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INTRCIUCTICH

A simulater allows programs writien for cne computer to te run on ancther.
So dozs an smulator, Beecause ¢f this there has been some confusion.about the
difference. 4As a matter of fasi scme pecople use the terms interchangeably.
Sompourding this eonfuslizn, sizulation zlso refers to an erntirely different
coneent, authunetizal arcelling,

The diffcreace bebtwzen the two 1s “rimarily the difference between the
harduare an? the software. An cmulatcr can be implemcnted in two ways, ty
building an oxtaornzl hardware interface between the progran imput device and

P e e

the cocnputor or by changing the computer ltself through zicroprogramming,
A simulotor is 2 progranm written for the purpose cf making the existing
softuare and hardwars coampaiitls. Its advantage lies in the fact that no

additional »a2r3uare rnecds to ke bullt., So the computer regquires no change
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thzt weull alter its baslic arch

Softvoars sinulation of onz computer on another can result in great gzin
with litile eSfort. Wnile the pitfalls of sizulation are many, it is still
the closest thing to a legal *something-Tox-nothing® available to the corputer
user., I off2rs an.opperiunity cf getting the available powers of one aaching

on another,

The purposc of this projs:® was to provide a simulator which could be
used to host the Data General Nova on an IBM 340, As described in the Systems
Reference Yanual For The Yova {2), the Nova conputers are general purpose
computer systems with a 16 bit word length., The machine Is organized arcund

Tl

four accurulators, two of which can be used as index registers. Thls cccumu

lator/inlex register organization provides great efficiency and case in



programning. The central prcocessor performs a program by executlng instruc-
tions retrisved from consceutive memory locatlons as counted by the 15 bit
progras ccunter PO, At the end of each instruction PC is incremented dy 1

so that thz nsxt instrucsticn is normally taken from the next consecutive
location, Saguential prograu flow ic altered by changling the contents of

P, eithex Ly incrementing it an extra time in a test skip Instruction or bty
replacing its contents with the valus specified by a Jump instruction. Ths
otner internal registers of importanée to the programmer are four 16 bit
accunulators, ACO to AC3. Data can be moved in either direction between any
menory location and any accumulater. Any instruction that references memoxy
may address AC2 oxr ACJ as an index reglster, Instructlicns that move data to
and fron memory or the peripherals address a single accumulator as a source
or destinaticn of data while addressing a memory location or an I/C device,
But the arithzetic and logical instructions do not reference memory; they
simply address two accumulatofs, elther or both of which may supply operands,
and one of which zay recelve the result. Since én arithmstlc or logical in-
struction does not containra memory address, there are many bits that can te
used for functions other than specifying the basic operation and the operands:
the same instruction that adds of subtracts can also shift the result cr swap
1ts halves, test the result and/or carrj for skip, and specify whether or nct
the result chall actually be retained.

Bach instruction that addresses a memory locatlion contalns Information o
determine the effective addreoss, which is the actual address used to fetch ox
store the operand or alter thé progran flow, The lnstruction specifies an
8-tit dicplacement which can directly address any location in four groups cf

255 locaticns cach., The displacement can be an absclute address, i.e. it ray



e used simply to address a location in page zero, the firct 256 lecations in
the memcry. 3ut it can also be taken as a signed number that 1s used to com=-
pute an absolute address by adding it to a 15-bit base address supplied by an
index register. The instruction can select ACZ or AC3 as the index register;
eliher of these accumulators can thus be used as an ordinary index register

to vary the address computed from a constant displacement, or as a base rogistsr
for a set of different displacements, The program can also select PC as =2

index rezister, so any instruction can address 256 words in its own vicinity
(relztive addressing). The computed absolute (15 bit) address can bte the
effective address, However, the instruction cau use 1t as zn indirect address,
i.e. 11 can specify a locaticn ic be used to relrieve ancther address, 32its
1-15 of the word read from an indirecily addrccsed leecation can be the effective
address or thoy can be another indirect addrecs,

The program can make usz of an automatlc indexling feature by indirecily
addressing ally memory location frenm 208 to 378. Whenever one of these loca-
tions is specified by an indircet address, the processor retrieves its con-
tents, increments or decrements the word retrieved, writes the zgltered word
back into the memory, and uses ithe altered word 'as the new address, direct or
indirect. If the word is taken from locations 20g 1o 278, it 1s incremented
by 1; if taken from locations 303 to 378, it is decrgmented by 1.

In the early stages of this project it was attempted to translatic ithe
Nova Cbject Codes (NCC) into IBM 360 Asseably language, but it was found that
simulation in this way will put some unnecessary restricticns on Nova Assembly
Language programmers, For example, in such a case it would bte virtually
inmpossible to code Nova Assembly Language instructions to modify other in-

structions of the same progran,
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These restricticns provided an impetus to design scne software to simu-
1zte the Nova Central Processor, instead of the NCC, on the 360,

This report descrites the operatlon and scope of a software package which
effectively sinulates the operation of the Nova Central Processor on the IBM
cr I/C operations. The software package consists of a single
PLfl progran, which, when invoked, behaves as a Nova Central Processor aad
effectively simulates the execution of the NCC.

As Yova hardware processor is being simulated on the 360 sofiware, it is

not unexpscted that the executlion time of the NCC i1s conslderably increased,



DESICH CF THE SIMULATCR

The simulotor basiczlly consists of a variable size software-simulated
Nova core and a2 software processor. The simulator reads in the core size in
words -- cach Yova word is 16 bits long -- and allocates appropriate 360
storage in uniis of 16 biis. Next it reads in the address of the memcry
starting fro: which the program is to be loaded, and the memory address at
which the exscution of the program is to begin, After this initialization
phase the cbject code of the Nova program is read into the simulated memory
and the execution is started 2s soon as the whole cbject module has been
loaded, From the specified lccation it fetches one 15 bit instruction and
interprets 1% in terms of the desired Nova operation and available System 250
facilities, The dasirad opefaticn is then performed using 260 PL/1 instruc-
tions, The nexi instruction is ithen fetched, normally from the next ccnsecu-
tive coftware-cinulated Nova word unless the immediately preceding cperaticn
itself dictates the locatlion of the word from which the execution is to be
resumed,

The sinulation is terminated whenever any of the following conditions
is met:

1. A HALT insiruction 1s encountered,

2, An unidentifiable instruction is encountered,

3. The size of the object module exceeds the specified core-size,
At the termination of simulation the amount of core used by the object module,
all the zccunulators, the SHIFTER and the CARRY are printed cut. If the
ternination occurs due to one of the first iwo conditions, the current value

of the progranm éounter is also printed out to show the last executed instruction.



NOVA COBJECT CODE

The lollowing is a descriptiocn of the structure of NCC, as given in the
Nova manual {2,3).

There are four basic formats for instruction words, In all but the
arithmetic and logical instruections, bit 0 if off, If blis 1 and 2 are alsoe
off, bits 2 and & specify the functlca, jump or modify memory, and the rast
of the word supplies information for the calculation of elfective address.
Bits 8 to 15 are the displacement, blts 6 and 7 specify the index register

. if zny, and bit 5 indicates indirection of address,

70 0 TUNoTIcH T™PE IIDX DISTTACEMENT
0 2 3 L 5 6 7 8 15

Junp and Modify Memory Instructions

If tits 1 and 2 of the instruciion werd zre diflerent, they specify a
Move Data function., 3Bits 3 and 4, in this case, address an accumulator, thz

rest of the word is as above,

0 NCTION ACCUMULATCR TYTE INDEX DISPLACEENT
C 1 2 3 L 5 6 7 5 15

Move IData Instructions .

If bit 0 of the instructilon word is one, bits 5 to 7 specify an arithmetic
or loglecal funciion. The structure of an arithmetic or logical instructicn

word is shown below.

1 AC Scuxce AC desilnatlion FUNCTICN SHIFT CARRY ICAD R
U L < 3 & 5 o6 7 5 9 1011 12 iy &5

Arithmetic and Logical Instructions



Zach instruction in this class specliies one or two accunulators to supply
operands to the function generatcr, which performs the funection speeified and
preduces a carry bit, whoce value depends upon a base value specified by the
instructicn, the function performed and the result obtznined. The base value
may te derived from the carry flag or the irstruction mzay specify an indepen-~

dent value,.

17 tits
| ¥
~ | FOMCTICN GENERATCR SHIPTER
1 Etit 16 bits 17 bits
oOAREY ACCUMULATCORS SKIP SEUSCR

" L1 f -
IL bit Tls bits l 17 bits

LCAD/:1C LCAD

Organiz-ticn Of Arithmetic Unit

The 17-bit output of the funclicn generator, comprising the carry tii and
the 16-bit function result, then goes to the shifier, Here the 17-bit resul:
can be rotatsd one piace right or lefi, or the two 8-bii halves of the 16-bit
function rezult can be swapped without affecting the carry bit. The 17-bit
shiftcr output can then be tested for skip; the skip senscr can iest whether
the carry bit or the rest of the 17-blt word is or is not egual to zero, The
17-bit shified word can be loaded into CARRY and one of the accumulators
selocted by the insirucilon, However, loading is not necessary; an instructicn
can parform a complicated arithmetic and shifting operation and test the resall
for skip without affecting CARRY or any accumulator,

Tne carzy flag can be used in conjunction with the sign of the result to



detect cverflow in opcraticns on signed numbers, but Iiis primary use is as a
carry cub of the most significant bit in opsraticns on unsigned nuabers, such
as the lower crder parits in multiple precision arithmetic. For unsigned
nunbers a czrry is produced if additlon or incrementing increases the number
beyonl f{2**16)-1/. In subtractica, the cendition is the same if, instead of
subtracting, the complement of the sublrahend is added and one is added to the
result (sultracticn is performed by adding ithe two's complement), In terms

of the criginal operands, the subtracticn (A-B) produces a carry if A is

greater thzn, or egual to 3B,



SIMULATICN CF THE NCVA OBJECT CCDZ

1. Memory Rolfareace Instructions:

The Tasic logic of the simulation of memory reference instructicns con-
sists of two basic steps, tha calculaticn of the eflective memory address and

the simulation of the baslc operation as specified by the object cede,
The caleculaticn of simulated address is taken care by an internal pro-
cedurc called ADRSR.

The ADRSR fetches biis § to 14 of the NCC and converts them into a binary
teger called M, by appen ing 8 binary zoros at the laft end of M, Now if
the NCC "“cci’ieg absolute addressing, M is saved in a field called ADDRS. As
in the other tuc types of aldressing viz, relative and indexed, the displace-
ment 1s signed, the ADRSR chocks bit § of the dizplacement fleld tc see 1f the

d¢isplaccmant is negative, f so, thz 8 zeros in the laof$ Lzlf of M are re-
placed by £ binh*j cnas, in order Lo make the Integer representatlon negalive
(2's ccmp*vm-nt notation),

If the object code specifies relative addressing, this binary integer 1is
added to the contents of the simulated program-cPunter and placed in ADDIS.
If the address is indexed, the bits representing the index register are picked
up from the NOC and are used as a subscript to point to one of the four sinmu-
lated accumulators. The contents of this accumulator are converted to a
binary integer by using the UNSPEC funciion, and then added o M., The sum
s then placed in ADDRS.

Bit 6 of the object cede is now checked to see if the offective address
is direct or indirect. If it is an indlrect address tha following procedure
is followeds

e rightmost 15 bits of the sinulated core location, point=d tc by the
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contents of ADIRS, are picked up and converted into a binary integer called
H, appending a zoroc 1n the high order bit of M by using the UNSPEC function,
If the core lceation from which the 12 bitis have been felched lies between
1510 Yo 2354 of the simulated cvorz, 1 1Is increased by one and the rightnost
15 bits of the updated contents are stored back into the location from which
they wers feiched; otherwise if the address of the simulaled core lccation lies
between 2&19 to 3149, the contents of M are decreased by one and the rightmost
15 bits of th2 updated contents are stored back into the lccation from which
they were Zetched, Bit 1 of this location is now fetched and if it is a cne,
indicating an indirect addressing, bits 2 to 15 are again converted back to
2 bilnary nucber by appending 8 zeros at the high ordsr pesition, This number
s storsd in ATLDRS and the cycle is repeated untll such contents are fetched
whose bit one is nongserc, which indicates a direct address. As soon as a
dirsct address 1T found oul 1t 1s stcred into ADDRS, The internal procedure
now checks whether the address lies u_thin the bounds of the object module and
if nel, a nezcage i1s printed cut Just as a warning and no other acticn is
taken, It cliculd be noted that this last operation does ncb represent an
equivalent operation of the Nova processor, The Nova processor doec not per-
form any such cheéking. it simply uses the computed address as the effective,
address.

At this peint the intcernal procedure rcoturns the contrel tack te the main
procedure, with the effective zddreczs 1In the field called ADDRS,

Cnce the simulated address has been computed only the basic operation cf
the NOC ramains to be simulated, The following 1s the description of the tasic

operation ¢l differcnt memcry reference instructlons:

MCVYE DATA TNSTRUCTICNS: If the bits 1 to 3 of the NOC are 001 then the
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transfer of data from meméry tc o reglster is specified, otherwise if these
its are 010 ikhe transfer of data 1s the other way around, that is, from one
of the regisicrs to memory. In these two cases bits 3 and 4 of the NCC are
Tetched from the NCC and converted to a binary number which is used zs a sub-
seript tc point to the appropriate simulated acqumulator. the corntents of
ADDRS are us<ld as a subscript to point to the appropriate locatlons in the
sixulated Neva-momory. The transfer of data operation 1s simulated by PL/1

assignzment statement,

JMP & JSR INSTRUCTICIIS: These instructions specify that a branch is to

be made to the effective address, that is, from the memory locaticr pointed
to by the contents of ADDAS. The JMP instructicn is sinulated by simply re-
placing the contents of PC by the effesctive address. JSR is slightly different
in thot ofore a3 branch is pade return address is saved in accumulator 3.
This cperation is simulated by:

+ Increasing the program counter (rc) vy 1.

* Storing the bit representation of the PC in simulated

accunulator 3.

« Replacing the contents of PC by those of ADDRS.

After any cf these tranch instructlons has been simulated, the nexﬁ instruction

to be simulatsd is fetched from the core location poeinted to by the PC.

Medify Monoxy Insiructicns: If bits 4 and 5 of the NCC are 10 or 11, it

riecs Increment and Skip if Zero (ISZ) or Decrement and Skip if Zere (D3Z)
instruciions, respectively. Both of these instructlons are sirulated by:
+ Feiching 16 bits from the simulated core location, pointed to

by the contents of ADDRS. .-



» Converting these 16 biis ic a binary nunber by using the
UNSPEC function.

* Depending on bits 4 and 5 of the NKOC, incrementing or
decrementing this binary number by one.

» Storing the tit repressntation of the updated binary
number back into the core locaticn from where it was
originally fetched.

* Incrementing the simulated PC by 1, if the resuliing
bihary number was zero,

The last operation causes the skipping of the next instruction in the im-

nediztely following execution cycle,

Z24ar -~ 2 - L4 - & I SRy
2. Ariithnetic and logic Instruclions:

As descrited earlier, each c¢f these lnstructicns specifies one cor tuc
accumulators to supply operands to the funciicn generator, which pexrforms the
functicn specified by the instruction. The shifter is simulated as a 17-1i:
£ield. The four accumulators are simulated by an array of four elements each
of whick is 15 bits.

After simulating the basic function of the instruction, the result is
stored in righimest 16 bits of SHIFTZR. In Nova, the function generator pro-
duces the carry bit whose value depends upon three guantiiies:

1. 3Basz value specified by the instruction.

2, The function performed,

3. The result obtained.

The carry bit is simulated by the first of the 17 bits of the SHIFTER. In the

Nova the base value of the carry may be derived from the carry flag. The carry

flag 1s sinulated as a 1-bit field, called CARRY.
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In the Nova the 16-bit result and a 1-bit carry are then moved to the
SHIFTER. The simulation of the SHIFTEﬁ was explained previously. In the
Nova environment, the lf—hit result in the SHIFTER can be rotated one glace
right or lofi, cr the two S-bit halves of the 16-bit funciion resuli can be
swapped without affecting the carry bit. As the first two operatlons desl uith
the individunl bits, they arc simulated bty using the SUBSTR function. The
swapping cperation is simulated by using an8-bit intermediate work area called
STROREZ,

In the Nova, after ithe shilfti:; operation has been performed, the skip
sensor can test whether the carry bit or the other 16 biis are, cr are not,
‘equal to zero. This operation is simulated by converting the righimost 14
bits of SHIFTER intc a binary nuxler and then comparing this number with zaro,

Finally, the zppropriate bit of the instruction is testei te £ind out
whether the result of the operatlion is to be loaded into the destinaticn.

accumulater (ACD) or not. Loadirg is simulated by a PL/1l assignment statement.

Simulaticn of Base VYalue of Corry Bit: The base vzlue ol the carry bit is

sinulated as fcllowst
| If bits 11 & 12 of the NCC are 00, the CARRY is unchanged.
If bits 11 & 12 of the NOC are 01, the CARRY is equal to *0'B.
If bits 11 & 12 of the NCC are 10, the CARRY is squal to *1'B,
If bits 11 & 12 of the NCZ are 11, the CARRY is equal to -CARIY,

Simulziicn of Left Rotatlasps This operaticn is simulsted by:

s Stering the first bit of SHIFTER in a 1-blt field callel STCRE,
» Moving bits 2 to 17 into bit positlons 1 to 18,

* Sioring thae bit in STORE intc the 17th bit of SHIFTER,



Siaulation of Rizht Rotation: This operation is

-&" C‘!TTH""' )
[ ¢ RN S

the 17th Bit ¢©

1o 16 into bit positicns 2 to 17

it in STCRE in the first

of Swapping: This cperatlicn 1s simulated By

nd to 9th bits of SUIFTER in a

L+ L —
« Storing

+ Moving 10%h to 17th bits of SHITTIR o 2rd to Ot t

» Moving the 8 bits in STCRES to the

oMy T LD
P L]

Sizulation of loadinz: This opeoraticn is sinulated by:

« Moving 2nd to 16th bits of SHITTER to the X

)

o il 5¢st°rs simulating the Nova accuzmulators; alicre

er which Is consiructed by fetching bits 4 & 5 of

£

nunk
cator of destination accuaulator), and converiing
number by using the UNSPZC Ilunctiion,

+ Copying the first blt of SHIFTER into the one bit

Simulation of Skipping:

2t~
Wai b W

3-bit right nord side su

th element of

simulated b

into 3 on2 ©bit fic¢ld called STCRE,

blt pesitien cf SHIFTER,

8-bit fiell called STCEES,

of SHIFTER,

Tield of

the

K i1s a binaxy

2
L SRS

the NC

them into a Biuary

Tfield called CARRY.

This operation 1s simulated by adding 1 to the

simulated IC.

This operation causes the simulator to skip one instructicn in the next
executlon cycles The following text explains the simulation of varlous cp-
tions of the Skip operation.

a) Skip on Zero Corry (S20):

The first blt of SHIFTER 1s compared with a zero bit, If the cemparise
is equal, the skip operation 1s simulated,

b} Stip on Monzero Carry (SUZ):
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The first blt of SHIFTER is compared with a zero tit. If the comparison
is unequal, the skip operation is simulated,

e} Skin on Zoro Rezult {SZR):

Bits 2 to 1% of SHIPTER are convericd to a binary number by UNSPEC func-

1]

tion, This number is then compared with zero and if 1t is equal, the skip
operation is performed.

d) Skip on Nonzerc Rasult (SNR):

Bits 2 to 14 of SKIFTZR are converted to a binary number by the UNSPEC
functisn., This number 1s then compared with zero, and if it is unequal, the
skip operation is perforned.

I

e) Skip if Zither Carry or Result is Zero (SE7):

Both the comparisons of SZC and SZR are performed and if elthsr of them
shows an equal result, the skip operatlon is performed.

£) Skip is Doth Carry and Result arc Nonzero {S3N):

Both the comparisons of SZC and SZR are performed and if neither of them
shows an unequal result the skip cperation is perfermed.
Always Ski

Yo checking is done and the PC is incrementcd by 1 under all the cir-

cumsiances.
Simulation cf the Baslc Arithmetlic & Logic Cpesrations: The following

text illusirates the simulation of the basic arithmetlic and logle functlons
as specified by the NCC.

As thesze insirucetions refer to-accumulators, blts 2-3 and 4-5 specify
source and destination accumulators, respectively., As soon as any of thess
instructicns is encountered these bits are picked up and converted to two

binary numbers, J and K. These numbers are used as a polnter to locate the
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corresponding simulated accumulaters. J points to the source accumulator
while X pointis to the destination accumulator,

a) Comalczent instruction (€CH):

Using the lcgical NOT function of PL/1, the 16 bits of Jih simulated
accuxnulator, /ﬁES{Jl?, are logiczlly complemented and stored in bits 2-17 of
SHH’ dddalyg

bl ammtal

b) Neszte instruction (3173):

e logiczl NCT funciion of PL/1, the 16 bits of REG(J) are logic-
ally coaplemented. Logical complement 1s then converted to a binary number and
1 is added to this numbder in order to get the 2's comploment of the original
value of R=c(J). Bit representation of this 2's complement is then stored in
bits 2-17 of SUIFTZR. Now, if biits 2-16 are all off, bit 1 is replaced by the
compleaent of CARYY, othsrwise it is replaced by CARRY.

ove Instructiion “u’}

td
pis
Le

w2 16 bits of R2G(J) are stored in bits 2-17 of SHIFTER, t Y of SHIFDER
is ihen replzeed by CARRY.

a) Tocroment instruction (INC):

The 15 tits of RES{J) are converted to & binary number. 1 is then added
to this tinary number and the resultant value is stored in bits 2-17 of SHIFTER,
using the 2ISPZC function. Now, if all the 16 bits of REG(J) were zeros, tit 1
of SHIPTER is —oplaced by the ccampleoment of CARRY, otherwise it is replaced by
CARRY,

e) A2d Cecmplzment instructicn (&DQ)

(@28
T
s

The 15 titis of REG{J) are loglcally complemented by using the loglecal NCT
function. This ccmplement is then converted to a binary number M, using the

IMSP™ fencilcn., The 15 bits of REG{X) are now converted to another tinary
J



nunber called K. M and N are now added logether and the sum is stored in bits
2-17 of SHIZTER.

If 2E3(J) is greater than REG(X), bit 1 of SHIFTER is replaced by the
complement of CARRY, otherwise it is replaced by CARRY.

£} Subizct insiruction (SUB):

The simulation of this cperation is performed as follows:

« REG(J) is logically complemented by using the PL/1 logical NCT

fuﬁction.
) :

. This conplement is then converted into a binary numbder, M, bty
using the UNSPEC funetion.

* 1 1s added to M %o get 2's complement of the original value of
REG(JT)

. REb(K) is then converted to anctilicr tinary number, called N, Ly
using the UNSPEC function.

» ¥ and N are added together and the sum is placed in bits 2-17 of
SHIFTER, by using the UWNSPEC funcilcn,

» If original value of REG{J) was not less than that of the original
value of REG(X), bit 1 of SHIFTEﬁ is replaced by the ccomplement of
CARRY; otherwlse it is replaced by CARRY.

g) Add instruction (ADD):

Pasic operation of this instruction is simulated as follows:
* The 16 bits of REG(J) are converted to a binary.number, M, by
using the UNSFEC functiion.
» The 16 bits of RZCE(K) are converted to ancther binary number, X,
using the UNSPEC functicn,

* The sum of M and N is placed in bits 2-17 of SHIFTZR.



* If the sum if greater than 2**16, bit 1 of SUIFTER is replaced

by the complement of CARRY; otherwise it is replaced by CARRJY.

h) Logical AND Spsiruction ( n'rn\ :

This opsration is sinuleted by storing the logical AND of RES(J) and

R2C{X) in bits 2-17 of SHIFTER by using the PL/1 AND operator.
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xau;II AND DEBUGCING OF THE SIMULATOR

“This simulator has teen thoroughly tested for mest of the possible errcrs,
The following moethod was adopted in investigating whether the simulator sinu-
lated the lova properly:
1, The siaulatof'was broken up into different parts depending upon ile
types of instructicns it sigulates:
a) Move Data Instructions part.
b) Fodify Memory & Jump insiructions part.
¢) Arithmetic & Logic Instructions part,
2., The calculation of memory addresses in memory reference instructicas
Was applicadle to a number of instructions, therefore it was alsoc done in a
separate i2cdule, altheough it was always tested along'uith the menory reference
instructlons. ' 5
3. Zack o these acdules was tested for mest of the cases first inde-
pendently cf ezch other and then as cne big meodule,
4, Finally, the modules for different types of instructions were merged
inte onc molule. In other words, ithe simulator now consists of three entities,
arithmetic/logic simulatlon, memory reference simulatlion and effective address

calculation simulation,

The cample Prograaé which were tested on this simulator are included in
Appendix II.

Since this simuiator does not print the'output; we tested the programs by
executing the Nova Cbject Cole on the simulator and on the Nova and then dumping

out the simulatcsd core and checking manually whether the result were the cane

as produced by Nova or not.
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FUTURE NCDIFICATICONS

This sizulator is capable of simulating only executlon of Nova Cbject
Cods, excluling I/C instructlicns. It does not simulate the hardware of the
lova cempletely. For example, it cannot simulate interrupts or the manual
manipulation ¢f the memory during the executlion of a progranm.

The simulation of Nova I/0 can be very easily incorporated in this cimu-

lator, The cther two operations, however, are vory difficult to simulate, The

H
vl
o
n
O
3
b
(@]
ch

hat interrupts and maunual manipulation are both time dependant

The main ﬁroblem in the simulaticn of Nova.I/O on the 350 is the inter-
action of the 360 I/C operaticais of cne program with such operations of another
concurrently running prozranm. In the 360 envircument, especially whon using
a high l2vel language like PL/1, I/C operaticns are hondled by the operating
system; while in the Nova individuzl programs are responsidle for their cun
IfC. 'Consequeﬁtly, the logic of Nova I/C is very detailed since each and ever
thing 15 to be taken care of by the problem program. Cnc indlvidual step of
this logic is nmeaningless if seen after separating it from other steps., Cur
simulator is not capable of decoding the loglc of a Nova program. It simply
reads cne instruction and executes it, If it were pessible to decide that the
instruction belng executed is a part of the I/C logic, ihe whole set of zuch
instructions could be typassed, and the control transferred to the appropriate
360 I/C rcutine,

Lnother problem is the difference in the internal and exterrnal representa-
tion of characters in the Nova anl the 360, The internal represcntation of

characters is entlirely different in the two machines. Hence, whznever any

I/0 woull be simulated a translation operation would have to be performed,
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and this would somewhat affect the total execution time of a Nove pregraa cn

b e

the zinulaicxy,

Cne poscidle scheme of incorporating Nova /“ in this simulatc: would be
to perforn manual editing of the Nova listing and assigning special codes to
thos2 instructions which are a part of the I/0 legic. The simulatcr weuld then
be atls to reccgnize these instructions and would Le atle to bypass than until
it finds an explicit I instructicon, at which point it can use the standard
I/O routines of ihe 2350, It should, however, be noted that this scheme would
be practiczlly uceless in sitwations ihere the execution of a progranm would
modily any of ilzse marked insiructlons,

As of now, during the simulation ¢f the execution of a Nova prcgram when-
‘ever the simulator encounters an I/0 instruction, it calls a procedure called
I 0 RCUTINE. This procedure simply bypasses the simulation of the execution of
this instructicn and prints out a message:

*I/C INSTRUCTION BYPASSED AT LOCATICN :nxox!
If, at any time, a2 routine is available which can simulate the Nova I/C, it
can easily be appended to this simulatcr. It should, however, be noted tha .t
the simulation of Nova I/C is not easy, since detalled consideration nust be

given to the timing proﬁlems.



USING THE SIMULATOR

As Cdeserived earlier, the main input to the simulator is the Nova Chject
Cods, Hcwaver, tefore raading in the Nova Object Code, the simulator locks to
ind cut the 5l iwing four initialization factorss

1, Core size of the Nova machine for which the orlginal program was
Writien.

2. Momory address at which the lcading of the progran is to beginm,

3. Momory Address at shich the execution of the program is to begin,
{This %s to take care of such programs in which ccnstants have been
dzfined belfore the first executable cole,)

L, Page scvo location where the 1oad address of this program is ito bLe
saved, l.e. the Restart Address.

Thesc pleccs of informaticn chould be presented in the input stirecam befone the

actual Nova Ciject Code, in the form cf numeric constants in exactly the czne

sequence as they are listzd abcve,

IMPCRTANT: ALl four of these items should be in DECIMAL snd NCT in CCTAL.
The wain input of the simulator is the NCC in Bilnary Coded Cctal., For
exarple, the Nova source code:
ADD 1,2
.

is eguivalent tos

133000g

2

When coded in binary, each digit is represented by three bits except the Tirst

digit whici: is =lither a bina:y_cne or a binary sero. Heuce, when this object

code iz to be used as input to the simulator, 1t should be coded ast
+1011011000000C0C"B |

The simulator accepts input by a 'CET LIST' statement, and therefore, the



only format regulremoent Tor the input is that two binary coded NCCs shouldl te
separated vy at least cne tlank, if there is more than cne NCC on a single
P . )

card, and ezch ¢l ithem should teo enclosed in quotaticn marks and fellcowed by

-

the alphatotic 3. OConsoguently, a maximum of four NOCs can be accomcdaied ir

3
m

single card.
\fior 21l the NOCs have teen placed in the input strecam, the last NCC
should te follcwed by a non bit-string constant. This will raise a CCNVERSICHN

condition, which will be reccgnized by the simulator as the end cf the Nova

0]

progran, Tris i1s in anticipation Tor the situatlon when the simulator will ©
atle to perfern I/C also, at which stage the input to the Nova progrznm will
also have to be present in the input stream of the simulator,

It should be noted that the simulator recognizes a CCHVERSICN error as a
valid conditicn indicating the end of the Nova Object Code, hence the input

streanm should be thoroughly chcockzd for any undesirable non bli-string dziz

1tens.
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In order to use prograns originzlly written for the Data General Nova
on the IZM 360, a software simulator has been designed. This simulator con-
sists of a sinzle program written in ITY System 360 PL/1.

The input to ithe simulator is the Nova Cbject Cede, written as 16 digit
binary sumver, The simulatcr, when invcked, behaves as the central prccessor
of the Data General Nova. It reads the chtject code of the Data General Nova
into a variszble size simulated nemoxy and then starts simulating the Heowm
central processor by interpreting and executing the Rova Cbject Ccde in terms
of the available 350 facilities,

The simulater is capable of simulating the Jova ceniral processor fer all
the different instructicns of the Nova, except the Input/Cutput instructicons,

a briol descripticn cf the Data General Novz, a
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detailed description c¢f the working of the siuulztor, instructicns on how to
use the sinulator, a discussion of the testing and debugging scheme of the

simulator and a brief discussion on making the simulalor nere efficlent.



