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Overall Description

- The purpose of this program is to allow PDP-X Model [ users to program with“extended op (EOP) insiructions. The program will reside in core during user
‘program run time. The PDP-X Model | is designed so that if an EOP instrucetion is encountered, the machine will execute g trap in which the instructionitself, its effective address (FFA) and the cuirent state of the program counter(PC) are saved in general registers R1§J, R ’,',]2'-(8)'[? will then branch to the

- address specified by the contents of general register R13(8). This addressshould be the starfing addressof the Extended Op Simulator. When contro!is thus transferred to the Fxtended Op Simulator, it will execute the trappedEOP instruction, giving results and setting up condition code indicators(CCO, 1,2) exactly the same as if the instruction were executed by Model 1
hardware. Control will ther return to the user program in such o way that
it will appear that the instruction was executed by hardware rather than soft-
ware. In other words, use of the Bxtended Op Simulator should, except for
the desired results of the EQP instruction, be invisible to the user program .,
No AC's or conditien codes (CC's), except those indicated by the particylerEOP instruction, will be modified in any way. The Extended Op Simulator
is completely re~entrant so that its use moy be interrupted by an EOP trap
at a higher priority level. |

The complete list of Model 1l EOP instructions, all of which are simufciéd,
is provided below:

Arithmetic Group:

S SUB Subtract the effective word (EFW)
~ from contents of the specified AC

(R)..

CMP ' — Algebraically compare EFW and
| c (R). .

LCMP ‘ - Logically compare EFW and ¢ Ry,
i.e., compare them as 16 bit positive

. ' integers,

MUL | Algebraically multiply EFW by ¢ (R),
' ‘ ~ giving asingle or double precision

result,

IMUL - Logically multiply as above.
DIV Algebraically divide EFW into the

double or single precision ¢ (R),
| giving quotient and remainder.

LDIV B Logically divide as above.
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Test Group:

( | | TSTN

: TSTZ

TSTO

TSTC

Push Group:

PUC

PUSH

FUB

PUL

POC

POP

POB

- POL

LDC

STC

SHFT

Miscellaneous:

I L 1 1T TR TR 11TV 1 AT o Y

Test selected biis,

Test and zero selected bits

Test selected bits and set them

to 1. This is an effective

inclusive OR,

Test and complement selected

bits. This is an effective ex—

clusive OR,

Increment push down pointer

and counter but leave push

down list unchanged,

Store EFW on push down list,

Push and branch,

Push, branch and.link.

Reverse of PUC,

Store last word on push down

list in EFA. |
Return from PUB,

Return from PUL,

Load a character from the

indicated 8 bit byte.

Store right half of AC in indicated

8 hit byte.

Shift AC left or right a

specified number of bits,

using one of 4 techniques:

(1) crithmetic shift,

(2) -logical shift,

(3) rotate without CCg,

(4) rotate with CCg,

L
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2.1

2.2

General Specification

Machine Requirements

. The program is intended for use on the bosic Model | PDP-X. No special
peripheral equipment is needed.

Machine Qp%ions

Not ApPHCobfe .

System Requirements

None required.

The Extended Op Simulator does not run os an independent program. It
operates only when an EOP instruction is encountered in another PDP-X
Model | program. Therefore, besides the Extended Op Simulator, there
must be some other program, say a user program, simultaneously resident
in core and running. | -

Design Specifications

Design Goals

Since the Extended Op Simulator must reside in core with one or more
user programs, it should occupy a minimum amount of core space. It

is hoped that 1800 (octal) registers will be sufficient.

Because the Extended Op Simulator may be needed by real-time application
programs for such operations as multiply, divide, or shift, and because it

is intended fo simulate single instructions in such programs, it is of prime
importance that the action of the simulator be as fast as possible.

Finally, the use of the Extended Op Simulator must be capcble of inter-

ruption at any point in case it is called from a higher priority level. Al

routines in it must be completely reentrant.

Input

No physical input is required or possible. The program does however,

expect infernal software input in the form of a trapped EOP instruction.

The EOP trap information is stored by the PDP-X Mode! | in general

registers ~R1fi——13(8) as follows:
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R1f Updated PC from user program,
R11 EQP insfruction ward,

R12 EOP effective address. _
R13 Entry point to EOP Simulator.

Qu tput

Theie is no physical output from the Extended Op Simulator, " The only
output in any form from it isithe expected result of the trapped EQP
instruction stored in the AC or address indjcated by the instruction, and
the correct setting of the condition code biis in the Program Status Word,

Organization

‘Opercational Organization

Not Applicable,

nternal Organization

The gencial structure of the Extended Op Simulator is outlined in Chart 1.
Step 1 of that chart is executed by the routine titled SAV, sieps 2-4 by
the routine titled EOP, steps 6-18 by the routine titled RET, These
routines are flow-charted in Charis 2-4,

SAV: The first action which the Extended Op Simulator must take is
fo save, in a protected place, the current state of the processor,
This means all the current general registers RJ-7, except R1, must be
saved. R1 need not be saved because it contains the PC, which was saved
in R13 when the EOP trap occurred and replaced by the entry address to
the Extended Op Simulator. A duplicate copy-of the RG bits (bits 17-12
of the PSW) is saved so that any change made to them while the user's
PSW is on the stack can be ignored. The others must be saved because
the simulator uses RF and R2-R7. These AC's must be saved in such a way
that if use of the EOP Simulator at this priority level is interrupted by
a higher priority level, the AC's at this level will not be overwritten by
storage of the new level AC's,

Protected storage of the AC's is accomplished by using separate stacks
for separate priority levels . These stacks also will contain space for
certain variable storage needed by the various Simulator routines,
These stacks will be approximately 10 words each (dependent upon
amount of storage needed by subroutines) in length, and there must be
one stack for each priority level available on the user machine.
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The actual siack-selection and protection must be carried out in a single

instruction, for otherwise an interruption will couse unpredictable results,

in addition, it must be such that when use of the stack is completed, themuy

selecior-protector can be reset in a single instruction.

Ari AC stack will look like this:

Ad PSW (from Rff)

Al Effective AC (AZ + R)

A2 R2

A3 R3 - ' :

A4 R4 - | a
£5 RS |
A Ré

A7 R7

Alg Variable Storage

All Variable Storage

The implementation of the stack selection must be such thot any number

of priority levels from 2 to 8 may be allowed for . Extra space should not

be wasted for those who have only two priority levels. Expansion for

more priority levels should involve no major change.

The SAV routine also clears the current (not user) PSW bits ¢ & 1 (the trap
encble biis) fo prevent an error trap from occurring until the TRAP

routine is entered at the end of the action by the extended OP Simulator,

EOP: This routine will determine the AC for the instruction, if any is

required, and save a pointer to it on the stack. i will then determine

which particular EOP instruction has been trapped and dispatch to the

proper subroutine to execute the instruction. Dispatching will be done

in a straightforward way using a simple dispaich table and index register

RZ. The EOP routine will also set the correct error bits in case there

is amemory reference error on an attempt to reference R1 (the PC),

RET: This routine will restore all AC's which have been saved on the stack,

including any modifications in R@ (the Progrom Status Word) except

that the RG bits will be restored as they were originally, and one or

twopossible AC's, It must also restore the stack selector in the "SAV"

routine fo what it was before this trap occurred. This must be done

in such o way that an inferruption in any part of this routine will cause

no trouble. Finally, there must be a branch back to the user progrom which

caused the EOP trap. Return will be to the next step in the user progrem
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after the LOP which trapped. It is accomp!ished by using the trapped
PC in R10. ' |

Before returning to the user program, this routine will check to see if
‘an error trap should occur. (This is done by examining the actual PSW
error bits and the user PSW error enable bits). If q trap condition
exists, RET branches to the user error trop handler address (contained
in R17), instead of to the nomal return in the user's prograin,

Charts 5-24 are flow charts for the routines which execute the 22 indiv-
idual EOP instructions which could be trapped. Additional explanations
of these routines follow. ) '

Charts 27-37 are flow charts for the speciol subroutines used by the EOP
instruction routines, Additional explanations of these subroutines can
also be found below,

SUB: The result of C(R) + (~EFW) must be stored in the AC specified
by the SUB instruction. When the operation C(R) + (-EFW) is executed
the condition codes (CC) will be set in the current PSW as they should
be set for the SUB instruction. Specifically, CC = 1 if there was
carry out of bit §,* CC1 =1 if the result wos negative, * and CC 2 =
if the result was not zero. * These 3 CC bits must be loaded into the CC
bits of the user program PSW now resident in the stack. .

r .

This routine also OR's the arithmetic error bit into the user PSW in cose
the resuli is such there should be an error trap.

CMP: To determine whether or not C (R) is aigebraically greater than
or equal or less than the EFW, the operation C (R) - EFW suffices.
Condition code bit 1 will be set if the result is negative, indicating that
C (R) is less than EFW, and CC2 will be set if the result is non-zero,
indicating that C (R) =2 EFW, CCH must be ignored. Note that the actual
difference is not saved.

LCMP: Here C (R) and EFW are treated as 16 bii positive integers, If
C (R)y and EFW s are alike, C (R) - EFW will set the CC's as required,
Example 1: C (R) = g00344, EFW = gogg54 :

CR) ~ EFW = 1@ meaning C (R_)<E_FW

Example 2: C (R) = 177776, EFW = 177774 A

C (R) - EFW =(~2) - (-4) =+ 2 meaning C (R)> EFW

Exomple 3: C (R) = l77772,' EFW = 177774 co :

C (R) - EFW = (~6) - (~4) = -2 meaning C (R)<EFW

* (Cleared otherwise) .
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(R}and EFW/@ are unlike, then @ + EFW will sct the CC bits |
ey should be, because @+ EFW=0 means LFW;= @ (while C (Q)g = 1) :

r C(R)7 C{:‘V and ,@ EFW<0 means EFWx = ] {while C (R )o =)
vat C (R)Q‘E"W. Note thal this test will not clear CC2 if EFW =,
£ (R)fi = EFW/g and EFW = @, the bits must be set for C (R)yEFW,

LMUL: This routine calls the 16 bit logical multiply subroutine to do
most of ifs work. The CC bits will not be affected by a multiply instruction.
If the addressed AC (R)is even, the 16 bit m:ultiplicris assumed to be
in R+ 1, and the product will be stored with high order in R and low order
in R+ 1. IfRisodd, the multiplier is assumed to be in R, and only the
low order of the pmduc‘ is saved (in R) The high order ofthe productis
ignored in this case. The actual work of multiplication is done by the

subroutine LMULT. See the explanation of that routine for the multiply
algorithm

MUL: The function of this routine is exactly the same as the LMUL rout ine,
excepl that fo do the actual multiplying it calls the signed integer mulii-

plication subroutine(IMULT) instead of just the logical multiplication

subroutine. See the explenation of that routine for the multiply and sign
compare techniques.

LDIV: This routine assumes R is even. If R is odd, the preceding even

register (R-1) is cleared. Operation then continues as if R-1 is the des-
ignated AC instead of R, If Ris even, C (R) and C (R + 1) aie trzated

as the high and low order, respectively, of a 32 bil positive dividend
which is divided by the EFW, treating the EFW as a 16 bit positive

integer. The 16 bit quotient is plubed in R+ 1 and the remainder in R,

If the relative magnitudes of the divisior & dividend are such that the

quotient is larger than 16 bits, an arithmertic error condition is set up

and both arguments are lcft Unchcmgeo. )

The actual division:is carried out by the LDIVD subroutine, See the

explanation of that subroutine for the divide algorithm. This routine

leaves a 32 bit quotient which must be tested to see if it is too large
for R+ 1, If the divisior is @, LDIV will set up the error caondition

bit and branch to RET without carrying out any division.

The CC bits are left unchanged .

DIV: The function of this routine is exactly the same as the LDIV routine,

except that to do the actual dividing it calls the signed integer divide

subroutine (IDIVD) instead of the logical divide subroutine.
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utine loads the byfe indicared by the EFW into th
it half of R is cleared.

STC: This routine stores the right half of R into the byte indicaied byCthe EFW. C (R) and the other byte of the veceiver word remain unchanged.,

SHFT: This routine shifts iho given AC left or right a given number ofbit positions. There are acivaily 4 modes of shifting os described below:

(1) Arithmetic shift; in which the sign bit remains unchanged, On gleft shifi, f's enter the low order bits; on a right shift, bit g is copiedinfo bit 1. If the sign bit is ever changed in the process - of a left
shift, the arithmetic error bit s set. :

(2) Roiaie combined with CCg.

(3) Simple rotate, in which biis leaving one end enter at the other,

(4) Logical shift, in which bits leaving one end are |ost and zeros enterthe other end.

Examples of the 4 modes of shifting are shown in Diagram 3. Outlinesof the basic shift routines are shown in Diagram 4,

Diagram 3

SHFT examples (using 8 bits only)

SHFT R, [ 4 fy 3]
(logical shifi 3 left

11 11 117 -LflJ L‘"’J L '
lost - g_/ TN %eros enter
Ty ot ere

R; g1111 §5 4

R
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Rlo 00
lfi

. PRSHET R, 11 flfi 39

(rotate 3lefty 7 o

SHIT R, [p 4§ 3
(ro‘ate with CCf 3 Jof

ST R R IR R I D W/

4
CC@’]Rffi}}if? g

(Cu umne*xr l

‘MN

o &N zeros enter

R;’gIR i
crithmetic error bi
PSW set when bit p &
1 become uneque!

SHFT R, }g’2
(amhmc.mshift 3 Uhf)

R]o 5 “ (flg1"»[
the sign bit remains in
lace, but also is copied

into bit ]
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TSTZ (after calling

together with C (R) and stores the rosult

TSTO (afer ca

EFW.Tfl“

See tne

result Go

clear CC, KR, inc count

RL, inc count, fix user CCH

KR, ins count, Tie user CCH

Yerp ” 1 | » e ’ ® e [ )cicar CCfi, RL, set g.e. bit, if CC@ 4 Dit ,@, inc count,

Y v e 1 . ok ol s 1 Nutines coll « common subroutine (TEST) which ANDs together

thensets the vser PSW ce bitz T and 2 accordingsy This

.ming of each routine.

ing else .

J then complements the rusk (EFW) and ANDs this
A

n R, This zeros all selectedbits,

for C (R) and
:v 1 CCT a\-' o~ 1 Fot v 1o 3fing TEST) also calls the :.:f:lut;.*ve OR routine

w
y

e C pR
e)

-

usive OR routime.

examples in Diagrem 5,\J
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PUC: This routine

half, ond decrement the

a subroutine PU to do this work
.

do the same things to |

POC: This routine wiil do the exact roverse

the subroutine PO to do all its work.,

PUSH: This routine will store Hie EFW on the PDL of the

1@ PU subroutine to modihe currant DD ointer. It will then call 1

pointer & counter.

-11~

Number of fre
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4.4

5.1

5.2.

5.3

5.4

| Not yet available .

the program is running on a Model Il machine.

L L A o T s A e e[RRE YN TR JMLHUUUUMUMMWWWWM‘“pm) ST, R R

ARGN ADDRESS

RETURN

Longuoge_

The pro.gvrom will be written ih PDP-X assembly language, using Basic OPS only,
i

External Environment

Execution Speed

Use

With the Extended Op Simulator PDP-X Model | users may employ EOP instructionsin their programs. When and EQP instruciion in the user's program is encountered ,the Model | will store its (updated) PC in general register R1f, the EOP instructionwoid in R11, the EFA in R12, and then branch fo the address contained in R12. Thisaddress will be the starting address of the Extended Op Simulator, The Extended OpSimulator will save the user program AC's, execute the EOP instruction, then restorethe user's AC's, update them with the resylis of the EOP instruction, and finallybranch back into the user program at the address contained in R14, i. e., the instru'cfiér_\following the EOP instruction.,

interface

This program is designed to be used by running PDP-X Model | system or applicationsprogram. lis function is to allow these programs to employ EQP instructions nommal ly- available only on Model 11, It must reside in core simultanzously with the programthat will call it, When EOP instructions are encountered, the machine will automat-~ically branch to the Extended Op Simulator. After execution of the EOP, the Extended‘Op Simulator will return control to the user program making everything appear that

Examples of Use

Suppose a user program contains the following sequence of steps:

1586/ DA 4,5(_] : ; (long form) assume X =51519/ SUB 4, E@ ; (long form)
1512/ BM ADDR ' - -

S St e
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6.1

6.2

When the CMP instruction is encountered, the EOP trap registers are loaded
os follows: )

R1Z/ g71512 ;UPDATED PC :
R11/ 150511 ;i OP=6,R=4, X=1,D1=112
R12/ @@ ; EFA |
R13/ go7dap ; ST. ADDR, of Ex. Op. Sim. (which

; was loaded earlier by the

; Ex. Op. Sim. LOADING PROCEDURE)

Then 7030 is loaded from R13 into the PC, and the operation of the Extended
- Op Simulator begins.

The Extended Op Simulator will store the contents of the general register on the
stack as follows:

N -
i STACK A (assume priority )

7P (AD) / @ ; Assume this was the PSW
; when the frap occured

Z1P0(A) /S 7gs i pointer to effective AC (R4)
7192 (A2)/ C (R2) '
7193 (A3) / C (R3)

7104 (Ad)/ C (R4) =5

etc.

The Simulator will then carry out the operation 5-35 = -3, with CCff =4, (no
carry), CC1 =1 (negative result), and CC2 = 1 (non-zero result). Then - 34,
is stored at 7104 (A4 = the effective AC for the SUB) and the condition codes
are ORed into 7180 giving C (AQ) = fBpAP3. Finally the Extended Op Sim-
ulator loads contents of all the general registers on the stack info the actual
general register and executes q B @ 18 back to the instruction ot 1512 in the
user's program. | - |

Documentation

Major Aspects

(1) Function of the programs.
(2 Loading procedure.

(3) Full explanation of all EOP instructions (if these are not provided with standard
Model | manuals),

Checkout

21~
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6.3

LI TR Y 1VT N AR AL, | 1.1l ] I |

(1) Debugging separate portions of the program, using PDP-X Simulator
on g PDP-7 or 9, . .

(2) Test and debug the entire program running as a unit on g PDP-7 or 9
with the PDP-X Simulator,

(3) - Test and exercise the entire program on a real PDP-X when such is
available. :

Marketing

This relatively small program will allow PDP-X Model | users to employ

the powerful Extended Op instructions usually available only on the

larger Model I PDP-X, It will save them from writing and loading

separate subroutines to carry out such operations as multiply, divide,

inclusive OR, exclusive OR, and use of a push down list. By using a
relatively small portion of the PDP-X core, it in effect converts the
Madel | into a Model 1l (though not quite as fast). |
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