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1.0 General NPS background 

NPS/355 is the Network Processing Supervisor for the dn355. It is A 

software program which operates in the dn355 and which controls 

devices which may be connected to the dn355. 

Generally speaking NPS/355 is a merging of the features provided in 

GRTS/355 <including its SR F/8 enhancements> and the features 

contained in the Special Product Message Switching System which was 

delivered to the State of New Hampshire in April 1972. 

The purpose of NPS/355 is to support Series 6000 information 

networking. This requires that NPS/355 support all of the remote 

processing modes of multi-dimensional Ga>S. NPS/355 is intended to be 

utilizt!>d both as a free-standing message switching system and as a 

direct replacement for the dn355 ORTS software in a GCOS environment. 

A significant feature of NPS/355 is that it makes all processing 

dimensions available to all types of terminals <except where the site 

chooses not to allow certain terminals to access certain dimensions). 

Each site has complete flexibility to assign terminals to dimensions 

as long as terminal characteristics do not make the proposed 

connection physically impossible. 

The specific remote processing dimensions supported by NPS are~ 

\. Remote Job Entry 



2. Transaction Processing 

3. Time-Sharing 

4. Direct Program Access 

5. Message Switching 



2.0 Considera.tion of NPS as a front-end processor for Multics 

With the preceding information available the obvi6us ~uestion arose. Was 

it feasible to also use this standard product offering as a replacement for 

the dn355 software currently used to front-end Multics? if so, then many 

advantages to Honeywell would automatically accrue. By the same token, the 

disadvantages would also have to he weighed and so an NPS feasibility study 

was undertaken. The Phase O goals of this feasibility study are: 

-To determine mutual impact of merging Multics and NPS 

-To evaluate the overall functional and economical advantages in 

comparison with the existing dn355 implementation 

-To provid·e a preliminary design of changes in the NPS and in the 

Multics side and a plan for implementation. 

Phase 0 is to be followed by a Phase which is to provide a Multics 

environment using NPS as the dn355 software package. 

Some other factors involved in considering NPS/355 as the 

front-end processor for Multics weres 



-To have a common front-end processor for all 6XXX systems. 

-to be able to maintain the Multics dn355 software in the 

standard methods utilized for other PCO maintained offerings. 

i.e. standard releases, changes, Quality Assurance, etc. through 

which NPS already cycles. 

-Standardized Test and Diagnostic routines are offered on-line 

under an NPS/355 environment. 

-An immediate community of knowledgeable programmers at PCO 

(approximately 20) already know NPS/355. 

-A wealth of documentation, training manuals, etc. are already 

developed and published. 

-Many courses have already been held and may hundreds of in-house 

and customer personnel have attended these. 

-To attempt to maintain A common computer-to-computer interfAce 

between the dn355 and the 6XXX lines. 

-Many capabilities are available under NPS which can be made 

available to the Multics user community. These include: 



-Message Switching 

-Sysout capabilities 

-Remote Batch 

-Remote Job Entry 

-etc •• 

-NPS/355 is planned to front-end multiple 6XXXJs and it is not 

infeasible for one NPS/355 to front-end a Multics 6180 and a Gals 

6080. 

-Utilization of NPS/355 as a common front-end processor greatly 

simplifies the VMM implementation. 

-Allows for an easy transition to a completely terminal 

independent interface to its host computers 

-It is very modular and easy to change; especially in its device 

handlers. These are micro-op coded and it is thus easy to add 

new devices without affecting the host computer. 



Below are some other factors which were also considered. 

-Nps/355 requires at least a part of a disk drive. This adds 

some cost to a Multics configuration which may or may not be 

significant Ca dn355 PSIC plus cables plus use of a drive>. For 

the preliminary implementation which is currently underway, 

NPS/355 has been assigned one 051908 disk drive. It accesses 

this through .a PSIC on the dn355 IOM which connects to the second 

side of a link adapter pair<PSA> on the Multics MPC. 

-There may be some fairly ext:ensive NPS/355.changes required to 

~ake available all of the current Multics terminal capabilities 

<see Section 7.0>. 

.i 



3. O £.l.ao_.aLA.tta..c.k 

,,-. With the Phase 0 goals in mind the following plan was begun. 

-Provide a preliminary implementation where NPS is connected to 

Multics in a running environment. This preliminary 

implementation invol~es changes to both NPS and Multics. It can 

be used to: 

-demonstrate that the merging is/is not feasible 

-provide a preliminary design of changes in both the 

NPS and Multics sides together with a plan for its 

final implementation. 

-Not all Multi~s functions are necessarily contained in this 

preliminary implementation. Only those necessary to demonstrate 

the feasible of the merging are required. 

-An evalwltion of both 

advantages/disadvantages of 

implementation was initiated. 

the 

NPS 

functionAl 

versus the 

and economical 

current dn355 



4.0 General Rules followed in interfacing NPS/355 to Multics 

The general rules used to connect NPS to Multics are as follows: 

-All line control functions are perforMed in NPS (i.e. 

tty_ctl ceases to exist within the Multics ttydi~). 

-The GRTS/NPS interface is accepted as the computer to 

computer interface Csee Appendix A>. 

-The current Multics ttydim flow, as shown in Figure 1 (with 

minor changes), is generally adopted as the Mu 1 tics t tydi rn 

flow using NPS. 

-The character-set/terminal-dependencies 

tty_read/tty_write remain the same for 

implement~tion of NPS/Multics. 

used in 

the initial 

-No routines in the 6180, outside of the Multics ttydim 

routines, are to be changed. 

-The changes required to the ttydim are transparent to the 

Multics user. 

. ' 



5,0 General Information 

Figure 1 shows the Multics ttydim flow as it currently exists. This flow 

is based on the dn355 front-end processor acting as a GICJC simulator (i.e. 

all terminal dependent characteristics are, in effect, defined in the table 

flow of tty_ctl; all statuses are defined in GIOC format; all commands are 

defined in GIOC format; etc.,>. 

Appendix F is a brief writeup depicting how dn355 interrupt 

handling/mailbox processing works in the current Multics environment. The 

reader not familiar with how this works should read this appendix. 

Figure 2a defines the current Multics mailbox formats while figure 2b 

defines the current NPS mailbox formats. It should be noted that figure 2b 

has been modified from basic NPS formats so that while it still adheres to 

NPS requirements it has been extended to contain required Multics fields, 

In a similar vein figures 3a and 3b reflect segment dn355_datas as it 

currently exists under Multics and then as modified to be used with NPS. 

Figure 4 shows the complete list of GRTS/NPS opcodes whicn may be sent from 

computer to computer. Only certain of these opcodes are utilized in 

connecting NPS to Multics. As needs/desires etc., dictate, then the other 

opcodes will be used. 

,... Appendix 8 gives a brief explanation of the command codes (within a 



mailbox> which are sent from computer to computer. 

only certain of these commands codes are utilized in 

Multics. 

As with the'opcodes 

connecting NPS to 

Appendix A is taken directly from the DIA EPS. It repeats some of the 

information shown in Figures 2a, 4 and Appendix B but is very valuable in 

showing how GRTS/NPS presents their interface. The sample sequence therein 

is well-worth traversing. 



6.0 C~anges required - Multics 

Figure 5 is a list of Multics ttydim r9lltines showing which ones have 

required modification to date and the extent of the modifications required. 

As shown in Figure 5, routines dn355 and tty_inter required major changes. 

Append.ix C is a genera 1 flowchart o·f tty_inter as modi tied to accept the 

GRTS/NPS computer to computer interface. It should be noted that the main 

control of tty_inter, the poll, the time-out, the queued status flow, and 

the basic external entries of write, write_abort, etc., remain basically 

the same and hence the metering remains basically the .same. 

,. As was mentioned earlier, tty_ctl ceases to exist and tty_inter is no 

longer table driven. The dn355 routine has been modified to use the new 

dn355_mailbox$ and dn355_data$ formats. In addition the cur_status, 

get_status, and stop_channel routines within dn355 have been deleted. 

In addition to the format changes required to dn355_mailboxs <figure 2) and 

dn355_data$ (figures 3) there have been some minor changes made to tty_buf$ 

and to the input and output formats. The latter 2 are described in 

Appendices D and E. 

Routines tty_resd and tty_write have been modified to work with the changed 

input and output formats in tty_buf$ and routine tty_free has been modified 

~ to get/free these new formats. 



NPS/355 requires two handshakes during a connection to the 6000. One 

handshake lets each sy~tem know that the other is initialized and a later 

handshake lets NPS/355 k.now that the 6000 is ready to accept calls <ACAU.> 

from NPS/355. For the purposes of Phase 0 implernentntion the 

initialization handshake is performed followed i~mediately by the ·ACALL 

handshake. 

I' 
I 



7.0 Changes required - NPS/355 

The preceding was an overview of the changes made to the Multics 

ttydim to interface it to NPS. There are also changes required to NPS 

and I have broken these down into three cntegories. 

-Addition of new device interface modules. 

-Functions other than device interface functions which are not 

currently in NPS/355 but which must be performed there. 

-Functions currently existing in Multics but not in NPS/355 and 

which are contrary to NPS/355 philosophy. 

7. 1 Category 1 changes to NPS/355 

The addition of device handlers to NPS/355 to handle the identical 

devices that Multics currently handles. 

7.1.t A.EHl~ 

The ARDS graphic terminal must be given a device handler within 

NPS/355. This will be one of the most difficult device handlers to 

add to NPS/355. 

,.. 7 • 1 • 2 l..BM1D.2Q 

The IBM 1050 terminal is not handled at the present time by NPS/355 



7. 1.3 1ilI21.41 

The IBM 2741 is currently handled by NPS/355 but not the MIT2741. It 

will have to be added as a device handler. 

7. 1.4 IlY.11 

The 1TY37 is currently handled by Multics and must be handled by 

NPS/355. 

7 • 1 • 5 II.Y.1~ 

The T1Y38 is currently handled by Multics and must be handled by 

NPS/355. 

7. 2 Category 2 changes to NPS/355 

7.2.1 There must be a correspondence between the logical linP- number 

assigned to an NPS/355 time-sharing line and the devx code used by 

Multics. A change is being put into NPS/355 <requested by the Wimmix 

project> which passes along the• 

-line adaptor number 

-dn355 number 

-dn355 !OM number 

~iSLA/LSLA indicator 

-subchannel number 

with the "Accept New Terminalu opcode. I am using this to build a 

logical/devx correspondence table within the 6180. This Wi~mix 

requested change must be standardized into NPS/355. 



1.2;2 NPS/355 currently uses one DCW for the transfer of input or output 

to/from the dn3!J5/6XXX. I have requested ·<and had approved) an 

NPS/355 change to add the capability of scatter read/write utilizing 

LP\''1-'s. This must be implemented in NPS/355 at least for phase-I 

processing of output to a terminal~ 

1.3 Category 3 changes to NPS/355 

7.3.1 GRTS/NPS currently operates in a half duplex mode. In order to 

match the current Multics capability of type ahead <where the terminal 

is always in the input mode unless it is physically outputting> 

certain changes must be made to NPS/355. These changes revolve around 

aborting an input mode with an output request. In the same manner a 

Multics user is allowed to abort already initiated output under 

program control. This involves a change in NPS/355 similar to the one 

mentioned above. 

7.3.2 The carriage return echo currently available in Multi.cs is not 

available in NPS/355. It must be implemented there. 



8. 0 .C.U.a::e.o.L.S.tat.JJ.S 

-all of the changes required of the Multics ttydim routines Cas shown 

ifi Figure 5) have been made, assembled, and debugging is now in 

progress. 

-A ruming version of NPS, modified to: 

-use only J disk 

-use the DIA on channel 4 with the 6180 mailbox at 600 

-not require the ACALL 

-define.the dial-in lines as time-sharing lines on receipt of a 

carriage return 

has been established. 

-the debugging version of Multics for the preliminary implementation 

has been frozen at version 21-0-2 to eliminate the problems 

encountered with using a continually changing base. A non-chaAQing 

set of disk packs, tapes, etc., has been established for debugging and 

tape generation purposes. 

-A simple simulation program has been written to debug without a 

dn355. Both environments, live and simulation, are used ·for debugging 

purposes. 

-1he Jst interrupts from NPS/355 have been received by the running ~ 

modified Mu! tics system. No true input or output to the terminal has 



yet been achieved. 

-No NPS/355 changes as defined in section 7.0 have been made. 
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APPENlHX A . 1 DIA SOF'.IWARE 

A.l SCOPE 

L 

Cr: eO·I· t 1C.•? II 

--
This append ix provides· a cdnvenient means of documenting the standard 
procedure of pDss ing infotma t ion ·be tween the 355 and 6.000 sys terns. 
It il.: a docuracntation of currr.tH software and by no means is a 
specification of requirements. 

All communication hetween the 355 cind 6000 software shall be con­
trolled vin a 64 word "mailbox" region in 6000 memory. This block 
wlll be loc:nted in the first 2561' of any extended memory system and 
will begj_n on a modulo 64 address. The starti.ng address is speci­
fied in the 355 by switches (s·ee 3.2.2.3) and in 
tl.1e 6000 by the startup <.!..:::ck, The 64 word Mailbo.x Region corisists 
of 8 words of overhead c0ntrol followed by 7, 8 word channel mailbox 
areas. These channel mailbox areas shall be assigned on an as-needed 
basis ~s areas to ·transfer control in(ormation. Figures A.2.1 and 
A.2.2 show the structure of the overhead and channel mailbox areas, 

Both the 355 and 6000 read the entire channel mailbox areas during 
normal infon~ation transfe.r. However, in the general case, only 
one of the systc-r.•9 write into particular words. That system is 
indicated in the righthand margin. 

Table A.2 shows the various operation codes (function) and I/O 
commands (nature/direction). 

• 

, 

J 
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ADDRESS 

0 

1 

2 

3 

4 

5 

6 

7 

Where: 

L 

, 
Figure A.2.1 - OVERHEAD AREA 

0 18 24 30 35 

oJ I CHANNEj 
4f CQMMAl\"D 6000 

fF SPECIAL INTERRUPTS 355 

11Mrr~N~t J l 123!.l'i67 J1 Both 

Ncithe,r 

Neither 

355 CONTROL SOURCE # LINES CONFIGURED ! 

POINTER FOR LINE CONFIG. 

00 INTER FOR ANO'fllr:R SYS TE~·1 I 
Word 1ll!.2. 

0 18 Normally set to zero by 60.00,, inverted (see 3.t •. 2) 
.by 355 if command illega 1 

24-29 Channel mailbox 11, when co1r:m.:ind is 71 

o ___ Gog,o __ g~,~:1~,-~~n 
1-7 - normal communication 

6000 

6000 

6000 

8-14 - repeat communication (1-7) as 6000 com­
puted checksum not the same as what supplied 

15 6000 just booted 

30-35 6000 corr.m~nd to 355 

~ 
71 set cx~cut-e cell 

72 Boatload 355 (0-17 gives 6000 Address) 

75 Dump 355 core 

1 18-35 A modulo 256K count of 355 Special Interrupts 

2 0-6 A "l" in any of these bits indicates that the 355 has 
sent a terminate for that mailbox area that has not been 
processed. 

5 

6 

35 

0-17 

18-35 

0-17 

A "l" means that the 355 i.s not in the process of up­
dating bits 0•6 

355 Control Sour('(• (a negative number indicatl.!S T&D) 

Number of 355 1 ines confir,\1rc>d by Startup 

Pointer to table deHcribing lines (states, IDs, et~.) 

.J 

• 
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Figure A.2.2 - CHANr·iEL 'MAILBOX AREA 

35 

10. 20 •••• , 70 

11,21, .•• ,71 

12,22,. • .,72 

13, 23 •••• ,73 

14, 24 , •••• 71. 

15,25, ... ,75 

16,26, ... ,76 

17,.27, ••• ,77 

• \;' 
(, () 

I 
-

RE~TIVE DP.TA i\DDKES S I J WORD COU~'T -

l STATUS CODE DCW RESIDUE 
I 

l Sl.AVE l'ROGRA~~ L TI-! ITS CHECKSUM 

6000 

355 

Where: Word (~'.oc~_fil_ Bits 

'---...-· 

30 I• I 1&•7 11 

0 0-2 

l 

2-4 

5 

6 

7 

3-17 

18-35 

0-8 

9-17 

18-26 

27-35 

9-17 

18-35 

0-17 

18-35 . 

DATANET 355 1t 

Terminal Line Number 

Terminal ID 

Terminal Type 

003 GE 115 
004 TTY 
005-010 760's 
020 IBM-2741 

Number Characters in Commanc! Data (Words 2-4) 

Op Code (See Table A.2.1) 

I/O Conunand (See Table A.2.1) 

Command Llata 

Relative DCW for data transmission in 6000 

Status Code of peripheral 

355 DCW Residue 

Slave program limits (from B3se Register) 

Checksun1 of 30 previous 9 bit characters 
(rest of mailbox area) 

* loaded by only the 6000 
** <.1lso loaded by 6000 .J 

• 
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0 PERA TION CODES - I /O COM1'1ANDS 

OPEHAT ION com;s_ 
from 6000 to 355 

0 
1 

3 
4 
5 
6 
7 

10 
11 
l2 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
'3 3 
34 

- JS 
36 
37 
40 
41 

Tenninal Accepted 
Disconnect This Line 
Di~connect All Lines 
Accept No More Calls 
Accept Calls 
Input Accepted 
Terminate Input (Reason) 
Accept Output 
Accept Final Output 
Output Not Available 
Accept Direct Output 
Accept Di.rect Output & Wait for lnput 
Accept Din-ct Output 6 Receive Paper Tape 
Accept Direct Paper Tar~ 
Reject Requ~st - Temporary 
!\eject Request - Perm:.Jncnt 
TenTiinal Rejected - Reason 
Disconnect Accepted 
6000 Initbdize Complett' 
T~rminate Direct Paper T~pe 
Mass Store Job Accepted 
Accept Mass Store Space 
Mass Store Space Denied 
Mass Store Space OK, Continue 
Accept Free Link 
Ac.cept Free Links 
Accept Links in Use 
Input Li.st Finished 
T&D In it ia 1 ization 
Break Acknowledged 
Accept Terminal Characteristics 
Send USERID and Password 
Abort Network Processing System (GRTS) 
Send Configuration Data 

Page 38 
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TABLE A.2.1 OPERATION CODES - I/O C0t-1}1Af\"DS (continued) 

From 355 to 6000 

100 
101 
102 
103 
104 
105 
106 
107 
1}0 
111 
112 
113 
114 
115 
116 
117 
120 
121 
122 
123 
124 
125 

From 355 to 355 

Accept New Terminal 
Disconnected Line 
Accept Input 
Accept End of Current Job 
Send Initial Output 
Send Output 
Send Status 
Abort 
Backspace Output 
Connect to Slave 
Accept Direct Input 
Break Condi.tion 
Connect to Slave with No Wait 
Accept Mass Store Job 
Accept Configuration Info and Send MS Space 
Restart Succe:ss£ul 
Restart Unsuccessful 
Link (s) l~e lea scd 
Old ~!ass Store Spac<?. (No Input List) 
Old Mass Store Space (Input List) 
Accept Nass Store Input List 
Terminal Characteristics· Acccp ted 

200 Mass Store Done 
201 Mass Store Disconnects 
210 Mass Store Restart 
211 Mass Store Write Input List 
212 Mass Store Re3d Pack Label 
300 ICA De tee ted Error 

I/O COMP.ANDS 

L 

er:: :isu 1-1 CG·7 ll 

(a11 put in mailbox by 6000) 

01 Read Control Data 
02 Read Tc>·.t 
03 Write Control Data 
Ot~ Write Text 
05 Automatic Call Unit 
06 Re jcc. t t~a ilbox 
07 Send Terminate Interrupt 
08 DclaycJ Write Text 

Command Executed by 

6000 
6000 
355 
355 
355 
355 
355 
355 

, 

J 
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A.3 STANDARD RESPONSES - CONVENTIONS 

To simplify any step by step cliscus£ion of various communications 
between· the' 355 and 6000, se>vvn11 st.1nclard responses are described 
below. These conventions involve t!{e u~c: of interrupts, checksum 
words, and correLiting devices and responsct>. Any detailed dis­
cussion will refErcncc these conventions. 

1. When the 355 wishes to i.ni.tiate COll'lnttnic.:1tion with the 6000, 
it sends a special interrupt to request a mailbox area (1-7) 
to do the actu3l corru11uni<':1tio11. 

2. The 355. ends a communication by setting a tcrminote bit ('word 

3. 

2) and issuing a tenninat~ interrupt. It does .this by clearing 
the word in the 6000 (sec 3.4.1.12) an<l replacing that word 
with another that has both the idcntic~l bits set, and the new 
one corre.sponding to the channel mailbox it is finished with. 

The DIA sets a~ unique interrupt for each of the seven channel 
mailboxes so the 355 will never read the overhead area (first 
8 words). The 6000 on the other h:mc.1, n~ce ives only one level 
for both spec ia 1 and terminate inter-rupts. It responds to an 
interrupt in the following manner: 

It checks the number of special interrupt::; received (word 1) 
with the number of specials serviced (interna 1 word). If 
the former is greater, j t processes each by finding a free 
mailbox area, pl<1ci.ng that mailbox area number <1nd a set 
interrupt Ct.!ll command (71.) in word 0, placi.ng a Read Con­
trol Data coITT:iand (01) in word 1 of that channel mailbox 
area, and issuing a connect to the DIA. It does th is up 
to the limit of the available ch.:rnncl mailbox areas. 

If it runs out of channel mailbox areas, or the interrupt 
wns not a special, th0 f)OOO then processes all terminates 
(word 2) by doing a RL'ud Clear and processing all terminates 
recorded. (Note: If the 6000 has e::irlier processed multiple 
t<'rrninatcs, or if the 355 is currc..:ntly updating this word, 
the (iOOO will not find any terminate bits. It shall si.mpJy­
ignore this interrupt. Thi.s doesn 1 t cause any loss of inter­
rupts becausC' they have 11lrcady been serviced or another 
i.nt<.!rrupt will occur shortly and it wi 11 be serviced with 
that one.) · 

4. Aftc•r the line number is supplied by the 355, ind1.vidual re­
sponses o.re recognized by this at tr i.bute. ,... ,,_ . 

. ,''• :··' !, 

. Li •. ' .. 
. ~·I~' ; ' ' .· • 

..... ,. 

• 
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STANI>ARD RESPONSES - CONVENTIONS (continued) 

. 5. the first thing the 355 or 6000 does when it receives a channel 
mailbox area thnt contains new information is to copy it into 
storage, calculate the checksum for the first seven and one half 
words, and compare that with the one supplied. If the 355 finds 
a disagrc-:~ment betwci:!n them, it rereads the channel mailbox area 
and r~checks ~orne prespecified number of times before aborting. 
If the 6000 finds <! di$agrecmcnt, it requests rewri.ting by the 
355 (increa.se ch.m11cl mailbox number by_ 7 and reconnect) and re­
checks some presp•;c if ietl number. of times before aborting. 

6. Whenever either system wants to change an entry in a channel 
mailbox arl.?a, it places the change in its copy, recalculates the 
checksum, copies the eight words into that particular mailbox 
and tenninates (or connects). 

7. The 6000 writes all the I/O commands in the channel mailbox. 
Both the 355 and 6000 start their services by reading th is 
command. If the 355 finds a 6000 conunand (see table), it 
realf~es this was in response to its Special Interrupt, adds 
the necessar;r ch3nnel mailbo:< information, and terminates. 
If the 6000 finds a 355 conunand, it· simply releases the ".llail­
box. area. In the other two cases, the 355 and 6000 perform 
the service request2d and respectively issue their terminate 
or connect • 

, 

..I 
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A.4 SAMPL°I': SEQUENCE 

L 

As a typical exa1;1p le of an I/O sequence, the fol lowing is the sequence 
of tritn~act ions be tween the 355 and the 6000 wh i<'h occurs to input a 
userid from <i time f.li:tring t<•rminal aftL~r it has dfaled in. Thi~ 

example EISSumes 1w chccksu:t1 error (sec ConvC!nt ion 5) or -te>rmin~; 1 
T_e jec ti<'n. · 

a. After the 355 h.:rn determined that a 1ww terminal has called in 
(;mt! nee.els fl h.:im)c1' mC':H~.1gc), i.t s~nds a Spl'ciril Intcrru~ll: to 
the 6000. (Sc·c Convc>ntinn 1.) 

b. The 6000 responds with n RCD conunantl (See Convt.:11ti.on 3.) 

c. The 355 reads the RCD comn•nnd and, rea 1 i.zing th.\ t this is nn 
operation for the 6000, puts (sec Conv<.'ntion 6) the 355 "', thC' 
Line Nu;uber, Terminal IO, Ter1ilinal 'i'ypc, ;:< of Ch.'.lracters (0), 
Accept New T<'rmina 1 Op code (100), and new checksum in the 
channel mailbox assigned. Tt then sends ~ Terriinate Inte;rrupt 
to the 6000. (See Convention 2.) 

d. The> 6000 reads the RCD cc1•nn.:11id and Accept New Terminal Op code. 
This causes it to process the infon'n<;tion supplied. If th'! 
terminal is accepted, i.t wr.ites a Write Control D1ta comi:;:md 
(03), a Termin.::i 1 Acceptl•d Op code (000), and new checksum in 
the channel mai.lbox. lt tlien sends a connect to the DIA. 

e. The 355 sees the WCD 3ncl, ren.li.zing. that this i.s a 355 op~"!ra­

tion, sends tile information jus!: nc!ded to the 355 progra:i anJ 
a Terminate Interrupt to th'2 GOOO. 

f. The 6000 reads the WCD command and, realizing that this is a 
completed (3!>5) operation~ re leases the mai lLox area. 

g. Th~ 355 shortly is i.nf0rmcd by the 355 program that a "conn~i.: t to slave prng.'' 
is needed nnd again _ser\ds a Special 'J'('ri:dnate to the 6000. 

h. The 6000 again r~~spondi:. \>'ith n RCD, 

i. ·The 355 reads the RCD c-om~1.ind and changes the Op code to 
Conncc,t to Slave (111); the# of charncters to 3, and pHts a 
6000 Program name in word 2. It then scncls 
a Tenninate. 

j. The 6000 reads the Progr;im no:ne (and the rest of the mai.lbo:..: 
area), notifies the 6000 Pn1grmn, and rcle~ses the mailbox. 

.J 
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SAMP'f,E SEQFENCE (continued) 

k.·: The 6000 is shortly infon1cd by the 6000 Slave Program whl're 
the banner Til•!SSa~e is loc.'.ltcd. It finds a mai.lbox nrea, and 
restores it w:f.tlt·- the ft•11N;i.ng c!innges-: the I/O con:i:1nnd is 
Writi: •rcxt (04) the Op code is Accept Direct Output; (012), Lhe 
i "qf Cha-ractcrs i.s o, an<l Lhc bou1ili~ of the Slave rH•gr.:ll:l n.nd 
the -relative a•:ldn:ss and ta1Jy of Uie banner mt.:::.>SC1ge iR supplic<l.· 

_ :1t then sends ,1 connec;t to tile T>l.A, 

1. --'l'hc 355 coph~s th'-' inailbo~; m~.:1, f-tort~; pioces::.i-ng the :i.nf0rn1a­
tio.n, and sends a Termino.itc lnt;c1rrupl. 

m. 'J'he 6000 rclc.--ises the rn11ilh0:;. 

n. The 355 is then inforr:;ed by the 3'.:iS progrnm that a userid mC's­
sage is needed and sends ci tl1 ird Special inlcrrupt. 

o. The -6000 again -rc~ponds with a RCD. 

p, _ The J5."l reads the RCD command anrJ i·0ston•s the mailbox w:i.th Lh.:~ 

--·infornKttion, rc:>d l~'<Cl'pl: iL 1 ~Aves the RCD ccw:ir:ond and chnng(•S 
the Op code i-o SC>;1d Output (105). It then sends a ·rcrmin<itC' -, 
.Inlel"rupt to the 6000. 

q. ThP 6000 reads Lhc r.CD, chan~·.es tbe I/o comn:and to Wr He Text:, 
the Op code to· Accept Dirc:ct 0:1tr'.iL ~ind Wait for Input (013), 
t'llld the reJ.::itive_ address and tally to P•'int at the userid 
message. It· th eh sends a conner t to D 1.i\. 

, 

r. The 355 J:cads the WTX, wait~for input op cod.:, control ir.for- ? 
mati.on for response an<l ontp11t: mossa:~e 11s pointed to by tally \ 
word, outputs the r.iess:1gt~, .'.1CCl)pts input anJ stores it i.n the 
6000 AS pe_r the controJ infor);1aUon, and sends ~1 teri:1inate 
interrupt to the 6000. 

J 
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.SUMMARY 
.. 

As demonstrated in tbe preceeding example several observations can 
be made about 355/6000 communications. 

1. · ·6000 dominates • 
'any seTv ice. 

35S 1nust ·do 11may I?" step before initiating 

2. Mai°lbox nrc'as are released while either $)'Stem is processing 
the~inforruation supplied in the lnst step • 

3. A channel mailbox area consists of eight words that describe 
a device and control the 1/0 transactions. The words are 
massar,ed by either one or the other system, but the basic 
characterir tics uniquely identifying the device are retained 
during each step. 

4. The I/O command is supp lied by the 6000 and tells each system 
whether to :ignore this mailbox (service not for them) or to 
look at the op code to determine what to do. 

5. The Op code describes the service. 

6. The Canniand Data supplies addition, short control information 
(prograrr. names, terminate, reasons, etc.}. 
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·Within· the channel mailbox is a· command field and an op-code field. The 
command field is defined to contain one of the following ••• 

l R~D:' Read Control Data 

2 RTX Read Text 

3 · WCD Write Control Data 

4 WTX Write Text 

5 ACU Automatic Call Unit 

6 RJT Reject Mailbox 

7 STI Send Terminate Interrupt 

8 DWT Delayed Write Text 

The first four of these CRCD, RTX, WCD, WTX> are the commands used most 
extensively by NPS and are defined more fully below. ~ 

The op-code field is used to further define the command. For some 
commands, within certain contexts, an op-code field may not be required. 
The dialog between NPS and the 6000 is really a handshaking where the 
commands define in general what the mailbox contains and the op-code 
defines specifically the function being performed. 

In general the following statements may be made about the RTX, WTX, RCD, 
and ~CD commands. 

1. The 6000 places all 4 of the commands into the channel mailboxes. 
The DN355 merely uses the command which is in the channel mailbox. 

2. The co1TDT1ands which deal with transfer of data other than mailbox 
information always are the RTX or WTX commands. 

3. The commands which deal with transfer o·f only mailbox information 
are the RCD and the WCD commands. 

4. The R commands designate flow from the DN355 to the 6000 while the 
W commands designate flow from the 6000 to the DK355. 

a. The 6000 sends this command in response to a special interrupt 
the DN355. It means nhere is a free channel mailbo~'. 

from 
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Specifically, when the 6000 receives a special interrupt from the 
DN355 it ••• · 

1. finds a free .channel mailbox 
2. places a RCD command code into the channel mailbox 
3. issues a connect to the DN355 on the correct .channel 

b. When the 6000 receives a terminate interrupt and the command code in 
that channel mai.lbox is RCD it means that the DN355 has just put an 
op-code into that mailbox and it is an op-code from the DN355 to the 
6000. 

a. The 6000 sends thls command Ci.e. places it into a channel mailbox 
and issues a connect> to tell the DN355 that it has placed an 
op-code into this channel mailbox which requires a data transfer 
from the DN355 to the 6000. At this ti'me the DCW is sent so that 
the DN355 may use it. 

b. When the 6000 receives a terminate interrupt and the command code in 
that channel mailbox is RTX it means that the DN355 has just 
completed processing ·the RTX Csame one> command that the 6000 had 
sent Ce.g. input accepted) arid -the 6000 may now free the· channel 
mailbox.· · 

a. The 6000 sends this command to tell the DN355 that it has placed an 
op-code into this channel mailbox for the DN355 to process. i.e. it 
is an op-code sent from the 6000 to the DN355 via a connect. 

b. When the 6000 receives a terminate interrupt and the command code in 
that channel mailbox is WCD it means that the DN355 has just 
completed processing the WCD op code the 6000 had just sent <same 
one> and the channel mailbox may be freed now. 

a. The 6000 uses 
op-code into 
from the 6000 
the DN355 may 

this command to tell the DN355 that it 
this channel mailbox which requires 

to the DN355. At this time the DCW is 
use it. 

has placed an 
a data transfer 
sent so thAt 

b. When the 6000 receives a terminate interrupt and the command code in 
that channel is WTX it means that the DN35S has just completed 
processing the WTX op-code the 6000 had just sent <same one) and the 
channel m~ilbox may now be freed. The data rnay be released now as 
the DN355 has moved the data to its memory. 
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There are two formats used in processing input. One format is used to 

allow NPS to transmit input in the current GERTS format to a fixed area 

within the 6180 via one ocw. The other format is used to queue this 

input into Multics 16 word buffers which are in the fr ee-s.tore area 

within tty_buf. 

The NPS buffer format is as shown below. Note that it is one contiguous 

area with the first word reserved for the character count and certain NPS 

f lAgs. At the time the DCW pointing to this area is given to NPS, the 

maximum word count is also sent. NPS may or may not use the entire area 

depending on the size of the input message it is transmitting to Multics. 

tJ .__ __________ _. 

For the purposes of the feasibility study, either one or two of these 

fixed input buffers will be utilized. In an actual implementation some 

number greater than this would be used. Since this fixed area is only 

used fot a very short duration of time it is not necessary to have many 

of them. As a matter of fact the rotating queue concept proposed by R. 

Snyder would probably be used in the final implementation although its 

usage/allocation would be contro.l led by the 6180 and not by the DN355 as 



he initially suggested. NPS/Multics require use of this fixed buffer 

,-. only tor the duration of time from when the ·"Input Accepted·" message is 

sent Cvia a channel mailbox> to NPS until the terminate on that channel 

mailbox is received from NPS Ci.e. NPS has written over the input line>. 

If there are no free fixed input buffers at the time Multics receives the 

·"Accept Input·" message from NPS then Multics will respond with a .uMessage 

rejected - temporarilyj' operation code. This causes NPS to re-submit the 

request after a short delay. At the terminate interrupt processing of 

the ·11 Input Accepted" message the contents of the fixed buffer are moved 

to Multics 16 word buffers as shown below. 

Cl 0 

' 
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This chain of pots, representing one line, is then chained into the chain 

of lines, if any, as shown below. 
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illlI.elJI..DA.ILBlRMAI There are two formats used in processing output. One 
format is used for the inactive chain to queue output in the current 
Multics method <although the buffer format itself has been slightly 
changed>. This format is generated by routine tty_write. The other 
format is used for the active chain and it is in the standard NPS/GERTS 
format. For purposes of the feasibility study this format is defined to 
be 16 words in length Cone dynamic memory pot from tty_buf) where the 
first word contains a character count and NPS output flags. It is 
generated by tty_inter during the swap from the inactive chain to the 
active chain. 

The active chain format is shown below. Note that it is one pot in 
length. It is generated by pulling the oldest inactive pot out of .the 
inactive chain and re-formatting it to become the active chain. 

The format of the inactive chain is shown below. As output is generated 
it is chained onto the end of the inactive chain. 

At a swap-write function Cdone wh~n the active chain has been emptied>, a 
maximum of one pot is pulled off the front of the inactive chain and, 
with reformatting, becomes the active chain. This maximum of one pot 
restriction will be removed when NPS incorporates scatter read 
capabilities. 

Key variables, maintained on a per-channel basis within the users big 
block, are defined below. Alli\, 

1. Wafblock =relative pointer to ~irst word of first Cand only) 
block <within tty_buf) of active chain. 



2. Wafchar =relative pointer to first character <within Wafblock> to 
be output. 

3. Walblock = same as number J 

4. Walchar = relative pointer to last character +I <within Walblock> 
to be output. Not really applicable in a one pot active chain. 

5. Wacc = total number of characters output via the active chain. 

6. Wiafblock = relative pointer to f.i rst word of first block (within 
tty_buf) of the inactive chain. 

7. Wialblock = relative pointer to first word of last block of the 
inactive chain. 

8. Wiafchar = relative pointer to first character to be output from 
first block. 

9. Wialchar = relative pointer to last character +I to be output from 
last block. 

10. Wiacc = Number of characters in inactive chain. 
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There are two types of mailboxes on MULTICS1 
fifteen 8-word . channel mai !boxes allocated 
DN-355 interrupts the 6180, control is given 
interrupt interceptor <II>. 

one 8-word main mailbox and 
per Datanet-355. Whenever the 
to routine dn355S1nter by the 

The DN-355 will interrupt the 6180 whenever it• 

e. Wishes to send one or more terminate statuses. It indicates this by 
setting on the appropriate bit <one per channel mailbox> in word 2 of 
the main mailbox. <This designates which channel mailbox has 
terminated.> 

b. Wishes to send information to the 6180 but needs a channel mailbox to do 
so. It indicates this by adding I to a count field Cfor each mailbox it'°' 1 

needs) in word 1 of the main mailbox. This is the Special interrupt 
count. 

Therefore, when an interrupt occurs in the 6180 it may be for either or 
both of the above reasons1 i.e., none, I, or more terminate bits may be on 
and the special interrupt count may be incremented by none, l, or more. 

When the DN-355 interrupts the 6180, routine dn355 must determine why the 
interrupt occurred and then take the appropriate action; e.g.1 

If the special interrupt count has been incremented then a free 
channel mailbox must be found and given to the DN-355 Cvia a 
notification through the main mailbox which includes a connect>. 

If a terminate with no status has occurred then the appropriate 
channel mailbox must be freed, and 

If a terminate with status has occurred then the appropriate channel 
mailbox must be freed ao.d the status must be analyzed dependent o~ 
what that particular line is doing at that time. 



At this point a brief explanation of micro ops is beneficial in order to 
illustrate the continuing flow of interrupt handling o·f the DN-355. 

A set of micro ops <macros) have been defined in segment tty_macros. These 
macros (called IOC language) are used to define the line discipline for all 
tty terminals. The line discipline is written in this language and resides 
in segment tty_ctl.ioc. This segment is interpretively executed by a 
portion of routine tty_inter. Each terminal has a control table which has 
a pointer to some position in segment tty_ctl. This position defines where 
that terminal is in its line control and what it will do next. When 
tty_inter is given control for that line it will use the pointer to 
interpretively execute the macro in segment tty_ctl to which it is 
pointing. 

In case C above, Ca terminate with a status) the channel mailbox is freed 
at ter first preserving the status. · Control is now given to routing 
tty_inter to process this received status. Routine tty_inter will take 
that lineJs current pointer to some position in the micro ops Cin segment 
tty_ctl> and interpretively execute it. It will interpretively execute as 
many micro ops as it can for this line and return control to routine dn355 
when it becomes blocked. 

The following chart pictorially depicts the above flow •• 
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