



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(and in some cases vindicate) our choices and others
that suggest alternative implementations.

8.1. Choosing SLS

The DOMAIN-chosen technique mapping file sys-
tem objects into process address space and then turn-
ing MMU faults into object read requests of the form
(UID, pageno) has been very successful. It enjoys the
benefits of simplicity of implementation, stateless re-
mote servers and the efficency of demand-paging lazy
evaluation. Further, a single main memory cache man-
agement mechanism equally manages object pages for
local and remote objects. Our original goal for the re-
mote paging system was to have remote sequential file
system I/O take no more than two times longer than
the file I/O from a local disk. Over the years, this ratio
has averaged around 1.8 to 1.

8.2. Seduction by SLS

The characteristics of network location trans-
parency and a low penalty for remote transparent ac-
cess combine to make the “map-it, use-it, unmap-it”
approach to object manipulation terrifically attractive.
However, we have learned that there are sometimes
compelling pratical reasons for avoiding the allure of
network transparency at the SLS level for some object
managers that want to provide a higher level of abstrac-
tion.

Cur naming server, which implements the direc-
tory hierarchy and the name-to-UID translation, was
originally implemented completely on top of the loca-

tion transparent SLS level. As a result, it mapped and

operated on directories without regard to their location
in the network. The naming server, then, did not, in
fact could not, distinguish between directories on lo-
cal disks and those on remote disks. As a result, the

~ server was straightforward to implement, and as soon

as it worked on local directories, it worked on remote
directories.

The problem with this implementation strategy for
the naming server was that the storage system (natu-
rally) provided no layer of abstraction for the notion of

- directory. The SLS provided access to the raw bits of
a directory to each naming server that wanted to ma-

nipulate that directory. This was fine as long as each
naming server in the network could operate on direc-
tories of the same format. In practice, however, the
naming servers are not the same on every node in the
network (generally due to software updates occuring at
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different times) and the older naming servers are un-
able to handle constructs added to directories by newer
naming servers running on other nodes.

Directories are an important example for a system
like DOMAIN. They are permanent (stored on disk),
heavily shared by multiple nodes, and most transac-
tions on them take very little time. Also, they are likely
candidates for extensions and improvements over time.
Because we can never demand simultaneous update of
software on every node in a network, and because we
want very much to offer cross-release compatibility, we
have found ourselves constrained by our original imple-
mentation.

As if that were not enough, we have found that the
performance of the naming server tree-walk was signif-
icantly increased by asking the node that owned the
target directory do the lookup work itself, rather than
sending pages of the directory over to the requesting
node. This change demanded that the naming server
learn the difference between local and remote directo-
ries, and was an example of when "moving the work
to the data” was a win over "moving the data to the
computation.”

8.3.  Use Simple Protocols

) The key to the attainment of our remote perfor-
mance goals has been the use of light-weight problem-
oriented protocols. We have taken full advantage of
the relatively clean environment provided by our high-
speed ring network to avoid often costly protocol sup-
ported reliability.

. Operations that are idempotent (i.e. for which re-
peated applications have the same effect as a single ap-
plication) use a connectionless protocol [SWIN 79)] and
retry often enough to achieve the desired level of relia-
bility. Network operations to read and write attributes

" and pages are all of this form.

Operations which are not idempotent (i.e. which
have side effects), but which naturally have some state
associated with them, can often be made idempotent
using a transaction ID. Each time a client sends a new
request (not a retry) to perform an operation, it chooses
a new transaction ID. If an operation was performed
once with a particular transaction ID, the receipt of a
second request with the same ID should be rejected.
File locking, for example, saves the the transaction ID
of the operation which set the lock along with the lock
state.

The SLS protocols we use are inexpensive because
they are end-to-end protocols [SALT 80] and do not



rely on the communications substrate to provide any
service guarantees. Instead, each remote operation in-
dividually implements the least mechanism required by
its reliability semantics.

8.4. Obtaining High Performance

Much has been written on this subject lately for
distributed systems. (In particular, see [CHER 83] and
[LAZO 84].) The DOMAIN file system has evolved over
the years to provide as much as six times the perfor-
mance of its original implementation. Certainly in the
case of completely diskless nodes, but also very fre-
quently in the case of disked nodes,-the performance-
critical information needed is elsewhere in the network.
Our . performance goals coupled with our aggressive
remote-to-local ratio goal has influenced the implemen-
tation in several ways.

The disk subsystem implements fairly familiar
techniques for performance enhancement including:
physical locality optimizing, control structure caching,
batched reads, and clustered writes. Physical lbcality is
encouraged by the increasingly clever allocation of suc-
cessive file blocks and their file maps and VTOC entries.
The basic disk control structures (free-block allocation
tables and VTOC control blocks) are cached in their
own set of control block buffers. File page reads are
"batched” at the SLS-level. Recall that in DOMAIN, all
file read activity is caused by touching the bytes of the
file with normal CPU instructions and thereby page-
faulting on the needed page. When the SLS catches
the page-fault and determines the need for some (UID,
pageno), it may ask the lower levels for up to 31 addi-
‘tional successive object pages. Most disk write opera-
tions are instigated by the page purifier process, and it
tries to hand the low-levels a large collection of pages to
write so that seek-ordering and rotational-ordering can
be performed. In addition, for remote file system I/0,

DOMAIN implements trans-network batched reads; a

8.5. Indefinite Postponement

In theory, the remote file server running on one
node can service requests from any number of clients.
In practice, however, a single server can be flooded
with requests from ten, twenty, even one hundred hun-
gry clients. Because the communications protocol layer
provides no delivery guarantees to the higher layers, it

‘blit,hely discards messages it receives after its assorted

queues and buffers fill up. In theory, the issuer of the
discarded message will send a time-out based retry and
all will be well. In practice, indefinite postponement is
a definite possibility. As networks get larger, and in
particular as server nodes get busier, a solution that
formally addresses this problem completely is needed
(rather than an ad hoc approach that, for example, in-
creases the depth of the queues periodically).

8.6. Conclusion

The essential ingredients to good performance of
a distributed file system include all those things re-
quired for a good centralized file system: caching, bulk
data transfer from the disk, and good object locality
on the disk. In addition, the distributed file system
needs more: it needs caching of remote data to avoid
as many remote operations as possible; cheap, fast pro-
tocols; and bulk data transfer over the network, even
when the protocols are very cheap.
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ANATOMY OF A PAGE FAULT 3/83

This is the story of how the pages of an object are brought into memory.
We will concentrate on objects mapped by segments into a process
virtval address space.

The tale begins with the mapping of the object (usually through an mst_$map call)
somewhere in the address space. The unit of mapping is a segment, s0 3Z consecutive
pages of the virtval address space are reserved by creating an entry in the mst.

The mst is a two dimensional array whose first indice is a process id and whose
second indice is an mst entry for an object in that process’s address space.

Each time an entry is added to the mst (representing the mapping of a segment of

an object in some process’s virtual address space), an entry must also be made for

that object segment in the ast. The ast

is a table used to keep track of ‘active’ objects; it relates pages of segments of
objects to physical memory; it caches static and dynamic information about objects

(e.qg. where they live and whether they’ve been modified). There is one ast for the
whole system (it is not per-process); its size determines how many objects can have
pages resident at a time and is a function of physical memory size.

Back to the mst. An mst entry (mste) contains information about a segment of a
mapped object (e.g. the segment number, access rights, its storage location) and
it contains a page map (pmap), a table with 3Z entries. Each entry in the pmap is
used to describe the status of one page in the segment. A page may be:

wired not available for page stealing
resident in memory
in_trans in some sort of transition state, so hands off

Each pmap entry also contains the physical page number for the page or its disk
block address if it is not resident.

Mapping an object does NOT cause any of its pages to be brought into memory.
Instead, the first reference to a page within the object causes a page fault to
occur. (PAGE FAULT: <the result of trying to reference a virtval address that
is not currently mapped to a physical address). Briefly, the page fault brings
you into code which determines that this is indeed a fault

on a non-resident page and calls mst_$touch. Mst_$touch does some checking to
be sure the page exists (or can be created (object is writable)) and eventually
determines that it should call ast_$touch. If the page does NOT have to be
created, mst_$touch includes in its request to ast_$touch a count of the number
of consecutnve pages within the segment it really would fike to have resident
(beginning with the referenced page). This is the 'touch—ahead’ count for the
object; it is settable from user space (mst_$set_touch_ahead_cnt) and is used
to get better paging performance.

Ast_$touch does a little checking of its own and then calls pmap_%$touch, whose
Job it is (finally) to get the page(s) into memory. :



Pmap_$touch determines how many of the pages requested really can be touched by
looking at the page map in the ast for this segment. It will only try to touch

consecutive pages, starting at the first page requested and stopping at the point
that:

1.  the count would cause a segment boundary to be crossed
2. a page is found in transition (remember hands off?)

3. a page is found already resident in memory

or 4. a page is found that has not yet been created

Pmap_$touch puts the pages it is going to read in transition (in the pmap) and then
allocates enough physical memory to hold the pages (a local subroutine ‘alloc’
callis mmap_%$alloc — but the mmap is another story for another time). Pmap_$touch
also determines if the object is local or remote and calls either disk_$read_ahead
or network_%$read_ahead to trigger the i/0. If there are any errors in the i/0, one
or more of the pages requested will be released from transition. Pmap_$touch then
installs each successfully-read page in the mmap (by calling mmap_$install) and, in {
pmap, marks each page as resident and sets its ppn to the physical page number. It
then returns the count of pages touched with each page still marked in transition.

Seeing that the pmap touch was successful, ast_$touch returns (to mst_$touch) which
installs all the touched pages in the mmu {mmu_$install), clears the in-transition
bit for the pages and returns to the fim code which resumes the favlting process,
having successfully resolved the page fault.

Somewhat more than this happens of course if the original page cannot be read in,
or if there is a concurrency violation in pages received from the network or if a
page needs to be created, etc.

A few more words should be said about the locking involved in all this. Most of
this work is done under the page resource lock, 'pag_%$lock’, which must be held
whenever a change is to be made to the state of a page (as reflected in the
information in the pmap). However, there is another rule that says the page

lock cannot be held during i/0 (so comeone else can get work done while you wait
for the i/0). To prevent a page from being stolen or modified by someone else
when you have to give up the page lock, the in-transition bit in the pmap must

be set. However, this in itself isn’'t enough. The mmap (remember?) is a table
that describes the state of physical memory. It contains one entry for each
physical page. This still isn’'t the time for the mmap story, but suffice it to
say that there is some code that doesn’t know about the pmap and the in-transition
bit, but only knows about the mmap and the avail bit. Any page in the mmap marked
“‘avail’ is eligible to be taken for use. (Available does not mean 'not used’, it
means 'may be stolen for another use’.) So, to keep a page from being tampered
with when you can’'t keep the page lock, the in-transition bit in the pmap MUST

be set AND the avail bit in the mmap MUSY NOT be set (call mmap_$unavail).
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Further information (and pictures) for most disk data structures and
layouts can be found in the section on the File System in the Engineering
Handbook. Pascal type definitions are mostly in ins/vol.ins.pas, with

a fewer lower level ones in ins/base.ins.pas. Exceptions are noted.
Values for particular disk parameters can be found under Peripheral 1/0
in the handbook.

ALTERNATE LV LABEL

O

When INVOL initializes a logical volune, it allocates a block (typically
the last block on the logical wvolume) to hold a copy of the logical volume
label. The physical volume label contains an array (alt_lv_list) of the

physical disk addresses of the alternmate lv labels for all logloal volumes
on the disk.

If the 1lv label of a volume gets desttoyed, it can be regenerated from the
alternate 1lv label with the following steps:

1. Find the daddr of the alternmate 1lv label by reading the pv label and
finding the alt_lv_list. If the pv label has also been destroyed, use
rwvol to read the blocks at the end of the logical volume (assume that
the volume is the maximum number of blocks) and look for a block whose

block header uid is 201.0.

2. Use rwvol to read the alternate lv label.

3 Use DB (or MD, if runm.ng offline) to patch page number (3rd long word)

"and daddr (8th long word) as follows:

4, Use rwvol to write out the block to daddr 1.

ASSIGNED DISK

A physical or logical volume whose "ownership" has been assigned to a user

process using either the disk_$pv_assign or disk_$1v_assign call. An assigned

disk is not used for file system (virtual memory) operations; all i/o to the

disk is performed by user programs using the disk_$as read and disk_S$as_write
calls. NOTE: even though the disk is under the control of a user program, the
physical block format — 32 byte header and 1024 bytes of data — is unchanged.

See also Assigned Disk Routines; contrast with Mounted Disk.

- ASSIGNED DISK ROUTINES

There are seven routines that are available to handle assigned disks.
These routines and their functions are described below (Calllnq sequences

are defined in /us/ins/disk.ins.pas. Arqument types and meanings are as
described herein.)

¥ 'disk_$pv__assign — assigns oontrol of a physical ‘volume to the caller and

returns the volx of the volume to use in subsequent assigned calls.
The caller must supply controller type, controller number, and drive
unit number. If known, the size of the physical volume, blocks/track,



and tracks/cylinder can be supplied. If they are unknown, the size of

the physical wvolume (b_per_pvol) should be specified as 0, and the

appropriate parameters will be returned by the low-level driver. (If

ge 1<))w-1eve1 driver doesn't know the disk parameters, you MUST supoly
e{l.

Q dlSlL$lV assign — ass:.gns oontrol of a logical volume and returns the
volx of the volume to use in subsquent calls. The volx of the physical
volume, which must have been previously mounted or assigned, must be
supplied by the caller. The address of the alternmate lv label is also
returned. (This is because the online SALVOL needs the address of the
alternate 1v label, but may not be able to read it from the ;hysmal
volume label if the volume has been mounted.)

disk_Sas_read — reads a block from the assigned volume and returns the
block header and data. The data buffer must be page aligned. The read
is under the oontrol of the assigned options as described under
disk_Sas_options. Note: Aegis assumes that the caller doesn't know
what the block header should contain, so an assigned read will never
generate a block header error.

disk_Sas_write — writes a block to the assigned volume. The data buf fer
must be page aligned. The write is under the control of the assigned
options as described under disk_S$as options.

disk_$format — the specified track on the assigned volume is formatted.
disk_$as_options — this allows the override of some of the default behavior

of the low-level disk routines. Options are:
write_protect — logically write-protects the assigned volume.

no_crc_retry — if a data check occurs during a read, it is not
, O ‘ retried (used by FBS).
use_caller_blkhdr — tells Ang.s not to touch the block header, in

particular not to £ill in the d&tm, pad, chksum, or daddr fields
(used by FBS). ; .

disk_S$unassign — relinquishes control of an assigned volume. Any assigned
options that have been specified are reset.

BADSPOT CYLINDER | ,
A cylinder, typically one of the last two on -a physical disk (see Engineering
Handbook) » used by INVOL to hold the physical badspot list. The physical badspot
list is written out to each head on the badspot cylinder in an attempt to

overcome any badspots that might appear on the badspot cylinder.

BADSPOT LISTS

There are two types of badspot lists — physical and logical. The physical
badspot list is constructed by INVOL or a disk diagnostic and written out to
the badspot cylinder (which see). There is also a logical badspot list contained
in the LV label of each logical volume on the disk. This list describes only
those badspots which lie within the confines of the logical volume.

BADSPOT MANAGER

A set of subroutines that ocontain all knowledge about the format of the
physical and logical badspot lists. Programs needing to reference the badsvot
lists (INVOL, SALVOL, FBS) all call the badspot manager to read, write, and
update the badspot lists.
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BAIBPOT

A media defect on a disk that renders one or more blocks unusable for data

. storage. Most disks we use come from the manufacturer with a list of badspots.

(Some storage module packs are guaranteed defect-free; floppies do not have
badspot lists.)

When a disk is 1n1tialized, INVOL is used to translate the hard-copy badspot
list for permanent storage on the disk (see Badspot Cylinder). In some cases,
the badspot information is stored on the disk by the manufacturer, and the
appropriate disk diagnostic can be used to automatically read this information
and construct the physical badspot list on the disk.

As part of disk initialization, INVOL reads the physical badspot list and
removes any bad blocks from the Block Availability Table (which see). Note
in particular that Aegis knows nothing about badspots; they just appear to

. be pre-allocated blocks on the disk.

BAT

See Block Availability Table.

BLOCK

See Disk Block.

BLOCK AVAILABILITY TABLE (BAT)

O

A bitmap describing the current allocation of blocks in a 1ogiéal volume.
The location and size of the BAT is described by the BAT header, which lives
in the logical volume label.

Each bit in the BAT describes the state of one disk block — 0 if the block
is free, 1 if the block is in use (or is a badspot). The BAT header contains
the disk address of the block represented by the first bit in the map.

The BAT is 1m£1allzed by INVOL during initialization of a logical wvolume.
When SALVOL is run, the BAT is reoconstructed using the current state of the
VIOC and the badspot list in the logical volyme label.

See Disk Block Header.

BLOCKS_PER_VOL

A disk parameter giving the total number of blocks on a physical volume

that are available for the definition of logical volumes. Typically,
blocks_per_vol will equal blocks_per_pvol (which see) minus the number of
blocks in the badspot and diagnostic cylmders. On some disks, blocks_per_vol
is artificially reduced further so that the primary and secondary sourced
disks will be of comparable size.

BLOCKS_PER_PVOL

BOOT

A disk parameter giving the total number of usable blocks on a physical
disk volume (contrast with Blocks_Per_Vol).



) See SYSBOOT.
CALENDAR

~\ An offline (SAU) or online (/OOM) command used to set the calendar
clock on a node. The calendar utility will also update the last valid
tJ.me in the logical volume label.

NOTE: calendar should be run on a node before using the offline INVOL :
to initialize a disk on the node. If this is not done, INVOL will generate
invalid UIDs for the disk. (INVOL will check for this in the future.)

- CHECKSUM CDMMAND

A command (see /usx/com) used to enable, disable, and display the
checksum status of the system. The format of the command is:

Cs [-e | -d] [winchester | floppy | storage_module | network]

"—e" enables checksumming for the specified device; "-d" disables
checksumming. Only one device can have checksumming enabled at a time.
If neither -e or —-d is specified, the checksum status of the system is
displayed.

When checksumming is enabled for a deVice, Aegis performs the following
~actions whenever a block is read or written:

1. Before writing a block, a software checksum is calculated and
stored in the block header. The 16-bit checksum is a simple sum
of the 512 words of data in the block.

O 2. After any block is written to the device, it is immediately reread
_ - and checked as in #3.

3. When any block is read from the device, if the checksum in the
header is non-zero (meaning that it was'prevmusly written with
checksumming enabled) » a new checksum is calculated and compared
with the checksum in the header.

When checksunmmg is enabled, Aeqgis w111 crash on any of the following
conditions:

read_after_write (8001C) Following a write, the subsequent read
incurred an uncorrectable disk error or
the block had an incorrect block header.
read_chksum : - (8001F) A read (not a read after_write) failed
the checksum test.
read_after_write_chksum (80020) A read after_write failed the checksum test.

cs
See Checksum Oommand

CHUVOL (G'IANGE_}_UIDS_CN_VOLUME)
An offline (SAU) and online (in /INSTALL) utility used to change every
UID on a physical volume, The need for this procedure arises when a disk

is initialized on a node whose node ID is different from the ID of the
node to which the disk is eventually to be attached. (For example, manufacturing



initializes, loads, and stockpiles IN300 disks without knowing the eventual
‘ destinations of the disks.) When Aegis is running, it expects the node ID
part of UIDs for local objects to match the ID of the node on which it is
running. If these IDs differ, Aegis performance suffers because the algorithm
for finding object in the network generates many needless network transmits
O (trying to find the node that originally initialized the disk)..

To prevent this, once a disk reaches its eventual home, CHUWOL is run to
"rename" every object on the disk. This involves reconstructing the VIOC
and changing the block header of every block in use.

WARNING: CHUVOL should be run only when you have a hlgh degree of confidence
in the disk hardware and the file system on the disk in known to be in

a oonsistent state. If there are user files on the disk (i.e., files not
replaceable from master release media), they should be backed up prior to
running CHUVOL.

NUM
See Controller Number.

(DN'JROLLER NUMBER (QNUM)
A number defmmg which ocontroller of a given controller type you want
to talk about. A oontroller number can be 0 (first ocontroller) or 1
(second controller). Currently, Aegis and the standalone utilities
support only one controller number — O.

CONTROLLER TYPE (CTYPE_T) |

' An ennumerated type defining the names of the various ocontrollers that
O support file system activity. Possible values are

WINCHESTER (all flavors of winchester disks)
FLOPPY
RING_XMIT o (use this, not ring rcv)
RING_RCV
STORAGE MODULE (includes Intel controller and file server disks)
CTAPE (cartridge tape)
CPBOOT

A command for copying SYSBOOT onto a disk (and the ONLY way SYSBOOT
can be placed on a disk — see also SYSBOOT). Command format is

CPBOOT <source-dir> <target-dir>

Note that the source and target are pathnames of the dlrectorles
containing SYSBOOT; do not specify SYSBOOT as part of the pathnames. '

CTYPE
See Controller Type.
CYLmDER

A vertical slice through a physical disk. A cylmder oontains one or
more heads or tracks.

DADDR



See Disk Address.
DeT .
O See Device Controller Table.
DEVICE CONTROLLER TABLE (DCT) i

(Aegis internal) A table internal to Aegis that describes the controllers,
ring and disk in particular, that are or may be part of the hardware
configuration of the system. Each DCT entry (DCTE) contains the controller
number and type, and a set of parameters that are common to all controllers
in the table (interrupt vector address, 1omap slots, read/wnte routine
addresses, etc.). The DCTE type definition is in ins/io.ins.pas; actual
DCTEs are defined in ker/io | tbls asm. ‘

DIAGNOSTIC CYLINDER

A cylinder — typically the last or next to the last on a physical disk
(see Engineering Handbook) — reserved for diagnostic operations by disk
diagnostics (offline diagnostics, controller built-in diagnostics, the
online TESTVOL program).

DISK ADDRESS (DADDR)

The address of a block on disk, sometimes represented as cylinder/head/sector
numbers, but more typically represented as a single DADDR — the sequence
number of the block in a physical or logical volume (starting from 0).

| DADDR = (cylinder*tracks/cylinder + track) * sectors/track + sector
O ("track" is the same as "head".)

Disk addresses can be physical or logical. A physical daddr is the absolute
address of a block relative to the start of the physical volume regardless
of which (if any) logical volume it may be in. A logical daddr is the address
of a block relative to the start of the logical volume to which it belongs.
So, for example, the physical daddr of the first logical volume label on a
disk is 1; its logical daddr is 0. (In general the logical daddrs of all
disk addresses on the first logical volume w111 be one less than their
physical disk addresses )

ALL disk addresses appearing in a logical volune (except those in block
headers) are logical disk addresses.

DISK BLOCK

A sector or record on a disk. A disk block consists of a 32-byte software
header (see Disk Block Header) and 1024 bytes of data, so the physical block
size on disk is 1056 bytes. (Floppy disk blocks have no headers, so the t
physical block size is 1024 bytes.) For disk block addressing, see Disk Address.

DISK BLOCK HEADER (BLK_HDR_T)

The first 32-bytes of data in any physical disk block (except for floppies,
which have no headers). The block header is used by Aegis to verify that the
correct block was read and by SALVOL to verify the consistency of the file

- system. The block header ocontains the following information:



UID The UID of the file to which the block belongs; '
PAGE The page number of the block within the file (the first
. block is page 0, the second is page 1, etc.);
The UID and page number are sufficient to miquely
identify any block in use.
. DIM The time (as a clockh_t) when the block was last written
O to the disk.
BLKTYP Identifies the block as data (0) or level 1, 2, 3 filemap
SYSTYP Identifies the type of object (file, dir, sysdlr)
(HKSUM A software calculated checksum for the data in the block.
(This is used only if read-after-write checksumming is
turned on — see Read-After-Write Checksum.)
PAD Unused (0's).
DADDR The physical disk address of the block.

DISK PARAMETERS

A set of numbers that describe the size and "shape"” of a physical
disk volume. These numbers are stored in the physical volume label
(which see) of a disk so that Aegis and the standalone utilities can
determine the size of a disk without depending on self-identifying
hardware on the disk drive. The parameters describing a disk are

DRIVE TYPE
BLOCKS_PER_PVOL
BLOCKS_PER _TRK
TRACKS_PER_CYL
PHYS_SECIOR_SIZE
PHYS SECTOR_START
SECTOR_DELTA

OISK VOLUME: TABLE (DVT)

(Aegis internal) A table setup and maintained by Aegis to describe the
state of all mounted and assigned disks on the system. Each IVT entry
(DVIE) contains the state of the volume (being mounted, mounted, assigned),
the disk parameters describing the volume, the identity of the current
owner, the UID of the volume, and a pointer to the DCTE for the controller
of the drive on which the volume resides. For both mounted and assigned
volumes, disks are identified by Aegis by a Volume Index (VOLX), which

is the index of the INTE for the disk in the IVT. The layout of a IVIE is
in ins/disk.pvt.pas; the actual VT lives in nuc/disk_wired.pas.

DISK_ERR
An online utility (in /SYSTEST/SSR UTIL) that prints out information
saved by Aegis on most recent unrecovered disk error. The information
includes the disk volx, the time, disk address, and physical page number
into which the block was read, the error status, and the requested and
actual block headers.

DMTVOL (DISPDUNI‘_VQJU!'E)

" An online command to dismownt a mounted volume.

DRIVE TYPE (DTYPE) -

A number, which can be passed in to disk_$pv_assign but is more typically

set and returned by the lower controller-specific driver, that identifies
a particular drive type for a controller that can support more than one



kind of drive (e.g., 30MB and 70MB winchesters).

{Currently, the only disk driver that takes dtype as an IN argqument is

the floppy driver, for which the drive type is used to differentiate between
single and double density floppies — commg soon from pjl.)

Q/TI’YPE

See Drive Type.

IVIE

See Disk Volume Table.

EXTENT

A contiguous set of blocks in the VIOC. Each VIOC extent is descrlbed
by an entry in the VIOC map (whlch see).

~ FBS (FIND_BADSFOTS)

An offline (SAU) utility that can be used to construct a badspot list
for a physical volume if the original badspot list has been lost. FBS -
writes and reads several worst-case data patterns to every block on the
disk for a user-specified number of passes. The original contents of the
dlsk are, of course, completely hosed.

FILE MAP

A list of (logical) disk addresses that define the locations of the blocks
of an object in a logical volume. There are four levels of file maps,
referred to as Level 0, 1, 2, and 3. A Level 0 file map points to the
first 32 blocks (pages 0-31) of an object and lives in the VIOC entry for
the object. A Level 1 file map is 256 entries long and points to pages
33-287 of the object. A Level 2 file map contains up to 256 pointers to
further Level 1 file maps for the object. A Level 3 file map contains up
to 256 pointers to Level 2 file maps. The first Level 1, 2, and 3 file maps
are pointed to by the VIOC entry. The maximum size of an object is thus

(32 + 256 + 256%*2 + 256%*3) * 1024 = 17,247,300,000 bytes

Ievel 1, 2, and 3 file maps are each 1024 bytes long and are allocated ’

as required when a file grows. The UID of the block header for file map
blocks is that of the owning object; the block type will identify the
level of the filemap.

HEAD

One of the n thingamawidgets that sit on disk surfaces and do reads
and writes. Number of heads = number of tracks/cylmder.

INTERLEAVING

O

The physical layout of logically contiquous pages 'of an object on disk.
Since Aegis (and/or the disk controller) typically isn't fast enough to

‘'read consecutive hlocks from the disk without losing a revolution of the

disk, Aegis, when allocating disk blocks to an object, skips one or more
disk blocks between consecutive pages of the object. So, for example,
pages 6, 7, 8, 9 of a file might be given disk addresses 100, 103, 106,
109, 10C (assuming an interleave factor or Sector Delta of 3). 'Ihe optimal
interleave factor is a function of the speed of revolution of the disk,



the amount of work required by the disk driver, and the pattern of reference
' by the program using the file. Interleave factors range from 2 for a
floppy disk up to 9 or so for a storage module on an Intel controller.

INVOL (INITIALIZE VOLUME )

O An offline (SAU) or online (/QOM) utility for 1n1t1allzmg disk volumes.
. INVOL has several options that allow initializing logical volumes, entering
badspot information, building an os paging file, and displaying the status
of the volume. Complete instructions on usage are in some manual.

LOGICAL DADDR

The address of a disk block relative to the start of the logical volume
to which it belongs. All disk addresses (excluding those in block headers)
on a logical volume are relative to the start of the logical volume. -
See also Disk Address.

i
LOGICAL VOLUME

A self-contained and independently addressable entity on a physical volume.
A physical disk volume may contain one or more logical volumes, each of
which may be mounted (for file system operations) or assigned (for assigned
i/o). ILogical volumes are numbered starting at 1.

Logical volumes are created using INVOL. The first block of a loglcal
volume is the Logical Volume Label, which contains the name and UID of the

logical volume and information about the other structures on the logical
volume.

@M VOLUME LABEL (LV LABEL)

The first block in a logical volume (logical daddr 0), holding information

about the size and state of the logical volume, headers for other data

structures on the logical volume (the BAT and VIOC), and pointers (VIOCXs)
~ to certain standard objects on the logical volume (network root — //,

root directory — /, os paging file, SYSBOOT).

The 1lv label also oontains the date-times of last mount, dismount, and

salvage (see SALVOL).

See also Alternate Loglcal Volume Label.

IV LABEL
See Logical Volume Label.
MOUNTED DISK |

A physical or logical volume that is available for file system (virtual
memory) operations. A volume is mounted using the MIVOL command (an
exception being the boot volume, which is automatically mounted by Aegis
at system startup). Once mounted, all access to the volume is ocontrolled
by Aegis via file system and virtual memory paging operations.

See also Assigned Disk.

Q‘!IVOL (M)UN’IQKLUME)

The command used to mount a logical volume and catalog the volume
in the file system.



. NEIWORK ROOT (//)

A directory, //, that is initialized by INVOL as part of any loglcai

volume. A pointer (VIOCX) to the network root directory is stored by
O INVOL in the logical volume label.

0S PAGING FILE

An uncataloged permanent object that must appear on any logical volume
that is to be used as the boot device for Aegis. The os paging file is
the backing store for those parts of Aeg;.s that are eligible to be paged
out to dlsk The paging file is built using INVOL, and a pointer (VIOCX)
to the paging file is stored in the logical volume label.

PHYSICAL DADDR

The absolute physical address of a disk block relative to the start
of the physical volume; see Disk Address.

PHYSICAL VOLUME

A disk, oonsisting of a physical volume label (first block on the disk,
daddr 0), one or more logical volumes, a badspot cylinder, and a diagnostic
cylinder. A physical volume can be mounted or assigned. See also

Logical Volume.

PHYSICAL VOLUME LABEL (PV LABEL)

The first block — physical daddr 0 — of a physical disk volume. The

pv label contains parameters describing the physical disk (see Disk
O Parameters) and lists containing the addresses (physical daddrs) of

each logical volume and its associated alternate 1lv label. .

Since the pv label is the first record on a disk, it can be read
without first knowing the exact parameters of the disk, which are
normally required to convert a daddr into cyl-head-sector for the
- low-level disk driver. Aegis and the standalone utilities make use
- of this fact when mounting (or assigning) a disk on a drive whose
parameters are unknown.

PV LABEL
See Physical Volume Label.

READ-AFTER-WRITE CHECKSUMMING
See Checksum Command.

ROOT DIRECIORY (/) , .
A directory, /, that is initialized by INVOL as part of any logical
volume. A pointer (VIOCX) to the root directory is stored by INVCL
in the logical volume label. The root directory is the top level of
the directory structure for the file system on the logical volume.

CDWVOL (READ/WRITE_VOLUME)

A standalone (SAU) or online (/SYSTEST/SSR UTIL) utility for reading
and writing blocks from a physical disk. (To use the online RWVOL,



the pmys:.al disk cannot be mounted.) FRWVOL is a useful tool for
. . examining and repairing parts of the file system. It can also be
used to help diagnose failing controllers or drives.

SALVOL (SALVAGE_VOLUME)

O A standalone (SAU) or online (/COM) utility for salvaging a disk
after a system crash or other occurrence that may have corrupted
the file system on the disk. Since many changes to files, the VIOC,
and other parts of the file system are not immediately reflected:
‘on the disk, a crash may leave the disk in an inconsistent state.
For example, a file may have grown (had new blocks allocated to it),
but the Block Availability Table (BAT) may not have been updated
on the disk.

A logical volume is identified as needing salvage by examining the
last-mounted-time, last-dismounted-time, and last-salvage-time,
three fields in the logical volume label. If the last mount predated
the last dismount, and the last salvage was not performed after ‘
the last mount, then the volume was not correctly dismounted and
has not yet been salvaged.

The chief operatlon performed by SALVOL is to scan the entire VIOC
on a logical volume and reconstruct the BAT so as to be consistent
with the contents of the VIOC. In the process, SALVOL will detect
and attempt to fix many other file system errors, for example,
multiply allocated blocks (blocks that claim to belong to two or
more objects), bad chain pomters in VIOC blocks, and incorrect ACL
reference counts.

When booting a node in normal mode, SYSBOOT checks to see if the
boot volume needs salvaging. If it does, SALVOL is autanatlcally
run before bringing up Aegis.

SECTOR |
Same as Disk Block (which see).

SECTOR DELTA

' See Interleaving.

STANDALQNE UTILITIES (SAUS)

- A set of programs that live in the SAUn directory and perform
various disk maintainence and diagnostic functions. The standalone
utilities are CALENDAR, CHUVOL, INVOL, FBS, RWWOL, and SALVOL
(all of which see). Most of these utilities have online versions
that can be run under Aegis on an assigned disk (a disk which is
not the boot volume and has not been mounted for file system use).
Online versions of CALENDAR, INVOL, and SALVOL live in /QOM; the
online (HUVOL lives in /INSTALL; the online RWVOL lives in
/SYSTEST/SSR_UTIL.

SYSBOOT

\ A program that lives in (physical) disk blocks 02-0B on any physical
C/ volume that is to be used as a boot device. SYSBOOT is read from
the selected boot device by MD whenever an EX, EY, IO, or LD command
is issued. SYSBOOT knows just enouch about the file system to be able



~ to £ind the SAUn directory and read in the requested file. SYSBOOT
. can also recognize a volume in need of salvaging and, when asked to
- load Aegis in normal mode, will first execute SALVOL.

- Records 02-0B are also the first 10 data blocks of the first logical -

O volume on the disk. These blocks are set aside (marked in use in the
BAT) by INVOL when the first logical volume is initialized. INVOL
also catalogs SYSBOOT in the root directory of the first logical volume,
but DOES NOT copy SYSBOOT onto the logical volume. To do this, the
CPBOOT command (which see) must be used. Also, since SYSBOOT occupies
a particular physical position on the disk, it (ANN)'I' be replaced by
normal flle system operations (e.g., CPF). _

. TESTVOL (TEST_VOLUME)

An online disk diagnostic that lives in /SYSTEST.

TRACKS_PER CYL

A disk parameter defining the number of tracks (heads) per cyllnder
on a physical disk.

UID

Unique identifier. A 64-bit number that is the wnique "name" of any
object (file, physical or logical volume, acl, directory, etc.) that
lives in or is part of the Apollo file system. Certain objects, since

- their UIDs must be known a priori, are given "canned" UIDs. In particular
the following parts of a disk have canned UIDs:

Q Physical volume label 200.0
Logical volume label 201.0
VIOC blocks 202.0
BAT blocks ‘ 203.0
UNIT

The number of a particular disk drive controlled by a given disk
controller. Unit numbers range from 0 to 3, 0 being the number of
the first (or only) drive on a ocontroller.

VOLUME INDEX (VOLX)

The number returned by the disk $pv_assign and disk_$1v_assign calls
that is used to identify the assigned volume in subsequent calls for
assigned i/o (read, write, format, etc.). (Internally, the VOLX is
“the index of the assigned volume in the Disk Volume Table, which see.)

VOLUME TABLE OF CONTENTS (VIOC)

A table describing the current contents of a logical volume. The VIOC

is an area allocated near the center of a logical volume by INVOL_ during
- the initialization of a logical volume. The size of the VIOC is a function
of the size of the loglcal volume and the average file size as specified
by the user.

C ) The VIOC is allocated in from l'to 8 extents,k each extent being a ocontigquous
set of blocks. Each extent is described by an entry in the VIOC map, a
table in the VIOC header (which is in turn part of the 1lv label). INVOL



allocates the VIOC in such a way as to minimize conflicts w1th badspots and
thus keep the number of VIOC extents to a minimum.

Each block in the VIOC contains up to 5 VIOC entries (which see). Each

VIOC entry contains information about an object stored on the disk. The

Q VIOC entry for a particular object is found by hashing the UID of the object

 (using a hash modulus stored in the VIOC header) to obtain the index of the

VIOC block in which the VIOC entry for the object is to be found. (This
calculation produces the daddr portion of a VIOC Index, which see.)
If an object is being created, and its UID hashs to a VIOC block that
already contains 5 entries, a VIOC extension block (hash backet) is allocated
and chained to the full VIOC block.

VOLX

~ See Volume Index.

VIOC
See Volume Table of Contents.

VIOC ENTRY (V’.IOCE:)
An entry in a VIOC block describing the attributes and location of an object
on a logical volume. A VIOC entry contains the UID of the object, the
date/times last used and modified, the current length and the UIDs of
the ACL, TYPE, and containing directory for the object (the latter only if
the object is cataloged).

A VIOC entry also ocontains pointersk to the first 32 blocks of the object
and pointers to the Level 1, 2, and 3 file maps (if any) for the object.

VIOC INDEX (VIOCX_T)

A pointer to the VIOC entry for an object of the form DDDDDX, where DDDDD
is the logical daddr of the VIOC block for the VIOC entry of the object
and X is the index (0-4) of the VIOC entry in the block.

For example; the pointer to root directory in the VIOC header is a VIOCX.

If it has a value of 734D0, then the VIOC entry for "/" is the first entry

in physical disk block 734E, assuming the logical volume starts at daddr 1.
VIOC MAP | |

An array in the VIOC header (in the lv label) describing the location
and size of up to 8 VIOC extents. See VIOC.

VTOCE

See VIOC Entry.
VIOCX

Seé VIOC Index.
“IRITE PROTECTED

The state of a mounted or assigned volume that inhibits anyv writes
to the volume. Of the disks supported by Aegis, only floppies and



some storage modules have hardware write protect mechanisms. When a -
, yolume is write protected (by the —protect option of MIVOL or by
dlle$as_optlons) , the protected state is recorded by Aegis (in the
IVTE for the volume) and prevents Aegis from attempting writes.
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scan.line Lor ecch bulfey C..\\, se Hu Seme
‘arou:s;us 30\5 dint o> Lvv *Vunscvc'pf't

o Ca\\ create.window
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Sc ME Sl €E MEASURES

¢ /5’5/6.’»\/4»&

24 modules & aSm, a3 Pasu()
AN3Y Vnes of code

(2% 13K bytes of orocedure text

Yo 1 b,ks of stetic dota
o PAD.S 4 VYT & oOalls in sthreams

'S woeduleg (v asm, W Posa‘)
‘f%oo \t'v\e,s o-‘ CQJQ

IYK bytes o4 procedure fext

- b\l bes ot S"'a.""\.t data



O CQGAT\NG A& Peocess (shell km,’

Ix'-ecr recieve s ‘“15’0’0‘;! awnd posses o
to iwchar. Jnchay discovers deCintiom,
awnd passes eP leem/sh™ b Pawso.-cnd

. Disfah.L 42 CP ctomrrand

e Read Paﬂuqme (/¢°M/S‘\), +ead avauuowh
(hone im +his Co..sc), build avauw.u.* st

’ Rfad ev beild Precess hoawme C.?vecets-N.. Qtv\.
Q His Co‘.‘c) and cheek S navie cendliods,

« CaW\ ?oa_-tz!w.-cvea&c $o cveabe Hoe L\ Lov
Ha -!'va.o»,gu-ift and redurn o sheawm b
W, Thic Lile s always demperary + unnarned,
M'-\‘-ﬂ POJ Corvaand ' 3.“49 k‘.

« Catt crufc.fae( Yo alloeate ¢ t'v\.i-'-(a\e'éc -
?s.& recovd,

4 Cd—“ ?u\_gdwx-crca‘re (ar H.e O.hfv-f' ".’u!..
Thie wses mbg-zoren.b1.stvucv. Cov
O create -?m( Leor o deo,
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iy, ———

* C"-“ ij‘."tn\'.‘!dt, fassiuj -H-.g ;n.(u.!' G‘?Vtt\:»’:!-:é‘
twice, avd He 'hu-.su;?f stmeam td dusice,
'\'t.c a‘.vtah.g iqp;r*/c;fcr‘!’ mecke wisrn 3:4.-7
He shreams eprn an H. wew precess,

e Close He ’.hfuf pod stream. Ovly wecded
-(.vcv exPow)'.

e Sed Ho precess wame and woke o+ an

~

cvr&au

o Cat\ crente_windew LHir He %auun'f'),
avd relede Gv He .!V\?w‘.' pove, These
nse vcaiu indormation or defaulls
s beltished Pv'\or 1. d.-fs.pe.‘.ch:nj H ¢P

Cevarsand.
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10 gAzmAa_e Reruen N AN TNPOT Pas

* TniKal conditivni: one s’ucomphh \tne of
text s i the input prd, and Hhe ucer process
hes writen an unterminated output line %o
the trunscript as o anls*. This prompt 1s
' nek 704’ sty\a-/d auywkorc on +he screen

i * User program calls streamdged.vec, vh-iqefvec
Sends inrd- re1uc:* Vi st-SS;jvuJ. and

waiks Lor input in the mailbex,

:O i Sism-‘ ?nwﬁihj ™ m(oe?-‘ '
- call ‘:'Ovi'\Puf 4o check (ov lnfu" 1‘Y¢A‘\‘ '\'036
- Since Here s none, record He request w Ha

'."F""’ ped, and eatl "Jvouf“’ o exbtact Ha
unterminated line hrom Hee ‘)‘Yauscn'f{' awd

dbrlu, W m He inrd window. The endire

Ss‘»d Windew contints ave vc-Abrkytd.
SwowWd. WINDeW understands P"”f“"

e CR he,s%oh avrvives TN (t\'copt
- call nechur +o handle \ccrs‘\w&e
= iwn.char discovers that Hoe k!’-’ o dekined,
and callg PARSE.cmD with the s“‘n'uj “en’
O © parse.cmd calls wmeerd.wl 1n response +
e EN command.
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C - Cvn'\'\.kut(

[ e

- serb_nl

(s wathin

nokices Haut o precess
bor input on Hhiv P4,
and et Hus Wne can sa.h'sL, e
request. I+ vemeves He lLine frem
the Prd (ins_lines (-0), deletes Yhe

prompt, ond redisplays He (new em,(-r)
t'upu‘l' window.

= T4 Huw wrikes He line ko Ha hewseript,

and calls arpnd-,)u\ to wp date 1478
‘\'Vaucvi"" windgw Jf:r'm,. Q




O

Orscure Winbow S

L Roo"f (ﬁﬁﬁ:?ﬁ&ﬁ) Uiu‘o@t ave Ma.rkea assuav(’
ard o list ok visible sub-windows v computed.

o Uiu\.u Ccv\"!w"! (P&At) cawn a\d‘t'ﬁ ‘oe YCA(?'a,OJ
O chetrving He visihle regions, but  Lul redisplay
tS necessary - the bir bl ts vt used

* Window berders «+ benners Avv:" (““7 cbserve
obscurity, “Tsoetvl-€ or screen condi 3“""‘.‘;

ZFtsafs re‘.\: re | bgﬂom'&P vredru)

—

e

* Minimum vedraw obber conGgurabion cravge
»ﬁi““""”(’iﬁ,’l&” Hose windaws onrhr/cl s., He
Window being Mmdlsnwh/puﬁed. B‘*‘,t‘,ft‘?
vedvew r{&u’wﬂ Hed Nu, window o;?;(a”!«‘ '97

[ winlaw be.m.s \'!4\"1-6& wlse Le reclroum.

O
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O Roruaey A.sc_l_L OuTPw\"_—_rg_g_ TrAVSCcRIPT _

s Wser Pmc’nn Calls s*r/lﬂifwhwc

¢ vhtputvee calls d.Rled.sput.vec b append
/‘Hu. kne Hee -Fslc, Hen sevds an cuﬁwd’

Y(qtus" vik 5M4-5~$j?\\.( )

T

. Iulnf receiyes the sisu( and clls opreud.’md

. A?f‘“'f““ r@.]; He \ine Lo Hee Lile

(via s’wuxw..isc*- bq-(-, m Sovee. lowate Mec‘.c)
and checks Hv o V(a";cs'? sequence.

——re

. Fivdip.s sohe, ¥ calls m"l“"._{v uyt‘&‘.‘t. He

Vine indey.

Scanm. )ine exorines €cch chavacker
can-line

and precessec newlnes, frpn leeds, bens, and

"“d""ﬁﬁt and ‘"‘”*ifjfﬁ‘f;f__k vepuests. Iy alis

ins,. lines (¢V) s v«eccssuy

1’:"«.\\1, show, windew \s co\Ved, bu‘ajcd' v He
52“;t,5 of held, antebcld, sevefl, ete. Theve
Qve Sewme of";mijo“l'ous Hot sueid catls h
ﬂ\ow.wikdgw Lov ommen 'f“';“ cases.
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lcommmd:

\ ln\oop ‘J
{smd_tevert wait

; “}l.w_.\. —
locator : 5 signel

TPAD :&e& tlose/

Keystwie :

N i it

printeble |
chovr
rse.cmd lecal \
O 3 \ %eJH-
\ods o
other shuld |
- UTILITY MobulLEs
£ind P“‘“ dis?ky mainbain
cevee Wwindow P“*
, on SEvEew contents contents
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Wiwpew Disecay Fuvvamenracs O

¢ ‘rwl?iu\ Screen editnr al?fmac‘.z
- nmake Jsamses o file
- call 3¢Mr..\ screen u.?dd-c. Pwulun. 4o

re-discover d““ﬂ“ and Moli‘«, cksfhr

] Co'ﬂﬂfﬁ’:";@‘ 0{, b.l*"M‘P d;‘r'ay. Mn\k?‘c “Q\'\"T\ b.(""bt"'
Q“idencr make dhig a’fnoc‘\ more difCeuld

. Genem\ uﬁa"—c froa‘urc W the DM
- & current imjg TY < u’a-h-dd-c., we |
redrew enhire window contonts O
- C“\GNJ.\QC on‘y P(?osi‘:‘om'nj Y heccswfr -
"'\'Jun out hew b wse bbbl 4 '0"*.‘"":5‘

o hocal G‘\ausu made .m((cw‘ \;1 sffém( Purpese code
= inserbon/delebion of C'NAVOW“!!'&/(“\O;
- Substitute, M&/pﬁ( within & :.w.s\c e =
Lor multiple Iimes, do St Yt&isf'ay
= Yhege oer’«yA\‘ou: ﬂluin ot He Cayser
be on the line W 1»\‘8“»0\{ hat F Le Visible
- \ud d\auaeg w\ut"’ Iuvc Window reurc(

consishnd with ochual A'\ﬁr'ﬁr
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Man.windows R
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FiLes Usep By Tie DM

° Mtgggs\.s’l\shck (:Rol'-da“\/ﬁhb‘-)
-ovdn\avr ?rcceduyl Cal\ s\-m.k,??.
- bo ?rc-a“ccd'cJ wWindow recerds
- other DM  skhc Yanables

L \U\QJC.JN"&/?Db
- hnr ile o
- ?al recerds

“’CQP Lunnamel +CMP (\\t ~ Mmax Si}c \d ;MQ)
- Mc(.{(‘\.u( lines c‘ IR S ( |.nrvd' ?x&‘

- fine indaxes & 'nmpvd’ peds

- wnoo  dulfers

- \tel &(gh\'l\'\.bws

varscelaneous 1&0&0: t ‘H\'\hjs

° /Sy-‘l/l(m/cwff«.‘f + ‘lfuf

- em‘Jl-y Lles whose wid's iAu\%:(», the interqal
DPm zw?wf < cud'?ud' ?*(8

° S"‘"V"‘\Ar. 541' ‘Q( -(QJ;“’ 3*-;‘_ ker"
user.la-\m/kq-dc bs, fnls

* “nede.doti/dm . ervor. \eJ



1P Mewpanisms

User k DM

el s tite }‘

E=2 ranecriehF—
creru\'lov\ }

—> Smd.&sigv\a!'\ ped.id

. mbx
| \(ﬂnpd'ldﬂ) S

wrmmAnL
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o cevar TN g

PAD. 8 CALLS

° g—ﬁ@ﬁigﬁ, ﬁé’eaasewz.eg l{%m?%’ @cx\'Pw" @pfrf&h.owj)
- ?aéw%"um,&w%
- ?&»eﬁ@fﬁf e e
”?&dw@g?vwﬁ&%g é‘&&@%ﬁw% wmesd QPR ef&
= qnst Q@seape sequeness
- dhaoe ave jw%‘%” ?w%’ 1 *%@mwscm.P" °No
$‘§m@5wwx°e5&%%?@@ @F red’(v; V%u:@%@?. ReJu"y
noeil escape s woed

® ﬁe%&ws% -S?egwé‘we’ﬁ
- vequiR @ w??vg, ov wewmevel of re‘gm:{— Svom
“%V@%%&WE?‘%
= use @ llerent emméj:z@ chornebar (o 1))
= \l%’@@?&‘%’.m@, wwg@&%@ wsﬁ%mv? aler om%‘p«d
%ﬁﬁi@mémﬁ w;ﬁ, e ?*ﬁ@%@%‘%’ charecter

o MQ V'ﬁ?u%‘%’ ﬁmé\ gsw_?ﬁ $@’q%€wzg?s comsis ot
He W?Wg@f@scw@@ chovorde Lo llowed ‘1 o
one ’ta?% printable ascii epeede, fotlowed \,7
@*’jmﬁ@%“” ™ %%:‘v*ﬂ-ef? (erzcept ansl Escopes
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