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AN IBM 370 BC MODE SIMULATOR FOR 

A FIRST COURSE IN OPERATING SYSTEMS 

John C. Peck, Clemson University 

ABSTRACT 

An IBM 370 basic control mode simulator was developed as an outgrowth of 
student projects in an operating systems course over several semesters. The 
programming was performed in Assembler language to enhance performance and allow 
f o r  o n l i n e  symbolic acces s  t o  s imu la t ed  hardware components .  

The d e s i g n  of  t he  s i m u l a t o r  a long  wi th  the  o r g a n i z a t i o n  o f  a t y p i c a l  t n s t r u c .  , 
tion interpretation subroutine is described. A simple program execution uslr~ the 
IBM TSO facility is included to illustrate the manner in which students interact 
wi th  t he  sys tem.  F i n a l l y  the  de s ign  f o r  a t y p i c a l  o p e r a t i n g  sys tem u n d e r t a k e n  as  a 
team project is  presented. 

I_~SRODUCTION 

A first course in operating systems can be taught at several different levels 
r a r ~ i n g  from a v e r y  t h e o r e t i c a l  t o  a v e r y  p r a c t i c a l .  The c o u r s e  a t  C lemson 
U n i v e r s i t y  i s  somewhere between t h e s e  two ex t r emes ,  a l t h o u g h  perhaps  c l o s e r  t o  t h e  
p r a c t i c a l .  S tuden t s  e n r o l l e d  in  t he  course  have s u c c e s s f u l l y  comple ted  a c o u r s e  
in  IBM 370 Assembler  language  and a c ~ r s e  in  Systems P r o g r a m m ~  With a s t r o n g  
emphasis i n  d a t a  management and s u p e r v i s o r  s e r v i c e s .  

Stratgles presented for the management of resources are reinforced through 
the use of a "hands-on" approach in which students use an IBM 370 basic control 
mode simulator (non-virtual storage) to implement and evaluate basic algorithms. 

Reference material for the course consists of a primary text - Operatln~ ' 
by Madnick and Donovon, various IBM technical manuals, ex~d numerous articles 

taken from current literature. Normal enrollment is five senior students and five 
first year graduate students. 

0F DEVE PMENT 

Courses in operating systems at Clemson University for many years used the 
University mainframe computer during early morning hours to test simple interrupt 
processing programs in a stand alone environment. In addition to extreme inconven- 
ience for students other disadvantages were: 

• time consuming debugging due to necessity to load the standard 
operating system and assembler between test runs 

• poor utilization of resources during periods of dedicated usage 
e only small groups of students could be served 

During the fall semester of 1974 the number of students enrolled in the course 
reached a level which made dedicated hardware testing extremely difficult. As a 
result the class undertook the design of a machine simulator as a project so that 
future classes might have better facilities for machine interface. Although little 
code was produced during the semester, several approaches were investigated in 
detail and general program organization standards were established. 
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One of the more enterprising students of that semester consolidated the ideas 

discussed during the design phase and undertook the implementation as a one hour 
master's degree project. Although this work did not produce a fully useable 
product, it did provide an excellent foundation for continued development of the 
c~aplete simulator. 

The fall 1975 semester class divided the remaining work and completed the 
coding and testing. Several simple operating systems completed in prior semesters 
using "real" hardware were successfully run on the simulated hardware as final 
system tests. 

SIMULATOR DESIGN 

An IBM 370 with 32K main storage, one card reader, one printer, and four tape 
drives was simulated using instruction timings corresponding to execution on a 
model 158. Only basic control mode was simulated so that only real storage 
progra~ning is possible. All programming for the simulator was done in Assembler 
language so that symbolic execution using the IBM TSO TEST facility would be 
pos s ible 

Execution of the simulator begins with the setting of a device address for the 
initial program load (IPL) through the reading of an address record from a special 
IPL file. The IPL is then simulated by executing an "implied" start I/O (SIO) 
instruction to the IPL address using a channel command word (CCW)which reads 
twenty-four bytes of data into low memory and command chains to a CCW at location 8. 
Following the I/0 operation the program status work (PSW) is loaded from location O 
and execution begins. The design of the simulator is modular as indicated below. 

A 
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A ~unc t ion  s e l e c t o r  module (F~CSEL) uses  the  PSW next  i n s t r u c t i o n  a d d r e s s  t o  s e l e c t  
an i n s t r u c t i o n  f o r  e x e c u t i o n :  t he  opcode of  t h i s  i n s t r u c t i o n  i s  used  t o  d e t e r m i n e  
t he  address  of  a s u b r o u t i n e  which s i m u l a t e s  t he  e x e c u t i o n  o f  t h e  i n s t r u c t i o n .  The 
s u b r o u t i n e  a d j u s t s  t he  PSW so t h a t  when c o n t r o l  i s  r e t u r n e d  t o  F~CSEL a new i n s t r u c -  
t i o n  will b e  selected. 

A t y p i c a l  s u b r o u t i n e  fo r  s i m u l a t i n g  an i n s t r u c t i o n  i s  shown b e l o w .  

CV9 RXINZT 8 
RXSET 
PSWAD & 
CLCLK 9003 
ADRES PARALISTBREYURN 
DAIA PARALZST,RETURN 

*eJt*CHECK FOR OUToOF-RANG| 
CP O ( 6 , e S ) , q a x  
BX |RR 
CP O¢@,~3) ,q lN 
B~L GO00 

|eq  PGM|NT 000~.lO,~ET@RN 
4@t** 
@OOO 

NAi 

CV@ m8,0(R3)  
ST eS,0 (~&)  
STCP 
@£ PLS°21&T&@3647 ' 
DC P L 8 ' - 2 1 4 7 ~ 8 5 6 ~ 8 '  
LTORG 
ISX370 
END 

PERFORM L I ~ A G E  SETUP 
ZSOtATE OPE~AN@5 - PUT IN B) & R& 
$ [~  INSrR LN3 CODE IN PSW 
INCREM~tT CROCK FO~ ;NSTR TIRING 
CHECK FOR ADDRESS ExCEPT|O~ 
CHECK FOR DATA EXCEPTI@~ 

TOO BIG? 

TOO ShaLL? 

@|flvRATE PROD |NTRPT COD6 9 

C@AqGE DATA FRQM SI~ULATC~ HENGRY 
PUT BACK INTO S|HULAT|@ RGGZSTLI 
| |TURN TO FUNCS|L 

DSECT FO~ SZHULATED HACNIH 

. 

A s e t  o f  macro d e f i n i t i o n s  i s  used  t o  check f o r  program exceptfol~s 8o t ~ t  ~eTaexl-  
t a t i o n  o f  most i n s t r u c t i o n s  i s  a s imple  m a t t e r  o f  cod ing  a s e r i e s  o f  macros  and 
f i n a l l y  coding  an i n s t r u c t i o n  t o  produce  t h e  same e f f e c t  as  t h e  s i m u l a t e d  t n s ~ r u o t i o n .  

When each I /O r o u t i n e  i s  e x e r t e d  a s imu la t ed  c l o c k  a s s o c ~ s t e d  w t t h  each d e v i c e  
is set to a value which exceeds the simulated time-of-day (TOD) clock by an ammm~ 
equa l  tO t h e  t ime  r e q u i r e d  t o  comple te  t h e  I / O .  When c o n t r o l  i s  r e t u r n e d  t o  t h e  
FNCSEL, each  c l o c k  i s  checked t o  de t e rmine  i f  t h e  TOD c l o c k  exceeds  a~y  d e v i c e  c l o c k  
and an i n t e r r u p t  should  be  s t m u l s t e d .  An i n a c t i v e  ( a v a i l a b l e )  d e v i s e  i s  i n d i a a t e d  
by a h igh  va lue  s e t t i n g  o f  i t s  c l o c k .  

The card  r e a d e r  and p r i n t e r  a r e  s imu la t ed  w i t h  s e q u e n t i a l  f i l e s  w h i l e  t h e  t ~ p e a  
a r e  s imu la t ed  w i t h  d i r e c t  access  f i l e s  and E ~ P  cod ing .  Tape marks a r e  s i m u l a t e d  b y  
u s i n g  key  f i e l d s  on a d i r e c t  acces s  r e c o r d .  Reverse  r e a d i n g  i s  p e r f o r m e d  by  r e t a i n -  
ing  count  f i e l d  i n f o r m a t i o n ,  e x e c u t i n g  a ' s e a r c h  ID e q u a l '  f o l l o w e d  l~y a ' r e a d  d a t ~  ¢ 
channe l  program, and moving t h e  d a t a  t o  t he  s i m u l a t e d  memory a d d r e s s  u s i n g  t h e  
r e s i d u a l  b y t e  count  i n  t h e  channe l  s t a t u s  word. 

SAMPLE CONVERSATIONAL SESSION 

The simulator will operate in either batch or online mode; howewer, execution 
with IBM's TSO TEST facility is much superior to a batch since the student can 
react to machine and program conditions in a manner very simi%~r %o operation of" 
the real machine. Symbolic debuggir~ is possible with TEST so that access to 
various simulated hardware components can be made by name rather than address. The 
complete simulated machine is symbolically defined by: 



3 2 7  " 

~;CRG 
1S~370 

P$M :£  XL8 
0 ~  PS8 

CH~SKS D; XL1 
PAOKE¥ OS XL1 
INTC3DE DS XL2 
P~6~45¢ DS XLt  
|~5 |ADDR DS Xt3  
CLgCK DS XL£ 
RCL3C< DS XL8 
TICLOCK DS XL8 
T2:LDCK DS XL8 
r3CLOCK D$ XL8 
r4CLOCK DS XL8 
PCLO:K DS XL8 
GPE D3 16XL6 

ORE GPR 
GPRD DS XL4 

• SP~I  DS XL& 
~PRZ DS XL& 
GP~3 DS XL& 
GP~& DS XL4 
GPR5 DS XL~ 

"GPR6 DS XL& 
GPR7 OS XL& 
GPIS D5 XL& 
GPq~ DS Xt& 
GPRIO DS" XL& 
spa11 - DS XL& 
GPtlE DS X t4  
6PR13 DS XL4 
6PR14 D$ XL4 
~PRI$ DS XL~ 
FPR D$. Xt32  
RPR3rKEY DS XL16 
NER3qY DS XL32767 

ORG MEMORY 
~PLPSM D$ XL8 
IPLCCWI ~S X t8  
|PLCCW~ D$ XL8 
IxrOPSW DS XL I  
$vc~PSW OS XL8 
PGRDPSM D$ X t |  
MCKKOPSM OS XL8 
IOOPSW D5 XL8 
CS4 • DS XL8 
¢~w DS Xt& 

DS XL~ 
Iq~ERTq~ DS XL4 , 

DS XLA 
Exr~PSW D$ " xL8  
SV:~PS~ DS XL8 
P S ~ P ~ d  D$ XL8 
~CHKNP$~ DS" XL8 
IONPSU D$ x t 8  

MEND 

A t y p i c a l  s e s s i o n  u s i n g  TSO i s  shown below.  

PROGRAM PROGRAM 
809 0520 START DALR 
302 41302046 LA 
836 50300048 ST 
8~A F342203D203A LOOP UNPK 
810 9G¥02041 OI 
814 9C330C0E SZO 
81S 47702012 BNZ 
81C 32002066 WAIT LPSW 
S20 51~40044 TM 
624 47ED20!A BNO 
82a FA2~203A2042 AP 
32Z FS21233A2043 CP 
834 47D~2¢03 B:4H 
833 E200206E LPSW 
83C ~GC00C PXUM DC 
@3F 45404040~0  ~;UM DC 

2wO 
3,CCW 
3 , X ' 4 8  I 
.~u~(5) ,PNu~(3)  
~;UM+4 ~X' FO * 
X'OOE' 

WAZTPSW 
X1044 ' , X ' 0 4  o 
WAZ? 
P::'=~'4 (3 )  ,o~z (1 )  
PnC..~(3) ,~r~," (2 )  
LOOP 
STOPPSW 
pL3'0 e 
CL5 ' ' 
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344 IC 
845 010C 
8~7 C306E405E3C5DVTA40 
E50 0100084780000008 
853 0100000090000003 
860 0100003F00000005 
868 FF02000000000D00 
870 O002FFFFO00~O000 
078 ~FO0000O000nD820 

O.~- DC P ' 1 ' 
TE:; DC PL2'I0 t 
?ITLE DC C' COL~ .'ERt ' 
CCW CCW !,T~TLE,.~' 80' ,8 

CCW 1 ,0 ,X '90 t , 3  
CCW 1,.~UH,0,5 

WAZTPSW DC X* FF02C.00000000000 t 
STOPPSW DC X' O002FFFF0r)000000* 

ORG X'78'  
IX: X*~T0000000~000.~20* 
E ~  

EXECL1~ON SESSI�N (operator  en t ry  shown by ÷ ) 

exe¢  Ibm3?O l ~ s t  

~LLOC FZ(TERM2) DA(*) 
ALLOC F¢ (C~RDL~) DA(*) 
~LLOC FZ(¢A-~I) n~(*) 
ALLOC FZ (;~RZlr~.) DA(*) 
ALLOC FI(I)~T-r': DA(*) 
ALLOC FI (IST~-JPO) DA(*) 
TEST ,CPSC423°PGMLIBoLOAD'(ZBM370)* 

QG00,,X' QS204130204E50300048F342203D203A96F020419C00000E47702012* 
+SlC,Xt 8202066910400444 ?E0201AFA20203A2042F921203-~.20434")D02008' 
+839,-X' 82002Q6E0OO00C 40404040401C010Cc306E405E3cSD97A400100084780000008° 
+~58-X* 01000000900000030100083F000OOOOSFF020000000000000002FFF~00D00~0t 
+?S"X* Fi'00000000000820' 
pS;.;r,,X* FF000000000008D0* 

list +800 £ 1(60) 

*800 BALR 2,0 
+802 LA 3,78(0w2) 
+806 ST 3 ,72(0 ,0)  
+80A ~'NPK 61(5,2}  wSS(3w2 
+820 OZ 65(2) ,X~F0" 
+814 S¢O 14(0) 
+818 BC 7,18 (0,2) 
+8!C L P S W  102(2) 
+820 "2fl 68(0) ,X*04* 
+824 2C 14,26(0,2) 
+828 AP 58(3,2) ,66(1,2)  
+q2E CP 58 (3 ,2 ) , 67 (2 ,2 )  . 
+8J4 BC 13,8(0 ,2)  
+838 L P S W  110 [2) 

TEST 

-t- qo 

ZZ~Eit ZPL ADDll~qS OR *N ~ FOR ~O Z~L 

..4,. n 

DO YOU ".,~ZS~ 2'O ZSTE]?? ( Y ~ )  

÷ Y 
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-k 

rFooooooooooosoo 

FFO000004O00Oa02 

Froooooosoooosos 

FF000000S000OS0~ 

Froooooocooooazo 
(break key) 

TEST 

lltep=¢'N' 

TEST 

-~ ~o 

-k 

-k 

COt'NTERI 00000 
COUNTER¢ 00001 
COUNTER¢ 00002 
COUNTERs. 00003 
COUNTERs 00004 
COUNTER~ 00005 
COU:~ERz 00006 
COt.~TERs 00007 
COt,~.~ERI 00008 
CO~;TER| 00009 
COt~JT~Rs 00010 
E~;TERED PE~N.ENT WAIT STATE 
ENTER 'Y' FOR PROGRAM RESTART 
00021~FF00000000 

TEST 

÷O-x'ffOOOOOOOOOOOSOa' 

T E S T  

gO 

CO~,~TER: 000 II 
E.~ERED PEP-'PJ~;E:FI ' WAIT STATE 
E~ER 'Y* FOR PROGRAM RESTART 
0002FFF¥00000000  

N 
NOIt'qAL SYSTEM TERMINATION 
P.~OGRAM Lr~DER TEST HAS TERMINATED NORMALLY+ 
TEST 

e ~ d  

READY 
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a44 1C ONE D¢ 
8~5 010C TE.~ D¢ 
847 C3D~E4DS.~3CSDgTA40 TITLE D¢ 
830 0100084780000008 CC'W CCW 
850 0100000090000003 CCif 
880 01~30083F00000005 CCr# 
868 FF02000000000000 WAZTPSW DC 
870 ooozrJrrFooo(~oooo 8TOPl, SW iX: ' 

O~U] 
078 FF~100000000~0820 I)C 

L ~  

PL2'I0' 
C'COL~TZ~r t 
I,TXTLE,X'80',8 
1 , 0 , X ' 9 3 ' , 3  
I,MUH,0,$ 
X'FFO2CO0000000000 D 
X'0002FFFF00000000 ° 
X ' 7 8 '  
x* l~r0~0o0000000~20,  

EXECI].TZON,,,,,SESSI,O ~ ( o p e r a t o r  eut :ry  shown b y  -~ ) 

÷ exec  1bm370 llsC 

klr, bOC F Z ( T E ~ )  ~ ( * )  
,~Mr.O¢ F Z ( ¢ - . ~ 2 )  DA(*) 
M¢oc FZ(CARDZ~) DAL*) 
kT,;OC TZ(TAPZl)  ~ ( * )  " - 
ALLOC r l  (~enz~) i ~ ( * )  . ,  

A,T,,LOC FZ(Z)STJ~'~ I )&(*)  
kt,LO¢ FX (IST~t=O) OA(*) 
TEST '¢PSC423.PGMLXB.LO~'(XBM370)' ~ 

O ~ O R Y  
+800=X'05204130204ES0300040F342203B203A96F0204Z9C00000E47702012 e 
+81C=Xo8202066910400444?E0201;kFA20203~2042F921203A2043471~02008 * 

+838=X'8200208¢00000C40404040401C010CC396E4DSE3CSD97A400100084780000008 = 
+358=X'02000000900000030100083F00000005FF020000000000000002~FOQO000~O* 
+78=X'F¥00000000000820 I 
PSW=X'FF00000000000800 = 
TEST 

' ,LJ.st +800 i l (GO) 

• S 

+800 a~t~. 
+802 LA 
+806 ST 
+ 80A L,'NPX 
• 810 Ol 
+814 SIO 
+818 BC 
+8!c LPSW 
• 820 T~| 
• 824 BC 
+828 AP 
+q2E CP 
• 834 BC 
+838 LPSW 

TEST 

2 ,0  
3 ,78 (0 , . 2 )  
3 , 7 2 ( 0 , 0 )  
61 ( 5 , 2 )  w58(3w2 
65(2)  ,.X' F0 t 
14(0)  
7 , 1 8 ( 0 , 2 )  
102(2)  
68 (0 )  , X ' 0 4  j 
14w26(0 ,2 )  
5 8 ( 3 , 2 )  , 6 6 ( l o 2 )  
5 8 ( 3 , 2 )  , 6 7 ( 2 , 2 )  
13w8(0 ,2 )  

3.10 (2) 

° 

~I;TER ZPL ADDRESS OR ' N '  FOR NO IPL 

DO YOU ~IS}t TO ;:STEP? (Y/N) 

.+ Y 



• 3 3 1  

FF00000000000800 

FF00000040000802 

FF00000080000806 

FF0000008000080A 

FFO00000CO000810 
(break key) 

TEST 

Astep-¢'N' 

TEST 

-~ go 

-4- 

-4- 

.4. 

-h 

-4. 

COL~TERz 0 0 0 0 0  
COUNTER= 0 0 0 0 1  

• COUNTER= 0 0 0 0 2  
COUNTERz 0 0 0 0 3  
COUNTERz 00004 
CO~;TERf 0 0 0 0 S  
COUNTERz 00006 
CO~TERz 00007 
COt~TER: 00008 
CO~T;TERz 00009 
CO~T~Rz 00010 
~;TERED PE~.At~ENT WAIT STATE 
ENTER 'Y' FOR PROGRAM RESTART 
0002FFFF00000000 

TEST 

+0-x ' f f 0000000000080a '  

TEST 

~o 

Y 

COU~TER: 00011 
I~-NTERED PEP-~E:F~ WAIT STATE 
E:;TER 'Y' FOR PROGR~H RESTART 
0002rFFF00000000 

N 
NOR.HAL SYSTEM TER~IINATIO.~ 
PEOGRAH UNDER TEST HAS TERHINATED NOR~ALLY+ 
TEST 

end 

READY 
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The last wait state message is printed when either 

i) a PSW is loaded with the WAIT bit set and no interrupts are allowed 

or 

2) a PSW is loaded with the WAIT bit set and no interrupts are outstanding. 

A 'Y' r e sponse  w i l l  load  t h e  PSW from l o c a t i o n  0 and c o n t i n u e  e x e c u t i o n .  

SA LE  OP AT,I,NG SYSTEM 

A small operatlng system is designed and implemented each semester on the 
simulator. A typical design usually includes a bootstrap, loader, supervisor, 
device handlers, and a problem program. The problem program operates in protected 
memory and requests services from the supervisor through supervisor call interrupts. 
The supervisor processes all interrupts and coordinates processing among all other 
modules. The device handlers are responsible for queuing requests for I/0 services 
if devices are busy and starting new I/0 operations as devices become available. 
The problem program is usually a simple application such aa a tape print utility 
using double buffering and channel programming. 

CONCLUSION 

Algor i thms  fundamenta l  t o  t h e  d e s i g n  of  o p e r a t i n g  systems a r e  an  i m p o r t a n t  p a r t  
of  e v e r y  cou r se  concerned  w i t h  o p e r a t i n g  sys tems .  A s i m u l a t o r  f o r  machine  hardware  
p rov ides  an e x c e l l e n t  t o o l  f o r  r e i n f o r c i n g  c lass room concep t s  as  s t u d e n t s  implement  
and e v a l u a t e  n~ny of  t h e  a l g o r i t h m s  d e s c r i b e d  i n  t e x t b o o k s .  I n  a d d i t i o n ,  a s t u d y  
of  t h e  s i m u l a t o r  d e s i g n  l eads  t o  a much b e t t e r  u n d e r s t a n d i n g  o f  t h e  f u n c t i o n a l  
c h a r a c t e r i s t i c s  o f  t h e  hardware and i t s  i n f l u e n c e  on o p e r a t i n g  sys tems d e s i g n .  


