


























































































































































































































































































































































































































[ l T PROCESSOR STATUS WORD —I
1 L 1 1 1
I
/ |
KERNEL (00) USER (11)
APR O APR O
APR 1 APR 1
APR 2 APR 2 ACTIVE
PAGE
APR 3 APR 3 REGISTERS
APR 4 APR 4
APR 5 APR 5
APR 6 APR 6
APR7 APR7
15 0 15 (]
i g — ]
PAGE ADDRESS REGISTER PAGE DESCRIPTION REGISTER

Figure 6-1 Active Page Registers

6.1.5 Capabilities Provided by Memory Management

Memory Size (words): 124K, max (plus 4K for I/O & registers)
Address Space: Virtual (16 bits)
Physical (18 bits)
Modes of Operation: Kernel & User
Stack Pointers: 2 (one for each mode)
Memory Relocation:
Number of Pages: 16 (8 for each mode)
Page Length: 32 to 4,096 words
Memory Protection: no access
read only
read/write

6.2 RELOCATION

6.2.1 Virtual Addressing

When the Memory Management Unit is operating, the normal 16-bit
direct byte address is no longer interpreted as a direct Physical Address
(PA) but as a Virtual Address (VA) containing information to be used in
constructing a new 18-bit physical address. The information contained
in the Virtual Address (VA) is combined with relocation and description
information contained in ‘the Active Page Register (APR) to yield an
18-bit Physical Address (PA).

Because addresses are automatically relocated, the computer may be
considered to be operating in virtual address space. This means that no
matter where a program is loaded into physical memory, it will not have

6-3



to be “re-linked”’; it always appears to be at the same virtual location in
memory.

The virtual address space is divided into eight separate 4K-word pages.
- Each page is relocated separately. This is a useful feature in muiti-
programmed timesharing systems. It permits a new Iarge program to be
loaded into discontinuous blocks of physicai memory.

A page may be as small as 32 words, so that short procedures or data
areas need occupy only as much memory as required. This is a useful
feature in real-time control systems that contain many separate small
- tasks. It is also a useful feature for stack and buffer control.

A basic function is to perform memory relocation and provide extended
memory addressing capability for systems with more than 28K of phys-
ical memory. Two sets of page address registers are used to relocate
virtual addresses to physical addresses in memory. These sets are used
as hardware relocation registers that permit several user's programs,

each -starting at virtual address O, to reside simultaneously in physical
memory.

6.2.2 Program Relocation
The page address registers are used to determine the starting address

of each relocated program in physical memory. Figure 6-2 shows a sim-
plified example of the relocation concept.

Program A starting address 0 is relocated by a constant to provide
physical address 6400,.

KD11 PROCESSOR KT11-D OPTION
 VIRTUAL RELOCATION
CONSTANT
ADDRESS 8400
(va)=0 - 8+=100000
PHYSICAL MEMORY I
PROGRAM B
100000
PHYSICAL ADDRESS PROGRAM A
006400
000000

Figure 6-2 = Simplified Memory Relocation Example
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If the next processor virtual address is 2, the relocation constant will then
cause physical address 6402,, which is the second item of Program A, to
~ be accessed. When Program B is running, the relocation constant is
changed to 100000,. Then, Program B virtual addresses starting at 0, are
relocated to access physical addresses starting at 100000,. Using the ac-
tive page address registers to provide relocation eliminates the need to “re-
link”” a program each time it is loaded into a different physical memory
location. The program always appears to start at the same address.

A program is relocated in pages consisting of from 1 to 128 blocks.
Each block is 32 words in length. Thus, the maximum length of a page
is 4096 (128 x 32) words. Using all of the eight available active page
registers in a set, a maximum program length of 32,768 words can be
accommodated. Each of the eight pages can be relocated anywhere in
the physical memory, as long as each relocated page begins on a
boundary that is a multiple of 32 words. However, for pages that are
smaller then 4K words, only the memory actually allocated to the page
may be accessed. .

The relocation example shown in Figure 6-3 illustrates several points
about memory relocation.

a) Although the program appears to be in contiguous address spacé to
the processor, the 32K-word virtual address space is actually scat-
tered through several separate areas of physical memory. As long
as the total available physical memory space is adequate, a pro-

gram can be loaded. The physical memory space need not be con-
tiguous. '

b) Pages may be relocated to higher or lower physical addresses, with
respect to their virtual address ranges. In the example Figure 6-3,
page 1 is relocated to a higher range of physical addresses, page 4
is relocated to a lower range, and page 3 is -not relocated at all
(even though its relocation constant is non-zero).

c) All of the pages shown in the example start on 32-w6,rd boundaries.

d) Each page is relocated independently. There is no reason why two or
more pages could not be relocated to the same physical memory
space. Using more than one page address register in the set to
access the same space would be one way of providing different

memory access rights to the same data, depending upon which part
of a program was referencing that data.

Memory Units

Block: ) 32 words

Page: 1 to 128 blocks (32 to 4,096 words)
No. of pages: 8 per mode

Size of relocatable 32,768 words, max (8 x 4,096)
memory:
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PROCESSOR MEM. MGT.

VIRTUAL ADDRESS PAGE| RELOCATION ' PHYSICAL MEMORY
RANGES NO. SPACE

160000-177776 7 150000 340000- 357776
140000- 57776 6 000000 330000- 347776
120000 - 137776 5 100000 310000- 327776
100000- 117776 4 020000 220000- 23777
060000- 077776 3 060000 ’ 140000~ 157776
040000- 057776 2 250000 7 \ 120000~ 137776
020000-037776 1 320000 040000- 057776
000000-017776 0 400000 /

Figure 6-3 Relocation of a 32K Word Program into
124K Word Physical Memory

6.3 PROTECTION

A timesharing system performs multiprogramming; it allows several
programs to reside in memory simultaneously, and to operate sequen-
tially. Access to these programs, and the memory space they occupy,
must be strictly defined and controlled. Several types of memory pro-
tection must be afforded a timesharing system. For example:

a) User programs must not be allowed to expand beyond allocated
space, unless authorized by the system.

b) User must be prevented from modifying common subroutines and
algorithms that are resident for all users.

c) Users must be prevented from gaining control of or modifying the
operating system software.

The Memory Management option provides the hardware facilities to im-
plement all of the above types of memory protection.

6.3.1 Inaccessible Memory

Each page has a 2-bit access contro! key associated with it. The key is
assigned under program control. When the key is set to O, the page is
defined as non-resident. Any attempt by a user program to access a
non-resident page is prevented by an immediate abort. Using this fea-
ture to provide memory protection, only those pages asociated with the
current program are set to legal access keys. The access control keys
of all other program pages are set to 0, which prevents illegal memory
references.

6.3.2 Read-Only Memory

The access control key for a page can be set to 2, which allows read
(fetch) memory references to the page, but immediately aborts any at-
tempt to write into that page. This read-only type of memory protection
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can be afforded to pages that contain common data, subroutines, or
shared algorithms. This type of memory protection allows the access
rights to a given information module to be user-dependent. That is, the
access right to a given information module may be varied for different
users by altering the access control key.

A page address register in each of the sets (Kernel and User modes)
may be set up to reference the same physical page in memory and
each may be keyed for different access rights. For example, the User
access control key might be 2 (read-only access), and the Kernel access
control key might be 6 (allowing complete read/write access).

6.3.3 Multiple Address Space

There are two complete separate PAR/PDR sets provided: one. set for
Kernel mode and one set for User mode. This affords the timesharing
system with another type of memory protection capability. The mode of
operation is specified by the Processor Status Word current mode field,
or previous mode field, as determined by the current instruction.

Assuming the current mode PS bits are valid, the active page register
sets are enabled as follows:

PS(bits15, 14) PAR/PDR Set Enabled
00 _ Kernel mode
(1)(1) } lllegal (all references aborted on access)
11 User mode

. Thus, a User mode program is relocated by its own PAR/PDR set, as are
Kernel programs. This makes. it impossible for a program running in
one mode to accidentally reference space allocated to another mode
when the active page registers are set correctly. For example, a user can-
not transfer to Kernel space. The Kernel mode address space may be re-
served for resident system monitor functions, such as the basic Input/
Output Control routines, memory management trap handlers, and time-
sharing scheduling modules. By dividing the types of timesharing system
programs functionally between the Kernel and User modes, a minimum
amount of space control housekeeping is required as the timeshared
operating system sequences from one user program to the next. For

_example, only the User PAR/PDR set needs to be undated as each new
user program is serviced. The two PAR/PDR sets implemented in the
Memory Management Unit option are shown in Figure 6.1.

6.4 ACTIVE PAGE REGISTERS

The Memory Management Unit provides two sets of eight Active Page
Registers (APR). Each APR consists of a Page Address Register (PAR)
and a Page Descriptor Register (PDR). These registers are always used
as a pair and contain all the information required to locate and describe
the current active pages for each mode of operation. One PAR/PDR set
is used in Kernel mode and the other is used in User mode. The cur-
rent mode bits (or in some cases, the previous mode bits) of the Proces-
sor Status Word determine which set will be referenced for each
memory access. A program operating in one mode cannot use the PAR/
PDR sets of the other mode to access memory. Thus, the two sets are
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a key feature in providing a fully protected environment for a time-
shared multi-programming system.

A specific processor 1/O address is assigned to each PAR and PDR-of
each set. Table 6-1 is a complete list of address assignment.

NOTE
UNIBUS devices cannot access PARs or PDRs

In a fully-protected multi-programming environment, the implication is
that only a program operating in the Kernel. mode would be allowed to
write into the PAR and PDR locations for the purpose of mapping user’s
programs. However, there are no restraints imposed by the logic that
will prevent User mode programs from writing into these registers. The
option of implementing such a feature in the operating system, and thus
explicitly  protecting these locations from user's programs, is available
to the system software designer.

Table 6-1 PAR/PDR Address Assignments

Kernel Active Page Registers User Active Page Registers
No. PAR PDR No. PAR PDR
0 —772340 772300 0 777640 777600
1 772342 772302 1 777642 777602
2 772344 772304 2 777644 777604
3 772346 772306 3 777646 777606
4 772350 772310 4 777650 777610
5 772352 772312 5 777652 777612
6 772354 772314 6 777654 777614
7 772356 772316 7 777656 777616

6.4.1 Page Address Registers (PAR)
The Page Address Register (PAR), shown in Figure 6-4, contains the
12-bit Page Address Field (PAF) that specifies the base address of the

page.

U R R

Figure 6-4 Page Address Register

Bits 15-12 are unused and reserved for possible future use.

The Page Address Register may be alternatively thought of as a relo-
cation constant, or as a base register containing a base address. Either
interpretation indicates the basic function of-the Page Address Register
(PAR) in the relocation scheme.

6.4.2 Page Descriptor Registers (PDR) ) L
The Page Descriptor Register (PDR), shown in -Figure 6-5, contains in-
formation relative to page expansion, page length, and access control.
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Figure 6-5 Page Descriptor Register

Access Control Field (ACF) )

This 2-bit field, bits 2 and 1, of the PDR describes the access rights to
this particular page. The access: codes. or ‘‘keys’ specify 'ghe manner
in which a page may be accessed and whether or not a given access
should result in an abort of the current operation. A memory reference
that causes an abort is not completed and is terminated immediately.

Aborts are caused by attempts to access non-resident pages, page
length errors, or access violations, such as attempting to write into a
read-only page. Traps are used as an aid in gathering memory manage-
ment information.

In the context .of access control, the term “‘write” is used to indicate
the action of any instruction which modifies the-contents of any ad-
dressable word. A “‘write” is synonymous with what is usually called a
“store’ or ‘‘modify” in many computer systems. Table 6-2 lists the ACF
keys and their functions. The ACF is written into the PDR under pro-
gram control.

Table 6-2 Access Control Field Keys

AFC Key Description . Function

00 0 Non-resident Abort any attempt to access this
non-resident page

01 2 Resident read-only Abort any attempt to write into
this page. )

10 4 (unused) Abort all Accesses.

11 6 Resident read/ write Read or Write allowed. No trap

~ or abort occurs.

Expansion Direction (ED) ’

The ED bit located in PDR bit position 3 indicates the authorized direc-
tion in which the page can expand. A logic O in this bit (ED = 0) indi-
cates the page can expand upward from relative zero. A logic 1 in this
bit (ED = 1) indicates the page can expand downward toward relative
zero. The ED bit is written into the PDR under program control. When
the expansion direction is upward (ED = 0), the page length is increased
- by adding blocks with higher relative addresses. Upward expansion is
usually specified for program or data pages to add more program or
table space. An example of page expansion upward is shown in Figure 6-6.-

When the expansion direction is downward (ED = 1), the page length is
increased by adding blocks with lower relative addresses. Downward
expansion is specified for stack pages so that more stack space. can be
added. An example of page expansion downward is shown in Figure 6-7.
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PAR PDR
IOOO 001 111 000 0 0101001 0000 O Ilq

e el
PAF =0170 t

PLF =513 =410 =NUMBER OF BLOCKS
ED =0 =UPWARD EXPANSION
ACF = 6 = READ /WRITE

NOTE:

To specify a block length of 42 for an upward expandable page, write
highest authorized block no. directly into high byte of PDR. Bit-15 is
not used because the highest allowable block number is 177,.

<
BLOCK 1774
Vi ANY BLOCK NUMBER
ADDRESS RANGE 768 é GREATER THAN 4110(515)
OF POTENTIAL PAGE (VA<12:06> 5lg)
EXPANSION BY . % WILL CAUSE A PAGE
CHANGING THE PLF LENGTH ABORT.
BLOCK 52 J
024176
BLOCK 514
4100
AUTHORIZE PAGE 017276
LENGTH = 42,0 BLOCKS BLOCK 2 .
OR O THRU 55 = 017200
524 BLOCKS
017176
BLOCK 1
017100
017076
BLOCK 0
017000
~——BASE ADDRESS OF PAGE

Figure 6-6 Example of an Upward Expandable Page
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Written Into (W)

The W bit located in PDR bit position 6 indicates whether the page has
been written into since it-was loaded into memory. W =1 is affirma-
tive. The W bit is automatically cleared when the PAR or PDR of that
page is written into. It can only be set by the control logic.

In disk swapping and memory overlay applications, the W bit (bit 6) can
be used to determine which pages in memory have been modified by a
user. Those that have been written into must be saved in their current
form. Those that have not been written into (W = 0), need not be saved
and can be overlayed with new pages, if necessary.

Page Length Field (PLF)

The 7-bit PLF located in PDR (bits 14-8) "specifies the authorized length
of the page, in 32-word blocks. The PLF holds biock numbers from O to
177, thus allowing any page length from 1 to 128 , blocks. The PLF
is written in the PDR under program control.

PLF for an Upward Expandable Page

When the page expands upward, the PLF must be set to one less than
the intended number of blocks authorized for that page. For example,
if 52, (42,,) blocks are authorized, the PLF is set to 51, (41,) (Figure
6-6). The KT11-D hardware compares the virtual address block number,
VA (bits 12-6) with the PLF to determine if the virtual address is within
the authorized page length.

When the virtual address biock number is less than or equal to the PLF,
the virtual address is within the authorized page length. If the virtual ad-
dress is greater than the PLF, a page length fault (address too high)
is detected by the hardware and an abort occurs. In this case, the vir-
tual address space legal to the program is non-contiguous because the
three most significant bits of the virtual address are used to select the
PAR/PDR set. :

PLF for a Downward Expandable Page ‘
The capability of providing downward expansion for a page is intended
specifically for those pages that are to be used as stacks. In the PDP-11,
a stack starts at the highest location reserved for it and expands down-
ward toward the lowest address as items are added to the stack.

When the page is to be downward expandable, the PLF must be set to
authorize a page length, in blocks, that starts at the highest address of
the page. That is always Block 177,. Refer to Figure 6-7, which shows
an example of a downward expandable page. A page length of 42 ,
blocks is arbitrarily chosen so that the example can be compared with
the upward expandable example shown in Figure 6-6.

NOTE
The same PAF is used in both examples. This is
done to. emphasize that the PAF, as the base
address, always determines the lowest address
of the page, whether it is upward or downward
expandable.
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l’———.ACTIVE PAGE REGISTER CONTENTS———_——"
PAR PDR

[00'0 001 111 oooJ E)IOIOII‘O 0000 1 1|o|
- 7 -
PAF=0170 — ——— # 1 )
PLF = 1268 =860
ED=1= DOWNWARD EXPANSION

To specify page length for a downward expandable page, write comple-
ment of blocks required into high byte of PDR.

In this example, a 42-block page is required:
PLF is derived as follows:

42, , =52, two’s complement = 126,.

036776
BLOCK 1773
036700
036676
BLOCK 768
036600
AUTHORIZED PAGE | 036576
LENGTH =42,y BLOCKS BLOCK175g
036500
0311676
* BLOCK 126
0311600
BLOCK 125
BLOCK 1244 A BLOCK NUMBER
REFERENCE LESS
ADDRESS RANGE THAN 1269
OF POTENTIAL PAGE (VA<12:06> LESS THAN 1264 )
EXPANSION. BY WILL CAUSE A PAGE
CHANGING THE PLF 7 55 LENGTH ABORT.
(S
017100
017076
BLOCK 7 /;} 7
0i70007]
Z+——BASE ADDRESS OF PAGE

Figure 6-7 Example of a Downward Expandable Page
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The calculations for complementing the number of blocks required to
obtain the PLF is as follows:

MAXIMUM BLOCK NO. MINUS REQUIRED LENGTH EQUALS PLF
177, 52, = 125,
127;, - 42, = 85,

6.5 VIRTUAL & PHYSICAL ADDRESSES .
The Memory Management Unit is located between the Central Processor

Unit and the UNIBUS address lines. Once installed, the Processor ceases

to supply address information to the Unibus. Instead, addresses are

sent to the: Memory Management Unit where they are either transferred"
without change or relocated by various constants computed within the

Memory Management Unit.

6.5.1 Construction of a Physical Address

The basic information needed for the construction of a Physical Address
(PA) comes from the Virtual Address (VA), which is illustrated in Figure
6-8, and the appropriate APR set.

15 32 [

r APF I OF |
A A 1 1 1

ACTIVE PAGE FIELD DISPLACEMENT FIELD

Figure 6-8 Interpretation of a Virtual Address

The Virtual Address (VA) consists of:

1. The Active Page Field (APF). This 3-bit field determines which of
eight Active Page Registers (APRO-APR7) will be used to form the
Physical Address (PA).

2. The Displacement Field (DF). This 13-bit field contains an address
relative to the beginning of a page. This permits page lengths up to
4K words (2'3 = 8K bytes). The DF is further subdivided into two
fields as shown in Figure 6-3.

12 6 S 0

BN D18

. 1

BLOCK NUMBER DISPLACEMENT IN BLOCKS

Figure 6-9 Displacement Field of Virtual Address

The Displacement Field (DF) consists of:

1. The Block Number (BN). This 7-bit field is interpreted as the block
number within the current page.

2. The Displacement in Block (DIB). This 6-bit field contains the dis-
placement within the block referred to by the Block Number.
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The remainder of the information needed to construct the Physical Ad-
dress comes from the 12-bit Page Address Field (PAF) (part of the Active
Page Register) and specifies the starting address of the memory which
that APR describes. The PAF is actually a block number in the physical
memory, e.g. PAF = 3 indicates a starting address of 96, (3 X 32 = 96)
words in physical memory.

The formation of a physical address takes 150 ns.

The formation of the Physical Address is illustrated in Figure 6-10.

15 1312 3 3 k]

{ aPE i BLOCK. NO. ] o8 praba s
N

5 12 11
g ACTIVE PAGE
K// / 777 4 . PAGE ADDRESS FIELD l | REGISTER

6 s [
[ PHYSICAL BLOCK NO. lﬂ_-‘_..{ D18 PHYSICAL
L . .

17

o
o/
!

X
{DISPLACEMENT IN BLOCKS)

Figure 6-10 Construction of a Physical Address

The logical sequence involved in constructing a Physical Address is as
follows: '

1. Select a set of Active Page Registers depending on current mode.

2. The Active Page Field of the Virtual Address is used to select an
Active Page Register (APRO-APR7).

3. The Page Address Field of the selected Active Page Register con-
tains the starting address of the currently active page as a block
number in physical memory.

4. The Block Number from the Virtual Address is added to the block
number from the Page Address Field to yield the number of the
block in physical memory which will contain the Physical Address
being constructed.

5. The Displacement in Block from the Displacement Field of the Virtual
Address is joined to the Physical Block Number to yield a true 18-bit
Physical Address.

6.5.2 Determining the Program Physical Address

A 16-bit virtual address.can specify up to 32K words, in the range from
0 to 177776, (word boundaries are even octal numbers). The three
most significant virtual address bits designate the PAR/PDR set to be
referenced during page address relocation. Table 6-3 lists the virtual
address ranges that specify each of the PAR/PDR sets.
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Table 6-3 Relating Virtual Address to PAR/PDR Set

Virtual Address Range PAR/PDR Set

000000-17776
020000-37776
040000-57776
060000-77776
100000-117776
120000-137776
140000-157776
160000-177776

NOOAWNKRO

: NOTE
Any use of page lengths less than 4K words
causes holes to be left in the virtual address
space.

6.6 STATUS REGISTERS

Aborts generated by the hardware are vectored through Kernel virtual
location 250. Status Registers #0 and #2 (#1 is used by the PDP-
11/45) are used to determine why the abort occurred. Note that an
abort to a location which is itself an invalid address will cause another
abort. Thus the Kernel program must insure that Kernel Virtual Address
10 is mapped into a valid address, otherwise a loop will occur which
will require console intervention. ’
6.6.1 Status Register 0 (SRO)

SRO contains abort error flags, memory management enable, plus other
essential information required by an operating system to recover from
an abort or service a memory management trap. The SRO format is

- shown in Figure 6-11. Its address is 777 572.

5 4. 13 12 9 8 7 6 5 4 3 1o
1177 V1 . 7 . . 1]
ABORT‘NON-RESIDENY——’
ABORT-PAGE LENGTH ERROR ‘
ABORT-READ ONLY ‘
ACCESS VIOLATION
MAINTENANCE MODE

PAGE ‘NUMBER
ENABLE MANAGEMENT

Figure 6-11 Format of Status Register #0 (SRO)

Bits 15-13 are the abort flags. They may be considered to be in a
‘“priority queue’ in that ‘“flags to the right’’ are less significant and
should be ignored. For example, a ‘“‘non-resident’” abort service routine
would ignore page length and access control flags. A ‘“page length”
abort service routine ‘would ignore an access control fault.
NOTE

Bit 15, 14, or 13, when set (abort conditions)

cause the logic to freeze the contents of SRO.

bits 1 to 6 and status register SR2. This is done.

to facilitate recovery from the abort.
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Bits 15-13 are enabled when an address is being relocated. This im-
plies that either SRO, bit O is equal to 1 (KT11-D operating) or that
SRO, bit 8, is equal to 1 and the memory reference is the final one of
- a.destination calculation (maintenance/destination mode).

Note that SRO bits O and 8 can be set under program control to pro-
vide meaningful memory management control information. However,
information written into all other bits is not meaningful. Only that in-
formation which is automatically written into these remaining bits as a
result of hardware actions is useful as a monitor of the status of the
memory management unit. Setting bits 15-13 under program control
will not cause traps to occur. These bits, however, must be reset to 0
after an abort or trap has occurred in order to resume monitoring
memory management.

Abort-Nonresident

Bit 15 is the ‘‘Abort-Nonresident’’ bit. It is set by attempting to access
a page with an access control field (ACF) key equal to O or 4 and
setting PS (bits 15, 14) to an illegal mode.

Abort—Page Length

Bit 14 is the ‘““Abort-Page Length” bit. It is set by attempting to access
a location in a page with a block number (virtual address bits 12-6) that
is outside the area authorized by the Page Length Field (PFL) of the
PDR for that page. '

Abort-Read Only
Bit 13 is the ‘‘Abort-Read Only’’ bit. It is set by attemptmg to write in a
’Read-Only”’ page having an access key of 2.

NOTE
There are no restrictions that any abort bits
could not be set snmultaneously by the same
access attempt.

Maintenance/Destination Mode

Bit 8 specifies maintenance use of the Memory. Management Umt It is
used for diagnostic purposes. For the instructions used in the initial
diagnostic program, bit 8 is set so that only the final destination refer-
ence is relocated. It is useful to prove the capability of relocating
addresses.

Mode of Operation

Bits 5 and 6 indicate the CPU mode (User or Kernel) associated with
the page causing the abort. (Kernel = 00, User = 11). These bits are
controlled by the logic that decodes current and previous mode bits of

the PS.

Page Number

Bits 3-1 contain the page number of reference. Pages, like blocks, are
-numbered from O upwards. The page number bit is used by the error
recovery routine to identify the page being accessed if an abort occurs.

Enable KT11-D .
" Bit O is the “Enable KT11-D" bit. When it is set to 1, all addresses are
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relocated énd protected by the memory management unit. When bit O
is set to 0, the memory management unit is disabled and addresses are

neither relocated nor protected.

6.6.2 Status Register 2 (SR2) o
SR2 is loaded with the 16-bit Virtual Address (VA) at the beginning of

each instruction fetch but is not updated if the instruction fetch fails.
SR2 is read only; a write attempt will not modify its contents. SR2 is
the Virtual Address Program Counter. Upon an abort, the result of SR
bits 15, 14, or 13 being set, will freeze SR2 until the SR abort flags are

cleared. The address of SR2 is 777 576.

0

ADDRESS
l 16-8IT VIRTUAL ADDRESS J 777576

Figure 6-12 Format of Status Register 2(SR2)

6.7 INSTRUCTIONS
Memory Management provides the ability to communicate between two
spaces, as determined by the current and previous modes of the Pro-

cessor Status word (PS).

Mnemonic Instruction Op Code
MFPI move from previous instruction space 0065SS
MTPI move to previous instruction space 0066DD

These -instructions are directly compatible with the larger 11 computer,
the PDP-11/45. '
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MFPI

move from previous instruction space 0065SS
15 6 5 0
1] (o] ] o 1 1 V] 1 ) 1 l s s s s s s
1 1 L " 1 L 1 1

Operation: (temp) <(src)
{ (SP) <-(temp)

Condition Codes: N: set if the source <0; otherwise cleared
Z: set if the source —0; otherwise cleared

V: cleared
C: unaffected

This instruction pushes a word onto the current stack
from an address in previous space, Processor Status
(bits 13, 12). The source address is computed using
the current registers and memory map.

Example: MFPI @ (R2) ngoﬁ ioggszs

Description:

The execution of this instruction causes the contents of (relative)
37526 “of the previous address space to be pushed onto the current
stack as determined by the PS (bits 15, 14).
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MTPI

move to previous instruction space 0066DD

Operation:  (temp) «<(SP)1
(dst) «(temp)

Condition Codes: N: set if the sourse <0; otherwise cleared
’ Z: set if the source =0; otherwise cleared
V: cleared
C: unaffected

Description: This instruction pops a word off the current stack
determined by PS (bits 15, 14) and stores that word
into an address in previous space PS (bits 13, 12).
The destination address is computed using the cur-
rent registers and ‘'memory map. An example is as
follows:

R2 = 1000
1000 = 37526

The execution of this instruction causes the top word of the current
stack to get stored into the (relative) 37526 of the previous address
space.

Example: MTPI @ (R2)
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MTPI AND MFPI, MODE 0, REGISTER 6 ARE UNIQUE IN THAT THESE
INSTRUCTIONS ENABLE COMMUNICATIONS TO AND FROM THE PRE-
VIOUS USER STACK.

; MFPI, MODE O, NOT REGISTER 6

MOV  #KM4-PUM, PSW : KMODE, PREV USER

MOV #—1, —2(6) ; MOVE —1 on kernel stack —2
CLR %0 .

INC @#SRO ; ENABLE KT

MFPI %0 ; —(KSP) <R0O CONTENTS

The —1 in the kernel stack is now replaced by the contents of RO which
is 0.

; MFPI, MODE O, REGISTER 6
MOV  #UM-+PUM, PSW

CLR %6 : SET R16=0

MOV  #KM-+-PUM, PSW ; K MODE, PREV USER
MOV  #—1, —2 (6)

INC @#SRO : ENABLE KT

MFPI %6 ; —(KSP)<R16 CONTENTS

The —1 in the kernel stack is now replaced by the contents of R16
(user stack pointer which is 0).

To obtain info from the user stack if the status is set to kernel mode,
prev user, two steps are needed.

MFPI %6 ; get contents of R16—user pointer
MFPlI @(6)+ ; get user pointer from kernel stack
; use address obtained to get data
; from user mode using the prev
; mode

The desired data from the user stack is now in the kernel stack and has
replaced the user stack address.
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; MTPI, MODE O NOT REGISTER 6

MOV  #KM-+PUM, PSW : KERNEL MODE, PREV USES
MOV  #TAGX, (6) : PUT NEW PC ON STACK
INC @#SRO : ENABLE KT
MTPI %7 s 047« (6)+
HLT : ERROR

TA6X:CLR  @#SRO : DISABLE KT

The new PC is popped off the current stack and since this is mode 0 and
not register 6 the destination is register 7.

; MTPI, MODE O, REGISTER 6

MOV  #UM-+PUM, PSW ; user mode, Prev User

CLR %6 ; set user SP=0 (R16)

MOV  #KM+4-PUM, PSW ; Kernel mode, prev user
MOV  #-—1, —(6) ; MOVE —1 into K stack (R6)
INC @ #SRO ; Enable KT

MTPI %6 7 %16 «(6)+

The 0 in R16 is now replaced with —1 from the contents of the kernel
stack.

To place info on the user stack if the status is set to kernel mode, prev -
user mode, 3 separate steps are needed.

MFPlI %6 ; Get content of R16=user pointer

MOV  #DATA, —(6) ; put data on current stack

MTPI @(6)+ ( @5(6)+ [final address relocated] «
R6)+ ’ ‘

The data desired is obtained from the kernel stack then the destination

address is obtained from the kernel stack and relocated through the pre-
vious mode.
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Mode Description

In Kernel mode the operatmg program has unrestricted use of the
machine. The program can map users’ programs anywhere in core and
thus expiicitly protect key areas (including the device registers and the
Processor Status werd) from the User operating environment.

In User mode a program s inhibited from executing a HALT instruction
and the processor will trap through location 10 if an attempt is made
to execute this instruction. A RESET instruction results in execution of
a NOP (no-operation) instruction.

There are two stacks called the Kernel Stack and the User Stack, used '
by the -central processor when operating in either the Kernel or User
mode, respectively.

Stack Limit violations are disabled in User mode. Stack protection is
provided by memory protect features.

Interrupt Conditions

The Memory Management Unit relocates all addresses. Thus, when Man-
agement is enabled, all trap, abort, and interrupt vectors are considered
to be in Kernel -mode Virtual Address Space. When a vectored transfer
occurs, control is transferred according to a new Program Counter (PC)
and Processor Status Word (PS) coantained in a two-word vector relocated
through the Kernel Active Page Register Set.

When a trap, abort, or interrupt occurs the “push” of the old PC, old PS
is to the User/Kernel R6 stack specified by CPU mode bits 15, 14 of the
new PS in the vector (00 = Kernel, 11 = User). The CPU mode bits
also determine the new APR set. In this manner it is possible for a
Kernel mode program to have complete control over service assignments
for all interrupt conditions, since the interrupt vector is located in Kernel
space. The Kernel program may assign the service of some of these con-
ditions to a User mode program by simply setting the CPU ntode bits
of the new PS in the vector to return control to the appropriate mode.

User Processor Status (PS) operates as follows:

User Traps, Explicit
PS Bits User RTI, RTT Interrupts PS Access
Cond. Codes (3-0) loaded from loaded from *
stack vector
Trap (4) loaded from loaded from cannot be
stack vector changed
Priority (7-5) cannot be loaded from b
changed vector
Previous (13-12) cannot be copied from ®
changed PS (15, 14)
Current (15-14) cannot be loaded from ¥
changed vector

* Explicit operations can be made if the Processor Status is mapped in
User space.
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6.8 STACK LIMIT OPTION

This option allows program control of the lower limit for permissible
-stack addresses. This limit may be varied in increments of (400), bytes
or (200), words, up to a maximum address of 177 400 (almost the top
of a 32K memory).

The normal boundary for stack addresses is 400. The Stack Limit option
allows this lower limit to be raised, providing more address space for -
interrupt vectors or other data that should not be destroyed by the
program.

There is a Stack Limit Register, with the following format:

15

. )

The Stack Limit Register can be addressed as a word at location 777774,
or as a byte at location 777775. The register is accessible to the proces-
sor and console, but not to any bus device.

The 8 bits, 15 through 8, contain the stack limit information. These bits
are cleared by System Reset, Console Start, or the RESET instruction.
The lower 8 bits are not used. Bit 8 corresponds to a value of (400),
or (256),.

Stack Limit Violations:

When instructions cause a stack address to exceed (go slower than) a
limit set by the programmable Stack Limit Register, a Stack Violation
occurs. There is a Yellow Zone (grace area) of 16 words below the Stack
Limit which provides a warning to the program so that corrective steps
can be taken. Operations that cause a Yellow Zone Violation are com-
pleted, then a bus error trap is effected. The error trap, which itself uses
the stack, executes without causing an addltlonal violation, unless the
stack has entered the Red Zone.

A Red Zone Violation is a Fatal Stack Error. (Odd stack or non-existent
stack are the other Fatal Stack Errors.) When detected, the operation
causing the error is aborted, the stack is repositioned to address 4, and
a bus error occurs. The old PC and PS are pushed into location O and 2,
and the new PC and PS are taken from locations 4 and 6.

Stack Limit Addresses

The contents of the Stack Limit Register (SL) are compared to the stack
address to determine if a violation has occurred. The least significant
bit of the register (bit 8) has a value of (400),. The determination of
the violation zones is as follows:

. Yellow Zone = (SL) 4 (340 through 377), execute, then trap

Red Zone <'(SL) 4 (337), abort, then trap to lo-
) cation 4

If the Stack Limit Register contents were zero:
Yellow Zone = 340 through 377
Red Zone = 000 through 337
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CHAPTER 7

ARITHMETIC OPTIONS (FOR THE 11/35 & 11/40)

7.1 GENERAL

This chapter describes 2 options which mount.in the 11/35 or 11(40
Central Processor assembly unit. The Extended Instruction Set'(El_S) option
allows extended manipulation of fixed point numbers. The Fk_)atmg Pou_nt
option (which requires the EIS option) enables direct operations on sin-
gle precision 32-bit words.

The options are contained on individual. modules that plug into dedi-
cated, prewired slots.

KE11-E EIS option

KE11l-F Floating Point option

The basic processor timing is not degraded, and NPR latency is not
affected by the use of these options.

7.2 EIS OPTION ‘ o .
The Extended Instruction Set option adds the following instruction
capability:

Mnemonic Instruction: Op Code
MUL multiply ‘ 070RSS
DIv divide O71RSS
ASH shift arithmetically 072RSS
ASHC arithmetic shift combined 073RSS

The EIS instructions are directly compatible with the larger. 11 com-
puter, the PDP-11/45.

The number formats are:

. : 15 14 [¢]
16-bit single word: | s | | noveER | ]

15 14 0
I s l 4 NI(I;H NJMBER PMY \ J

32-bit double word: o

15
L. . Lpw tmsen per . ]
S is the sign bit. S = 0 for positive quantities

S =1 for negative quantities; number is in 2's

complement notation
Interrupts are serviced at the end of an EIS instruction.
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MUL

multiply 070RSS
T

LOli 1 Ilolololrlrlrlsjs‘sIslslsJ

15 9 8 6 (o]

Operation:

Condition Codes:

Description:

Example:

R, Rv1< R x(src)

N: set if product is <O0; cleared otherwise

Z: set if product is O; cleared otherwise

V: cleared

C: setif the result is less than-2' or greater than or equal to
A I

The contents of the destination register and source taken as
two’s complement integers are multiplied and stored in the
destination register and the succeeding reglster (if R is even).
If R is odd only the low order product is stored. Assembler
syntax is : MUL S,R.

(Note that the actual destination is R, Rvl which reduces to
just R when R is odd.)

16-bit product (R is odd)

CLC ;Clear carry condition code
MOV #400,R1

MUL #10,R1

BCS ERROR ;Carry will be set if

;product is less than
;=2 or greater than or equal to 2
;no significance lost

Before . After

(R1) = 000400 (R1)= 004000

Assembler format for all EIS instructions is:

OPR src, R
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divide 071RSS
[Ollliltlol0|1 r:rlr slsls'slsls‘]
15 9 8 6 5 0
Operation: R, Rvl<R, Rvl /(src)

Condition Codes:

Description:

Example:

N: set if quotient <O; cleared otherwise
Z: set if quotient =0; cleared otherwise

V: set if source =0 or if the absolute value of the register is
larger than the absolute value of the source. (In this case the
instruction is aborted because the quotient would exceed 15

bits.)
C: set if divide O attempted; cleared otherwise

The 32-bit two’s complement integer in R andRv1 is divided
by the source operand. The quotient is left in R: the remain-
der in Rv1. Division will be performed so that the remainder

is of the same sign as the dividend. R must be even.

CLR RO
MOV # 20001,R1
DIV#2,RO

Before After
(RO) = 000000 (RO)'= 010000 Quotient
(R1) =020001 (R1)=000001 Remainder



ASH

shift arithmetically 072RSS
1
IO v 1|o|'4°l'nr:r I AT I
9 8 6 5 o
Operation: R« R Shifted arithmetically NN places to right or left

Where NN = low order 6 bits of source,
Condition Codes: N: set if result <O0; cleared otherwise
Z: set if result =0; cleared otherwise
V: set if sign of register changed during shift; cleared other-
wise
C: loaded from last bit shifted out of register

Description: The contents of the register are shifted right or left the num-
ber of times specified by the shift count. The shift count is-
taken as the low order 6 bits of the source operand. This
number ranges from -32 to. + 31. Negative is a a right shift

- and positive is a left shift.

OR
.‘_—[ I s 1 | 'l_—l | L i | L 1 I._ °
6 LSB of source Action in general register
011111 Shift left 31 places
000001 shift left 1 place
111111 shift right 1 place
100000 shift right 32 places
Example: ASH RO, R3 ‘
Before . : After
(R3)=001234 (R3)=012340
(R0)=000003 (RO)=000003
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ASHC

arithmetic shift combined 073RSS

T
l ' s s , S5 s sJ
ol'n'n'loxiniltlfl’lsn 1 i 1 1 .
15 i B

Operation:

Condition Codes:

Description:

R, Rvl<R, Rvl The double word is shifted NN places to the
right or left, where NN =low order six bits of source

N: set if result <O; cleared otherwise

Z: set if result =0; cleared otherwise

V: set if sign bit changes during the shift; cleared otherwise
C: loaded with high order bit when left Shift; loaded with low

~order bit when right shift (loaded with the last bit shifted out

of the 32-bit operand)

The contents of the register and the register ORed with one
are treated as one 32 bit word, R +1 (bits 0-15) and R (bits
16-31) are shifted right or left the number of times specified
by the shift count. The shift count is taken as the low order 6
bits of the source operand. This number ranges from -32 to
+ 31. Negative is a right shift and positive is aleft shift.
When the register chosen is an odd number the register
and the register OR’ed with one are the same. In this case the
right shift becomes a rotate (for uptoa shift of 16). The 16
bit word is rotated right the number of bits specified by the
shift count.
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7.3 FLOATING POINT OPTION

The Floating Point instructions used with this option are unique to the
PDP-11/35 & 40. However, the OP Codes used do not conflict with any
other instructions.

Mnenomic Instruction Op Code
FADD floating add 07500R
FSUB floating subtract 07501R
FMUL floating multiply 07502R
FDIV floating divide 07503R
The number format is:
) 7 6 [
l S l EXPOI\{EN‘I’ 1 ! I FIRACTION (HIG"IJTRT) 1
HIGH ARGUMENT -
15 [+]
, I \ . FRACTION Yow PART) ! j

LOW ARGUMENT

S = sign of fraction; O for positive, -1 for negative

Exponent = 8 bits for the exponent, in excess (200). notation

Fraction = 23 bits plus 1 hidden bit (all numbers are assumed to be
normalized)

The number format is essentially a sign and magnitude representation.
The format is identical with the 11/45 for single precision numbers.

Fraction

‘The binary radix point is to the left (in front of bit 6 of the High Argu-
ment), so that the value of the fraction is always less than 1 in magni-
tude. Normalization would always cause the first bit after the radix point
to be a 1, such that the fractional value would be between 1, and 1.
Therefore, this bit can be understood and not be represented directly,
to achieve an extra 1 bit of resolution.

The first bit to the right of the radix point (hidden bit) is always a 1. The
next bit for the fraction is taken from bit 6 of the High Argument.
The result of a Floating Point operation is always rounded away from
zero, increasing the absolute value of the number.

Exponent

The 8-bit Exponent field (bits 14 to 7) allow exponent values between
—128 and 4127. Since an excess (200): or (128),, number system is
used, the correspondence between actual values and coded representa-
tion is as follows:

Actual Value Representation
Decimal Octal ‘Binary
+127 - 377 11 111 111
+1 201 10 000 001
0] 200 10 000 000
—1 177 01 111 %111
—128 000 00 000 000



1f the actual value of the exponent is equal to —128, meaning a total
value (including the fraction) of less than 2-1%, the floating point number
will be assumed to be O, regardiess of the sign or fraction bits. The hard-
ware will generate a clean O (a 32-bit word of all zeros).

Example of a Number
+(12) 1o = +(1100)z
= 4+(2%10 X (-11)2 {16 X (%2 + Y4) = 12]

S Exponent Fraction’

s

representation: 0 10 000 100 000000 0000000000000000
L—-hidden bitisal

radix point is understood

Registers

There are no pre-assigned registers for the Floating Point option. A gen-
eral purpose register is used as a pointer to specify a stack address.
The contents of the register are used to locate the operands and answer
for the Floating Point operations as follows: ’

(R) = High B argument address
(R)+4-2 = Low B argument address
(R)+4 = High A argument address
(R)+46 = Low A argument address

After the Floating Point operation,bthe answer is stored on the stack as
follows:

(R)+4-4 = address for High part of answer
(R)+-6 = address for Low part of answer

-where (R) is the original contents of the general register used.

After execution of the instruction, the general register will point to the
High answer, at (R)4-4.

Condition Codes

Condition codes are set or cleared as shown in the Instruction Descrip-
tions, in the next part of this section. If a trap occurs as a function of
a Floating Instruction, the condition codes are re-interpreted as follows:

V =1, if an error occurs

N = 1, if underflow or divide-by-zero
C = 1, if divide by zero
Z=0 .

V N C Z
Overflow 1 0 0 0O
Underflow 1 1 0 o]
Divide by O 1 1 1 0

>
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Traps occur through the vector at location 244. A Floating Point instruc-
tion will be aborted if a BR request is issued before the instruction is

- near completion. The Program Counter will point to the aborted Floating
instruction so that the Interrupt will look transparent.

- Assembler format is: OPR R

" INSTRUCTIONS

FADD

floating add 07500R
E"oa‘qoilo'oglooo[rrr]
® EREE) Q)

Operation: [(R)+4, (R)+6]<[(R)+4, (R)+6]+[(R),(R)+2], if

result = 2-'%; else [(R)+4, (R)+6]<«0

Condition Codes: N; set if result < O; cleared otherwise
Z: set if result = 0; cleared otherwise
V: cleared ’
C: cleared

Description: Adds the A argument to the B argument and stores
the result in the A Argument position on the stack.
General register R is used as the stack pointer for
the operation.

A<A+B
FSUB
ﬂoatingi subtract , 07501R
I’Oil1 1 '11.0110'0 0.00 ilrvv]
15 - 3 2 0
Operation: [(R)+4, (R)+6]<[(R)+4, (R)+6]—[(R), (R)+2], if

result = 2-1%; else [(R)+4, (R)+6]<0

Condition Codes: N: set if result < 0; cleared otherwise
Z: set if result = 0; cleared otherwise
V: cleared
C: cleared

Description: Sutracts the B Argument from the A Argument and
stores the result in the A Argument position on the
stack.

A<A—B



FMUL

floating multiply

07502R

Operation:

Condition Codes:

Description:

[(R)+4, (R)+6] <[(R)+4, (R)+6]XI[(R), (R)+2] if
result = 2-'%; else [(R)+44, (R)46]<0

N: set if result < O; cleared otherwise
Z: set if result = 0; cleared otherwise
V: cleared
C: cleared

Multiplies the A Argument by the B Argument and
stores the result in the A Argument position on the
stack.

A<A X B
FDIV
floating divide 07503R

l o) N 1 1 1 1 o 1 ' 0 ' o 0 L [¢] 1 1 r r ]
15 ! 3 2 (o]

Operation: [(R)+4, (R)4+6]1<«[(R)+4, (R)+6]/ [(R),(R)+2 ]if

result = 2-'%; else [(R)44, (R)+4+6)]<0

N: set if result < 0; cleared otherwise

Condition Codes:

‘Description:

Z: set if result = 0; cleared otherwise
V: cleared
C: cleared

Divides the A Argument by the B Argument and

stores the result in the A Argument position on the
stack. If the divisor (B Argument) is equal to zero,

‘the stack is left untouched.

A<A/B
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CHAPTER 8

CONSOLE OPERATION

8.1 PDP-11/05 & 11/10 CONSOLE

8.1.1 Console Elements . .
The PDP-11/05 and 11/10 Operator's Console provides the following

facilities:
Power Switch (with a key lock)
ADDRESS/DATA display (16 bits)
Switch Register (16 switches)
RUN status light

Control Switches
LOAD ADRS (Load Address)
EXAM (Examine)
CONT (Continue)
ENABLE/HALT
START
DEP (Deposit)

8.1.2 Console Switches

POWER ,OFF Power to the processor is off.
POWER Power to the processor is.on and all con-
sole Switches function normally.
[ PANEL LOCK Power to the processor is on, but the
Control Switches are disabled. The Switch
Register is still functional.
Switch Register Used to manually load data or an address
( Up=1 into the processor.
(Down = 0)

Control Switches

LOAD ADRS Transfers contents of the.Switch Register
(depress to activate) to the processor. '

The entered data is displayed in the
ADDRESS/DATA lights, and provides an
address for EXAM, DEP, and START.
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EXAM

CONT
(depress and release
to activate)

ENABLE/HALT (ENABLE

HALT
START
(depress and release
to activate)

Causes the contents of the selected
location to be displayed in the ADDRESS/
DATA lights. While the EXAM switch is
depressed, the address to be examined
is displayed. The data itself is displayed
when the switch is released.

If the EXAM switch is depressed again,
the contents of the next sequential word
location are displayed. (Bus Address is
incremented automatically). If an odd ad-
dress is specified, the next lower even
address word will be displayed (except
for the general registers, RO to R7). If a
non-existent memory address is specified,
no UNIBUS operation- will be performed,
and the processor will have to be ini-
tialized by setting the ENABLE/HALT
switch to HALT and then depressing the
START switch.

If the CPU is in the RUN  state, the
EXAM switch has no effect. '

Causes the processor to continue oper-
ation from the point at which it -had
stopped. The switch has no effect when
the CPU is in the RUN state. If the
program had stopped, this switch pro-
vides a restart without a System Reset.

Allows the CPU to perform normal oper-
ations under program control.

Causes the CPU to stop after the cur-
rent instruction. All interrupts and traps
will be executed prior to halting. Depres-
sing and then releasing the CONT switch
will now cause execution of a single
instruction.

If the program had stopped, depressing
the START switch causes a System Reset
signal to occur and loads the Program
Counter with the address contained in
the switches when LOAD ADRS was last
depressed. The program will then con-
tinue only if the ENABLE/HALT switch is
in ENABLE.

WARNING:

If the CPU is in the RUN state and the
POWER switch- is not in PANEL LOCK,
the START switch will interrupt the pro-
gram. The program may even have to be
reloaded. .
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DEP

8.1.3 Indicators
RUN

ADDRESS/DATA

Deposits contents of the Switch Register
into the selected location. While the DEP
switch is raised, the address to be loaded
is displayed. When the switch is released,
the data deposited is displayed.

If the DEP switch is raised again, the
Switch Register contents (which were
probably modified) are loaded into the
next word location. (Bus Address is in-
cremented automatically). If an odd ad-
dress is specified, the next lower even
address word will be used (except for
the general registers, RO to R7). If a
non-existent memory address is specified,
no UNIBUS operation will be completed
and the processor will have to be ini-
tialized by setting the ENABLE/HALT
switch to HALT and then depressing the.
START switch.

Lights when the processor is executing
instructions. It is off when the processor
is halted. It is on during a WAIT instruc-
tion and UNIBUS cycles.

Displays either addresses or data, as spe-
cified in Table 8-1.
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Table 8-1 Information Displayed in ADDRESS/DATA Lights

Condition

ADDRESS/DATA Display

POWER On ENABLE/HALT in
HALT

ENABLE/HALT in
ENABLE

Load Address LOAD ADRS switch
is depressed

Examine EXAM switch is
depressed

EXAM switch is
released

Deposit DEP switch is raised

DEP switch is
released

RUN Light On

Program Halt ENABLE/HALT in
HALT

HALT instruction
executed

W Double Bus Error

(two successive

attempts to access

non-existent memary

L or improper odd
byte address)

Program START switch is
Execution depressed
| CONT switch is
depressed

Contents of location 24.

Undefined. Depends on con-
tents of memory.

Contents of Switch Register.

Address of location that is to
be examined.

Contents o‘f selected address.

Address of location that is to
be loaded.

Contents of Switch Register
(which is the data deposited).
Undefined.

Address of instruction to be
executed when CONT switch
is activated.

(same as above)

Contents of Program Counter
(R7) at time when double bus
error occurred.

Address of last Load address.

Address of instruction to be
executed.
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8.2 PDP-11/35 & 11/40 CONSOLE

8.2.1 Console Elements

The PDP-11/35 & 40 Operator’s Console provides the following facilities:

Power Switch (with a key'lock) /

ADDRESS Register display (18 bits)

DATA Register display (16 bits) .

Switch Register (18 switches)

Status Lights

RUN
PROCESSOR
BUS
CONSOLE
USER
VIRTUAL

Control Switches

LOAD ADRS (Load Address)
EXAM (Examine) ’

‘CONT (Continue)

ENABLE/HALT

START
DEP (Deposit)

8.2.2 Status Indicators-
RUN

Lights when the processor clock is-run-
ning. It is off when the processor is wait-
ing for an asynchronous peripheral data
response, or during a RESET instruction.
It is on during a-WAIT or HALT instruction.

PROCESSOR: k ~ Lights when the processor has control of
the bus. :

BUS Lights when the UNIBUS is being used.

CONSOLE Lights when in console mode (manual op-
eration). Machine is stopped and is not
executing the stored program.

USER Lights when the CPU is executing program
instructions in User mode.

VIRTUAL Lights when the ADDRESS Register display

shows the 16-bit Virtual Address.
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8.2.3 Console Switches
POWER [ OFF
ON

LOCK

Switch Register
( Up=1
(Down = 0)

Control .Switéhes

LOAD ADRS
(depress to activate)

EXAM
(depress to activate)

CONT
(depress to activate)

ENABLE/HALT | ENABLE

HALT

Power to the processor is off.

Power to the processor is on and all con-
sole switches function normally.

Power to the processor is on, but the Con-
trol Switches are disabled. The Switch
Register is. still functional.

Used to manually load data or an address
into the processor.

Transfers contents of the Switch Register
to the Bus Address register.

The resulting Bus Address is«displayed in
the ADDRESS Register, and provides an
address for EXAM, DEP, and START. The
LOAD Address is not modified during pro-
gram execution. To restart a program at
the previous Start Location, the START
switch is activated.

Causes the contents of the location speci-
fied by the Bus Address to be displayed in
the DATA Register. If the EXAM switch is
depressed again, the contents of the next
sequential word location are displayed.
(Bus Address is incremented automati-
cally). If an odd address is specified, the
next lower even address word will be dis-
played. If a non-existent memory address
is specified, no UNIBUS operation will be
completed, and contents of the Switch
Reglster address (777 570) will be dis-
played in the DATA register.

Causes the processor to continue opera-
tion from the point at which it had stopped.
The switch has no effect when the CPU
is in the RUN state. If the program had
stopped, this switch provides a restart
without a System Reset.

Allows the CPU to perform normal opera-
tions under program control.

Causes the CPU to stop. Depressing the
CONT switch will now cause execution of
a single instruction.
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START

(depress to activate)

DEP
(raise to activate)

8.2.4 Displays
ADDRESS Register

DATA Register

If the CPU is in the RUN state, the START
switch has no effect.

If the program had stopped, depressing
the START switch causes a System Reset
signal to occur; the program will then
continue only if the ENABLE/HALT switch
is in ENABLE.

Deposits contents of the Switch Register
into the location specified by the Bus Ad-
dress. If the DEP switch is raised again,
the Switch Register contents (which were
probably. modified) are located into the
next word location. (Bus Address is incre-
mented  automatically). If an odd address
is specified, the next lower even address
word will be used. If a non-existent mem-
ory address is specified, no UNIBUS oper-
ation will be completed, and contents of
the Switch Register address (777 570)
will -be displayed-in the DATA register.

Displays the address of data just exam-
ined or deposited. During a programmed
HALT or WAIT instruction, the display
shows the next instruction address.

Displays data just examined or deposited.
During HALT, general register RO contents
are displayed. During Single Instruction
operation, the Processor Status word (PS) .
is displayed. ’
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CHAPTER 9

SPECIFICATIONS
9.1 CPU OPERATING SPECIFICATIONS
Temperature: +10°C to 4-50°C
Relative Humidity: 209, to 959% (without condensation)
-~ Input Power: 115 VAC = 10%, 47 to 63 Hz

or 230 VAC * 10%, 47 to 63 Hz

9.2 PACKAGING

All the PDP-11 CPU's are housed in slide chassis units that can be
mounted in standard 19”.racks. The included power supply has sufflcner)t
excess capacity to drive core memory modules and peripheral logic
mounted within the unit. Module slots are prewired to accept some of
the optional equipment. ’

11/05 & 11/10

The PDP-11/05 and 11/10 are housed in either a 5-1/4" or 10-1/2" high
unit. The 10-1/2” unit can slide out and then tilt (5 positions), for con-
venient access to the internal equipment. The 11/05 and 11/10 have
the same CPU, but are available in several arrangements, see Figures
9-1 and 9-2.

11/35

The PDP-11/35 is housed in a 10-1/2” high unit that can slide and tilt.
The 11/35 is available in 3 versions; the first 2 have core memory
mounted within the CPU assembly, and the third has the memory in an
external unit that can hold between 8K and 24K, see Figure 9-3.

11/40

The PDP-11/40 is housed in a 21” high unit. The 11/40 and 11/35 have
the same CPU. The power supply does not slide out, but stays mounted
stably in the cabinet, which is included. See Figure 9-4.

Standard Cabinet

A standard 19” cabinet has two rows of mounting holes in the front,
spaced 18-5/16" apart. The holes are located at 1/2” or 5/8" apart from
each other, see Figure 9-5. Standard front panel increments are 1-3/4".

(5/8 + 5/8 4+ 1/2 = 1-3/4)

The standard PDP-11 cabinet is 72" high by 21 wide by 30" deep. It is
recommended that a service area of at least 35” be allowed in the front
and back of the cabinet. Each cabinet contains a power control so that
all equipment within the cabinet (and other connected cabinets) can have
their AC power turned on and off together.
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. MECHANICAL OUTLINE
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Figure 9-1 5-1/4"” PDP-11/05 & 11/10 Assembly Unit
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Figure 9-2 10-1/2” PDP-11/05 & 11/10 Assembly Unit
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Figure 9-3 PDP-11/35 Assembly Unit
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9.3 MOUNTING INFORMATION
There are three basic mounting assemblies for the computers described
in this handbook.

Front Panel Height Computers Reference
5-1/4" PDP-11/05, 11/10 Figure 9-6
10-1/2" PDP-11/05, 11/10, 11/35 Figure 9-7
21" PDP-11/40 Figure 9-8.
REAR VIEW
FRONT PANEL ! r
. 3-34"
JE e
56"
ok 514
.3|x.44/ _‘ _r 1
SLoT
18-5/16"
|_ SIDE VIEW FRONT RAIL OF

MOUNTING CAB.
e

a [ '
.  p—
1 -
.56 SLIDE .
T' ) f
REAR' VIEW :
19" 218" .

Figure 9-6 5-1/4" High Unit
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Figure 9-7 10-1/2" High Unit
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9.4 TABLE OF SPECIFICATIONS

11/05 11/05 11/10 11/10 11/35 11/40
Front Panel Height 5-1/4" 10-1/2" 5-1/4" 10-1/2" 10-1/2" 21"
Max Internal Space 9 slots 5 SU 9 slots 58U 5 SU 9 SuU
Min Memory Size (words) 4K 4K 8K 8K 8K 8K
Max Pre-wired Memory 16K 16K 8K 16K 24K 24K
Max Memory in CPU Assembly 16K 28K 8K 28K 32K 80K
Space for Options lor4 3 SuU 4 slots 3SuU 1to3 5 SU
(or extra memory) slots SuU

Weight (CPU) 50 Ibs 110 50 110 120 200
Power (CPU & 8K of memory)

Current at 115 VAC 5 amps 5 5 5 7 7

Heat dissipation 500 W 500 500 500 700 700
Excess Current available
after CPU & 8K memory

+5 V 6 amps 15 6 15 11 21

—15 Vv 3 5 3 5 2 10

+15 Vv 1 1 1 1 1 1
Current required for
each extra 8K memory

+5V 1.7 amps N
—15 vV 0.5 4




01-6

9.5 PDP-11 FAMILY OF COMPUTERS

Central Processor

11/085 11/10

11/15 11/20

11/35 11/40

11/45

Main Market
Memory

" Reg to-Reg Transfer

Max Mem Size (words)
Max Address Space
General Purpdse Reg
Stack Processing
Micro-programmed

Instructions

Extended Arithmetic
(hardware)

Floating Point

Stack Limit Address

Memory Management

Modes

Automatic Priority
Interrupt

Power Fail and
- Auto-Restart

OEM End User
core
2.7 ps
28K
32K
8
yes
yes

basic set

option (external)

software only

400 (fixed)

not available
1

4-line
muiti-level

standard

OEM End User
core
2.3 us
28K 124K
32K 128K
8
yes
no

basic set
option (external)

software only

400 (fixed)

not available

1-line 4-line
multi-lev. multi-lev

option standard

OEM  End User
core
0.9 us
124K
128K
8
yes
yes

basic set +
XOR, SOB, MARK,
SXT, RTT

~ ‘option (internal)

ASH, ASHC

hardware option
32-bit word

400 or
programmable
(option)

option
MFPI, MTPI

1 std, 2 opt

4-line
multi-level

sfandard

OEM & End User
bipolar, MOS, core
03 045 09

124K

128K

16

yes

yes

same as 11/40 4-
MUL, DIV, ASH,
ASHC, SPL

standard (int)

hardware option
32 or 64-bit word

programmable

option MFPI, MFPD
MTPI, MTPD

3
4-line
multi-level
+
8 software levels

standard




APPENDIX A

PROGRAMMING DIFFERENCES BETWEEN
PDP-11 CPU'’s

A.1 INTRODUCTION-

There are a few minor differences in how the different central processors
operate on certain instructions and programming situations. .In almost
all cases the differences represent an improvement over the first
PDP-11 computer, the PDP-11/20, and the operations are:more effi-
cient but transparent to the user. In other cases, obscure combinations
of addressing modes and registers cause slightly different results.

A.2 DIFFERENCES

The following Table shows the major differences between the CPU’s
described in this Handbook, and the original PDP-11/20. (The PDP-
11/15 operates the same as the 11/20).

A-l
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TABLE OF PROGRAMMING DIFFERENCES

11/20

GENERAL REGISTERS (including PC & SP)

OPR %R, (R)4
or OPR %R, —(R)

OPR %R, @(R)4
OPR %R, @—(R)
(Using the same reg. as
both source &

destination).

. JMP (R)+ or

JSR reg, (R)4
(Jump using auto-
increment mode).

MOV PC, @ #A or

MOV PC, A

(Moving the incremented
PC to 2 memory address
referenced by the PC).

Stack Peinter
(SP), R6 used for
referencing.

Contents of R are incre-
mented by 2 (or decre-
mented by 2) before being
used as the source operand.

Contents of R are incre-
mented by 2, then used as
the new PC address.

Location A will contain the
PC of the Move instruction

+4.

Using the SP for pointing to
odd addrésses or non-.
existent memory causes a
HALT (double bus error).

11/05 & 11/10

Initial contents of R are
used as the source operand.

.

(same as 11/20)

Location A will contain
PC4-2.

(same as 11/20)

11/35 & 11/40

(same as 11/20)

Initial contents of R are used
as the new PC.

(same as 11/20)

Odd address of non-existent
memory references with SP
cause a fatal trap, with a new
stack created at locations 0 & 2.



ev

E.

Stack Overflow

TRAPS & INTERRUPTS
RTI! instruction

RTT instruction

Processor Status (PS)
odd byte at location
777 777.

T bits of PS

TABLE OF PROGRAMMING DIFFERENCES (Cont.)

11/20

Stack limit fixed at 400
(octal). Overflow (going
lower) checked after
@—(R6), JSR, traps, and
address modes 4 & 5. Over-
flow serviced by an overflow
trap. No red zone.

First instruction after RTl is_

guaranteed to be executed.

(not implemented)

Addressing odd byte of PS
(bits 15-8) causes an odd
address trap. '

T bit can be loaded by
direct address of PS, or
from the console.

11/05 & 11/10
(same as 11/20)

(same as 11/20)

(not implemented)

0Odd byte of PS can be ad-

dressed without a trap.

(same as 11/20)

11/35 & 11/40

Variable limit with Stack Limit
option. Overflow checked after
JSR, traps, and address modes
1, 2, 4, & 6. Non-altering
references to stack data is
always allowed. There is a
16-word yellow (warning) zone.
Red zone trap occurs if stack is
16 words below boundary; PS &
PC are saved at locations
0&2. ’

If RTI sets the T bit, the T bit
trap is acknowledged immedi-
ately after the RTI instruction.
First instruction after RTT is
guaranteed to be executed.
Acts like RTI on the 11/20

(same as 11/05)

Only RTI, RTT, traps, and
interrupts can load the T bit.



lal

E. Interrupt service routine

F. Priority order of traps
& interrupts

11l.  MISCELLANEOUS
A. SWAB and V bit

B. Instruction set

TABLE OF PROGRAMMING DIFFERENCES (Cont.)

11/20 -

The first instruction in the
routine is guaranteed to be
executed.

Odd address
Timeout

HALT from console
Trap instructions
Trace trap

Stack overflow
Power fail

SWAB instruction condition-
ally sets the V bit.

Basic set.

11/05 & 11/10

11/35 & 11/40

The first instruction will not (same as 11/05)

be executed if another
interrupt occurs at a higher
priority.

Odd address
Timeout

HALT instruction
Trap instructions
Trace Trap

Stack overflow
Power fail

HALT from console

V bit is cleared.

(same as 11/20)

0Odd address

Stack overflow (red)
Timeout

Mem. Mgt. violation
HALT

Trap instructions
Trace trap

Stack overflow (yellow)
Power fail

(same as 11/05)

" Basic set 4+ MARK, RTT,

SOB, SXT, XOR.
EIS adds: MUL, DIV, ASH, ASHC.

Floating Point adds: FADD, |
FSUB, FMUL, FDIV.



A.3 COMPATIBILITY

In order to stay compatible with aill PDP-11 computers, avoid the
following.

i. Using:
OPR %R, (R)+
OPR %R, —(R)

OPR %R, @(R)+
OPR%R, @—(R)

IMP (R)+
JMP %R

JSR reg, (R)+
JSR %R, %R

2. Testing the V bit after SWAB.
3. Using the T bit of the Processor Status word.
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APPENDIX B MEMORY MAP

INTERRUPT VECTORS.

000
004
010
014
020
024
030
034
040
044
050
054
060
064
070
074
100
104
120
124
130
134
140
144
170
174
200
204
210
214
220
224
230
234
240
244
250
254

260

264
270
274

300 .

RESERVED
TIME OUT, BUS ERROR

RESERVED INSTRUCTION

BPT TRAP VECTOR

IOT TRAP VECTOR

POWER FAIL TRAP VECTOR

EMT TRAP VECTOR

“TRAP” TRAP VECTOR

SYSTEM SOFTWARE

SYSTEM SOFTWARE

SYSTEM SOFTWARE

SYSTEM SOFTWARE

TTL IN-BR4

TTY OUT-BR4

PC11 HIGH SPEED READER-BR4

PC11 HIGH SPEED PUNCH

KW11L - LINE CLOCK BR6

KW11P - PROGRAMMER REAL TIME CLOCK BR6
XY PLOTTER

DR11B-(BR5 HARDWIRED)

ADO1 BR5-(BR7 HARDWIRED)

AFC11 FLYING CAP MULTIPLEXER BR4
AA11-A,B,C SCOPE BR4

AA11 LIGHT PEN BR5

USER RESERVED

USER RESERVED

LP11, LS11 LINE PRINTER CTRL-BR4
RF11 DISK CTRL-BR5

RC11 DISK CTRL-BR5

TC11 DEC TAPE CTRL-BR6

RK11 DISK CTRL-BR5

TM11 COMPATIBLE MAG TAPE CTRL-BR5
CR11/CM11 CARD READER CTRL-BR6
UDC11 (BR4, BR6 HARDWIRED)
11/45 PIRQ

FLOATING POINT ERROR

. SEGMENTATION TRAP

RP11 DISK PACK CTRL-BR5
TAl1 CASSETTE-BRG

USER RESERVED

USER RESERVED
START OF FLOATING VECTORS
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DEVICE ADDRESSES

NOTE: XX MEANS A RESERVED ADDRESS FOR THAT OP-
TION. OPTION MAY NOT USE IT BUT IT WILL RE-
SPOND TO BUS ADDRESS.

777776  CPU STATUS \
777774 STACK LIMIT REGISTER
777772 11/45 PIRQ REGISTER
777716  TO 777700 CPU REGISTERS
777676  TO 777600 11/45 SEGMENTATION REGISTER
777656  TO 777650 MX11 #6
777646  TO 777640 MX11 #5
777636  TO 777630 MX11 #4
777626  TO 777620 MX11 #3
777616  TO 777610 MX11 #2
777606  TO 777600 MX11 #1 -
777576  11/45SSR2

777574  11/45 SSR1

777572 11745 SSRO

777570  CONSOLE SWITCH REGISTER
777566  DL11 TTY OUT DBR
777564  DL11 TTY OUT CSR
777562  DL11 TTY IN DBR
777560  DL11 TTY IN CSR

777556  PC11 HSP DBR

777554  PC11 HSP CSR

777552 PC11 HSR DBR

777550  PC11 HSR CSR

777546  LKS LINE CLOCK KW11.L

777516 LP11 DBR
777514 LP11 CSR
777512  'LP11 XX
777510 LP11 XX

777476 RF11 DISK RFLA LOOK AHEAD
777474 RF11 DISK RFMR MAINTENANCE
777472 RF11 DISK RFDBR

777470 RF11 DISK RFDAE

777466 RF11 DISK RFDAR

777464 RF11 DISK RFCAR

777462 RF11 DISK RFWC

777460 RF11 DISK RFDSC

777456 RC11 DISK RCDBR
777454 RC11 MAINTENANCE
777452 RC11 RCCAR

777450 RC11 RCWC

777446 RC11 RCCSR

777444 RC11 RCCSR1
777442 RC11 RCER

777440 RC11 RCLA

B-2



777434
777432
777430
777426
777424
777422
777420

777416
777414
777412
777410
777406
777404
777402
777400

777356
777354
777352

777350
777346
777344
777342
777340

777336
777334
777332
777330
777326
777324
‘777322
777300

777316 -

777314
777312
777310
777306
777304
777302
777300

777166
777164
777162
777160

776776
776774
776772
776770

' DT11 BUS SWITCH #7

BUS SWITCH #6
BUS SWITCH #5
BUS SWITCH #4
BUS SWITCH #3
BUS SWITCH #2
BUS SWITCH #1

RKDB RK11 DISK
RKMR
RKDA
RKBA
RKWC
RKCS
RKER
RKDS

TCXX
TCXX
TCXX

TCDT.  DEC TAPE (TC11)
TCBA
TCWC
TCCM
TCST

ASH  EAE (KE11-A)#2
LSH

NOR

sC

MUL

MQ

AC

DIV

ASH  EAE (KE11-A)#1
LSH

NOR

SC

MUL

MQ

AC

DIV

CR11 XX ‘

CRDBR2 CR11 CARD READER
CRDBR1

CRCSR

ADO1-D XX

ADO1-D XX :

ADDBR  A/D CONVERTER ADO1-D
ADCSR
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776766  DAC3  DAC AAll
776764  DAC2

776762  DAC1

776760  DACO

776756  SCOPE CONTROL - CSR
776754 AALL XX

776752 AALL XX

776750  AAIl XX

776740  RPBR3  RPI1 DISK
776736 RPBR2

776734 RPBRI1

776732 MAINTENANCE #3
776730 MAINTENANCE #2
776726 MAINTENANCE #1
776724 RPDA

776222 RPCA

776720  RPBA

776716  RPWC

776714  RPCS

776712 RPER

776710  RPDS

776676 TO 776500 MULTI TTY FIRST STARTS AT 776500

776476 TO 776406 MULTIPLE AA11'S SECOND STARTS @ 776760
1776476 TO 776460 5TH AAll

776456 TO 776440 4TH AAllL

776436 TO 776420 3RD AAll

776416 TO 776400 2ND AA1l

NOTE 1ST AA11 IS AT 776750

776377 TO 776200 DX11

775600 DS11 AUXILIARY LOCATION
775577 TO 775540 DS11 MUX3
775537 TO 775500 DS11 MUX2
775477 TO 775440 DS11 MUX1
775436 TO 775400 DS11 MUXO
775377 TO 775200 DN11

775177 TO 775000 DM11

774777 TO 774400 DP11

774377 TO 774000 DC11

773777 TO 773000 DIODE MEMORY MATRIX

773000 BM792-YA PAPER TAPE BOOTSTRAP

773100 BM792-YB RC,RK,RP,RF AND TC11 - BOOTSTRAP
773200 BM792-YC CARD READER BOOTSTRAP

773300

773400

773500

773600

773700 RESERVED FOR MAINTENANCE LOADER
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772776 TO 772700 TYPESET PUNCH
772676 TO 772600 TYPESET READER

772576 AFC-MAINTENANCE

772574 AFC-MUX ADDRESS

772572 AFC-DBR

772570  AFC-CSR

772546 KWI11P XX

772544 KW11P COUNTER

772542 KW11P COUNT SET BUFFER
772540 KW11P CSR

772536 TM11 XX

772534 TM11 XX

772532 TM11 LRC

772530 TM11 DBR

772526 TM11 BUS ADDRESS

772524 TM11 BYTE COUNT

772522 TM11 CONTROL

772520 ‘TM11 STATUS

772512 OST CSR

772510 OST EADRS1,2

772506 OST ADRS2

772504 OST ADRS1

772502 OST MASK2'

772500 OST MASK1

772416 DR11B/DATA

772414 DR11B/STATUS

772412 DR11B/BA .

772410 DR11B/WC

772136 TO 772110 MEMORY PARITY CSR
772136 15

772120 4

772116 3

772114 2

772112 1

772110 0

771776 UDCS - CONTROL AND STATUS REGISTER
771774 UDSR - SCAN REGISTER

771772 MCLK - MAINTENANCE REGISTER
771766 UDC FUNCTIONAL 170 MODULES
771000 UDC FUNCTIONAL /0 MODULES
770776 TO 770700 KG11 CRC OPTION ‘
770776 KG11A KGNU7

770774 KGDBR7

770772 KGBBC7

770770 KGCSR7

770716 KGNU1

770714 KGBCC1

770712 KGDBR1

770710  KGCSRL

770706 KGNUO

770704 KGDBRO

770702 KGBCCO

B-5



770700  KG11A KGCSRO
770676 TO 770500 16 LINE FOR DM11BB
770676  DM11BB #16
770674

770672

770670 -
770666  DM11BB #15
770664

770662

770660

770656  DM11BB # 14
770654

770652

770650

770646  DM11BB #13
770644

770642

770640

770636  DM11BB #12
770634

770632

770630

770626  DM11BB #11
770624

770622

770620

770616  DMI11BB #10
770614

770612

770610 :
770606  DM11BB #9
770604

770602

770600  DM11BB #8
770076  LATENCY TESTER
770074 LATENCY TESTER
770072 LATENCY TESTER
770070  LATENCY TESTER

. 770056 TO 770000 SPECIAL FACTORY BUS TESTERS

767776 TO 764000 FOR USFR and SPECIAL SYSTEMS.--DR11A ASSIGNED IN
USER AREA-STARTING AT HIGHEST ADDRESS WORKING DOWN

767776  DR11A #0

767774

767772

767770 .

767766  DR11A #1

767764

767762

767760

767756  DRI1A #2

764009 START -NORMAL USER ADDRESSES HERE AND ASSIGN UPWARD.
760004 TO 760000 RESERVED FOR DIAGNOSTIC - SHOULD NOT BE ASSIGNED
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APPENDIX C

INSTRUCTION TIMING

C.1 PDP-11/05 & 11/10

INSTRUCTION EXECUTION TIME

The execution time for an instruction depends on the instruction itself
and the modes of addressing used. In the most general case, the In-
struction Execution Time is the sum of a Basic Time, a Source Address
Time, and a Destination Address Time.

Instr Time = Basic Time + SRC Time + DST Time

Double Operand instructions require all 3 of these Times, Single Oper-
and instructions require a Basic Time and a DST Time, and with all
other instructions the Basic Time is the Instr Time.

‘All Timing information is in microseconds, unless otherwise noted. Times
are typical; processor timing can vary £10%.

SOURCE & DESTINATION ADDRESS TIMES

The SRC and DST Times apply directly to Word and Even Byte instruc-
tions. Odd Byte instructions take longer, see Notes following.

Mode SRC Time* DST Time**
0 0.0 usec 0.0 usec
1 0.9 24
2 0.9 24
3 2.4 34
4 0.9 2.4
5 2.4 34
6 24 3.4
7 34 4.7
NOTES:

*—For SCR Time, add 1.3 usec for Odd Byte addressing.
**—For DST Time, and Odd Byte addressing:
1. add 1.3 gsec for a non-modifying instruction (CMPB, BITB,
TSTB).
2. add 2.4 usec for a modifying-instruction.
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BASIC TIME

Double Operand
Instruction Basic Time

ADD, SUB, BIC, BIS 3.7 usec Instr Time = Basic Time +
CMP, BIT 2.5 SRC Time -+ DST Time

MOV ‘ 3.7

(3.1 usec if Word
instruction

and mode 0)

Single Operand

Instruction Basic Time
CLR, COM, INC, DEC, Instr Time = Basic Time +
NEG, ASR, ASL, ROR, } 3.4 usec DST Time
ROL, ADC, SBC ‘
TST 2.2
SWAB ) 4.3
Branch Instructions
Instruction Instr Time (branch) Instr Time (no branch)
(all branches) 2.5 usec ) 1.9 usec
Jump Instructions
Instruction Basic Time
JMP 1.0 usec Instr Time — Basic Time +

JSR 3.8 DST Time

Control, Trap & Misc Instructions

Instruction Instr Time
RTS 3.8
RTI 4.4
SET N,Z,V,C 25
CLR N,Z,v,C 2.5
HALT 1.8
WAIT 1.8
RESET 100 msec

10T, EMT, TRAP, BPT 8.2 usec

LATENCY
NPR latency is 7 usec, max.
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C.2 PDP-11/35 & 11/40

INSTRUCTION EXECUTION TIME

The execution time for an instruction depends on the instruction itself,
the modes of addressing used, and the type of memory being referenced.
In the most general case, the Instruction Execution Time is the sum of
a Source Address Time, a Destination Address Time, and an Execute,
Fetch Time. -

Instr Time — SRC Time 4 DST Time + EF Time

Some of the instructions require only some of these times, and are so
noted. All Timing information is in microseconds, unless otherwise noted.
Times are typical; processor timing can vary =10%.

. BASIC INSTRUCTION SET TIMING

Double Operand
all instructions,
except MOV: Instr Time = SRC Time 4 DST Time + EF Time
MOV Instruction: Instr Time = SRC Time 4 EF Time

Single Operand

all instr, except MFPI, MTPI: Instr Time — DST Time 4+ EF Time
MFPI, MTPI instructions: Instr Time = EF Time

Branch, Jump, Control, Trap, & Misc
all instructions: Instr Time = EF Time

NOTES:

1. The times specified generally apply to Word instructions. In most
cases Even Byte instructions have the same times, with some Odd
Byte instructions taking longer. All exceptions are noted.

2. Timing is given without regard for NRP or BR servicing. Memory
types MM11-S, MF11-L, and MM11-L are assumed with direct use of
the special processor MSYNA signal and with memory within the CPU
mounting assembly. Use of the regular Unibus BUS MSYN signal
means 0.08 usec must be added for each memory cycle.

3. If the Memory Management (KT11-D) option is instélled, instruction
execution times increase by 0.15 usec for each memory cycle used.



SOURCE ADDRESS TIME

Instruction Source Mode ‘SRC Time (A) Memory Cycles

0 0.00 usec 0

1 .78 1

2 84 1
Double 3 1.74 2
Operand 4 .84 1

5 - 1.74 2

6 1.46 2

7 2.36 3

NOTE (A): For Source Modes 1 thru 7, add 0.34 usec for Odd Byte in-
structions.

DESTINATION ADDRESS TIME

Instruction Destination Mode DST Time (B) Memory Cycles -
Single 0 0.00 usec 0
Operand, 1 .78 ( .90) 1
and 2 84 ( .90) 1
Double 3 1.74 (1.80) 2
Operand 4 .84 ( .90) 1
(except 5 1.74 (1.80) 2
MOV, JMP, JSR) 6 146 (1.74) 2

7 236 (2.64) 1

NOTE (B):

For Destination Modes 1 thru 7, add 0.34 usec for Odd Byte

instructions. Use higher values in parentheses ( ) for ADD,
SUB, CMP, BIT, BIC, or BIS and a Source Mode of 0.

EXECUTE, FETCH TIME

Double Operand

SRC Mode 1 to 7

SRC Mode O to 7

: SRC Mode O
Instruction DST Mode O DST Mode O DST Mode 1 to 7
(use with SRC EF Mem EF Mem EF Mem
Time & DST Time)| Time Cyc Time Cyc |Time(C) Cyc
ADD, CMP, 0.99 us 1 1.60 us 1 1.76 us 2 -
BIT, BIC, BIS
SUB .99 1 1.60 1 1.90 2
XOR .99 1 — — |1.76 2
NOTE (C): For Destination Modes 1 thru 7, add. 0.48 usec for Odd Byte

instructions.
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EF Time

DST . SRC EF Time (Odd or Memory

Instruction  Mode Mode (Word instr)  Even Byte) Cycles
0 0 0.90 usec 1.80 usec 0
0 lto7 1.46 1.80 0
1 Oto7 242 2.56 2
2 Oto7 242 2.56 2
MOV 3 Oto7 3.18 3.32 3
4 Oto7 242 2.56 2
(use with 5 Oto7 3.18 3.3z 3
SRC Time) ¢ 0 2.84 2.98 3
6 l1to7 3.18 3.32 3
7. 0 3.68 3.82 4
7 1to7 4.02 4.16 4

Single Operand

Instruction Destination Mode O | Destination Mode 1 to 7

. . Mem Mem
(use with DST Time) EF Time Cycles| EF Time (D) Cycles

CLR, COM, NEG, INC,
DEC, ADC, SBC, TST, 0.99 us 1 1.77 ps 2
ROL, ASL, SWAB

ROR, ASR 1.25 (E) 1 2.06 2

SXT .90 1 1.77 2

NOTE (D): For Destination Modes 1 thru 7, add 0.48 usec for Odd Byte
instructions.

NOTE (E): For RORB and ASRB, add 0.14 usec for Even or Odd Byte
instructions.

Instruction Instr Time Mem Cycles Note

MFPI 3.74 us 2 These two instructions are im-

MTPI 3.68 2 plemented only if Memory

Management is installed.

Branch Instructions

i Instr Time  Instr Time
Instruction (Branch)  (No Branch) Memory Cycles

BR, BNE, BEQ, BPL, BMI,

BVC, BVS, BCC, BCS,

BGE, BLT, BGT, BLE, 1.76 usec 1.40 umsec 1
BHI, BLOS, BHIS, BLO

SOB 2.36 2.04 1
C-5




Jump Instructions

Memory Cycles

Instruction Destination Mode Instr Time
1 1.80 usec 1
2 2.10 1
. 3 2.30 2
JMP 4 1.90 1
5 2.30 2
6 2.36 2
7 2.92 3
1 2.94 2
2 3.24 2
. 3 3.44 3
JSR 4 3.04 2
5 3.44 3
6 3.50 3
7 4.06 4
cbntrol, Trap, & Misc Instructions
Instruction Instr Time Mem Cyc Notes
RTS 2.42 usec 2
MARK 256 2
RTI, RTT 2.92 3
SET N,Z,V,C 1.72 1
CLR N,Z,V,C 2.02 1
HALT 242 1 Console loop for a switch
setting is 0.44 usec.
WAIT 2.24 1 WAIT loop for a BRis 1.12 usec.
RESET 80 msec 1
10T, EMT 5.80 usec 5
TRAP, BPT
LATENCY

Interrupts (BR requests) are acknowledged at the end of the current in-
struction. For a typical instruction, with an instruction execution time of
4 usec, the average time to request acknowledgement would be 2 usec.

Interrupt service time, which is the time from BR acknowledgement to
the first subroutine instruction, is 5.42 usec, max.

NPR (DMA) latency, which is the time from request to bus mastership
for the first NPR device, is 3.50 usec, max.
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Il. EIS, KE11-E, INSTRUCTION TIMING
Instr Time = SRC Time + EF Time
Source Mode SRC Time

0 0.28 usec

1 .78

2 .98

3 1.74

4 .98

5 1.74

6 1.74

7 2.64
Instruction - EF Time Notes
MUL 8.88 usec
DIV 11.30
ASH (right) 2.58 Add 0.30 usec per shift.
ASH (left) 2.78 Add 0.30 usec per shift.
ASHC (no shift) 2.78
ASHC (shift) 3.26 ) Add 0.30 usec per shift.
LATENCY

Interrupts are acknowledged at the end of the current instruction. In-
~ terrupt service time is 5.42 usec, max. NPR latency is 3.50 usec, max.

lIl. FLOATING POINT, KE11-F, INSTRUCTION TIMING
Instr Time=Basic Time4-Shift Time for binary pts-+Shift Time for norm

Time per shift to Time per shift
Instr Basic Time line up binary points for normalization
(O to 23 shifts) (0 to 25 shifts)
FADD . 18.78 usec 0.30 usec 0.34 usec
FSUB 19.08 ) .30 .34
FMUL 29.00 —_ .34
FDIV 46.72 —_ .34

Basic instruction times shown for FADD and FSUB assume exponents
are equal or differ by one.
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LATENCY

If an interrupt request of higher priority than the operating program
occurs during a Floating Point instruction, the current instruction will be
aborted unless it is near completion. The maximum time from interrupt
request to acknowledgement during Floating Point instruction execution
is 20.08. usec. Interrupt service time is5.42 usec, max. NPR latency is
3.50 usec, max.
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~ APPENDIX D
INSTRUCTION INDEX

0] 1V 79
FMUL oo, 79
FSUB ..o 78
HALT oo 4-70
1170 ) YOO 48
o] ST 4-64
IMP . 452
ISR oo, 4-54
MARK ..o 4.57
MFPL oo, 6-18
[V 1o17(: ) N 4-23
MTPE o 619
MUL ..o 72
v - N[cT(:) 4-10
BLO .o . NOP ..o, 473
BLOS ...
BMI oo 1370 S 4-72
BNE ©. oo I TR: ) N 4-16
BPL oo, ROR(B) ...eovoeeeeeeerrerrrren 415
BPT oo, RTE oo 4-65
BR ..o RTS oo 456
BVC oo 28 S 4-66
BVS oo
£ : (o1 (:) Y 4-20
(e11:7(: ) N 46 1) 2 459
CMP(B) ...ooooeeeerreennnnn. 4-24 SUB oo 4-26
COM(B) ..o, 47 SWAB ..., 4-17
COND. CODES .................... 473 4 4-21
[51:007(: ) NN 49 TRAP ..o 4-62
DIV oo 7-3 K1 1(:) Y 4-11
EMT oo, 4-61 WAIT oo 471
FADD ..o, 78 b o] - O 4-31
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Op Code

00
00
00
00
00
00
00
00

00
00

00

00

00
00

00

00
00
00

00
00
00
00
00

00

00
00
00
00
00
00
00
00

00

00
00
00
00
00
00

01
02

02

02

02
02

02

02
03

04
10
14
20
24
30
34

4R

50
51
52
53
54
55
56
57

00
01
02
03
04
05
06
07

DD
OR

10

27

3N
40

41

77
DD

XXX
XXX
XXX
XXX
XXX
XXX
XXX

DD

DD
DD
DD
DD
DD
DD
DD
DD

NUMERICAL OP CODE LIST

Mnemonic

HALT
WAIT
RTI

BPT

10T
RESET
RTT
(unused)

JMP
RTS

} (unused)

SPL
NOP

} cond codes

SWAB

BR
BNE
BEQ

_BGE
BLT
BGT
BLE

JSR

CLR
COM
INC
DEC
NEG
ADC
SBC
TST

Op Code Mnemonic
00 60 DD ROR
00 61 DD ROL
00 62 DD ASR
00 63 DD ASL
00 64 NN MARK
00 65 SS MFPI
00 66 DD MTPI
00 67 DD SXT
00 70 00 1

I (unused)
00 77 77 ]
01 SS DD MoV
02 SS DD CMP
03 SS DD BIT
04 SS DD BIC
05 SS DD BIS
06 SS DD ADD
07 OR SS MUL
07 1R SS DIV
07 2R SS ASH
07 3R SS ASHC
07 4R DD XOR
07 50 OR FADD -
07 50 1R . FSUB
0¥ 50 2R FMUL
07 50 3R FDIV
07 50 40

1 (unused)
07 67 77
07 7R NN SOB
10 00 XXX  BPL
10 04 XXX  BMI
10 10 XXX  BHI
10 14 XXX  BLOS
10 20 XXX BVC
10 24 XXX  BVS
10 30 XXX  BCC, BHIS
10 34 XXX  BCS, BLO
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Op Code
10 40 00

10
10

10

10
10
10
10
10
10

10

10

10
10
10
10

10

10

10
10

10

10

11
12
13
14
15
16

17

17

)

|
43
44

T

3
47

50
51
52
53
54
55
56
57

60
61
62
63

64

1
i

64

65
66

67
1
|

77

SS
SS
SS
SS
SS
SS

00

)
4

77

77
00

77

DD

‘DD

DD
DD
DD
DD
DD
DD

DD
DD
DD
DD

00

77

SS
DD

00

77

DD
DD
DD
DD
DD
DD

00

77

—

}

Mnemonic

EMT

TRAP

CLRB
cOoMB
INCB
DECB
NEGB
ADCB
SBCB
TSTB

RORB
ROLB
ASRB
ASLB

(unused)

MFPD

_MTPD

(unused)

MOVB
CMPB
BITB
BICB .
BISB
SuUB

floating
point



APPENDIX E SUMMARY OF PDP11 INSTRUCTIONS

GENERAL REGISTER ADDRESSING I MODE i F |
Mode Name Symbolic Description
0 register R (R) is operand [ex. R2 = 9%2]
1 register deferred (R) (R) is address
2 auto-increment (R)+ (R) is adrs; (R)4-(1 or 2)
3  auto-incr deferred @(R)+  (R) is adrs of adrs; (R)4-2
4 auto-decrement —(R) (R) — (1 or 2); (R) is adrs
5 auto-decr deferred @—(R) (R) — 2; (R) is adrs of adrs
6 index X(R) (R)+X is adrs
7 index deferred @X(R) (R)4-X is adrs of adrs
PROGRAM COUNTER ADDRESSING l MODE 7 ] Reg =7
2 immediate #n operand n follows instr
3 absolute @#A address A follows instr
6 relative A instr adrs 4-44-X is adrs
7 relative deferred @A instr adrs +44-X is adrs of adrs
LEGEND
Op Codes Operations
W = O for word/ 1 for byte ( ) = contents of
SS = source field (6 bits) s = contents of source
DD = destination field (6 bits) d = contents of destination
R = gen register (3 bits), 0 to 7 r = contents of register
XXX = offset (8 bits), +127 to —128 <« = becomes’
N = number (3 bits) X = relative address
NN = number (6 bits) % = register definition
Boolaen Condition Codes
A = AND * = conditionally set or cleared
v = inclusive OR — = not affected
+ = exclusive OR 0 = cleared
~ = NOT 1 =set
NOTE:

A = Applies to the 11/35, 11/40, & 11/45 computers
® — Applies to the 11/45 computer
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SINGLE OPERAND: OPR dst

15 © 5 0
I OP CODE ] oD I
1 L 1 1 1
Mnemonic Op Code Instruction dstResut N ZV C
General
CLR(B) MO050DD clear 0 0100
COM(B) E051DD complement (1's) ~d * %01
INC(B) M 052DD increment - d+1 * ok ok
DEC(B) EO053DD decrement d—1 * ok &
NEG(B) WMO054DD negate (2’s compl) —d ¥ o oR ok
TST(B) HO057DD . test d **00
Rotate & Shift
ROR(B) M060DD rotate right * ok oE %
ROL(B) M061DD rotate left *oE R &
ASR(B) M062DD  arith shift right ) d/2 AR
ASL(B) B 063DD  arith shift left : 2d * ok oE %
SWAB 0003DD swap»bytes ’ *FE.FQ
Multiple Precision ‘
ADC(B) W055DD . add carry d+C *oE ok &
SBC(B) M056DD subtract carry d—C R OE ¥
A SXT 0067DD  sign extend Oor—1 _
DOUBLE OPERAND: OPR src,dst OPR scr,R or OPR R,dst
5 21 . . 6 5 o
[T 1 5 [ =% ]
15 9 8 6 5 [}
[ L ox:: con:s . l TR l ss o:z DD ]
Mnemonic Op Code Instruction Operation N Z V. C
General
MOV(B) M 1SSDD move de<s * % Q _
CMP(B) N 2SSDD compare s—d L
ADD ~ 06SSDD add des4d === =
SUB 16SSDD  subtract de«<d—s * R ok K
Logical
BIT(B) - M3SSDD bit test (AND) sad # %0 _
BIC(B) M 4SSDD  bit clear de (—s)ad* * 0 _
BIS(B) HM5SSDD  bit set (OR) d<svd ¥ %0 _
A Register
MUL 070RSS° multiply r<rxs * % Q ¥
DIV, 071RSS divide ‘ r<rls * ok Xk
ASH 072RSS shift arithmetically ® k% ¥
ASHC 073RSS arith shift combined 2%
* % o .

XOR 074RDD exclusive OR- d «<rvd
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BRANCH B _ _ location
15 8 7 [
BASE CODE l XXX l
1 i 1 1
If condition is satisfied:
Branch to location,
New PC < Updated PC 4 (2 x offset)
Op Code = Base Code 4 XXX édrs of br instr +2‘
Base
Mnemonic Code Instruction Branch Condition
Branches
BR 000400 branch (unconditional) (always)
BNE 001000  br if not equal (to 0) #0 Z=0
BEQ 001400 br if equal (to 0) =0 Z=1
BPL 100000 branch if plus + N=0
BMI 100400 - branch if minus - N=1
- BVC 102000 br if overflow is clear V=0
BVS 102400  br if overflow is set V=1
BCC 103000  br if carry is clear C=0"
BCS c=1

103400 brif carry is set

Signed Conditional Branches

BGE
BLT
BGT
BLE

002000  brif greateroreq (to0) =0 N¥V=0
002400  br if less than (0) <0 NwV=1
003000  br if greater.than (0) >0 Zv(N+V)=0
003400  briflessorequal (to0) <0 Zv(N+V)=1

Unsigned Conditional Branches .

BHI 101000 branch if higher > CvZ=0
BLOS 101400 branch if lower or same < CvZ=1
BHIS 103000 branch if higherorsame = C=0
BLO 103400 branch if lower < C=1
JUMP & SUBROUTINE:
. Op Instruction
Mnemonic Code Notes
JMP  0001DD jump PC < dst
JSR 0O04RDD  jump to subroutine R
RTS 00020R return from subroutine | US€ Same
AMARK O0064NN  mark aid in subr return
ASOB  077RNN  subtract 1 &br (if #0) (R) — 1, then if (R) # O

PC <« Updated PC —
(2 xNN)
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TRAP & INTERRUPT:

Mnemonic c?)ge Instruction Notes
EMT 104000 emulator trap PC at 30, PS at 32
to 104377 (not for general use)
TRAP 104400 trap PC at 34, PS at 36
to 104777 -
BPT 000003 breakpoint trap PC at 14, PS at 16
0T 000004 input/output trap PC at 20, PS at 22
RTI 000002 return from interrupt
ARTT 000006 return from interrupt inhibit T bit trap

MISCELLANEOUS:
Op

Mnemonic Code Instruction

HALT 000000 halt
WAIT 000001  wait for interrupt
RESET 000005 reset external bus
NOP 000240 (no operation)

® SPL 00023N  set priority level (to N)

A MFPI 0065SS move from previous instr space
A MTPI 0066DD  move to previous instr space
® MFPD 1065SS  move from previous data space
® MTPD 1066DD  move to previous data space

CONDITION CODE OPERATORS:
5 5 4 3 2 1 o0
L ) OP CODE BASE -000240 T ) l TN l z {v [ cJ
0= CLEAR SELECTED COND CODE BITS
1=SET SELECTED COND CODE BITS
Op
Mnemonic Code Instruction NZVC
CLC 000241 clear C _ -0
CLV 000242  clear V - -0 _
CcLZ 000244 clearZ -0 _
CLN 000250 clear N 0 _ . _
CCC 000257 clear all cc bits 00O0O
SEC 000261 setC - -1
SEV 000262 setV ——-1_
SEZ 000264 setZ —1_ _
SEN 000270 set N 1 .
SCC 000277  set all cc bits 1111
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PDP11/40 FLOATING POINT UNIT:

Nzvce
FADD 07500R floating add ** 00
FSUB 07501R floating subtract %00
FMUL 07502R floating multiply ** 00
FDIV 07503R floating divide * %00

DEVICE REGISTER ADDRESSES

Control Inter-
& Data rupt Priority
Device Status Buffer Vector Level
KW11l-L - Line Clock 777 546 — 100 BR6
KW11-P Real Time Clock 772 542 104 BR6
) control & status 772 540

counter 772 544
LA30 DECwriter

keyboard 777 560 777 562 60 BR4

printer 777 564 777 566 64 BR4
LP11 Line Printer 777 514 777 516 200 BR4

© LT33 Teletype ' ‘

keyboard 777 560 777 562 60 BR4

printer - 777 564 777 566 64 BR4
PC11 Paper Tape :

reader 777 550 777 552 70 BR4

punch 777 554 777 556 74 BR4
RC11/RS64 Disk (64K words) 777 456 210 BR5

look ahead 777 440

disk address 777 442

error status 777 444

command & status 777 446

word count. 777 450

current address 777 452

maintenance 777 454
RF11/RS11 Disk (256K WOrds) 777 472 204 BR5

control status 777 460

word count 777 462

current mem adrs 777 464

disk address 777 466

adrs ext error 777 470

maintenance 777 474

segment address 777 476
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RK11/RKO5 Disk Cartridge 777 416 220 BR5
’ drive status 777 400
error 777 402
control status 777 404
word count 777 406
current address 777 410
disk address 777 412
maintenance 777 414
TC11/TU56 DECtape ‘ 777 350 214 BR6
control 777 340
command 777 342
word count 777 344
current address 777 346
TM11/TU10 Magtape . 772 530 224 BR5
status 772 520 .
command 772 522
byte counter 772 524
current address 772 526
read lines 772 532
-PROCESSOR REGISTER ADDRESSES
Processor Status Word
PS — 777 776
15 1“4 3 12 1 10 8 7 5 4 3 2 1 0
7
| 1 7777 = ["[~[=]"]°]
— { ! L caray
OVERFLOW
I ] I ——
t———————————————TRACE TRAP
GEN REG SET
PREVIOUS MODE
CURRENT MODE
OO0=KERNELA O1=SUPERVISOR® 11=USERa
A Stack Limit Register — 777 774
©® Program Interrupt Request — 777 772
General Registers RO — 777 700 R4 — 777 704
(console use only) R1— 777 701 R5 — 777 705
R2 — 777 702 R6 — 777 706
R3 — 777 703 R7 — 777 707
Console Switches & Display Register — 777 570
INTERRUPT VECTORS
000 (reserved) 240 PIRQ
004  Time Out & other errors 244  Floating Point
010  illegal & reserved instr
014 BPT 250 Memory Management
020 10T
024 Power Fail
030 EMT
034 TRAP



Address

ann

744
746
750
752
754
756

760

762

ABSOLUTE LOADER

Starting Address:
Memory Size: 4K

8K
12K
16K
20K
24K
28K

500

=
017

037
057
077
117
137
157

(or larger)

BOOTSTRAP LOADER

Contents

016
000
012
000
005
105
100
116

701
026
702
352
211
711
376
162
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Address

- _ 764
766
- 770
— 772
— 774
776

Contents

000 002

— 400

005 267

177 756

000 765

177 560 (KB)
or 177 550 (PR)
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