i on .  The DOS 
e m ulators are n ot s u pported . 

The READ D I R ECT 
instruct ions are 
virtual machine .  

an d W R IT E 
not supported 

D I R EC T  
f or a 

The S ystea/3 7 0  S ET CLOCK inst r u ct ion 
can not be s i m ulated a nd , h e nc e , is 
i g n ored if issued by a v ir t u a l  
machin e . The Systemj3 7 0  S TO R E  C LOC K 
i nstruction is a n o n pr i v i leged 
ins t ru c t ion and ca nnot b e  tra pped b y  
V M/ 3 7 0 ;  i t  provi des t he t r u e  TO D clock 
v a lu e from the rea l  C P U . 

The 1 0 50 / 1 0 5 2  M odel 2 Data 
Comaunica tion Systea i s  s u p port ed only 
as a key board o pe ra tor ' s  c onsole . 
Card reading , paper tape I/ 0 , a nd 
o t her modes of o p e ration ar e not 
reco g n i z e d  as unique , a n d  hence ma y 
not work proper l y .  T his r estr ict ion 
app li es only when the 1 0 5 0  system i s  
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1 3 .  

1 4 .  

1 5 .  

1 6 .  

used as a virt u a l  aac hine opera tor ' s 
c onsole . I t  d oes not app l y  w hen t he 
1 0 5 0  syst ea is att ached to a vi r t ua l  
aac h i ne via a virt ual 27 0 1 ,  2 7 0 2 ,  o r  
2 7 0 3  l i n e . 

The pse udo -ti m e r  ( u su a l l y  d ev i c e  
addr ess O P P ,  d e v i c e  t y pe TI "EB)  d oe s  
n o t  r e t u r n  an i n terrupt from a Sta r t  
I/O ; t here fore , d o  n o t  use EICP t o  
read t his device . 

A virtual aachine I PL w i t h  the NOC LEA B 
o pti on re nders o ne page o f  the vir t u al 
a achine inv ali d .  The IPL siaulator 
uses one page of t he v i r t u al machin e 
t o  init i at e  t he IPL function . The 
sta r ti n g  add re s s  o f  t he inv alid page 
is eit her t he result of t h e f o llowing 
f or m ula : 

v ir t u a l  aac hine siz e  

2 

{ starting 
= add ress of 

i n v alid p age 

or t h e hexadec i ma l  val ue 
whichever is s a a l ler . 

2 0 , 0 0 0 , 

T o  ma i n t ai n  system in tegr it y , data 
transfer sequences t o  an d fr o m  a 
v ir t u a l  system cons ole are li mited t o  
a ma x i m u m  of 2 0 3 2  bytes . Channel 
progr ams containing data tra nsfe r 
sequences that violate t his 
r es t r ict ion are terminated wit h an 
interrupt w hose csw status i ndicate s 
i nc orrect length a n d  a channel progr am 
c h ec k . 

N ot e : A data t r a ns fer se q ue nc e  i s  defined a s  one or a o r e  r e a d  or write 
CC Ws con nected via c hain d at a .  T he 
intr o du ct ion of co mma nd c ha i ni n g  
d e f i nes the s tart o f  a n e w  dat a 
t r an s f er sequen ce . 

I f  you i ntend to define m o re t h an 7 3  
v ir t u a l  dev ices for a single virtual 
mac h i ne , be awar e  t hat an y s i ngle 
r eq u es t  f or f ree storage i n  e xcess of 
5 1 2  dou b lewords ( a  full page) will 
ca use the V "/3 7 0  s ystem to a bn or m al l y  
t er mi n at e ( A B E ND code PT B 0 0 7 )  if the 
e xt ra storage 1s n ot av a i la b le on a 
contiguous page . T herefo r e ,  t w o  
contiguous pages o f  free s torage must 
be a vailable i n  o rder to l o g  o n  a 
v ir t u al mac hine w it h  m ore tha n 7 3  
virtua l  devices (three contiguous 
p ages for a v ir t u a l  machine with more 
tha n 1 4 6  virtual devices , et c . ) .  
Cont igu ou s  pages o f  free storage a r e  
sure to b e  avai la b l e  o n l y  im mediately 
aft er IPL , before ot he r vi r t ua l  
mach i n e s  have l o gged on . T herefore , a 
v i rt u a l  m achine wit h m o r e  t han 7 3  
devi ces s hou l d  be t he first to l og on 
after I P L .  
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1 7 .  

1 8 .  

1 9 .  

I/O i n te rrupts for a 
channel- to- channel a d a pte r 
both e n d s  connected to 
v irtual mac hine cannot be 
the CP T BA C E  c o a a an d .  

v irtu al 
tha t ha s 
t h e  saae 

traced via 

W hen a n  I/O error occ urs on a devi c e ,  
t h e  S ystea /3 7 0  har dware a a i nt a i ns a 
c on ti n ge n t  connect i on for t h at dev ice 
until a SEI SE c h a n nel c oaaa nd is 
e xecuted and sense d a t a  is recor ded . 
T hat is , n o  other I/O a c t i vi t y  can 
occ ur on the device du rin g t his t i a e .  
Under V"/3 7 0 ,  t h e  c onti ngent 
connecti on is a ai nt ai n ed u n t i l  t he 
S E I S E  coa aand is e xec uted , b ut I/O 
acti vit y  from ot her v irtu al a achines 
can begin on the device while the 
sense data is being r eflect ed t o  t h e  
v ir t u a l  aachine . Therefore , t h e  use r  
s h o u l d  be a w ar e  that on a s h ared dis k ,  
t h e access mecha ni s m  m a y  ha ve moved 
d uring this t i a e .  

The a od e  setting for 7 -t r ack t ape 
dev ices is maintai ned by the c ontrol 
uni t .  Therefor e ,  w hen a v irtual 
machine issues the SET " OD E  c ha nnel 
coama nd t o  a 7 -tr ack t ap e  d ev ic e ,  it 
chan ges t he mode se tting of all 
7 - track tape d e vices att ached t o  t hat 
control u nit . 

This has no e f f ect on v ir t u a l  m achines 
(such as O S  or DOS)  tha t  i ss ue SET 
"ODE each time a CCW strin g is t o  be 
ex ecut ed . H o w ever , it can c a use a 
problea if a virtual m ac h in e  f ails t o  
iss ue a SET mode with eac h c c w  s tring 
e xecuted . Ano t h er v irtu al m achine may 
cha nge t he m o d e  setting for anot her 
dev ice on t he sa me c o n trol uni t , 
thereby c han gin g t h e  aode setting o f  
all 7 - t r a c k  tape devices a t tached t o  
t h a t  c o n t rol un i t .  

1 2 0 . OS/VS 2  is supported i n  uni processor 
mode o nly . 

CMS Restrictions 

T h e following restricti cns a pp l y  to C M S , 
the c o n versa tional s u bs yst em o f  V M/3 7 0 : 

1 .  C MS e xec utes only on a virtual IBM 
System/ 3 7 0  provided b y  V"/ 3 7 0 .  

2 .  T h e  m a x i m u m  sizes of C M S  m inidi sks a re 
as follows : 

Dis k  2314;2 3 1 9  
3 3 3 0  S eries 
3 3 4 0  "odel 3 5  
3 3 4 0  M odel 7 0  

M a x i��� £l1i�g��§ 
2 0 3  
2 4 6  
3 4 9  
6 8 2  



3 .  

4 .  

5 .  

U n it record equipment c a nnot b e  
dedica ted t o  C MS ; t he s p o o li n g  
f acilit i es of V Mj 3 7 C  m u s t  be used . 

Only t hose OS f a ci l i t i e s  that ar e 
simulated by CM S can be used to 
e xec ute OS progr ams prod u ced by 
l an g u a g e processors under C M S .  

M any t y p es o f  o b j ec t  pr og ra a s  produced 
by CM S ( and O S) langu a ges ca n b e  
ex ec uted unde r  CMS u s i n g  CBS ' s  
s iau lat i on o f  O S  supervisory 
f uncti ons . The f o l l o w i n g  f uncti ons , 
alt h ou g h  supported in D O S  and O S  
virtua l  machines un der V M/ 3 7 0 , ar e not 
su p p ort ed u nder C M S : 

• The e xecution of DOS o bj ect 
p r o gr ams . A lt hou gh DOS prog rams 
ca n b e  a sse a bl e d  under . CMS (using 
t he VM/37 0  Assembler ) , DOS o bj ect 
progr a as cannot execute under C M S .  

• T h e  w r it i n g  o r  u pdating o f  O S  data 
sets a nd DOS f i l es . 

6 .  CMS can read sequ e n tia l a nd 
partiti oned OS data sets an d 
s eq uent i a l  DO S fi les , b y  si mula ting 
certa i n  CS macros . 

The following restrict i on s  apply when 
CMS reads O S  data sets t ha t  resi d e  on 
O S  d i sks : 

• Read-passw ord- protected data sets 
are not read . 

• V S AM , BDAM , an d I SA M  data sets a re 
not read . 

• Multi-voluae dat a sets are read as 
single-vo l um e data sets . 
E nd - of -vol ume i s  treated as 
end-of-file and t he re is no 
e nd -of -vol ume s wi t chin g .  

• K e ys i n  d a t a  sets w i t h  k eys a r e  
i gnored a n d  o n ly the d ata is r e a d .  

• U s e r  labels i n  use r - l a be l ed dat a  
s ets are bypassed . 

T he follow i n g  restr ictions a p p ly when 
CMS reads DOS f il e s  t h at reside o n  DOS 
disks : 

• 

• 

• 

No DOS m acros are s ia u l at e d  • 

Onl y DOS sequential f i l e s  can b e  
read . CM S opt ions a nd o pe ra nd s tha t  
d o  n o t  app l y  t o  O S  s eq u e n t i a l  dat a 
s et s  ( such as the M E M B E R  a nd CONCAT 
o ptions o f  FIL ! D E F  an d t he PDS 
opt ion of M O VE F I L E )  a l so d o  not 
a ppl y to DOS s eq u en t ial f i les . 

T h e  f ol lo wi ng t yp e s  o f  DOS f i l es 
cannot be read:  

- - DO S  V SA M , D A M ,  
files . 

a nd ! SA M  

-- DOS core i a ag e ,  r e l ocatable,  
s ou rc e  stateme nt, a nd proced ure 
l ibrari es . 

- - F iles w ith the i n p u t  secur it y 
ind icat or on . 

- - DO S  f i le s t ha t  c on ta i n  m ore 
t han 1 6  user l a bel an djor dat a  
extents . ( I f  t he f i le ha s use r 
label s ,  they o ccup y  t h e  first 
extent ; therefore the f il e  
m us t  con t ai n  n o  m o r e  t han 1 5  
data exte nts . ) 

• M u lt i- volume f i le s  a re rea d  a s  
sin g l e -v o l u a e  f i l es . E n d - o f- v olu a e  
i s  t r eated a s  end- of- f i le . The re i s  
n o  e n d -o f -volum e  sw itc h in g .  

• User labels i n  u s er - l a be l ed files 
are by pa ssed . 

• Since D O S  f iles do n o t  contain 
B L KS I Z E ,  R !C P M , o r  L R ECL 
para •eters , t hese pa ra me te r s  m us t  
be spec i f i e d  v i a  F IL ED E F  or D C B  
p ara meters , otherwise , d e fa ults of 
BLOC K S I Z E= 3 2 7 6 0  an d R E C F M = U  ar e 
ass i gn ed . LRECL i s  n o t  used f or 
RECFM= U  f i l es . 

Miscellaneous Restrictions 

If you i ntend to r un V M/ 3 7 0  Rel e as e  1 and 
R e l e as e  2 systems a lt er na te l y , a ppl y 
Release 1 PLC 1 4  or h i g h er ( l P l R  V 1 1 7 9 )  t o  
y o u r  R e lease 1 s ys te m , t o  provide 
c o a p a ti b i l i t y  and to p r e v ent l o s s  o f  s pool 
f iles in cas e of a warm s ta rt .  

A p pend i x  D :  V B/3 7 0  Restr ictions 5 3  





Appendix E: Compatibility of VM/370 With CP-67/CMS 

V M /3 7 0  a nd i ts associated com pon ent , t h e 
Conver s at ional M on itor s y s te m , are based on 
C P - 6 7/C M S  a n d  are designed especial l y  for 
the I BM S y s t em/3 7 0 . D y naaic a d d ress 
tran slation on the S ys temj3 7 0  p r o v i des t he 
s aa e  f acilit ies as did dy namic a d d re s s  
transla ti on ( t he D AT b o x )  on the S ystem/ 3 6 0  
Model 6 7 ,  but dif fers i n  d es i gn d e tai l a nd 
i a ple aen ta ti on . Conseq uen tl y , CP-6 7/CM S 
w i l l  not r u n  on a Systemj 3 7 0  and V M/3 7 0  
w i l l  n ot run o n  a S ystem/3 6 0 .  T he i nt er n a l  
s t ru ct u r e  a n d  t he contr o l  bloc k s  of VM/3 7 0  
d i f f e r  f r o m  the str ucture and control 
blocks of CP- 6 7/CM S .  User mod ifications t o  
C P- 6 7/C M S  sho uld be r e - e v al u at ed 
consider i n g  t he new f a ci l it ies of V M /3 7 0  
a nd , i f  still d e s i r a bl e ,  redesi gned for 
V M/ 3 7 0 .  

T he Conv ersat ion a l  M onitor Syste m of 
V M /3 7 0  f unc tionally e xtends t he C a m br i d g e  
M o n itor S ys t e m  of CP- 6 7/CM S .  The f o l l o w i n g  
s h o u ld b e  f ul l y  understood by cust o m er s  
pl an n i n g  conv ers ion to VM/3 7 0 :  

1 .  T he CM S disk file f o rmats a re 
uncha nged . C M S  p rovi des a ut i l it y  
com m an d  t o  copy f iles f r o m  2 3 1 4  o r  
2 3 1 9 t o  3 3 3 0 , 3 3 3 3 , o r  3 3 4 0 , or from 
t he 2 3 1 1  to t h e  2 3 1 4 ,  2 3 1 9 , 3 3 3 0 , 
3 3 3 3 , or 3 3 4 0 .  U ser f iles on 2 3 1 1 
dev i ces cannot be acces sed direc t l y  b y  
the Conve rsa ti o n a l  Monitor S ys t e m  an d 
s hou l d ,  t her efor e ,  be d u m ped to ta pe 
a nd t hen reloaded or cop ied ont o a 
2 3 1 4  or 2 3 1 9  usi n g  t h e  Cam br i dge 
Monitor Syste m .  

2 .  T h e  C onv ersa tiona l M onitor S ys te m  
s u pports ten activ e disks , w it h  aode 
lett ers A - G ,  s ,  Y,  a nd z .  The ord e r  
of search used i s  a l phabetic by mode 
lett er . E x istinq CMS proced ure s t ha t  
use a n other o r der o f  sear c h  aust b e  
changed . 

3 .  I f  a C M S  command h as b een issued fro a  
a program a n d  tha t  c omma nd ' s  f orma t 
has chan ged , t hen t h e  P L I S T  entr i es i n  
t h e  pro gram must be mod i f ied . 

4 .  The Con versati o n a l  Monitor s yst e m  u s es 
VM/3 7 0  support f er shared seg ments . 
For t h i s  and o t h er r easo n s , t he CM S 
nucleus extend s b e y o nd loca tio n  1 2 0 0 0  
( h e xa d ec i mal)  • Cons equ en t ly , all 
CP- 6 7  M O D UL E  f i les must be rec rea ted 
f or VM/3 7 0 . 

5 .  Filename an d f i l et y p e  naaing 

6 .  

conv ent ions have been c ha nged . 
E xi s t i n g  file i dent i f ications m ay n eed 
to be a lte red prior to use under the 
C MS subsystem o f  V M/ 3 7 0 . 

T XT LI B 
becaus e  
changed . 

files 
t he 

m us t  be 
d icti ona ry 

r e ge n er at ed 
f orma t ha s 

F o r  
!JJLJIQ : 
!i.Yig� . 

f urther i n f o r m at i on , r efer t o  t h e  
�la!n!!g gng �21� !i�n��g1i2n 
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Appendix F :  VM/370-Related Publications for CMS Users 

T h i s  a p pe nd i x  provi d es an i n d ex o f  
V M/ 3 7 0 - r e l at e d pu b l ic a t i o n s  f o r  C M S  users . 
T h e  f o l l o wi ng V M/3 7 0  p u bl i c at io n s  co n t a i n  
g e n er a l i n f o r m a t io n  c o nc er n i n g  C M S  f o r  ne w 
users : 

V M/3 7 0 :  Q u i c k  Gu i d e  for U s er s l 
I BM s u m m ary o f  VM/3 7 0  C o mma nd s l  
V M/3 7 0 : E D I T  Gui d e  
V M/3 7 0 : Comma n d  Lan g u a g e  G u i d e  

f o r  G e neral u sers 

V M/3 7 0 :  Te r mi nal U s e r ' s  Gui d e  
V M/ 3 7 0 : Intr o duct i o n  
V M/3 7 0 : E X E C  U se r ' s  Gui d e  
V M/ 3 7 0 :  Syst em M es s a g es 

V i rtual Mac h i n e  Fac i l i t y/ 3 7 0  
Feat u r es S u pplement 

C M S f o r  Programmers , A Pri m er 

GX 2 0 - 1 9 2 6  
G X2 0- 1 96 1  

_ GC 2 0 - 1 8 0 5  
GC2 0- 1 8 0 4  

GC20 - 1 8 1 0  
G C 2 0- 1 8 0 0  
GC2 0 - 1 8 1 2  
GC2 0 � 1 8 0 8  

GC2 0 - 1 7 5 7  

S R 2 0- 4 4 3 8  

T he f o l l owi n g  sec ti o n s  l i s t , b y  cat e gory 
o f  CMS u s e rs , t h e  p u bl i c at i o n s  t h at ar e 
r el e v ant t o  t he p a r t i c u la r  C M S  use r .  
S i nc e  t i t l e s  c ha n g e  an d n ew p u b l i ca t i o ns 
a r e  const a nt l y  b e i n g  added t o  the I B M  
l i b ra r y , t h i s  l i s t  s h o u l d  s er v e o n ly as a 
gu i d e  t o  w ha t  i s  c u rren tl y a v a i l a b l e .  For 
a more u p- t o- d ate l i s t , see the 1�� 
�!§��!L1£Q �nQ �!§!�!LJ1Q ]!�1!Qg£�E�! , 
O r d er N o  GA 2 2- 6 8 2 2  a n d  t h e  !!£!��1 ��Q£�g� 
��EE1�!�ll� ,  O r der N o .  G C 2 0- 0 0 0 1 . 

N ot e : I n  some cases , t he t it l es h av e  been 
abbre vi a te d  t o  save s p a ce . 

!_2 ]!�!� !!§�!: 

V S  BAS IC CM S Termi n al U s er ' s  SC 2 8- 8 3 0 6 
G u i d e  

B is f o r  B A S IC . A n  I n t r od u c t i on SC 2 8 - 83 1 0  
to VS B A S I C  under C MS 

V S  BAS I C , Gen eral I nfor ma t i on G C 2 8- 8 3 0 2  
V S  B A SI C , Program Pr o d u ct Des i g n  G C 2 8- 8 3 0 1 

O b j ect iv es 

1 T h ese t w o  re fer e n c e  su m m a r i e s  a re 
a va i l a b l e  s e p a ra te l y  or can b e  ordered a t  
t he sa me t i m e  b y  usi n g  Or der No . GBO F 
3 5 7 6 .  

V S  B A S IC : Q u ic k  G u i d e  f o r  C M S  S X 28 - 6 3 8 6  
Users 

VS B A S I C : I n s ta l l a t i o n  R e f e rence SC 2 8- 8 3 0 9  
Ma terial 

V S  B A S IC :  L a n gu a g e  R e f e re nc e  
Ma n ua l  

GC 2 8- 8 3 0 3  

M A TH/B A SI C , Ge n e r a l  I n fo r m a t ion G H 2 0 - 1 1 28 
Ma n u a l  

M AT H/ B A S I C , P ro gra m R ef e re nce SH2 0 - 1 1 5 8  
Ma n ual 

S T AT/ B AS I C ,  Pro gr am R e f er en c e  S H 2 0- 1 0 6 9  
M an u a l  

S T AT/ B A S I C ,  Gen er a l  I n f o r m a t io n  G H 2 0- 1 0 2 7  
M an u a l  

Busi ness A n a l ysis/ B AS I C ,  P r o gr am S H2 0- 1 26 4  
R e ference M a n u a l  

B u si ness Anal ysis/B AS I C ,  G e n er al G H 2 0- 1 1 7 5  
I n f o r m a t i o n  M a n ua l  

o s; v s  a nd VM/3 7 0  A s s e m b l er 
P r og ramm e r ' s  G u i d e  

O Sj V S ,  DO S/V S ,  and VM/3 7 0  
A s s e m b l e r  Lan g u a g e  

V M / 3 7 0 : S y s t e m  P r o g ra mm e r ' s  
G ui d e  

���!R�-!!��� 

GC3 3 -4 0 2 1  

GC3 3 -4 0 1 0  

GC2 0 - 1 8 0 7  

SCRI PT/ 3 7 0 T e xt Process i n g  S H 2 0- 1 1 1 4 
Faci l i t y  U n der V M/ 3 7 0  - P r o g r a m  
De scripti on/Oper ator ' s  M an u a l  

SCRI PT/3 7 0  IU P :  S y s t e ms Gu i d e  LY 2 0- 0 7 6 2 
SC RI PT/3 7 0  Quick G u i d e  for U s er s  GX 2 0- 1 9 6 9  

R e ference s u m ma r y  

V M/ 3 7 0  ( C M S) T e r m i n a l  U s e r ' s  SC2 8 - 6 8 9 1 
G u i d e  f o r  FORT R A N  IV Pro gram 
P r oducts 

IBM  F O RT R A N  Progr am Pro du cts for GC2 8- 6 8 84 
OS and t he CM S C o mponent of 
V M/3 7 0 : Gen e r a l  I n f or m at ion 

FO R TR A N  IV ( G 1 )  C od e  a nd Go S C 2 8 - 68 4 2  
T e r mi nal U ser ' s  G u i d e  

IBM O S  C o d e  a nd G o  F O R TR A N  a nd SC 2 8 - 6 8 5 3  
F O R T R A N  I V  ( G l )  Pro gr a m m er ' s  
Gu i d e  

F O RT R A N I V  ( G 1 )  Pro cess or a n d  SC 2 8- 6 8 5 6  
T S O  F O R T R A N  Pro mp t er f o r  O S  
a n d  V M/ 3 7 0 ( C M S )  : Inst al l at ion 
R e fe r e n c e  M at e r ia l 

Ap p e n d i x  F :  V M / 3 7 0 - R e l a t e d  P u b l i c a t ions f o r  C M S  Use rs 5 7  



G C 2 0 - 1 8 0 0 - 4 ,  P a ge " o d if ied b y  T N L  G N 2 0 - 2 6 5 7 ,  " a rc h  3 1 , 1 9 7 5  

I B "  O S  F O R T R A N  I V  L i br a r y  SC 2 8- 6 8 5 8  
( "o d  1 )  f or O S  a n d  V "/ 3 7 0  ( C " S )  
I n s t a l l at i o n  R e f e r e n c e  "a nua l 

I B "  C od e  a nd Go F O RT R A N  S C 2 8 - 6 8 5 9  
Pro ces s or f o r  O S  a n d  V"/3 7 0  
( C " S )  I n s ta llation Re ference 

" at er i a l  
I B "  O S  F O R T R A N I V  ( H  Ext en d ed )  S C 2 8 - 6 8 5 2  

Co m p i ler , P ro g r a m m e r ' s  G u id e  
I B "  O S  F O R T R A N  I V  ( H  Exten d e d )  GC2 8 - 6 8 6 5  

Com p i l er a n d  L i brary (" od I I )  , 
" e s sa g e s  

I B" FO R T R AN I V  (H E x t e n d e d )  S C 2 8- 6 8 6 1 
C om pi l e r  a n d  F O R T R A N  Li br ar y 
( M o d  I I )  for OS a n d  V "/ 3 7 0 
( CM S )  I n s ta l l ation R e fer en c e  
Mat e r i a l  

I BM O S  FO R T R A N  IV " at he ma t ica l SC 2 8 - 6 8 6 4  
a nd S e rvice S ub p r o g r a m s  
Sup p le me nt f or "od I an d M o d  I I  
L i br ar i es 

I B M  F O R T R A N  I V  Li b r a r y  G C 2 8 - 6 8 1 8  
M at he m at i cal a n d  S erv ic e  
s ub pr og r a m s  

FO R T R AN Int er act iv e D eb u g  f or O S  SC2 8 - 6 8 8 6  
( T SO)  a nd V M/3 7 0 - C MS 
Inst al l at i o n R ef e r e n c e M a nu a l  

F OR T R A N  I nt e ra c t i ve D e b u g  f o r  O S  SC2 8 - 6 8 8 5  
( T SO ) a n d  V M/3 7 0  ( C MS ) T e rm i n a l  

U se r ' s  Guid e 
I B M  F OR T R A N  I nt e r ac ti v e  D e bu g S X 2 8 - 8 1 9 3  

for O S  ( T SO )  a n d  VM/3 7 0  (C M S) 
Ref e re nce C a rd 

FO R T R AN IV L a n g u a ge G C 2 8 - 6 5 1 5  

]Q�g : " I B M  O S  F ul l  A m er ica n  N a t i o na l 
s t an d ar d  CO B O L " has b e e n  a b b rev ia te d  t o  
" O S  A N S  C O B O L "  i n  t h e  l is t  belo w .  

O S  A N S C O B O L  Lan g u a ge M an u al GC28- 6 3 9 6  
O S  A N S  CO BOL C om piler a nd SC 2 8 - 6 4 5 6  

L i b ra r y , Ve r si on 4 ,  
P r o gr a m m er ' s  G u id e  

O S  A N S  C O B O L  I n stall ati on S C 2 8 - 6 4 5 8  
R e f er e n c e  M a n u a l  

O S  A N S  C OB O L  Messag e s , Vers i o n  4 S C2 8 - 6 4 5 7  

5 8  I B M  V "/3 7 0 : I n trod uc ti o n  

V "/3 7 0  O S  A N S  C O B O L  Com p i l er and S C 2 8- 6 4 6 9 
L i brary , V e r s ion 4 C " S  User ' s  
G ui d e  

O S  A N S  C O B O L  V e r s i o n  4 Pla nning SC2 8 - 6 4 3 1  
G ui d e  

O S  C O B O L  Interactive D e b u g  SC 2 8- 6 4 6 5  
T e r mi na l  u ser ' s  Guide and 
R e f er en c e  

O S  C O B O L  I n t e r act i v e  Debu g SC2 8- 6 4 6 8  
I n s t a l l a t i o n  R e f e re nc e  
"a terial 

o s; v s  C O B OL C om p i l e r  a nd L ib ra ry G C 2 8- 6 4 7 0  
General I n formation 

os;vs C O B OL I n sta l lati on S C 2 8- 6 4 8 1 
R e fer en ce M at e r i a l  

O S/ V S  C O B OL Progr am m er ' s  Gu ide SC 2 8- 6 4 8 3  

g1L!_.!!§!.E 
OS P L/I Opt i m i zin g  Co m p il er ,  S C 3 3- 0 0 0 6  

P r o g r a m m e r ' s  G u i d e  
O S  P L/I Opti m i z i n g  Com p i l er , SC3 3 - 0 0 2 7  

" essages 
O S  P L/ I  Optim i z i n g  Co m p i l er SC3 3 - 0 0 2 5  

Ex ecu t i o n  L og ic 
O S  P L/I Op t i m i zin g com p i l e r  SC3 3 - 0 0 2 6  

I n s t a l l a t ion 
OS T SO PL/I O pt i m iz ing C om pi le r SC3 3 - 0 0 2 9  
O S  P L/I T r a n sient L i br ar y  GC 3 3- 0 0 2 4  

s p eci fica t i o n s  
O S  P L/I Opt i m i zi n g  Com p il er GC 3 3 - 0 0 0 1 

G e n e r a l  I nf o rma tion 
OS P L/I Checkout Comp i l er : GC3 3- 0 0 0 3  

G e n e r a l  I n f o rma t ion 
OS P L/I Checkout Comp i l er GC 3 3- 0 0 3 0  

P r o g r a m  P r oduct S pe c i f ica t i o n s  
O S  P L/I C heckout C o mpiler SC3 3 - 0 0 07 

P r og r a m m e r ' s  Guide 
O S  P L/ 1  Langu age Reference GC 3 3- 0 0 0 9  

M an u a l  
O S  P L/I C h e c k o u t  C o mp i l er SC3 3 - 0 0 3 4  

M essa ges 
O S  P L/I Checkout Com p i l er SC3 3 - 0 0 3 1 

I n s t a llat i o n  
O S  P L/I C h e c k o u t  C o m p i l er T S O  S C 3 3 - 0 0 3 3  

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

Ex ecut i o n  L og ic 
OS P L/I Checkout Compi l er , S C3 3 - 0 0 37 

CM S U s e r ' s  G u id e  



1 
access 

r ead-only 
read;wri te 
to real CPU 

20 
2 0  

1 6  
t o  virtual d e vice 2 0  

access mode 2 8  
a d d re s s  tra nslation , d yn am i c  9 
a l l o c at ion 

o f  C M S  d i sk s pace 2 8  
o f  page fraaes 1 7 , 1 8  
o f  rea l  d i sk s torage 2 0  
o f  r e a l  s t o r a ge 1 8  

a l te rnati ng ope ra ti n g  s ys t e m s  3 1  
lPL'\ DOS - 3 6 0  1 4  
app l ic at io n ,  of per f o r ma nce option 1 6  
a pp l ic a ti ons 

b at c h  1 3  
V M/3 7 0  

int er act iv e use 1 4  
opera tions 1 3  
progr ammin g 1 2  

A sse mbler , VM/3 7 0  4 7  
au t o m at i c  r ecov e ry features , of s y ste m; 3 7 0  

3 7  

E 
bac k up 1 3  
bas i c  contr o l  mode 1 1  
ba tc h  a pplications 1 3  
B at c h  Facilit y ,  C M S  3 2  
b a tc h  mode 3 2  
b a t c h  o p er at i n g  systems 9 
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