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INTRODUCTION

Pascal has become a widely accepted general purpose programming language
since its introduction more than a decade ago. Because of its growing popularity,
various implementations and extensions of Pascal exist in diverse computer types.

UCSD Pascal is a specific versioni of Pascal which can be easily ported to dif-
ferent computers. Its portability can be attributed to the virtual P-machine concept
on which it is based. Using this concept, UCSD Pascal is ported to a new computer
by writing a software equivalent of the virtual P-machine on the new computer.

This paper describes an implementation of the P-machine on the Philips P-857
minicomputer. It consists of five parts. The first part gives a short description of
the UCSD Pascal version and an explanation of this version’s portability. It also
outlines the objectives and scope of this specific implementation. The second part
deals with the UCSD Pascal P-machine — its architecture, data types, instruction
set, and operation. The methodology used in the realization of the P-machine is
discussed in the third part. Next, a description of the P-857 software that emulates

the P-machine is given. Finally, the fifth part presents the conclusions with regard
to this P-machine implementation.

THE UCSD PASCAL SYSTEM

UCSD Pascal is a particular implementation of Pascal specially suited to mini-
computers and microcomputers. It is a complete Pascal programming environment
for small computers which provides a compiler, a filer, and an editor, among other
system programs. The system is written almost entirely in the Pascal programming
language, and extended to provide for systems programming and for disk-based
interactive applications. The UCSD Pascal system can be run on a typical hardware
system that has 56 K-bytes of main memory, 8-bit or 16-bit word organization,
standard floppy disk for secondary storage, ASCII keyboard, console display, and
optional printer.

Why is the UCSD Pascal System Portable?

The UCSD Pascal system uses a P(ortable) —compiler to process Pascal pro-
grams. This compiler accepts a Pascal source program as input and emits inter-
mediate code as output. The intermediate code is defined in terms of operations on
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a hypothetical stack machine. This virtual or pseudo-machine is often called a
P-machine and its code is appropriately termed as P-code. With this approach, the
P-compiler is not bound to any real computer. In contrast, a conventional compiler
takes in a Pascal source language program and translates it into an equivalent
machine or assembly language program of a particular computer. In this imple-
mentation, the compiler is inherently associated with the computer, i.e., it is
machine-specific. The compiler produces object code which can be run onI)f ip
identical computers. Thus, to implement Pascal in another typp of compute.r, it is
necessary to rewrite the compiler so that it produces the object program in the
new computer’s machine/assembly language.

While the machine language output of a conventional compiler can pe sub-
sequently loaded and run in a computer, the P-code output of the P-compiler still
has to be processed further. Figure 1 shows the difference between the approaches
used by a conventional compiler and the P-compiler. In essence, the UCSD systel_n’s
compilation scheme is a two-part process. The first part employs the P-compiler
to translate a Pascal source program into its P-code equivalent. The second part uses
a P-machine emulator, also called an interpreter, to read and directly execute the
P-code. (The interpreter is a program, usually written in the a_ssembly language of
a host computer, that emulates the abstract P-machine at run-time.) Thus, the con-
ventional compiler uses a compile-run approach while the UCSD Pascal system uses

4 compile-interpret scheme.

The advantage of the compile-run type over that of the compile-in'terpret type
is that of speed. A machine language program generated by the com_plle-run .tech-
nique runs faster than an equivalent P-code program that is executed interpretively.
In cases of big source programs, however, the size of the machine program become:s
qQuite large compared to the P-code program. The reason is that the P-code is
optimized for memory space. As such, a program in P-code is more compac.t than
a corresponding assembly language program. Further, the compile-'interpret m'!ple-
mentation, which uses a two-part process, offers several other premiums. A decided
advantage is portability. Because the P-compiler produces an intermedla.te code, the
compiler can be written without regard to a particular machine. In this sense, the
first part is machine-independent: a characteristic that enhances the.portgbglty of
the compiler. So, to implement the high-level language on a'machme, it is only
necessary to write the second stage — the interpreter which directly ex.ecutes the
P-code. Another advantage is the convenience of being able to write the interpreter
independently of the P-compiler.

Objective

The general objective of this endeavor was to implement the Pascal language
on the Philips P-857 minicomputer. Although the UCSD Pascal system was already
implemented on a number of minicomputers and microcomputers, it was then not
yet available for the P-857. This fact did not pose insurmountable difficulties be-
cause most of the UCSD Pascal system was written in Pascal. It was only necessary
to have an interpreter written in the assembly language of the P-857 which could
execute the UCSD P-code. Thus, the particular purpose of this work was to come
up with a UCSD P-code interpreter — a software emulator of the virtual P-machine
— using the P-857 as the host computer.

Before presenting the methodology used in realizing the emulator, it is worth-
while to first discuss the P-machine.
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Figure 1. Two types of Compilation and Execution of Pascal Programs.

THE UCSD P-MACHINE

Architecture

The UCSD P-machine is a hypothetical machine designed for the Pascal pro-
gramming language. It employs either an 8-bit or 16-bit word organization to suit
a specific computer. To support Pascal’s block structure and recursion capabilities,
it takes on the basic form of a zero-address (stack) machine as shown in Figure 2.
The P-machine uses a stack as a storage which contains not only the local data of
many P-codes, but also code segments and procedure activation records. The stack
is thus not limited to contain data alone but also P-codes (instructions) and infor-
mation about procedure calls and returns. It also serves the purpose of passing para-
meters to procedures and returning function values. The stack is filled by loads and
procedure calls; and decreased by stores, procedure returns, and execution of arith-
metic instructions. It starts in high memory and grows toward low memory.

The P-machine also has a heap for dynamic variables. The heap starts from
low memory and grows upward toward the stack. It is increased by calling the pro-

cedure “new” and decreased by calling the procedure “release.” The heap is
actually a stack itself.
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Figure 2. UCSD P-machine’s Registers and Storage.

The P-machine is a Zero-Address (Stack) Machine.

The P-machine uses several registers as pointers to relevant areas in the stack
and the heap as follows:

IPC -
SP —
NP —
JTAB -
SEG —

MP —

BASE -

Instruction Set

the interpreter program counter, points to the next P-code

instruction to be executed.

stack pointer, points to the top of the stack.

new pointer, points to the top of the dynamic heap.

jump table pointer, points to the procedure attribute table of
the currently executing procedure.

segment pointer, points to the procedure dictionary of the seg-
ment to which the currently executing procedure belongs.

most recent procedure pointer, points to the activation record
(Mark Stack Control Word) of the currently executing procedure.
Local variables are accessed by indexing off MP.

base procedure pointer, points to the activation record of the
base (lexical level 0) procedure. Global variables are accessed by

indexing off BASE.

The P-machine instructions are mostly zero address instructions that are de-

signed to optimize memory spa
ed by zero to four parameters.

groups:

ce. As such, they are one or two bytes long follow-
The instructions are actually divided into five main

1) variable fetching, indexing, storing, and transferring
2) top-of-stack arithmetic and comparisons
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3) jumps
4) procedure/function calls and returns
5) system program support procedures

The parameters of the instructions are of the following types and most of
them specify one word of information:

UB -
SB -
DB —

W -

unsigned byte: high order byte is implicitly zero.

signed byte: high order byte is the sign extension of bit 7.

don’t care byte: can be treated as UB or SB because its value is al-
ways in the range 0 . . . 127.

(Note that the two periods between the numbers given above are read
as “‘to.” This is consistent with the notation for subranges in Pascal.)

big: this parameter can be one or two bytes long. It is one byte re-
presenting values in the range 0 . . . 127, two bytes for values in
the range 128 ... 32767. If bit 7 of the first byte is not set, then, it
represents O . . . 127; otherwise, bit 7 of the byte is cleared and the
byte is taken as the most significant byte. The following byte is the
low order byte.

word: next two bytes, low byte first,

Figure 3 shows some typical P-machine instructions. Further, a complete list
of instruction mnemonics is shown in Table 1. In this table the three numbers
before a mnemonic are the equivalent P-codes in decimal, octal and hexadecimal,

Variable Fetching, Storing, Indexing and Transferring

SLDC53 Short load word constant
STM us Store multiple words
IXA B Index array

Top of Stack Arithmetic and Comparisons

LNOT Logical Not
MP1 Multiply Integers
TNC Truncate Real

EQUI Integer Equal Comparison
Jumps Instructions

uJe
XJP W1,W2,W3
<case table> Case jump

Unconditional Jump

Procedure/Function Calls and Returns

cLp us Call Local Procedure
RBP DB Return from Base Procedure

System Program Support Procedures

TRS Treesearch
XIT Exit
TIM Time

Figure 3. Typical P-machine Instructions.
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126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

Table 1. P-machine Instruction Mnemonics.

000
0ol

176
177
200
201
202
203
204
205
206
207
210
211
212
213
214
215
216
217
220
221
222
223
224
225
226
227
230
231
232
233
234
235
236
237
240
240
242
243
244
245
246
247
250
251
252

0o
01

(P-code)
SLDC 0
SLOC 1
sLoC 126
SLCD 127
ABI 171 253 AB SRO 214 326 D6 XIT
ABR 172 254 AC XJP 215 327 D7 NOP
ADI 173 255 AD RNP 216 330 D8 SLDL 1
ADR 1784 256 AE CIP 217 331 D9 sSsuLoL 2
AND 175 257 AF EQU 218 332 DA SLOL 3
DIF 176 260 BO GEQ 219 333 DB SLOL &
DVl 177 261 Bl GITR 220 334 DC SLoOL 5
DVR 178 262 B2 LDA 221 335 DD SLOL 6
CHK 179 263 B3 LDC 222 336 DE SLOL 7
FLO 180 264 B4 LEQ 223 337 DF sSLDL 8
FLT 181 265 BS LES 224 340 €0 SLDL 9
INN 182 266 B6 LOD 225 341 €1 SLoL 10
INT 183 267 B7 NEQ 226 342 £E2 SLOL 11
I0OR 184 270 B8 SIR 227 343 E3 SLDL 12
MOD 185 271 B89 uJP 228 344 E& SLDL 13
MPI 186 272 BA LOP 229 345 E5 SLOL 14
MPR 187 273 BB STP 230 346 E6 SLOL 15
NGI 188 274 BC LDM 231 347 €7 SuLDL 16
NGR 189 275 BD STM 232 350 €8 SLDOO 1
NOT 190 276 BE LDB 233 351 €9 SLDO 2
SRS 191 277 BF STI8 234 352 EA SLDO )
SB1 192 300 cO IXP 235 353 EB SLDO &
SBR 193 301 Cl1 RBP 236 354 EC SLDO 5
SGS 194 302 Cc2 CBP 237 355 ED SLDO 6
SQIl 195 303 €3 EQul 238 356 EE SLDO 7
SQR 196 304 C4 GEQI 239 357 EF SLDO 8
ST0 197 305 C5 GTRI 240 360 FO SLDO 9
IXs 198 306 C6 LLA 241 361 F1 SLDO 10
UNI 199 307 Cc?7 LDCI 242 362 F2 SLDO 11
S2P 200 310 c8 LEQI 283 363 F3 SLDO 12
cse 201 311 C9 LESI 244 364 F4 SLDO 13
LOCN 202 312 CA LOL 245 365 FS SLDO 14
ADJ 203 313 CB NEQI 246 366 F6 SLDO 15
FJP 204 314 CC STL 247 367 F7 SLDO 16
INC 205 315 CD CXP 248 370 F8 SIND O
IND 206 316 CE CLP 249 371 F9 SIND 1
IXA 207 317 CF CGP 250 372 FA SIND 2
LAO 208 320 DO S1P 251 373 FB8 SIND 3
LCA 209 321 D1 1X8 252 374 FC SIND &
LDO 210 322 D2 8BYT 253 375 FD SIND 5
MOV 211 323 D3 EFJ 254 376 FE SIND 6
MVB 212 324 D& NFD 255 377 FF  SIND 7
SAS 213 325 D5 BPT

decimal hexadecimal
octal

Tespectively. As mentioned above, these instructions may be followed by para-

Ieters,

Data Types

) The P-machine has several data types. All of these data types are represented
In the stack so that they are always aligned on word boundaries. The least signi-
ficant bit is bit 0 and the most significant bit is bit 15. The data types and their

descriptions are:
BOOLEAN

One word. The least significant bit indicates the value (O for
false, 1 for true) and is the only bit used by boolean com-
parisons. Other boolean operators like AND, IOR, and NOT

use all 16 bits.
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INTEGER

SCALAR
CHAR

REAL

POINTER

SET

RECORDs and
ARRAYs

STRINGs

CONSTANTS :

One word, two’s complement representation having values

in the range — 32768 ... 32767.

User defined. One word, in the range 0 . . . 32767.

One word, with the least significant byte containing the

character. Values ranging from O . .. 127 represent the stan-

dard ASCII set, while values in the range 128 . .. 255

represent a user-defined character set.

Two words, format implementation dependent. The inter-

preter is the only one that has to know the detailed internal

format of REALs.

One or three words, depending on pointer type.

Pascal pointer, internal word pointer: one word, containing
a word address.

Internal byte pointer: one word, containing a byte address.

Internal Packed Field Pointer: three words — word 2: word
pointer to where word field is in

word 1: field width in bits
word O: right bit number of field.

0 to 255 words in data segment, 1 to 256 words on stack.
Sets are implemented as bit vectors. When a set is in a data
segment, all allocated words contain valid information.
When it is on a stack, the first word contains the length fol-

lowed by that number of words all containing valid informa-
tion.

Any number of words (up to 16384 words in one dimen-

sion). Arrays are stored in row-major order, and always have
a lower index of zero.

1. ..128 words. Strings are flexibleversions of packed array

of char. A string of length (n) contains (n div. 2) + 1 words.

Byte O contains length of string, and bytes 1. . . n contain

valid characters.

The following have special formats because they can be em-

bedded in the instruction stream:

All scalars (excluding reals) not in the range 0 . . . 127: two
bytes, low byte first.

Strings: All string literals take length + 1 bytes, and are
byte-aligned. The first byte gives the length, the rest are
actual characters.

Reals and sets: word-aligned, in reverse word order.

Figure 4 presents the more common data types in diagram form.
The P-machine’s Operation

To clarify the use of the P-machine’s registers and storage, consider the illus-
trative program shown in Figure S. It is a typical Pascal program which when com-
piled to an equivalent P-code program can be run in the P-machine. The program
shows the block structure of Pascal. Although the figure does not explicitly show
recursive procedure calls, they are available in Pascal. To support these two Pascal
properties, the P-machine adopts a dynamic storage allocation scheme that uses @
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Integer

|
High byte Low byte 215215
| ..
15 0
Boolean
T
Byte | Byte True=1, False=0
15 0
Character
! 0 .. 127 (ASCII)
Byte Byte 128 .. 255 (user-defined)
15 0
Real
|
| Format Implementation
byte : byte byte | byte Dependent
31 15 0

Figure 4. Some Common P-machine Data Types.

stack. With this scheme, entry to a procedure entails allocation of memory space
for the procedure’s local variables at the top of the stack, and corresponding exit
from the procedure frees the allocated space. It is noteworthy to point out that the
stack contains ail the variables (data segment) and instructions (code segment) of
the currently active procedures as well as information about procedure calls and re-

turns (mark stack).

Taking the illustrative progra
P-machine’s stack during procedure
also shows the interpreter, the heap,
Tegister-pointers. Figure 7 shows a more

m as an example, the memory mapping of the
B’s execution is given in Figure 6. This figure
and the relative positions of the P-machine’s
detailed view of the code segment for the

user program. This segment contains the instruction codes of the main program and
its three procedures. At the time of B’s execution, SEG points to the start of the
user program’s segment code; JTAB to the start of the procedure B’s code section;

and IPC to the P-code in B which is currently being interpreted. This is further

depicted in Figure 8 which is a magnified view of B’s P-code section. Other relevant

information about procedure B is also included in its code section.

As a result of the P-machine’s dynamic storage allocation scheme, effective
addresses cannot be determined at compile time. Hence, they are assigned at rur
time. Thus, the P-compiler assigns only displacements from a datum within the
data segment. This datum is within the Mark Stack Control Word (MSCW) of ¢
given procedure for the P-machine. Figure 6 shows the MSCW (mark stack) anc
d?lta segment of procedure B during its execution. A more detailed view of this i
given in Figure 9. The datum of the currently executing procedure, B in this case
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program PASCALSYSTEH;
var SYSCOM:SYSCOMREC;
CH:Char;

Segment Procedure USERPROGRAM;

Procedure MAINPROGRAM;
Var X,Y,Z2:Integer;

Procedure Aj;
var 1,J),K:Integer;

Procedure C

Begin

End; (*C*)

Begin

End; (®*A®)

Procedure B8;
Var T1,F:Boolean;

Begin

End; (®*B*)

Begin
A;B
End; (*MAINPROGRAM®)

Begin
HAINPROGRAM
END; (*USERPROGRAM®)

Segment Procedure COMPILER;

Begin

End; (®COMPILER®)

Figure 5.a. Illustrative Program.

is pointed to by the MP register of the P-machine. Local variables are just indexed
off MP. Global variables, on the other hand, are based on a datum in the MSCW
of the main program (Figure 6) which is pointed to by BASE. Global variables ar¢
indexed off BASE. If the variable is from an encompassing procedure, it is obtained
by searching down the data segments through a static chain. The static chain con-
tains information that reflects the address environment or the static hierarchichal
structure of the procedures. Each of the currently-active procedures has a static link
(MSSTAT in Figure 9) in its data segment. The static link of a proéedure points t0
the datum of the data segment belonging to the immediately enclosing procedure-
Thus, the P-compiler generates an address couple — the static level difference an

relative displacement from the datum — for all variables, with the exception O
local and global variables.

Procedures in Pascal can call one another, in fact, even recursively. It is there
fore necessary to keep track of the procedure activations so that when a called pro-
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Segment Procedure EDITOR;

Begin

End; (®EDITOR®)

Begin
Repeat Read (CH);

Case CH of

CiCOMPILER;
E1EDITOR;

U:USERPROGRAM
End (*Canee)

Until CH = 'H'
End. (°PASCALSYSIEM®)

Figure 5.b. lllustrative Program.
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Figure 6. Memory Map During Procedure B’s Execution.
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cedure finishes, it has the correct return address of the procedure which called it.
It is also necessary to restore the P-machine’s registers’ contents to their values
before the call was made and executed. Therefore, to ensure correct procedur®
linkage, additional storage is allocated on the stack for each called procedure. The
MSCW is used for this purpose. It contains the static link and other information
for procedure linkage. (See Figure 9.) MSSP contains the stack pointer’s value of
the 'calling procedure at the time of the call. MSITAB contains JTAB pointer of the
calling procedure. MSIPC contains the interpreter’s program counter at the time of
the call, which is in essence, the program return address. MSDYN contains the
dynamic link which is a pointer to the datum of the calling procedure’s data se&
ment. The dynamic links also form a chain called the dynamic chain. This chain
reflects the. procedure activation history. Thus, the dynamic link of a given data
segment points to the datum of the procedure’s data segment which called it.

STRATEGY IN REALIZING THE P-MACHINE

The implementation of the P-machine on the Philips P-857 minicomputer
was planned to be done in three phases. Of the three phases, two were completed
but the third was dropped due to lack of time. The result of the first phase was 2 pro-
totype interpreter (P-machine emulator) written in Pascal. The prototype was madf’«
to serve as a model for the implementation of the P-machine on the P-857 mini-
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computer. So, after it was tested and debugged the next phase was started. In the
second phase, the Pascal version of the interpreter was manually translated into the
P-857 assembly language. Subsequently, the P-857 version of the interpreter was
tested, debugged, and run under the Disk Operating Monitor (DOM) of the P-857
minicomputer. The third and final phase would have been the bootstrapping of
the UCSD Pascal system into the P-857 with the use of the interpreter. Because

of time constraints, however, this phase was not done.

A High Level Language Prototype of the P-Machine

In the planning stage of the implementation of the P-machine, two possibili-
ties were considered in writing the software emulator using the P-857 assembly lan-
guage. One was to first come up with a flow chart of the emulator and based on
this, write the corresponding assembly language program. The other possibility con-
sidered was to first implement a prototype of the P-machine emulator using a high
level language, specifically Pascal. After the prototype was tested and debugged,
the assembly language version would then be written based on it.

There are pros and cons for each of these two approaches. Writing the emula-
tor directly in assembly language with the aid of a flowchart seems to be fast and
?fﬁcient. However, testing such an emulator can be done only after the emulator
is written in its entirety. The second approach, on the other hand, seems to entail
a lot of work, i.e., the interpreter has to be written twice. However, having a veri-
fied and working prototype decreases the possibility of failures in the assembly
language version and increases the confidence of the implementor. Further, it may

high memory
Ny T
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k- level ! number
0
88
$§ entry IPC
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Figure 8. Procedure B’s P-code Section. P-machine Pointers JTAB & IPC Shown
during B’s Execution.
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be argued that writing a prototype in Pascal obviates the need for flowcharts. The
reason is that the algorithm used in the prototype of the emulator, which would
have been represented in flowcharts, are inherently expressed and embodied by
the Pascal program describing the emulator. Therefore, the amount of work
exerted when a prototype is employed is roughly the same as that required when
flowcharts are used. Thus, based on the arguments given above, the second option
was taken and a Pascal prototype of the P-machine was realized. Appendix A gives
the listing of the prototype P-machine in Pascal.

Two Types of Interpreter Implementation

Central to the implementation of the P-machine in a real computer is the
P-code interpreter. So, before any attempt at writing the interpreter was done, two
types of interpreter implementation were first investigated. The usual interpreter
implementation (Figure 10) has a routine which fetches a code from a sequence,
decodes it, and transfers control to the appropriate routine which executes the
code. After execution, control is transferred back to the fetch and decode routine.
Threaded code implementation, on the other hand, dispenses with the fetch and
decode routine used by a conventional interpreter. Instead of having a sequence
of codes which are fetched, decoded and executed, the threaded code implementa-
tion has the sequence of addresses of the routines which execute the desired

operations. Because of this change, the threaded code interpreter runs faster than a
conventional interpreter.
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A fast executing threaded code implementation is very attractive. But in the
case of UCSD Pascal, it could not be easily implemented — it would require exten-
sive rewriting of the P-compiler to produce addresses instead of P-codes. For this
reason, it was decided to use a conventional fetch and decode interpreter for the

P-codes.

THE P-MACHINE REALIZATION FOR THE P-857 MINICOMPUTER

The P-machine realization for the P-857 minicomputer is based on the Pascal
prototype of the P-machine. Using the prototype as a model, the P-857 software
emulator for the P-machine was hand-coded entirely in the P-857 assembly lan-
guage. (A short description of the P-857 registers is given in Appendix B.)

The software emulator is subdivided into modules. (The motive behind this
modularization is the consequent facility in coding, editing, and testing each of the
modules separately before they are linked together to perform the ultimate goal.)
The fourteen different modules and one macro file which constitute the software
emulator are shown in Table 2. The functions of these modules and file are discus-
sed below. In the discussions, it might be necessary to refer to the assembly lan-
guage listing of the software emulator given in Appendix C.

The following discussion of the modules and definition file is arranged accord-
ing to function. The first group centers on the mapping of the P-machine registers
to the P-857 minicomputer registers. The second discusses the P-code interpreter
organization and operation. The third is about the routines that execute the P-
machine instructions. The last group focuses on the auxiliary and contingency
routines.

Mapping of the P-machine Registers

Macrodefinitions for the P-machine

This module is a file consisting of four macrodefinitions that are shared
globally by the other modules. It has the macrodefinition named REGASG that
maps the P-857 registers onto the registers needed by the P-machine such as BASE,
IPC, MP, SP, NP, GOBACK, and RETURN. Of these seven P-machine registers,
the uses of the first five have already been discussed in the section on the
P-machine. The last two — GOBACK and RETURN — are actually auxiliary regis-
ters in which the labels of subsequent assembly language instructions are saved for
complicated P-code operations.

This file also has the macrodefinition SEGFOR which defines the constant
offsets from the JTAB pointer of a currently executing procedure. They are
ENTRIC, EXITIC, PARMSZ and DATASZ. Actually, the contents of the location
pointed to by JTAB + ENTRIC is a pointer to the first P-code instruction of the
aforementioned procedure. JTAB + EXITIC points to the address of the P-code
instruction which causes exit from the procedure. JTAB + PARMSZ and JTAB +
DATASZ point to the pointers of the procedure’s parameter size and data size in
bytes, respectively.

MSCWFORM is a macrodefinition for the constant offsets within the Mark
Stack Control Word (MSCW). (MSCW, also referred to as the activation record
of the called procedure, was discussed in connection with the P-machine.) To
illustrate how these offsets are used, MSIPC is taken as an example. MP + MSIPC
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is in reality a pointer to that word in the MSCW which contains the interpreter
program counter of the calling procedure, at the time of the call. The other offsets
are used in the same manner.

INTCONST is a macrodefinition of two interpreter constants. NIL con-
tains the address of the location which contains zero. It is used as one of the values
for a pointer type variable. MSDLTA is the required offset from BASE or MP to
point to the first variable of a data segment. These macrodefinitions are made
available to the other fourteen modules by using their names in macrocalls.

Syscom area and other P-machine pointers

This module (MODLO2) contains the initialization and reservation of memory
locations for two other P-machine pointers and the P-machine System Communica-
tion area. The P-machine pointers were discussed in the section on the P-machine.
The System Communication area consists of locations in which some of the more
important P-machine registers are stored.

Data
Fetching
( - - -
( - -
~
Interpreter V
Interpretive Interpretive
code

Toutines

a) conventional interpreter

Sl

[

A

Threaded

Service
code

Toutines

b) threaded code interpreter

Figure 10. Flow of Control: a) Conventional Interpreter and b) Threaded Code
Interpreter.
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Table 2. P-machine Emulator Modules and Functions.
MODULE NAME FUNCTIONS

Macrodefinition file Register Assignment, code segment
pointers, mark otack offsets,
and interpreter constants

INITLZ pP-machine initializetion

PRINT 1 Print utility for ASCII codes

MOoDLO1 Transfer Table

MODLO2 Syocom Ares, Other P-machine
pointers

MODLO3 Integer Arithmetic

MODLO4 Integer Compare

MODLOS Boolean Operstions

MODLO6 fFetch and Decode, Constant-One-

Word Loads, Most Common P-codes

MODLO? Juapso

MODLOB perameter Fetch, Local and Global
Stores and Loads

MODLO9 Indirect Store, Intermediate Stores
and Loads

MODL10 Procedure Returns

MODL11 Procedure Calls

MODL12 Contingency Routines, Exit and

No Operation, Not Yet
Implemented P-codes

P-Code Interpreter Organization and Operation

INITLZ (P-machine Initialization)
This module initializes the P-machine registers and pointers before starting
the interpretation process. It also prints a header consisting of the phrase ‘START

P.CODE INTERPRETER’ to indicate the impending start of the emulation of the
P-machine. Lastly, it transfers control to the fetch and decode routine of the inter-

preter which begins at the label BACK.

Fetch and Decode Routine

MODLO06 is a very important module because it contains the interpreter
routine that fetches and decodes all P-code instructions. This routine, which starts
at the label BACK, determines whether the instruction is a short load constant
instruction or not. If it is, the control is transferred to SLDC, otherwise the P-code
is transformed to become an index of the transfer table XFRTBL. (This table con-
tains the labels of routines that correspondingly simulate all of the remaining
P-code instructions.) Observe that when the fetch and decode routine obtains a
P-code from the code segment, it automatically increments IPC by one.
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The inclusion of SLDC in the fetch and decode routine might seem unusual.
However, this is not so. Because SLDC is the most common P-code instruction,
its attachment to the fetch and decode routine is really an optimization for speed.
(Note that MODLO6 contains not only the P-code interpreter and the SLDC routine
but also routines for other commonly used P-code instructions. These latter
routines are discussed further under the P-machine instructions.)

Transfer Table

MODLOI is a data module used by the interpreter as a transfer table. It con-
tains the labels of the corresponding assembly language portions which carry out
the desired P-code operations.

Termination

MODLI12 contains the XIT routine that terminates the P-code interpreter
execution. The routine for XIT transfers the control from the interpreter program
to the Disk Operating Monitor. It does so, when either a P-machinc error occurs
or the interpreter has finished executing all the P-codes. This routine prints ‘END
P-CODE INTERPRETER’ to indicate the transfer of control.

P-Machine Instructions

Data Transfer Instructions

A. Constant-One-Word Loads, Short-Load Local and Global, and Short Index
and Local Word

MODLO6 contains the P-code interpreter’s fetch and decode routine as well
as the routines for commonly used P-codes. These P-code instruction routines are
the constant-one-word loads, short-load locals and globals, and short index and
load word. The constant-one-word loads LDCI and LDCN are self-explanatory.
The other load instructions, however, need some explanation. The routines for
these remaining instructions make use of P-857 register A10 to receive the P-code
value. After the transfer of control from the fetch and decode routine, the corres-
ponding load routine calculates the effective offset from the value of the P-code
in A10. A look at the listing of MODLOG6 will clarify this action.

B. Local and Global Stores and Loads

MODLO8 has the routines for local and global stores and loads. All of these
instructions use the routine GETBIG to obtain the needed displacement from the
MP or BASE pointer. GETBIG actually tests whether the requested displacement
is contained in a byte or a word. This displacement is then obtained by GETBIG
and is passed to the routine which needs it via register A10. The transfer of control
from a given routine to GETBIG and back is achieved by using the P-machine
auxiliary register RETURN. Before a routine passes control to GETBIG, the
routine saves its return label in RETURN. After GETBIG performs its task, the
P-857 program counter, P, is loaded with the contents of RETURN. This enables
the correct continuation of the given routine’s execution. (This technique is more
efficient than the call/return mechanism of the P-857.)

The local loads and store actually index off MP to access the required local
variable. The global loads and stores, on the other hand, index off BASE to access
global variables.
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. The P-codes STL and SRO call procedure PRINT (an auxiliary routine to be
discussed later) to print the hexadecimal value which is to be stored in a particular
data segment.

C. Indirect Store, and Intermediate Store and Loads

MODLO09 contains the routines of the P-codes which perform indirect store
and intermediate store and loads. STO first obtains the word and the address
consecutively from the stack. Next, it stores the word in the given address, thus
executing an indirect store.

The intermediate loads and storc P-codes need two parameters which are
embedded in the instruction stream. The first portions of these P-code routines
get a byte which contains the number of levels to link down the static chain in
order to get the correct data segment where the required variable is located. These
routines also use GETBIG to obtain the second parameter which is a displace-
ment from the datum of the correct data segment. The remaining portions of these
routines complete the tasks.

Routines for P-codes STO and STR, like other store instructions, call the pro-
cedures PRINT.

Data Operation Instructions

A. Top-of-stack Integer Arithmetic

The routines in MODLO3 are those which perform the P-machine’s integer
top-of-stack arithmetic. The results of these routines are pushed into the stack in
place of the operands which produced them. The unary operators are ABI, NGI,
and SQI. ABI takes the absolute value of the integer on the top of the stack (tos),
NGI negates it, whereas SQI takes the square of the integer at tos. CHK performs
range checking of an index. Its operands are the top three stack positions. ADI and
SBI are the dyadic operators which adds and subtracts, respectively, the integer
at tos from the integer at tos-1. MOD, DVI, and MPI are the dyadic operators
modulo, divide, and multiply. They are special in the sense that they make use of
the P-857°s multiply and divide instructions. Among these instructions, ABI, MPI,

and SQI provide for overflow indication.

B. Integer Comparisons

MODLO04 contains the integer comparison routines of the P-machine. They in-
clude equal, not equal, less or equal, less than, greater or equal, and greater than
comparisons. All of them work on the top two elements of the stack, i.e., tos-1 is
compared with tos. The boolean result of the comparisons replaces the two

Ooperands in the stack.

C. Boolean Arithmetic and Comparisons

The routines in MODLO5 emulate the P-machine’s top-of-stack boolean opera-
tions and boolean comparisons. The logical operators AND, IOR and NOT perform
the logical functions conjunction, disjunction, and negation, respectively. These
logical operators operate on all 16 bits, although the logical value is represented

only by the least significant bit.
This module also consists of the boolean comparisons which are grouped with
other types of comparisons, €.g., those for sets, strings, reals and so forth. Because
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of this, they are implemented so that they make use of the comparison type table
CMPTBL. Routine COMPAR transfers control to the proper comparison type
routines. The boolean comparisons actually make use of MODLO4 — the integer
comparisons. The other types of complex comparisons are not yet implemented.

Control Instructions

A. Jumps

MODLO7 contains the routines for the P-machine’s jump instructions. EFJ,
NFJ, FJP and UJP are all two-byte P-code instructions. The first byte is the op-code
and the last byte is the jump offset. EFJ and NFJ compare the top two elements
of the stack for equality and depending on the result, will either perform a jump or
continue with the next P-code instruction. EFJ performs the jump when the two
top-of-stack elements are not equal whereas NFJ performs the jump when they
are equal. FJP performs the jump when the top-of-stack element is false. UJP does
an unconditional jump. If the jump offset byte is positive, it is added to IPC when
the condition for the given type of jump is satisfied. If the offset is negative, and
a jump has to be performed, this offset is taken to be a self-relative pointer within
the jump table of the currently active procedure. Thus the negative jump offset

is employed when either a backward jump or a jump of more than 127 bytes is
required.

. XJP performs a case or index jump. It actually first tests whether the given
index is within the case index range or not. If the test fails, control is then given

to the else jump location. (Note that the UCSD Pascal case statement has an else
which is not present in “Standard” Pascal.)

B. Procedure Calls

MODLI1 consists of the routines for the P-machine’s procedure calls. CLP —
call local procedure — does several things to perform proper procedure/function
linkage. First, it saves the SEG pointer in the Syscom area. Second, it fetches a
byte from code which is the called procedure’s number. It makes use of this byte
to obtain the correct JTAB pointer. Third, it performs a check to see what the pro-
cedure number is. This is done because a procedure number equal to zero indicates
that the procedure’s code is not written in P-code but in the assembly/machine
language of the host machine (the P-857 in this case). Presently, this is not yet
implemented. Fourth, it gets the data segment size, not including the space for
MSCW, and reserves stack space for it. It also checks at this point if there is still
enough space in the P-machine’s stack. Fifth, it builds the MSCW, i.e., the activa-
tion record of the called procedure. Sixth, it obtains the parameters size, with the
aid of JTAB and an offset. It copies the parameters, if there are any, from the call-
ing procedure’s top-of-stack to the data segment of the called procedure. Lastly,

it sets the IPC to point to the first byte of P-code, and transfers control to the
interpreter’s fetch and decode routine.

The other procedure calls—CGP, CBP and CIP—do all of these things that
CLP does, and with some additional tasks. CGP—call global procedure—corrects
the static link in the MSCW, so that it points to BASE. CBP—call base procedure—
adds an extra space in the MSCW to save the previous BASE pointer. It also sets
the new BASE pointer and stores this in the Syscom area. CIP—call intermediate
procedure—checks the lexical level of the called procedure to see if it is a base pro-
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cedure or not. If it is, CIP then transfers control to CBP. Otherwise, it uses the
lexical level to search down the dynamic chain to arrive at the desired data segment
of the caller of the currently executing procedure. Thus, it obtains the desired
MP pointer.

C. Procedure Returns

MODLI10 has the routines for P-codes RNP and RBP. RNP—return from nor-
mal procedure—does three things. First, it checks whether a procedure is returning
to the same segment or not. (In the present P-machine realization, all procedures
come from the same segment.) Next, it checks whether there are parameters to be
returned, i.e., when the return is belng executed by a function. If there are words
to be returned then, the words are copied to the top of the stack of the calling
procedure. Thlrdly, the routine restores all of the P-machine registers to their state
before the procedure or function call.

RBP—return base procedure—does exactly what RNP does. In addition, it
restores the BASE register to its value immediately before the procedure/functlon
call was made.

Auxiliary and Contingency Routines

PRINT | (Hexadecimal to ASCII Conversion and Printing)

This module contains a procedure named PRINT which is called by the
routines for P-codes STL, SRO, STR, and STO (store instructions). This procedure
converts a hexadecimal number to its equivalent ASCII representation and subse-
quently prints it. For the present P-machine realization, this is the only facility
which can be used to determine the interpreter’s state.

Contingency Routines
This module contains the P-codes which are not yet implemented. They are

P-codes which operate on reals, sets, strings, byte arrays, records and arrays and a
number of system support procedures.

This module also has the contingency routines which take control vxfhep some
abnormal interpreter situation occurs. They indicate the situation by printing out
appropriate messages. These routines are:

NOTIMP — not yet implemented P-codes,
STKOVF —  P-machine stack overflow,
OVRFLW —  integer register overflow, and
INVNDX —  invalid integer index.

RESULTS and CONCLUSION

Testing the P-machine Emulator

To ensure that the P-machine emulator performs according to expectation,
a sample test program was used. The Pascal source program is shown in Figure 11
and its equivalent in P-code is given in Figure 12. (This program contains a proce-
dure for multiplying two integers. The procedure effectively carries out the multi-
plication by using register shifts—integer multiplication and division by 2.) A look
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at the source program indicates that the only data types involved are integers and
booleans. However, the program is constructed so that it involves procedure call
and return which are essential in block structure and recursive languages.

The P-code equivalent of the Pascal source was used to test the P-857 software
emulator of the P-machine. In Figure 12, it can be noticed that the P-code pro-
gram was prepared as a data module named PCODEI. It was prepared as a data
module so that it can be linked with the P-857 P-machine emulator and subse-
quently loaded before its execution.

The result of the execution of the P-code program is shown in Figure 13. The
result is actually a trace of the data fetches and stores made by the P-machine
while it was executing the P-code program. The output trace is bracketed by the
phrases ‘START P-CODE INTERPRETER’ and ‘END P-CODE INTERPRETER’.
The values in the trace are in hexadecimal. Note that these values correspond with
the expected results in decimal as shown in Figure 14. (Figure 14 is the output
trace of the Pascal prototype of the P-857 software emulator.)

Conclusion

A software emulator of the UCSD P-machine was implemented for the P-857
minicomputer. The emulator was tested with a representative P-code program and
came up with correct results. It can execute a workable subset of the UCSD Pascal
P-codes. The subset (Appendix D) represents instruction types including one-word
fetching, storing and transferring; integer and boolean top-of-stack arithmetic and

comparisons; procedure/function calls and returns; jumps and some systems pro-
gram support routines.

There was not enough time to extend the P-machine implemetation to include
the other data types and structures (i.e., aside from integer and boolean) and to

Program EXAMPLE;
VAR X,Y,Z: Integer;
Procedure MULTIPLY
VAR A,B:lInteger;

Begin
A:=X;
B:zY;
2:=0;
While B > 0 Do
Begin
If B Mod 2 = 1 Then Z:=Z + A;
Ai= 2*%A;
B:= B8 Div 2
End
End; (*MULTIPLY®)

Begin
X:=7;
Y:=85;
MULTIPLY

End. (*EXAMPLE®)

Figure 11.  Equivalent Pascal Source Program of the P-code Test Program.
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cor:seq;ent]y bootstrap the whole UCSD Pascal system into the P-857 minicom-
puter. However, the emulator has surely paved the way toward ultimately portin
UCSD Pascal to the P-857 minicomputer. YP :
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] lDEN‘ PCODEY
3 INITSP.INI1PC.HENTOP. INITNP
2
3 INLINP EQu . NP INITIALLY POINTS HERE
N RES 30000 MENORY SPACE FOR STACK AND HEAP
2 1IN1TSP EQU - THIS 15 WHERE SP INITIALLY POINTS
N DATA /7E8CC 5LDOY: STL PROCEDURE NMULTIPLY:
8 DATA /0)ME9 1: Stooe: BEGIN A:=X:
9 DATA /cco2 STL 2@ B:=Y:
10 DATA /00AB SLDCO: SRO 2:=0:
33 DATA /0309 3: SLOL?: WHILE B8>0 DO
12 DATA ,00CS SLDCO: GTRI: BECIN
33 DATA 7A338 Fap 2u: IF B MOD 2 = 3 THEN
1y oATA /D902 SLOL2: SLDC2:
15 DATA /8E0) nov: SLOCY:
16 DATA /C3R) EQUL: FJP
3? DATA /0SER 5: SLDO3: Z:=24R:
by DATA /0882 SLDLI AD1:
19 DATA /AB03 SRO 3:
20 DATA /0208 SLDCZ SLOLL: A:=2eR;
2) DATA /8FCC HPl: STL
22 DRTA /0109 1: SLOL2: g:=B DIV 23
el DATA 702848 5LDC? ovl:
2N DATA scco2 STL
s 0ATA /09F 6 uJpP -lD END
26 DATA /ADOD RNP 02 END: (e RULTIPLY o)
E7 o
28
29 ~
30 INIIPC DATA /€20) copP 1:
33 DATA /0607 X1T: 5LDC7 PROCRAN EXANPLL:
32 DATA /RBO) SRO BECIN X:=n: (e N=7 o)
33 DATA /55AB SLDCOS SRO Y:=N: (o N=85 e)
kL] DATA /02CE 2: CLP RULTIPLY
35 DATA /702C) 2: RBP END. (e EXARNPLE o)
36 DATA /0007 0: NOP
37 e
38 o
39 o
L1 DATA ,0020 JunP TABLE OF MULTIPLY
L)Y DATA /000M DATA SEGNENT SIZE
L T4 DATA /0000 PARANETER SIZE
L k] DATR /70036 EX1TIC OF MULTIPLY
yy DATA /003E ENTRIC OF RMULTIPLY
¥s DATA /10102 LEX LEV: PROC 8 OF nULT
4“4 DATA /0006 DATA SEGMENT SIZE
y? DATA /0000 PARANETER SIZE
L1} DATAR /0033 EXITIC OF EXANPLE
L 14 DATA /0030 ENTRIC OF EXANPLE
50 DATA /0003 LEX LEV: PROC 8 OF EXMPL
5) DATA /000C POINTER TO NMULTIPLY
52 DATA /0004 POINTER TO EXANPLE
53 NENTOP DATA /0203 8 OF PROC: SEC 8
54 e
55 o
56 o
5? END

Figure 12. P-code Test Program.
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EXIT CODE = 85
RUN PROGOZ

DATE &0 /04 /28 TIME 14H-54M-15S-

LABEL = UAUNANS DATE = 29 02 &0 PACK NBR = 000 ANANTE
START P-CODE INTERPRETER

00a?
0055
0007
00sSs
0000
0007
000E
002A
001C
0035
0023
0038
000A
0070
0005
0093
“00E0D
0002
01Co
0001}
0253
03a0
0000
END P-CODE INTERPRETER
PROG ELAPSED TIHE: O0OH-00M-07?S-220MS-

Figure 13. P-machine Output Trace for P-code Test Program. (P-857 Software
Emulator of P-machine.)

START P-CODE INTERPRETER
7

83
7
85
o
7
14
a2
28
21
35
36
10
112
S
147
224
2
448
1
5935
896

o]
END P-CODE INTERPRETER

Figure 14. P-machine Output Trace for P-code Test Program. (Pascal Prototype
of P-machine.)
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"APPENDIX A. The Interpreter in Pascal

00109 PROGAAM FCONEINTERFRETERCIME ' To, (ITFUT )L

00400 te A.N. MANCATER 22 FEPRUAKY 1770 FHILIFT NAT LAR o)
00300 te 22702720 WORKS OMLY WITH INTEGERS AND POOLEANT )

00800 LALEL °?¢

01000 CONST FRYTERATIYDSSt BYTERIN=--129 RYTEMAX®1271
P

A}
3276

01100 2331 MOROALIN i HORDRATYI27E7y
01202 STVSITE=4000t CODES12E~2002:

01209 OVERS=40011 CVERC=20011

01400

01500 TYPE DITeO.. 11

01800 TIPE=(STRUCT.APSLT. SICNEDYS

01700 BYTE® KECORD CASE TIFE OF

01800 STRUCT1 (BRIPACYED ARRAY(O0..71 OF BITH:
©1900 AESLY t (UBIO..FRYTIRAX)Y
02000 SIGNED: (SE:BYTERIN. LYTERATL)
02100 END1

02200 WORD= RECORD CASE TIPE OF

02300 STRUCTS (BWIPACYED ARRAYIO..1) OF BYTEN
02400 ADSLY 1 (LM10..PUORDNAT Yt
02300 SIONED: 1SWINORIMIN, .UORDMAT)
02600 END1

02700 DATATYPE=(UNDEF . INT, DOOL . ONEWORD . ADDA) t
02000 MESSAGE=PACYED ARRAY(1..23) OF C:iRt
02900

03000 vhR STACYt ARRAY(O..STVSIZE) OF

03100 RECORD CATE DATATYFL (F

03200 INT: (V1I1INTEGER) !

03300 BOCL: (VBIROOLERN)Y

02400 QMEWORD: (VMW:IWCRD)T

02300 ADDRt (VAT INTEGER)

03600 END?

03700 CODE ARRAYLO. .CODESI2E) OF DYILT

03800 1PCt -1..0VERCS

03900 SP.NP, JTAB.MP,SEO.BASE: -1, . OVERSY
04000 1.J.710..CODESIZEY

04100 OP1.0P21BYTES

04200 BYTEL.BYTEQ.BYTEJtBYTEL

04300 Xt INTEGER? .

04400 WORD1 . HORD2. WORDI1 WORDT

04300 EMURLATINGE BOOLEAN?

04800

04700

04800  FUNCTION BASELEVILIDYTE)tINTEGER!:

04900 VAR D11 INTEOERS

05000 DEOIN BlierPy

03100 WHILE L.UB>0 DO

03200 BEOIN Bit= STACK(B1).VAI L.UBt=L.UD-1
03300 ENDI

03400 BASELEVI=BY

03300 END1 (eBASELEVe)

03400

03700

03800 PROCEDURE ERRORM(STRING $MESSAGE )t

03900 DEOIN WRITELNI WRITELN(STRINO)T GOTQ 9
06000 END3 (9ERRORMe )}

05100

082

06300 PROCEDURE GETB!

06400 BEGIN

©08%00 1F CODETIPC).UBCI22 THEN DEGIN

06500 WORDL.UMWt» CODECIPC).UD 1+

05700 1PCie 1FC-) END

06800 ELSE BEGIN

04900 HORD1.UM: = (CODCLIPCI.UR MOD 128102%¢ o -
07000 1PCie 1PC-2 2% CODELIPC-1),.um
07100

07200 ENDI (e OETD o)

072

07400

07300  PROCLLUKE [UILDMSCWS

07:.00 €I6IN

07700 DBYTEL.1/BI«CODECIPC).UBI  IPCiw rc-1e
g;:gg WORD1. M1 =STACK.LSEO~BYTEL. UB). VAI

HORG2,UNt =SP-(STACK (WORD1. UN-41. V. tMe1) DIV 2

08000 ~(STACVIHORDS.UN-3). Vi, Ude 1) DI 2
oei100 1F WORD2.UM-¢ <= NP THEN
Q2200 CRRGRML “STACK. OVERFLOM A
08300 (® MARF'STACY CONTROL® WORD o)
08400 STACK.(WORD2.UN-11, VAL eSPY
02300 STACKIWORD2.UM-2).VAte 1PCr
085600 STACK(HORD2.UW-31.VA1= SEGH
03700 STACr{WORD2.UM-4).VALI> JTAB:
00000 STACY(WORD2.UM-5),VAte MPt (eDYN LIty o)
08900 te SET UP NEU ENVIRONMENT =)
09000 SP1- WORD2,UM-L1
09100 JTAB1 - WORDI. UM:
07200 1PCte STACKHIMORDY.UM-1).VAS
09300 SEOt~ SEOT
09400  END: (e BUILDMSCM e)
09300
09600
09700  PROCETURE INTERPRET?
09900 EEGIN WRITELN(“START P-CODE INTERPRETER )y
o99C0 1PC1eCODESIZET  SP1wCVERSY
10000 NPie-11{ MPI=OVERS:
10100 JTAB: =OVERS1
10200 SEGI=STVSIZEY BAZE!~OVERST
10300 EMULATINGI= TRUE!
10400
10500 WHILE EMULATING DO
10400 BEOIN
10700 (e FETCHe)
10300 OP1.UBt=CODELIPC). UB!T
10900 1PCi=IPC-1}
11000
11100 (o EXECUTE o)
11200 IF (OP1.UBC=127) AND (OP1.UP>w
11300 (e CONSTANT ONE-WORD I.;AD: l?, rew
11400 BEGIN (e SLDC 0..127 o)
::zg SPiecP-1y
STACK(EP). WM. UMt e .
11700 END opt.ue
11800 ELSE
11900 CASE OP1.UB OF
12000
12100 (s CONSTANT ONE-WORD .
12200 1991BECIN (s LDCI W "LOMIS !
12300 8P1wgP-1¢
12400 STACK(SP I, VM, U1 -
1230 wc--xn:!:w UN1=CODECIPC-13.UBe2340 CODECIPC). UB!
12600 ENDY
12700
12800 {® LOCAL ONE-WORD LOADS AND .
12900 Zlb-7!7~QIB.Zl"m.Qilc???.I}g!o’ws !
13000 224 225 226 227 228 229 210 231
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FEGIN te TLDLLI.. 16 )
SP1ecP-11
BYTE).URI= 0P . UP -2131
HORDL. UNI = STACKIMPeT), VAL
CTACKISP ). AWM. LM ~STACH [WIRDT . UN-RYTEL . UR) . VM. WM
ENp
2025PEGIN (o LDL B ®)
cpranp-ty

cere!
SYﬂCk(SP].'-IH.lIJ!'SVAC"(SYM'IW'S).VQ-“’ORDI.W!.W.W
END?
1901DEGIN (e LLA B )
SPreSP-11
[224:1]
CTACr{3P).VAIeSTACKISTACY [MPe2 ), VA-WORD] . UN). VA
END1
204:BEGIN (e STL D @)
GETB!
S'MI{IS'ACK(HPOS).V&-MDI.lll)l'S"ACK(SF!l
WRITELN(STACKISTACK (MPe3). VA -HORDI, UM). V. LMD S
€PreSPelt
ENDU

(e GLOBAL ONE-WORD LOADS AND STORES o)
232.233.234,23%,236.237.239.239,
240.241,242.243,244,243.246.2471

BEGIN (eSLDOL..16 @)
SPteSP-11t
BYTE1.UBi® OP1.UD-2311
WORDY . UWI *STACK(BASE*3). VAL
STACK{SP). VM. UM sSTACY [HORD] . UM-BYTEL. UB). W. WM

ENDI
1671BECIN  (eLDO B o)
EPIwEP-11
GETD!
€ QYACY.(SP).W.I.Nl'S'MV.(S'ACK(IASSOELVAWDI.W).W.W
NDY
183tBEGIN (e LAO B o)
SPi1eSP-11

GETB!
STACKISP).VAlI® STACK{STACK(DASE+S). VA-HORD1 . M), VA

ENDY
1711BECIN (e SRO B @)
OETDY
S'“CK(!TMK(IASEOSLVA-WI’I.WJI'SYMK(IP)'
WRITEUN(STACKESTACKIBASE+3). VA~HORD] . U] . VM. M) E
SP1eSPe}
END?

(e INTERMEDIATE ONE-WORD LOADS AND STORES o)
1621BECIN (e LOD DB.B )

teSP-11

BYTEL.UBI1=CODECLIPC).UBS IPCI=IPC-18
OETB!

enn STACKISP). V. UMi= STACKISTACKIBASELEV(BYTEL)*3).VA ~HORD1L. UMJ. W. WM
‘'

1761BECIN (e LDA DB.B o)

8P1=SP-1¢
BYTEL.UB1=CODECIPCI.UBI IPCI=IPC-1}
CETBY
STACK(SP).VAle STACK{BTACKCIBASELEV(BYTEL)+3).VA =NORD1.WM). VA

]
1841BECIN (o STR DB.D o)

BYTEL.UB1=CODECIPCI.UBI IPCI=IPC-11
GETB!
!'ACK(’N\&IIASILDH.VYIIl-!).vh ~WORD]. UM )3 *RTACK( SPIY
HﬂlYELNISYMK!S'MK(BASELEVIBV'IEIl'SJ.VA ~WORD1.UM). VM, W) ¢
SP1=SPel

END3

(e INDIRECT ONE-WORD LOADS AND STORES )
248,249, 230,251,252, 253,234,230
BEOIN (e SINDO..7 o)
BYTEL.UB1=0P} . U a1
STACKESP). V. U1 ® STACKLSTACHISP). VA-BYTEL.UB). V. W

1S41BEGIN (e STD )
WORD1 . UNI »STACY (SP+1 ). VAI
STACK(HORDI . UMY 1 =STACKISP)Y
CP1eSPe2
ENDY

(e TOP-OF~-STACK ARITHMETIC o)

(e LOCICAL @)

132:BEGIN (e LAND o)
SP1wSPelt
STACK.(SP). VD1 *STACKISP). VB AND STACKISP-11.VD

END?

1411BEGIN (o LOR @)
SPtwSPelt
STACK(SP).VBt »STACKISP).VB OR STACK(SP-1).VB

END?
147: (e LNOT @)
STACKLSP).VD1w NOT STACK(SP). VB!

te INTEGER o)
1281BECIN (o ABI o)
1F STACK(SP).VIZ~=-32768 THEN
ERRORM( *VALUE UNDEF INED ‘)
ELSE STACK(SP).VIiw ARS(STACKISPL.VI)

END?
1301 RECIN (e ADI o)
SP1vSPelt
STACKISP).VI1» STACKISP).VI ¢ STACKISP-1).VI

ENDS
1431 (e NOI @)
STACKISP).VIte =STACKISP1. V1N
149:BEGIN (e SBl o)
SP1wSPe1t
STACKCEP).V11= STACKLSPI.VI - STACKISP-13.VI

END1
1431BEGIN (e WPL o)
SP1eSP+1t
STAD(!SF).VIIISYACKISPL\H » STACKISP-1).VI
ENDt
1521 (e SO1 @)
STACKISP).VIt= SOR(STACKISP). VIS
1341BEGIN (e DVI @)
SPi1=SPelt
STACKISP).VIL= STACKISP). VI DIV STACKISP-1).VI

ENDt
1421 BECIN (@ MODL @)
SP1eSPelt
BTNJ(KSP).VH'SY“CKIS'!.VI MOD STACKISP-1).VI

END?
(e BOUNDARY CHECK @)
1361 (e CHX @)
1F (STACK[SP+21.VI< STACK(EP+11.VI) OR
(STACK{SP+21.VI> STACKISP).VI) THEN

ERRORM( “VALUE OUT OF RANGE o
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(e LOGICAL COMPARISONS o)
193:PECIN 1o EOUL @)
SPi=cPelt :
CTACYISP). VBT e STACKISF).VI-<TACY(SP-11.V]

ENDY

& N teEQUe)
7T B URioCODECIPCI.UR:  IRC:-18C-13
SP1-SPel1
CASE 0P2.UB OF
2t (e REAL o)t
& o sTAING ony
o1 e

STACKISP]. vnl- STACKSP).VR = STACKISP-11.VB1
81 (e POMR ®
101 (e BYT o
121 (e WORD @)t

END
202:1BECIN (e NEOL o)
SPiwSPell
STM’)’(S’) VBIeSTACKISP). VI ¢ STACYISP-1).VI

END!
mzcm ts NEQ )
192 OP2.UB1=CODECIPC).UBT IPCIeIPC-11

SP1eSPelt
CASE 0P2.UB OF
21 (eREAL o)t
41 (e STRING )t
61 (eBOOL @)

STACKISP).VBiw STACKISP). VB <> STACYISP-11.VBl

8t (e POMR o)t
101 (e BYT o)1
121 (e WORD o)t
ENDY
END?

200:BECIN (e LEOL o)
SPiaSPell
STACKISP).VBi= STACKISP).VI (= STACKISP=-1].VI

END?

1801 BECIN (e LEO o)
OP2.UB1=CODECIPCI.UBY IPCI=IPC=11
SPiw SPelt
CASE OP2.UB OF
21 (e REAL )1
41 (e STRING ®)1
&1 (e DOOL o)

STACK.{SP).VBi= STACKISP).VD <= STACK(SP-1).VB!

61 (o POWR o)t

101 (e BYT @)t

121 ERRORM(’C* COMPARISON FOR WORDS )1
END?Y

ENDY
2011BEOIN (o LES! o)
SP1=SPelY
STACKISP).VBI» STACKISP).VI < BTACKISP-1).V1
ENDY
181t BEOIN ¢
0P2, UB!
SP1=SPelt
CASE OP2.UB OF
21 (e REAL @)t
41 (e STRINO @)
61 (e BOOL o)
STACK(SP).VBI= ETACK(SP)I.VB < ancx:v-n B
81 ERRORM( ‘< COMPARISON FOR SET 4]
101t BYT @)t
121 ERRORM(° < CONFARISON FOR oS N
END1

LES o)
CODECIPC).UBI IPCi= IPC-11

END1
1961BEGIN (e GEQI o)
SP1eSPelt
<vn:-usn VP1v STACKISP).VI >r STACKLEP-1). v

17¢1 .EOI“ (e GEO o)

©OP2.UBt= CODECIPCI.UBT IPCir IFC-11
SPtesPelt

CASE OP2.UB OF

21 (e REAL e)%

4t (e STRING o)t

61 (= BOOL o)

STACKLSP), Vll- STACKISP1.VB >= STACK(SP-1).VB1
B8t (e POWR @)

10t (e uvr-n
121 ERRORM(->e COMPARISON FOR WORDS ‘)t
END1
ENDt
197tBECIN (e GTRI @)
SP1wSPelt
STACKISP).VBtw= STACK(SPI.VI > STACK(SP-1).V1

END3
1771 BEGIN (e OTR @)
OP2,UB1=CODECIPC).UBI IPCI-IPC-1}

2t (e REAL ®)1
a1 (e STRING o)1
6t (e BOOL o)

STACK(SP).VBt= STACKISP).VB > STACK.(SP-1).VBt
ERRORM( ‘> COMPARISON FOR SETS 1
10t (eBYT ®)3
12t ERRORM(’> COMPARISON FOR WORDS e
ENDt
(e JUMPS o)
183: BECIN (e UJP SB »)
BYTEL.UB1=CODECIPC),UBt IPCirIPC-1Y
1F BYTEL1.UB>128 THEN BEOIN (e JUNP TO JUTAB o)
IPCi= STACK(JTAB -4 -BYTE1.UB MOD 1281.VA
END
ELSE IPCi1=IPC - BYTE1.UB

END!
1611 .EOIN l. F.P SB *)
= CODECIPC).UBY JPCiwIPC-1}

lF .V‘IEI UB>128 THEN BEGIN (e JUMP TO JTAB o)
IPCte STACK(JUTABR -5 -BYTE1.UB MOD 1281.VA
END

ELSE BECIN
IF NOT STACK(SP).VB THEN 1PCi=IPC- BYTEL.UB

ENDt
SP1=SPel

END1
2111 BECIN (e EFJ SB o)

BYTE1.UBt=CODECIPC). UBI l'cl-lPC-ll
1F BYTE1.UB>128 THEN BE

lPCl- STACKLJTAD -0 -.VYEI UB MOD 1281.VA
ELSE BEOCIN
IF STACK(SP).VIOSTACKISP~1].VI THEN
1PCt=1PC-BYTEL.UB
ENDY

ENDt
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39300 2121 BEGIN (e NFJY SB o)

39800 BYTE1.UB1~CODE(IPCI.UB: IPCI-IPC-11

29700 I1F BYTE1.UD>128 THEN BEGIN

39800 IPCi= STACK(JTAD -4 -BYTEL.UD MOD 128).VA
39900 END

40000 ELSE BLOIN

40100 IF STACK(SP).VI- STACY(<P-1).Vl THEN
40200 1PCI-IPC-BYTEL. UBY

40300 END!

40400 END!

40300 1721PECIN (o XJP W1.W2.M3.CCASETABLED )

40600 WORD1.UMie CODECIPC-11.UBel34 o CODECIPC).UD!
40700 IPC1=1PC-21

40800 WORD2.UM1e CODECIPC-1).UBe23s « CODECIPCI.UBY
40900 IPC1elPC=-21-

41000 1F ISTACKLSP).VIZWORD1.UM) OR

41100 (STACKIEP). VIDWORDD. M) THEN

41200 te IPC ALREADY POINTS TO U INSTRUCTION o)
41300 . ELSE PEOIN WORDJ. WMt~ STACYSP). VI - WORDI.UMI
41400 1PC1» CODE[WORD).UM).UB - WORDJ.UM
41300 ENDt

414600 END1

41700

41800 o PROCEDURE AND FUNCTION CALLS AND RETURNS o)
41900 ?Otl BEOIN (e CLP UB @)

42000 BULLDMSCUL

42100 sncuuoan:.w-u.vm- MP1 (eSTAT LINKe)
42200 MPie WORDY.UW-b61

42300

42400 2071BECIN (o COP UB o)

42300 BUILDRECHT

42600 STACY.CHORD2.UM-86).VAI*BASET (e STAT LINK o)
42700 BASE1* WORD2.UM-b61

42800 MPi1e WORD2.UM-b

42900 END?

43000 1741 BEGIN (e CIP UB o)

43100 BUILDHSCHE

43200 IV"E:.U‘I-S"MV(JTM! V.UM ROD 238 ¢
43300 IF BYTE2.UBX0 THEN PEOIN

43400 WORDJ. L1 w11

42300 REPEAT

43400 WORDJ.UM1= STACK({WORDI.UMe1)

43700 BYTEJ.UBI= .TK’(STMY(MDJ W’?! VA).W.WH MOD 234
43800 UNTIL BYTE2.UB-BYTEJ.UB = It

43900 STACK(WORD2. Ub-51. VA= STACK[WORD3.UM).VA END
44000 ELSE

44100 (e SIMILAR TO CBP UD o)1

44200 ENDY

44300 1941 .EO]N (e CBP UD o)

44400 ® NOT YET IMPLEMENTED ¢)

44500 ENDY

44600 173t BEOCIN (e RNP DB o)

44700 BYTEL.UBI= coﬁurc).ulv IPCi= IPC-1t
44800 WORD!

44900 FOR W

43000 :'m:uwmm W-l! W, Wt e

43100 STACKL(MP + 6 ¢ STACK(JTAB-4).VA - 1].WW.WI1
43200 SP1= STACK(MP+S).VA -BYTEL.UBI

43300 IPC1=STACK(MP+4), VAL

43400 BEC1= STACKIMP+3). VAl

43300 JTABt= STACK(MP+2).VAl

43400 MP1= STACKIMP+1).VA

43700 ENDY

43800 1931 BECIN (e RBP DB o)

43900 (e NOT YET IMPLEMENTED o)

46000 END?

45100

46200 2131 BEGIN (e BPT o)

456300 (e TEMPORARY HALT o)

44400 EMULATINGI »FALSE!

45300 WRITE( END P-CODE INTERPRETER’)

46600 END1

46700

46800 END1 (e CASE )

456900

47000 ENDY (o WHILE o)

47100

47200 END1te INTERPRET o)

47300

47400

47300 BEGIN (e MAIN o)

47600 11~CODESIZES

47700 READLN(X)E

47800 WHILE X4 236 DO

47900 BEGIN

48000 IF 1<1 THEN

48100 BEGIN WRITE(-PROGRAM TOO LONG")S

48200 ooTo

48300 ENDY

48400 CODE(1).UBI=X1

48300 lt=l-11

485600 READLN(X)

46700 END1

48800 1F 12> CODESIZE THEN

28900 BECIN

49000 FOR Jt+ CODESIZE DOWNTO Ie1 DO

49100 WRITELN(J. * “. CODE(J}.uB)t

49200 INTERPRET

49300 END

49400 ELSE WRITE(’NO CODE IN INPUT FILE“ )Y

49300  POIWRITELN
49500 END. (» PCODEINYERPRETER @)

APPENDIX B. P-857 Registers

P-837 REGISTER FUNCTION

=

pP-857 program counter (also

AO
referred to as P)

Al, A2 double length arithmetic;
multiply and divide
registers

A3 to AS general purpose registers

A7, AB 1/0 reglistero

A9 to Ala general purpose regiaters

AlS P-857 Interrupt Stack Pointer
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APPENDIX C. The Interpreter in P-857 Assembly Language

° .
3 UCSD PASCAL P-CODE INTERPRETEX PHILIPS NAT.LAD.
2 eee A.A. MANGASER 1S APRIL 1980
3
-
s
& eeo  REGISTER ASSIGNRENTS  eee
7.
ae AD PAS? PROGRAN COUNTER
9+  AMA2 OOUBLE LENGTH ARITHRETIC.MULTIPLY AKD 21VIDE RECISTERS
10 ¢ A7.A8 LKN-INSTRUCTION REGISTERS FOR 1/0
e AS P8S? INTERRUPT STACK POINTER
32 .
13 SNACRO REGASGH
14 BASE EQU A3 P-NACHINE:BASE OF CLOBAL DATA SEGRENT
s 1eC EQU Ay P-MACHINE: INTERPRETER PROGRAN COUNTER
16 np [ As P-NACHINE:BASE OF LOCAL DATA SECRENT
37 P €Qu Ab ACHINE:STACK POINTER
28 NP EQu RY JACHINE :HEAP POINTER
39 COBACK  EQU [}¢] P-NACHINE:AUXILIARY REGISTER WMERE LABEL
20 OF MEXT ASSEMBLY LANGUAGE INSTRUCTION
2 1S SAVED FOR COMPLEX OPERATIONS
22 RETURN  EQU ALy P-RACHINE 1AUXILIARY RECISTER WNERE LABEL
23 OF WEXT ASSEMBLY LANGUAGE INSTRUCTION
2 1S SAVED FOR COMPLEX OPERATIONS
25 SMEND:
26 o
27 oo
28
29 oo CODE SEGMENT FORMAT  eee
30 ¢
31 e SEC POINTS TO THE FIRST UORD OF THE SEGMENT DICTIONARY
32 . BYTEL CONTAINS THE SEGHENT NUMBER
33 . BYTEQ CONTAINS THE NUMBER Of PROCEOURES
TR THE SUBSEQUENT UORDS ARE POINTERS T0 THE PROCEDURE
g: . OICTIONARIES OF THE SEGRENT'S PROCEDURES
.
37 ¢ JTAB POINTS TO THE FIRST WORD OF THE PROCEOURE D1CTIONARY
3. BYTED CONTAINS THE PROCEDURE WUNBER
39 . BYTED CONTAINS THE LEXICAL LEVE
u0 o THE SUBSEQUENT WORDS COMTAIN INFORMATION ABOUT THE
:; . PROCEDURE AND 1TS JURP TABLE
.
W3 e THE FOLLOMING ARE OFFSETS RELATIVE TO THE WORD POINTED TO
woe 8Y JTAB
us o
46 SMACRO SEGFOR:
47 ENTRIC  EQU -2 ENTRY POINT OFFSET
48 EXITIC  EQU -y EX1T POINT OFFSET
w9 PARRSZ  EQU -4 8 OF PARANETERS TO BE COPIED AT ENTRY
50 DATASZ  EQU -8 8 OF WORDS TO RESERVE IN THE STACK
S) ONEND:
52 e
§3 o THE JUNP TABLE CONTAIN POINTERS TO RELEVANT POINTS IN THE
sS4 PROCEOURE
5SS o
54 oen
57
58 eee  NARK STACK CONTROL WORD FORMAT  see
59 o
:g ®  THE FOLLOWING ARE OFFSETS RELATIVE TO THE STATIC LINK WORD
.
s2 SRACRO MSCUFORm)
n EQU [ STAT LINK- POINTS TO PARENT'S STAT LINK
&4 NSDYN EQU 2 OYNARIC LINK- POINTS TO CALLER®
45 nsaTAs  £au [ ABS NER ADORS of CALLER JTRBL. o o0 LMK
6 NSSEG EQU & ABS NEN ADDRS OF SECRENT TABLE OF CALLER
47 ns1PC EQu 8 ABS NEN ADORS OF NEXT OPCODE IN CALLER
:: :g::si g:s lg NEN_ADDRS OF CALLER'S SP
- BASE REGISTER-
4 aoonse ECISTER- ONLY IN BASE MSCW
N .
22 eee
3
;; eee  INTERPRETER CONSTANTS  eee
.
;g .?acno INTCONST:
NIL EQU 780 v
T hebLta Ly & ALUE OF NIL POINTER
?9 SNEND:
80 o
8) eee
82
[ 10ENT INITLZ
b EXTAN INITSP.INIIPC.BACK,NENTOP. INITHP. JTAB.SEG
2 SRECASE:
3 SINTCONST:
-
§ 5°° PoMACHINE INITIALIZATION ese
.
7 ENTECB  DATA 2.ENTNSG.26.0.0.0
4 ENTNSG  OATA /0A00 CARRIA
9 DATA *START P-CODE INTERPRETER® CE RETURN LINE FeED
10
{; BECIN t::t f;é!?&;f;: INITIALIZE REGISTERS AND POINTERS
13 LOKL NP, INITHP -
byl LoXL BASE.NIL
s LOKL ne NIL
Iy LOKL A30.NIL
17 ST A0, JTAB
18 LOKL A10.nENTOP
19 ST Al0.SEG
20
F3Y LOK a7./85 PR
22 LOKL ABLENTECD INT HEaveR
23 LKk
24 DATA by
2s o
. ABL BACK START INTERPRETATION
28 eee END INITIALIZATION eee
29
30 END BECIN
] 10ENT PRINTY
by ENTRY PRINT. CFSTAK
2 SREGASE:
3
Y eee CONVERT AND PRINT eee
s
..

THIS 15 A PROCEDURE WHICH CONVERTS A WEXADECIMAL INTO 118
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CORRESPONDING ASCl1 CHARACTERS AND AFTERWARDS PRINTS 1IT.

T e

8 e 1T USES A2 TO PASS THE HEXADECINAL NUNBER.
1; e 1T STORES THE CONVERTED NUMBER INTO ASClle2 8ASCIlew.

.

1 ::gﬁn g:;a zaascu.o.o.o.o

5 ) /0A0D CARRIAGE RETUAN AND LINE F
33 RES 2 THE CONVERTED WKURBER € Feo
1 HEXTBL  OATA *0123454789ABCOEF *

35 HEXA RES 3 THE NURBER YO BE CONVERTED
i; CFSTAK  RES H PROCEDURE CALL STACK FOR AD & PSU

.

38 PRINT st A2.HEXR BECIN CONVERSION
19 ANK A2./0f LS NI1BBLE
20 Le AL HEXTBL.A2
23 3 A3.ASCLI+S
22 Lc A2, HEXA®)
23 ANK A2./F0 NEXT NIBBLE
24 SRL Az.Y
28 L AL HEXTBL.A2
26 s¢ A, ASCLIew
2? Le A2.HEXA
28 AWK A2./0F NEXT NIBBLE
29 Lec A1, HEXTBL.A2
30 sC AY.ASC11+3
13 Le A2.HEXA
32 ARK A2./F0 nS NIBBLE
33 SAL Az.4

I Lc A).HEXTBL.A2Z

gs s¢ A}, ASCLIe2 END OF CONVERSION
6 o

3? LOK A?./85 PREPARE TO PRINT
1 LOKL AB.NURECD
3 LKn
v 0ATA by

u) o

w2 RN RETURN
N3 o

W\ eeo EMD OF CONVERT AND PRINT eee

us

w6 END

[ 10ENT nOOLO}

3 ENTRY XFRTBL

2 EXTRN ABI.ABR.ADI.ADR

3 EXTRN AND.DIF .OVI.DVR

. EXTRN CHK.FLO.FLT.INN

s EXTRN INT.10R.NGD.API

6 © EXTRM NPR.NGI.NGR.NOT

? EXTRN SRS.5B1.50R.5CS

8 EXTRN $@1.50R.570.1XS

9 EXTRM UN1.S2P.CSP.LOCN

20 EXTRN ADJ.F P, INC. IND

39 EXTAN 1XA.LAO.LCA.LDO

12 EXTRN HOV.NVB.SAS.SRO

13 EXTRN XJP.RNP.CIP,CONPAR

Y] EXTRN LOA.LOC

35 EXTRN LoD

36 EXTRH STR.UJP.LOP.STP

3?7 EXTRN LON.STN.LOB.STO

18 EXTRN 1XP.RBP.CBP.EQUL

19 EXTRN CEQI.CTRI.LLA.LOCI

20 EXTRN LEQI,LESI.LOL.NEQI

2) EXTRN STL.CXP.CLP.CCP

22 EXTRN S)P,1X8.BYT.EFJ

23 EXTRR NFJ,BPT.X1T,NOP

2y EXTRR SLOLS

28 EXTRN SLOOS

;3 EXTRN SINDS

28 TRANSFER TABLE  eoe

THIS TABLE CONTAINS THE LABELS OF THE CORRESPONDING ASSERBLY

29 o
30 » LANGUAGE PORTIONS UHICH CARRY OUT THE OESIRED P-CODE INSTRUCTIONS.
.
32 . bATA SLOCO. ... .sLoca2? 00/000
33 XFRTBL  DATA AB1.ABR.ADI.AOR HEX=80/DECu328
kD) DATA AND.OIF .DVI.DVR 847332
3s DATA CHK.FLO.FLT. INN 887336
3 DATA INT.10R.N0D. NP1 8C/30
37 0ATA NPR.HE1.NCR.NOT 907344
38 0ATA SRS.581.SBR.56S 947348
39 0ATA $01.50R,5T0. 1X5 987352
o DATA UNI.52P.CSP.LOCN 9C/356
I PATA ADJ.FJP. INC. IND 707360
w2 DATA 1XA.LAO.LCA.LDO Au/36N
PH DATA NOV.NVB.SAS.SRO A8/368
w bATA XJP.RNP.CIP.COMPAR Ac/3?2
s 0ATA COMPAR. COMPAR . LDA.LDC 80/376
' DATA COMPAR. COMPAR, LOD . CONPAR 84/180
v DATA STR.UJP,LOP.STP B8/38Y4
s DATA LON.STN.LDB.5T8 8C/388
.9 DATA 1XP,RBP. CBP.EQUL c0/392
so 0ATA GEQ1.CTRI.LLA.LDCI Cu/398
51 DATA LEQI,LESI.LOL.NEQL €87200
52 DATA STL.CXP.CLP.CGP €c/204
53 DATA §1P,1XB.BYT.EF) 007208
sy 0ATA NFJ.BPT.X1T.HOP ows232
58 DATA SLDLS.SLOLS.5LOLS.SLOLS 087236
56 CATA SLOLS.SLOLS.SLOLS.5LOLS 0c/220
5? tATA SLDLS.SLDLS.SLOLS.SLOLS €0/224
8 0ATA 5LOLS.5LDLS.SLOLS,SLOLS €u/228
59 DATA SL00S. SLDOS,SLDOS.5L00S £8/232
40 DATA §LD0S. 5LDOS.SLDOS. 5LOOS £C/236
&3 DATA 5LD0S. 5LDOS . 5LD05.5L00S F07240
62 bATA SLD0S. 5LDOS, SLDOS.5LDOS Fus2uy
63 DATA SINDS.SINDS.SINDS.SINOS 787248
84 DATA SINDS.SINDS.SINDS,SIKDS Fes2s2
4S5 o
43 See END OF TRANSFER TABLE eos
67
68 END
NT nODLOZ
: EnThr JTAB.SEG.STKOAS . LASTAP. OLOSEG
2 SINTCONST:
3
U eee OTHER P-MACHINE POINTERS eee
i Jrae DATA NIL POINTER TO FIRST WORD OF PROCEDURE DICTIONARY
? SEC oATA NIL POINTER TO FIRST WORD OF SEGMENT DICTIONARY
a8 e
9 eee

e  SYSCOM AREA  eee

12

NIL PERMANENT BASE REGISTER
ig E:‘S‘:a: :::: NIL PERNANENT NP REGISTER
35 OLDSEE DATA NIL PERNANENT SEC POINTER
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1?7 eee
iy END

1DENT noDLOI
ENTRY AB1.AD1.OV].NOD.NPJ.SQ1.NC].SBI.CHA
EXTAM OVRFLUY. INVNDX

SRECASC:

[}

3

2

3

0]

S eee  INTECER ARITHRETIC  oee
')
?

8

L
10

poy tav . INTEGER ABSOLUTE VALUE
LORe 1059
RF(NM)  PLUS If POSITIVE THEN BRANCH
2R sp ELSE TAKE ABSOLUTE VALUE
P%Y ABL(N) OVRFLY IF EQUAL 10 -32748 THEN QVERFLOW
32 PLUS LoR P.COBACK POINT PC TO NEXT INSTRUCTION
3.
3¢ Aol tau . INTEGER ADDITION
1s LORe A10.5P
3 DK sp.2
37 ADRS A10.5P
38 Lor P.COBACK
39 .
20 ov1 €y . INTEGER DIVISION
2 LoRe a30.5P
22 ADK sp.2
23 XRR aLAL CLEAR AL
24 LoRe a2.sp A2 CONTAINS DIVIDEND
2s RF(Z)  ZERO) 1 _ZERO THEN BRANCH
26 REP)  PLUS) ELSE 1T POSITIVE THEN BRANCH
27 ORKL AY.ZFFES ELSE EXTEND SICN B1T
28 PLUSYL  DWR 10 NOTE:DIVISOR 15 IN AMD
29 2ER01  STR . INTEGER QOUTIENT IN A2
0 tor #.COBACK
.
32 noo Qv . AENAINDER OF INTEGER DIVISION
3 LORe A10.5P
3 ADK sp.2
3s MR A3.AL
3 LoRe a2.sP
3 RF(2)  ZERO2
8 RE(P)  PLUS2
3 orxL AL /FFEF
W PLUSZ  OVR 10
“w ARKL AY./IFFF CLEAR SIGN BIT OF REMAINDER
w2 2602 STR AL.SP REMAINDER IN AL
a Loa P.CoBACK
oo
s Wel £ou . INTEGER NEGAT1ON
w“ c2r s»
¥ Lor P.COBACK
“ e
w sat [N . INTEGER SUBTRACTION
s0 LoRe A10.5P
5 ADK P,
s2 LoRe all.sp
5] SUR A11.A30
5% STR A1), 5P
55 tor P.GOBACK
§ su €9y
. SQUARE INTEGER
s LORe A30.5P !
5 su :;ﬁzs» ADJUST SP 10 POINT 0T0 T0Se1
63 RF ",l‘ COPY INTEGER TO BE SQUARED INTO STACK
e, BRANCH TO INTEGER MULTIPLY: TRICKY!
63 tHx Eay . CHECK INDEX AGA
INST RANGE
& LoRe a10.sp *POP' MAXINUN INDEX
.
& LOR A2l sp *POP* NINIAUR INDEX
a8 CuRe A10.5P 1" tise
ped o )) > NAX INDEX THEN
M toneLy :::?:: BRANCH TO INVAL1D INDEX ROUTINE
2 ABLIC)  INVNDX RANLEFI) < RIN INDEX Th
i faL owox BRANCH TO INVALID INOEX ROUTINE
I
2% np
et R "0.5p INTEGER nULTIPLY
3 Lon ao, POP* MULTIPLIER
” .
2 woa n2.sp *POP* NULTIPLICAND
I Mon Mo A.A2 CONTAIN THE PRODUCT
& By NS 1F PRODUCT IS NEGATIVE THEN BRANCH
82 st ag FoSLTIVE QueRrLou
83 noRes  Lop HL PUSH* PRODUCT INTO STACK
84 RINUS3  Cuk AL /FEFF €0 ON u/ INTERPRETATION
8s ABLINE)  OVRFLW
NEGATIVE OVERFLoOW
K n2. 4000 RESTORE S1cN

® END INTEGER ARITHAETIC eoe

0 IoewT nooLo
NTRY EQUL. N . . .
b nccases EQ1.LEOL.LESI.CEQL. CTR]
3
Yot INTEGER ConPaRe v
.
e
§ tul g o INTEGER EQUAL_conpaRE
: Lo ao, POP* TOP-0F-STACK (Tos)
LORe All.sp
10 cur A11.AL0 'POP® Tos-3
1 RF(E)  PSHTAU
12 psurs  em s
LOR P.GOBACK
34 PSHTRU  LOKL A10.1 €0 ON u/ INTERPRETATION
15 STR A10.5p
LoR P.
3 coBACK €0 ON U/ INTERPRETATION
18 NEQL o .
ie fau o.se INTEGER NOT EGUAL COMPARE
20 ADK sp.3
21 LORe All.sp
22 WA A11.A10
23 RBINE)  PSHIRL
24 ' PSHFLS
25 o
26 LEol oy .
2 A ous INTEGER LESS OR EQUAL ConPARE
23 ADK 5P,
29 LoRe Ali.sp
30 CuR A11.A10
n RBIKE)  PSHTAU
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32 R8 PSHFLS

3.
3% LEST € . INTEGER LESS THAN COMPARE
a5 LORe AMO.SP
38 ADK SP.2
3?7 LORe A)).SP
38 CuR Al}.AMO0
39 RBIL) PSHTRU
.0 L1 PSHILS
) o
w2 cEOL EQU . INTECER CREATER OR EQUAL Conr
43 LORe AMD.SP
w ADX SP.2
s LORe A}).SP
u CuUR A)).ALM0
4 RBINL) PSHTRY
. RO PSHFLS
9 o
SO GIRI ({1} . INTECER CREATER THAN CONPAREL
53 LORe AN0.SP
s2 ADK SP.2
53 LORe A)).SP
) CuR A3).A0
sS RB(C) PSHTRY
56 R PSHFLS
57 ¢
58 eee EMD INTEGER COMPARE eee
s9
60 END
] IDENT nooLOS
3 ENTRY AND. IOR.NOT.CONPAR
2 EXTRN XFRTBL.NOTINP
3 SRECASC:
v
z ose BOOLEAN ARITHRETIC eoe
.
? AND EQu . LOCICAL AND
3 LDRe A}0.SP
9 ADK SP.2
10 ANRS A)D.SP
ig LOR P.COBACK CONTINUE INTERPRETATION
.
33 IoR EQu o LOGICAL OR
P2 LORe AM0.SP
35 ADK SP.2
b Y3 ORRS A)0.SP
3? LOR P.COBACK
iE
NOT EQu . o
44 EShs o LOGICAL NOT
2) LOR P.COBACK
22
23 eee END BOOLEAN ARITHHETIC eee
29
gs oo CONPLEX CONPARE ece
'
57 . THE FOLLOWING IS A TABLE OF INDICES
'
29 CnP1BL DATA ]
30 DATA REALCA
k) DATA STRCCN
kH DATA sooLcn
33 DATA POWRCA
v OATA BYTECH
as OATA UoROCH
36 e
37 .
38 CONPAR EQU 3 CONPARE CONPLEX THINGCS
39 LORe A)}. IPC CET CONPARISON TYPE
%0 ADK 1PC.)
:; Lo P.CRPTBL.A)) TRANSFER TO PROPER CODE
.
43 o
4y BooLcnm £Qu . CONPARE DOOLEANS
S LOKL Al}./0003
ADK SP.2 POINT SP TO T0S-)
ANRS A3).SP CET ONLY LS BIT
SUK P. POINT SP BACX TO TOS
ANRS A)).SP
Lo P.XFRTBL#Y0.AN0 BRANCH TO INTECER conP

THE FOLLOWING ARE NOT YET IRNPLEMENTED

Sy e
55 REALCH EQU . CONPARE REALS

56 ABL NoTinmP

57 o

58 STRECH EQU . CONPARE STRINCS

59 ABL NOTInP

&0 o

4) POWRCN EQV M CONPARE SETS

62 ABL NOTInP

63 o

&y BYTECH EQU . CONPARE BYTES

&S ABL NOTINP

b6 o

47 WORDCH EQu . CONPARE WORDS

68 ABL NoT1nmP

49 o

70 eee END CONPLEX COMPARISONS eee

)

” END

[} 1DENT nmoDLO&

3 ENTRY BACK.SLDC.LDCI.LOCN.SLOLS.SLDOS.SINDS

2 EXTRN XFRTBL

3 SREGASC!

; GLNTCONST:

& eee  FETCH  eeo

7.

8 o ENTER HERE TO FETCH NEXT P-MACHINE INSTRUCTION

9. SLOC IS INCORPORATED WITH THE FETCH

30 o

33 SLoC EQu . SHORT LOAD CONSTANT

32 SUK sP.2

33 STR AMO.SP *PUSH' CONSTANT INTO STACK
AN BACK XRR A)0.ALO CLEAR AMD

35 LCR AMO0. IPC FETCH P-CODE BYTE

36 ADK IPC.2

37 LOKL Al}./0080

38 ™ 310,A3) TEST BYTE'S SICN BIY

19 RB(D) SLOC IF NOT SET THEN BRANCH T0 SLOL
20 ADR AL0.AYOD DOUBLE FOR WORD INDEXING
2) SUKL A)0.256 CALCULATE EFFECTIVE INDEX: 2eP-CODE - 2012¢
22 Lo P.XFRTBL.ALO TRANSFER CONTROL TO PROPER SECTION

3 .
24 eee END OF FETCH ooe
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Loct

.
Locw

CONSTANT OME-WORD LOADS

SIR
LoR

.
A)0.AMO
A, IPC

T1PC.3

A3).AMD
‘:l.l'c

P.COBACK

3
AJ0.MIL
S

P.2
A)0.SP
P.COBACK

oo END COMSTANT ONE-UORD LOADS eeoe
ROST CONNON P-CODES

LOAD CONSTANT UORD OR LONG INTEGER CONSTANMT
CET LS BYTE

CET NS BYTE

PREPARE FOR SHIFTING

PUT NS BYTE lN 'Ro'tl PLACE
PUT BACK INTO

CONCATENATE HS ll5 BYTES

*PUSH® WORD
COMTINUE INTERPRETATION

LOAD CONSTANT MIL POINTER

2 e
SLo [ . SHORT LOAD LOCAL VAR
a oL SUXL 710,379 (20P-CODE - 256) - (20235 - 254)
ADKL A10.NSOLTA OFFSET DUE T0 NSCu
56 AR . AJD NOW POINTS TO VAR
s? LORe A30.A30 PUT VAR INTO R3O
58 sUX se.2
I STR A10.5P 'PUSH® VAR
60 LOR P.GOBACK
6 o
62 SLOOS EQU . . SHORT LOAD CLOBAL VAR
83 SUKL A10.206 (2eP-CODE - 256) - (2023} - 288)
o ADKL A10.NMSOLTA
&5 ADR A10.BASE
86 LORe 710.A30
&7 SUK sP.2
m STR 230.5P
I LOR P.COBACK
0 .
71 SINDS £QU . SHORT INDEX AND LOAD UORD
2 SUKL A10.240 (20P-CODE - 258) - (20248 - 256)
12 LORe A13.5P GET ADDRESS T0 BE INDEXED
i ADR A0.A33 A0 POINTS TO VAR
s LORe A10.A30
7% STR A10.5P
” LOR P.GOBACK
.
Z' ees END MOST COMMON P-CODES eee
0
8 €MD
[ loews nooL?
by ENT EF J.NFJ.FIP.UIP.XIP
2 :x!lu 188
3 SRECASE:
v
S eee  JUNPS  eee
& o
7 EFS €Qu . €QUAL FALSE Junp
8 LORe AL0.SP
9 ADK SP.2
10 LORe Al SP
31 ADK sP.2
32 CuR A10.A13
3 RF(E) NO Junp
:; RF wpe NOT EQUAL THEN Junp
.
36 NF) €Qu . NOT EQUA
1 ey no.se EQUAL FALSE Junp
18 ADK sp.2
19 LORe All.sP
20 ADK .2
2) cuR A10, A1)
22 RF(NE)  NOJUNP
23 P EQUAL THEN Junp
R
28 fap €Qu . June 18 10!
26 LORe #10.5P S 15 FaLse
27 ADK sp.2
28 LOKL all.)
29 n xu [3%9 TEST IF TRUE
gg o :;;n) u FALSE THEN Junp
SKIP OVER JUMP OFFSET
gg . LOR r.colncx CONTINUE INTERPRETATION
34 uip £Qu . UNCONDIT
32 s :{g.ann ITIONAL June
.1pPC
E LeR a10. 1 GET JUMP OFFSET
g: %OKL a:g./ooao
n A10.A2 TEST BYTE SIGN BIT
v AF (W) LONG JP 17 NEG THEN LONE 35
'Y 0R 1PC.AMD ELSE ADD OFFSET Yo IPC
ve LOR P.COBACK CONTINUE INTERPRETATION
w3 LONEJP LD 1PC.JTAB GET PROC. DICT.P POINTER
1] ORKL A10./FF 00 EXTEND SIGN OF OFFSET
s ADR 1PC.AMD ACTUALLY A SUBTRACTION
u“ SuRe 1PC. IPC IPC NOM POINTS TO NEXT CODE
N LOR P.COBACK CONTINUE INTERPRETATION
N9 xJp €Qu . cA!
:2 £y e SE OR INDEX Junp
ANKL 1PC./FFFE
a2 Akt Iec.t 2::u§r TO WORD BOUND.
:3 ADK sP.2
] LDRe All. 1PC CET NIN CASE INDEX
ss aDK Pc.2
i; :,7 43 NOTE WORD LENGTH
L) RINERR INDEXCNIN GOTO MINERR
S8 LORe A2, 1PC GET
50 e o NAX CASE INDEX
80 CuR A10.A12
:2 :;;" ?:::;R INDEX>NAX GOTO MAXERR
2 o ine.2, SKIP OVER ELSE JUMP WORD
o ADR 30.A30 DOUUST INDEX To 0..M
o ok Ta0-a0 DOUBLE INDEX FOR WORD
4 AR, 1pc.aa0 IPC POINTS AT PROPER JTAB INDX
67 LOR P.COBACK IPC POINTS To PROPER CODE
68 NINERR  ADK 1Pc. 2 Fotny e INTERPRETATION
49 RAXERR  LDR P.C LSE June LoC
E OBACK IPC ALREADY POINTS AT ELSE LoC
71 ece  END OF JUNPS  eee
2
b} END
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] 1DENT nooLOS

3 ENTRY GETBIC.LLA.LOL.STL.LAO.LDO.SRO

2 EXTRN CFSTAK.PRINT

3 SRECASCH

; SINTCONST:

6 eee  CETBIC oo

7.

8 CETBIC ({1 . CET PARAN W/C 1S ELTHER 3-BY1 R 2-

9 XRR AYO0.AYD £ or 2-pvrES

30 LCR AMD.IPC CET LS BYTE

3 ADK 1PC.)

12 LOXL A32./0080

13 m A)D.AM2 TEST LS BYTE'S SICK 81T

by} RFLO) NOTBIC 1F POSITIVE THEN BRANCH

3s ANKL AVOL/FFOF ELSE CLEAR SICN DIT

36 LOR A}.A3D PREPARE FOR SHIFTING

3?7 SLA Ad.8 CONVERT AS nS BYTE

18 LOR A)0.A) PUT BACK IN AMO

134 XRR Al2.R32

20 LORe A2, 1PC CET ACTUAL LS BYTE

23 ADK 1PC.)

22 ORR AM0.AY2 COMCATENATE NS 4LS BYTES

SJ NOTBIC LOR P.RETURN €O ON UITH PREVIOUS INSTRUCTION

[

SS eee END GETDIC ooo

1]

§7 eee  LOCAL STORE AND LOADS  eeo

8 .

29 LLA Eov . LOAD LOCAL ADDRESS

o LOKL RETURN.ENDLLA

k2 RO CETBIC CET DISPLACENENT

32 ENDLLA ADR AX0. A0 OOUBLE FOR WORD INDEXING

3 ADKL R)0.NSDLTA OFFSET CORRECTION

3y ADR AL0.NMP AL0 CONTAINS RDORESS

s SUK SP.2

36 STR AYO.SP "PUSH® ADDRESS

Jz LOR P.COBACK CONTINUE INTERPRETATION

38 .

39 oL (111 . LOAD LOCAL UORD

] LOKL RETURN.ENDLDL

2] RB CETRIC GET DISPLACERENT

42 EMDLOL RDR A10.AX0

“w ADKL AL0.NSOLTA

“w ADR AXO0. NP A)0 CONTRINS ADDRESS

us LORe A30.AJO A30 NOU COMTAINS THE WORD

v SUX SP.2

i STR AND.SP

va LoR P.COBACK

49 o

50 STL EQu . STORE LOCAL WORD

53 LOXL RETURM.ENDSTL

s2 RS GETBIC

53 EMDSTL ADR A0.AX0

v ADXL A)D.NSOLTA
ADR ANO.NP A0 CONTALNS ADDRESS
LORe Al).SP ‘POP* WORD
RADK SP.2
STR A)).AY0 STORE WORD
LOR R2.A3) COPY A}) AS PARANETER FOR CALL
LOXL RETURN. CFSTAK
cF RETURN.PRINT PRINT VALUE AS MEXADEC
LOR P.COBACK

END LOCAL STORE AND LOADS «
®  GCLOBAL STORE AND LOADS  eee

67 o
68 LAO (117 . LOAD CLOBAL ADDRESS
34 LOKL RETURN,ENDLAO
70 RO . CETBIC
7) ENDLAO ADR A30.A)D
kt ADKL ALD.NSDLTA
73 ADR A30.BASE CHANGE: BASE INSTEAD OF np
N SUK SP.2
s STR AXD.SP
76 LOR P.COBACK
7.
78 LOO EQu . LOAD CLOUBAL WORD
79 LOKL RETURN.ENDLDO
80 RB CETBIC
8) ENOLDO ADR AYO0.AMD
82 ADKL AXD.NSDLTA
83 AOR A}0.BASE NOTE CMANGE!
1] LORe AM0.A20
3] SUK SP.
86 STR AX0.SP
a7 LOR P.COBACK
88 o
&9 SRO EQU 4 STORE CLOBAL UWORD
90 LDKL RETURN.ENDSRO
$2) RB CETBIC
92 ENDSRO ADR A30.AM0
93 ADKL A)0.NSOLTA
9N ADR AX0.BASE NOTE ONLY ALTERATIONI
95 LORe A3).SP
96 ADK SP.2
9?7 STR Al).AXD
98 LOR A2.A})
99 LOKL RETURN. CFSTAK
300 (42 RETURN.PRINT
103 LOR P.GOBACK
102 o
103 eee END GLOBAL STORE AND LOADS eees
0v
108 END
[} 10ENT nODLO? -
3 ENTRY ST0.LDA.LOD.STR
2 EXTRN CETBIC.CFSTAK.PRINT
J SRECASCs
N BINTCONST:
s
b o
? S10 EQu . STORE INDIRECT
) LDRe AMD.SP *POP* WORD
9 ADK sP.2
LORe A}).SP *POP' ADDRESS
ADK SsP.2
STR A10.AL) STORE WORD INTO ADORESS
LOR A2.AY0 COPY ALD AS PARANETER FOR CALL
LOKL RETURN. CFSTAK
CF RETURN.PRINT
LOR P.COBACK

. INTERREOIATE STORE AND LOADS  eee

20 o

23 LOA EQU . LORD INTERREOIATE ADDRESS
22 XRR A}0.AMD

23 LCR AX0.1PC GET DELTA LEX. LEVELS

2y ADK 1Pc.)
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Al).nP POINT AL} AT STAT LINXS
g"loé' LO:‘ A3M.AMY LINX DOUN UNTIL

UKL A10.3 DELTA LEX LEVELS = O
T REToaw. enovon
0 P GETBIE GET DISPLACERENT
ENDLOA  ADR A30.A30 DOUBLE FOR WORD INDEXING
2 ADKL AL0.NSDLTA OFFSET CORRECTION
AR A30.A3) A0 CONTAINS ADDRESS
p.2
H Y Aaoose *PUSH' ADDRESS
Lor P.COBACK
.
LoD [ . LOAD INTERENEDIATE WORD
XRR A10.A30
LeR a0, 1PC
3 ADK 1rC.)
LooPy LOR A)3.AP
3 LORe a)l.AM
SUKL a30.3
RB(NZ)  LOOP
oKL RETURN. ENOLOD
? ABL CETBIC
EMDLOD  AOR A10.A20
» ADKL A10.RSOLTA
AR A10.A3)
LORe A10.A20
sux sP.2
STR A0, 5P
Lo P.COBACK
.
sTR €U 3 STORE INTERREDIATE WORD
? XRR A10.R30
LCR A0, 1PC
AdK [T
Loor2 LOR ALd.MP
3 LORe A11.A3)
SUKL A10.1
RBINZ)  LOOPZ
LOKL RETURN. ENDSTR
s ABL GETB1G
ENDSTR  ADR a30°As0
? ADKL A10.NSDLTA
ADR A10.A3)
LORe All.SP
ADK sP.2
STR Al1.ALO
LOR AZ.AM)
LOKL RETURN. CF STAK
cF RETURN.PRINT
LoR P.GOBACK

.

eee END INTERNEOIATE STORE AND LOADS eee
L3
END

IOENI nooL1o0

ENT RBP.RNP

tx!un STKBAS.SEC. JTAB.LASTRP.NOTINP
SRECASC!

snSCuf ORMI
SINTCONST)

ees  PROCEDURE RETURNS  eee

.
L3114 EQu . RETURN FROM BASE LEVEL PROCEDURE

LOR ALO.NP
ADKL AL0.NSBASE RAl0 HAS BASE FROM NSCu
LOR BASE.ALD PUT IN BASE RECISTER
ST BASE.STKBAS SAVE 1IN PERN SYSCON WORD
RNP EQU . RETURN FRON NORNAL PROCEDURE
Loe AM0.SEC CET SECNENT
ANKL RAL0./00FF
LDR Al).npP
ADKL AL1.NSSEC AL} POINTS NnSCU’S NSSEC
LORe Al}.A3) ALl HOW POINTS TO OLD SECHENT
LORe Al}.AMY CET OLD SEC 8
ANKL AL)./00FF
CuR AN0.AL} SANE SECNENT?
RF(E) SANSEC IF _YES THEN COTO SANSEC
L] ABL NOTINP ELSE COTO NOT INPLENENTED
SARSEC LOR RA)D.NP
6 ADKL A)0.NSSP ALD HAS SP FROM NSCU
XRR All.A})
LCR AL).IPC CGET 8 OF UWORDS TO RETURN
ADK 1PC.)
CuK A\l.o
RF(ED RETC 1f EQUAL THEN BRANCH TO RETURN CODE
RADK* ne, HSDL‘R
ADK ne.2 THIS POINTS NP ABOVE FUNCTION VﬁLUE
ADR nP.A3} DO _THLIS TWICE FOR WORD INDEXIN
S AOR nP.AMY MP'POINTS TO WHERE WORDS ARE 10 BE IN
LooPd SUK ne.2
7 LORe RAN2.0P A2 HAS UORD TO BE RETURNED
SUKL AND.2 AMD 1S OLD SP
STR :}i-:)ﬂ *PUSH® RETURN UORD INTO STACK
RBI(NZ) Loorl DO THIS FOR TOTAL 8 OF WORDS
2 Lo nP.LASTAP RESTORE OLD NP VALUE
RETCOD LOR A)).np RESTORE STRTE rnon nscu
v ADKL AL).2 SKIP OVER STAT LINK
LORe nP.ALY DYNARIC LINK
ADKL Ad).2
LORe AY2.R)) JTAB
st RA)2.JTAB STORE IN PERR REGCISTER WORD
RAOKL AM).2
LORe A:Z-gé: SEC
133 Ad2. STORE 1IN PERN
H R ERN RECISTER WORD
LORe 1PC.AM} 1pPC
RAOXL .
ST nP.LASTAP STORE 1N PERR SYSCOM WORD
LOR SP.AMD PREVIOUS STATE RESTORED
LOR P.COBACK CONTINUE INTERPRETATION
0
ees END PROCEOURE RETURNS eoe
0
END
[} LDEMT NODL1Y .
3 ENTRY CLP.CCP.CBP.CI
2 EXTRN NOTINP.STKOVF . SE‘ OLOSEC. JTAB.LASTNP.STKBAS.BACK
J SRECASG:
w SSECFOR:
S5 SNSCUFORM3
& SINTCONST:
?
: TERPNP RES ) TENPORARY STORE FOR CONPARISON
30 eee  PROCEDURE CALLS  e°°
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32 e €Qu . CALL LOCAL PROCEOURE
13 Lo A10.5E¢C
It s1 A30.0LOSEC ysuaLLT wo SEGRENT CHANcE
1s LOR A10.5P AL0 HAS VALUE of
3 xcLe €au . ENTRY TON EXTRN CALLS. a10
3¢ £y R 4 OLDSEG DIFFERENT
38 LeR ALl IPC GET PROCEOURE NUNBER
39 ADK 1PC.3
20 ADR all.ALl DOUBLE FOR WORD INDEXING
23 WGR All.A3) ENSURE 1T 1S NEGATIVE
22 AD All.SEC A1} POINTS AT SEGTABLE ENTRY FOR PROC
23 SURe A1l.A1) A1l NOU POINTS 1O PROC O1CTIONARY
24 LOR A?.A3) MAVE COPY OF JTAB
2s ADKL 339 ADJUST 10 POINT TO CORRECT BYTE
26 LOKL a32.0
27 CeR A12.A3) CHECK IF PROC NO 1S O
28 ABL(E)  NOTIMP
29 SUKL A1 3
0 ADKL A11.DATASZ POINT AJ) TO DATA SIZE WORD
n SURe SP.ALL RESERVE SPACES FOR DATA
32 s1 KP.TENPNP CHECK FOR ENOUGH SPACE IN STACK
33 €cR al.sP EXCHANGED CHAR POS. OF SP IN A}
3 cc AL, TENPNP CONPARE NS BYTES
3s ABLILY  STXOVF
3 RF(E) RORECC
3?7 RF NOCARE
38 momecc SP.TENPNP+) CONPARE LS BYTES
39 ABLING)  STKOVF
VO NOCARE  SUK sp.2 SPACE FOR SAVING SP
v SUK sp.2 BUILO NSCY
w2 STR 1PC.SP SAVE NSIPC
[ 5UK sp.2
w“w Lo A12.0LOSEC GET PREVIOUS SEC
s STR .SP SAVE NSSEC
v SUK sp.2
v Lo A32.J1AB CET JTAR
. SR A2, 5P SAVE NSJTAB
¥ SUK .2
50 STR . SAVE RSOYN
53 SUK o
52 STR ne.sp SAVE NSSTAT
53 LOR All.A? ALl 1S ALSO JTAB NOW
1] ADKL A1, PARNSZ POINT A1 10 PARAN SIZE WORD
55 LORe A3, AL} A HAS 8 Of PARAMETERS
58 RF (0) HOPARM 1F 8 OF PARAN = O THEN BRANCH
5? SRA al.} HALVE 8 OF BYTES FOR 8 OF WOROS
52 LOR A2.5P SET UP A2 T0 PARAN COPY PLACE
59 ADK az2.2
60 ADK A2.MSOLTA A2 HOU POINTS ADOVE NSCY
61 LOOPY LORe A32.A10 GET PARARETER
62 ADKL A30.2
83 STR a12.n2 COPY PARAR TO 1TS NEW PLACE
&4 Aok A2.2
85 SUK al,
6 RB(NZ)  LOOPY UNTIL 8 OF PARAR = O
47 NOPARR  LOR ne.sp POINT NP AT STAT LINK
88 st ne.LASTAP SAVE IN PERN. SYSCOM WORD
&9 LOR ax2.nP
70 ADKL Al2.nssp A12 POINTS T0 NSCU'S NSSP
2 STR A10.A32 SAVE OLD SP VALUE
72 ST A7, JTAB NEU JTAB POINTER
2 LOR 1PC.A? POINT IPC TO FIRST BYTE OF CODE
n ADKL 1PC.ENTRIC
s SURe 1PC. 1PC
] LOR P.GOBACK GO ON U/ INTERPRETATION
.
78 cep €0U . CALL GLODAL PROCEOURE
79 LOKL GOBACK.ENDCEP SET UP FOR RETU
0 RB cLp AND CALL LOCAL noczwn:
& ewcee  sTR BASE. NP CHANGE STATIC LINK TO BASE
82 OKL COBACK.BACK SET UP TO CONTINUE INTERPRETATION
& ton P.COBACK GO ON U/ INTERPRETATION
.
as cep £ou . CALL BASE PROCEOURE
m LOKL GOBACK. ENDCBP
87 RB e
88 ENDCBP  SUK SP.2 ADD ON EXTRA MSCU WORD
89 SR BASE . SP SAVE NSBASE
90 LORe A12.BASE
9 STR Al2.ne POINT STAT LINK AT OUTER BLOCK
92 LOR BASE. NP SET BASE REG 10 THIS NEW PROC
93 ST BASE. STKBAS STORE 1IN PERN SYSCOM WORD
9% LOKL GOBACK.BACK
v LOR P.COBACK CONTINUE INTERPRETATION
46 o
97 c1p €Qu . CALL INTERREDIATE PROCEOURE
98 LOKL GOBACK.ENDCIP
99 A8 cLp
300 ENDCIP  XRR A, A3
100 LCR A.A? GET LEX LEV OF CALLED PROC
102 LOKL Al2,/0080
103 n AL, AM2 IF < O THEN BASE PROC CALL
104 RB(Y) ENDCBP
108 e A}, /0000 IF = O THEN STILL BASE PROC CALL
106 RB(O) ENDCBP
307 LOR a10.7P
308 LOOPS LOR A32.A30
109 ADKL AM2.NSITRD GET MSCU'S JTAB
310 LORe All.A22 A3} 1S NOW JTAB
313 cer A1, A3} COMPARE LEX LEVS
313 RF (L) FOUND IF_LESS THEW BRANCH
13 ADKL 410, NSOYM ELSE LINK DOUN
3% LORe A10.A30 TO CALLER OF CURRENT PROC
b3 "B LOOPS
336 FOUND LORe A32.A30 GET DESIRED NP
13? STR ax2.nP
318 LOKL GOBACK . BACK
19 LOR P.COBACK CONTINUE INTERPRETATION
320
12} eee END PROCEDURE CALLS oo
322
123 END
S Ny MODL R ADR.DVR.FLO.FLT. APR. NGR. SOR. SR
2 ENTRY DIF . 1WN. INT. SRS, SGS. UML. ADJ
3 ENTRY NOP. ;n -ae.c
Lon.
H ENTRY nn.l.n.su nve.1x8
6 ENTRY LCA.SAS.53P,S2P. IXS
? ENTRY nov. IND. INC. 1XA. 1XP.LOP.STP
8 ENTRY NOT INP . STKOVF . OVRF LU. INVNDX, XIT
9
10 SREGASGI
12 cee NOT YET IMPLEMENTED P-CODES  ees
13 .
W
15 ees  P-CODES FOR REALS oo
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REAL ABSOLUTE VALUL

7 ABR Ew M

{I RF noTIRP

19 o

20 ADR {{ Y . AOD REALS

23 RF NOTIRP

22 ¢

23 ovr £ . OIVIDE REALS

29 RF NOTIRP

25 ¢

26 FLO ({1 . FLOAT Y0S-)
RF NOTIRP
({11 . FLOAT TOS
RF HoTinP
EQU 4 RULTIPLY REALS
RF wnotine
({1 . NEGATE REAL
RF NoTinP
({11} . SUBTRACT REALS
RrF norine
EW . SGUARE REAL
RF nOTING

END P-CODES FOR REALS eoo
P-CODES FOR SETS  eee

EW . SET DIFFERENCE
L NoTimP
EW . SET NERBERSHIP
R notine
Ee ° SET INTERSECTION
RF norine
Sb o
57 SRS ({] M SUBRANCE SET
58 RF norine
59 .
60 SCS EQu . SINCLETON SEY
RF NoTINP
EQu . SET uMlon
RF Notine
EQV . ADJUSY SET
RF worine

END P-CODES FOR SETS eee
P-CODES FOR MULTIPLE WORD LOADS & STORES  eee

EQu . LOAD NULTIPLE WORDS

RF L1280 4

EQU M STORE NULTIPLE WORDS

RF NoTIRP

Eou I LOAD RMULTIPLE WORD CONSTAN
RF NoTine NSTANT

l§ eee EMD P-CODES FOR MULTIPLE WORD LOADS & STORES eee
P-CODES FOR BYTE ARRAYS  eeoe

;’U ;0“"' BYTE CONVERSION
E:U ;0""’ LOAD BYTE
s’u ;0"" STORE BYTE
::U ;0""’ NOVE BYTE
::U ;0""’ INDEX BYTE ARRAY

END P-CODES FOR BYTE ARRAYS oo
P-CODES FOR STRINGCS  eece

:’U ;0""' LOAD CONSTANT STRING ADDRESS
::U ;OTIH' STRING ASS1CN

i:o :IO"H' STRING TO PACKED CONV. OM TOS
:DI_U ;O'IIHP STRING TO PACKED CONV. OM TOS-)
:’0 ;0""' INDEX STRING ARRAY

END P-CODES FOR STRINCS eee

122 +ee  P-CODES FOR RECORD & ARRAY INDEXING & ASSICNMENT  =oe

.

124 nov £QU .
I & worine NOVE WORDS

327 IKD [ . o1

328 RF NoTIne ATIC INDEX AND LOAD WORD

329 o

330 INC €U
3 RF

132 »

333 XA €au
y RF

* INCREREN
NOTIRP ENT FI1ELD POINTER

° INDEX
NOTIRP ARRAY

.
338 1xP EQU M N
4 R/F NoTInP INDEX PACKED RRRAY

8 o
339 Lor EQu
4 RF

W) .
2 sTP EQU
3 RF

° LoAl
NOTINP D A PACKED FI1ELD

. STOR

RoTine E INTO A PACKED FIELD
4y o

145 eee END P-CODES FOR RECORD 3 ARRAY INDEXING & ASSICNRENT eee

6
147 eee  NISCELLANEOUS P-CODES  eee
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ert EQu . BREAKPOINT
RF NoTinP
.
cxe EQu . CALL EXTERMAL PROCI
RF norine roume
.
cse ({1 . CALL STANDARD PRO
RF novine croure

.
eee END NISCELLAMEOUS P-CODES eee

.
H eee END MOT YET IRPLERENTED P-CODES eee

:LI eee  CONTIMCENCY ROUTINES eee

&Y o

165 ECO) DATA 2.NMESSC).28.0.0.0

166 NESSC) DATA /0R00 CARRIACE RETURN LINE FEED

367 DATAR *P-CODE MOT YET IMPLEMENTED®

168 ECB2 OATA 2.MESSC2.26.0.0.0

169 nessc2 OATA /0R0D

320 DATA *P-RACHINE STACK OVERFLOW®

37) ECO3 DATA 2.MES563.18.0.0.0

322 nessel DATA /0A0D

Py DATA *INTEGER OVERFLOW®

379 ECBY DATA 2.MESSCY.20.0.0.0

175 RESSCY DATA /0A00

32 DATA CINDEX OUT OF RANMCE®

277 o

373 notTINP EQU . MOT YET IRPLERENTED P-COOE

179 Lor A?./85 PREPARE FOR PRINTING

180 LoXL AB.ECB)

18) LKn

382 OATA 3

163 RF x1v

384 o

145 STKOVr EQU . STACK OVERFLOW

186 LOK A?./85

387 LOKL R8.ECB2

188 LKn

8% DATA 3

190 RF x1r

391 o

192 OVRFLW €au . RECISTER OVERFLOW

193 LOK A?./85

19y LOKL A8.ECB]

195 LKn

3196 OATA 3

197 RF x17

198 o

199 INVNDX EQU . INVALIC INDEX

200 LOK A?./8S

203 LDKL AB.ECBY

202 LKN

203 DATA 3

20y RF xIr

208 o

206 eee EMD CONTINGENCY ROUTINES eee

207

208 oo EXIT & NO OPERATION oo

209 o

230 XI1TEC® DATA 2.X17TnS¢.24.0.0.0

23) x1Tns¢ DATA /0A0D

;lz DATA “END P-CODE INTERPRETER'

13 o

234 NOP €ov . NO OPERATION

gs LOR P.COBACK CONTINUE INTERPRETATION
6 o

23?7 xir EQu . EXIT FRON INTERPRETER TO DON

238 Lox A?./858

2)9 LOKL AB.XITECS

220 Lkn

223 OATA by

222 Lkn

221 DATA 3

224 eee END EXIT ooe

228

226 END

APPENDIX D. Implemented P-code Instructions

MNEMONIC OP-CODE PARAHETERS FULL NAME AND OPERATION

I. ONE-WORD FETCHING, STORING AND INDEXING

I.A CONSTANT ONE-WORD LOADS

Short load word constant.

sLDCO 0..127
sLocl27

(Paocel version)
SLDCS

(P-857 version)

LDCN 159 Loaod constant nil. (Not
implemented in Pascal version.)

Loct 199 L] Load constant word.

1.8 LOCAL ONE-WORD LOADS AND STORE

sLoLl 216 Short load local word.

SLDL16 231
(Pascal)

SLDLS
(P-857)
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MNEHONIC 0P-CODE

oL 202
LLA 198
STL 204

1.C GLOBAL ONE-WORD LOADS AND STORE

sLool 232

SLDO1é6 247

(Pascal)
SLDOS

(P-857)
Loo 167
LAC 165
SRO 1m

1.0 INTERMEDIATE ONE-WORD LOADS AND

Loo 182
LDA 178
STR 184

PARAMETERS

8

08,8
08,8

08,8

FULL NAME AND OPERATION

Loed local word.
Losd local address.

Store local word.

Short load global word.

Load global word.
Load global addreas.

Store global word.

STORE
Load intermediste word.
Load intermediate sddress.

Store intermediate word.

I.€ INDIRECT ONE-WORD LOADS AND STORE

SINDO 248
SIND7 255
(Pascal)
SINDS
(P-857)

sT0 154

Short indox and loed word.

Store indirect.

I1. TOP-OF-STACK ARITHMETIC AND COMPARISONS

I1.A LOGICAL (BOOLEAN)

11.A.1 LOGICAL ARITHMETIC

LAND 132

(Pascal)
AND

(P-857)
LOR 141
. (Pescal)
I0R

(P-857)
LNOT 147

(Pascal)
NOT

(P-857)

11.A.2 LOGICAL COMPARISONS

EQu 175 6

(Pascal)
COMPAR

(P-857)
NEQ 183 6

(Pascal)
COMPAR

(P-857)
LEQ 180 6

(Pascal)
COHPAR

(P-857)
LES 181 6

(Pascal)
COMPAR

(P-857)
CEQ 176 6

(Pascal)
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Logicel snd

Logicel or

Logical not

Boolean = comparison.

Boolean <> comparison.

Boolean <= comparison.

Boolean < comparison.

Boolean >:= comparison.



MKEMONIC OP-CODC PARAME TERS

COMPAR
(P-857)

GIR 177 ¢
(Paacal)
COMPAR
(P-857)

11.8 INTEGER

I1.8.1 INTEGER ARITHMETIC

ABI 128
ADI 130
NG1 145
s81 149
MPI 143
5Q1 152
ovI 138
MOD! 182

(Pascal)
HOD

(P-857)
CHK 136

11.8.2 INTEGER COMPARISONS

EqQul 195
NEQI 203
LEQ! 200
LESI 201
GEQI 196
GIRI 197
I11. JUMWPS

uwe 185
FJp 161
EF) 211
NF) 212
XxJP 172

IV. PROCEDURE/FUNCTION

cLp 206
cecP 207
cIe 174
cep 194
RNP 173
RBP 193

v. MISCELLANEOUS INSTRUCTIONS

[:1 a1 21
x1T 214
NOP 215

S8

S8

S8

S8

FULL NAME AND OPCRATION

Boolean > comparison.

Integor absoluto value.
Integer addition.
Integer negation.
Integer subtraction,
Integer sultiplication.

Integer square.

Integer division.

Integer module.

Check sgsinst subrange bounds.

Integer = coaparison.
Integer <> comparison.
Integer <= cosmparison.
Integer < comparison.
Integer >z cosparison.

Integer > comparison.

Unconditional jump.
Jusp on false tos.
Equal false jump.

Not equesl faslse juamp.

W_1,M_2,W_3, <casetable>

Cese or index jump.

CALLS AND RETURNS

us

ue

ue

us

1]

Call local procedure.
Call globsl procedure.
Cell intermediate procedure.

Call base procedure. (Not
implemented in Pascsl version.)

Return from normel procedure.

Return from basse procedure.
(Not implemented in Pascsl
version.)

Breeskpoint. (Not implesented
in P-857 version.)

Exit. (Not implemented in
Paacal version,)

No operation., (Not implemented
in Psescsl version.)
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