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CHINA'S FIRST LARGE VECTOR COMPUTER

Beijing [JISUANJI YANJIU YU FAZHAN [COMPUTER RESEARCH AND DEVELOPMENT] in
Chinese Vol 21 No 2, 1982 pp 1-2

[Article by Wang Shuhe [3769 2885 0735], Institute of Computing Technology,
Chinese Academy of Sciences (CAS): "The 10-MIPS 757 Vector Computer System
Passes State Evaluation"]

[Text] The State Evaluation meeting of the "757" 10-MIPS [million instruc-
tions per second] computer system was conducted from 13-15 November 1983 in
Beijing. The meeting was carried out by a State Appraisal Board authorized
by the State Council's Computer and Large-Scale Integrated Circuit Leading
Group. The session was attended by 120 representatives of 50 units nation-
wide. Comrade Fang Yi [2455 3015], State Council member and State Scienti-
fic and Technical Commission chairman, and CAS Director Comrade Lu Jiaxi
[4151 0857 6932], spoke at the meeting.

The State Appraisal Board, consisting of 26 eminent Chinese computer experts
and leadership persomnel from the various departments concerned, worked con-
scientiously at the conference. It heard the researchreport delivered by
Comrade Wu Jikang [0702 0415 1660] on behalf of the CAS Institute of Comput-
ing Technology, which developed the "757," the technical evaluation report
made by Comrade Jin Yilian [6855 1837 3425] on behalf of the Technical Eval-
uation Group (see appendix), and reports by four subgroups of the Technical
Evaluation Group. The board also studied all related documentation and tech-
nical data. Ultimately, it unanimously granted state certification for the
10-MIPS 757 computer system and held a signing ceremony.

The State appraisal certificate says the following:

After conscientious discussion, the State Appraisal Board has concluded that
the technical evaluation report of the 757 machine corresponds with the
actual situation and is appropriate. The board has decided to approve this
report. The 757 machine is China's first exclusively Chinese-developed
large vector computer. An investigation of the results has revealed that
the principal technical and reliability indexes either meet or exceed the
requirements of the appraisal guidelines. The State Board certification of
the "757" is an important mark of China's increased level of capability in
R&D of large computers.




The "757" is the fruit of self-reliance and energetic cooperation, and the
result of close coordination between research, production, and user units.
The development of the "757" has accumulated experience for China's program
of independent development of large-scale computers. In addition it indi-
cates that the CAS Institute of Computing Technology has an outstanding
technical contingent which is a valuable national resource and which should
be more effectively utilized in the future.

The State Appraisal Board concludes that large-scale computers are essential
to modernization. It hopes that all departments concerned will continue
their efforts in strengthening basic and developmental work in computer
technology, and in planning for the coordinated development of superlarge-,
large-, medium-sized, mini- and micro-computers for making greater contri-
butions to developing China's work in the computer field and to the four
modernizations.

Appendix: The Technical Appraisal Report on the "757" 10-MIPS Computer
System [Excerpts]

The "757" is a large computer system which was independently designed and
experimentally developed by China., The objective of its development was to
solve large-scale scientific and engineering problems arising in China's
economic development and scientific research. The CAS Institute of
Computing Technology, the principal unit responsible, conducted the "757"
research and development over a period of several years with the help of
cooperating units, using China's own resources.

The Technical Evaluation Group conducted the technical evaluation of the
"757" from 3 August to 12 November 1983. Its conclusions are stated below.

I. Hardware

The 757's hardware system includes a mainframe, a peripheral processor and
various peripheral devices. The Evaluation Group has tested the hardware.
It has carried out frequency-shift, power-supply variation and noise immun-
ity tests on the various components, as well as testing the speed of the
machine. It has confirmed that the 757's operating speed, the performance
of all components of the "757" machine and all peripherals, and the range
of stable operation of the entire machine meet the required indicators of
the evaluation guidelines.

II. Software

The 757's software system includes an operating system, a vector FORTRAN
compiler, a mainframe assembler, a peripheral processor, internal function
subroutines, a basic graphics package, a diagnostic program and a double-
calculation program.

The Evaluation Group investigated the operating system's capabilities and
reliability. It examined the vector FORTRAN compiler's correctness and
error reporting capability and analyzed its efficiency. In addition, an



analysis was made of the assembler, the basic graphics package and the
internal function subroutines, and the diagnostic and double-calculation
programs were tested. It was concluded that the 757's software system
meets the requirements of the evaluation guidelines.

III. Problem Solving Tested

In order to investigate the actual computational capability and reliability
of the "757," between May and October 1983 we ran on the mainframe machine
30 assembler -problems, 10 vector FORTRAN problems, and 25 scalar FORTRAN
problems. These problems represented a wide range of users.  The runs indi-
cated that the computation results were correct and the precision met the
requirements.

IV. System Reliability

From 24 October to 8 November 1983, we carried out a 15-consecutive day
reliability test of the "757," including multiprogramming operation.

During the testing period, we ran test programs with known results de31gned
particularly for checking the mainframe and the peripheral processor.
Statistics indicated the following:

System mean time _ total time of normal operation _ 120 ﬁours
between failures number of failures + number of jitters + 1 )

System mean timé otal time of rmal tio
y _ tota i of normal operation _ 120 hours

to failure number of failures + 1

System - total time of normal operation
availability total time of normal operation + total maintenance time

99.8 percent
The above results all exceeded the requirements of the evaluation guidelines.

The Technical Evaluation Group discussed the results of the evaluations and
unanimously concluded that the "757" machine is the first large exclusively
Chinese-developed vector computer. It was built on the basis of China's
then current technical capabilities and with Chinese-made components and
equipment. 1In system design, the concepts of vector crossbar in-processing
[zongheng jiagong [4912 2897 0502 1562}] and multiple [duo [1122]] vector
accumulator were independently proposed. In logic design, pipeline

and overlap techniques were adopted. Vector operations reached 10 million
per second, and scalar operations reached 2.8 million per second. The
peripheral devices are relatively complete. The system software is also -
fairly compléte. A FORTRAN-77 compiler developed earlier in China and its
vector functions were expanded. The operating system has a multiprogramming
capability. The system also makes use of checking, correcting, double-
calculating and diagnostic techniques, has effectively increased machine
reliability, availability, and maintainability. Tests indicate that the
machine is stable and reliable and that its principal technical and




reliability indexes either meet or exceed the requirements of the evaluation
guidelines. The machine has excellent performance capabilities.

The development of the "757" machine was based on domestic technical capabili-
ties and made use of domestically produced materials and equipment, which

stimulated the development of China's basic computer components and processes.
Computer-aided design (CAD) was used during the R&D period that not only
speeded up the engineering process, but also promoted the development of
domestic CAD technology.

The "757" machine is the fruit of self-reliance and large-scale cooperation
and the result of close coordination and common effort between development,
production, and user units. Overcoming difficult problems related to new
technologies and processes, more than 80 units of the CAS Institute of
Computing Technology and more than 30 departments and localities nationwide
cooperated on a large scale. The successful development of the 10-MIPS
"757" system has provided experience that is usable in China's independent
large computer development project.

The Evaluation Group has also concluded that in the future we must further
develop software suited to the characteristics of the "757" and energetic-
ally pursue computation and algorithm research so as to make the fullest
use of the 757's high-speed problem-solving capabilities.

8480/9365
CSO: 4008/199




INTRODUCTION TO 757 VECTOR COMPUTER SYSTEM

Beijing JISUANJI YANJIU YU FAZHAN [COMPUTER RESEARCH AND DEVELOPMENT] in
Chinese Vol 21 No 2, 1984 pp 3-6

[Article by Wu Jikang [0702 0415 1660], Zhao Renchang [6392 0088 2490], and
Wang Zhenshan [3769 2182 1472], Institute of Computing Technology, Chinese
Academy of Sciences (CAS)]

[Text] In order to solve large-scale scientific and engineering problems
arising in China's four modernizations, the CAS Institute of Computing
Technology (shown in Figure 1) recently developed China's first 10-MIPS large
computer, the "757" machine (see Figure 2). Its development has successfully
raised the level of China's computer research and development activities and
has promoted the development of computer science and technology in China.

Figure 1. One of the Research Buildings of the CAS
Institute of Computing Technology

The system hardware of the "757" consists of a vectbr processor (mainframe)
and a peripheral processor (see Figures 3 and 4).

The general design approach in the mainframe is that of a crossbar in-
processing [zongheng jiagong [4912 2897 0502 1562]] vector machine. Its
characteristics are based on China's national situation, the multiple
[duo [1122]] vector accumulator concept was introduced into its design,
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making it possible to expand the capability of the main storage to three to
four times that of conventional high-speed pipelined machines with equal
efficiency. Architecturally, it employs three main control elements, namely
the instruction control unit, the operation unit and the memory control unit.
It also utilizes a high degree of overlap between the ALU [arithmetic-logic
unit] and memory components. The 16 main memory units are parallel-
interleaved. The power of the instruction set is quite considerable. Thus,
it was possible to convert a conventionally-designed 2-MIPS computer's low-
speed components and modules to build the large 10-MIPS high-speed "757"
machine.

The hardware system includes a vector processor, a peripheral processor, and
peripheral devices. The vector processor conducts vector processing in a
single~pipeline structure, using the crossbar in-process [4912 2897 0502
1562] method. This is rather efficient for large-scale scientific and
engineering computations involving mainly parallel calculations; the
average operating speed is 10 MIPS. The average speed for scalar computa-
tions is 2.8 MIPS. The vector word length and instruction word length are
both 64 bits. Data types include full word floating point number, half
word floating point number, double word floating point number, signed
integers, and unsigned integers (including 1-, 2-, and 4-byte integers).
There are a total of 107 instructions, of which 97 are user—acce331ble,
while the other 10 are for system use.

The vector processor consists of an instruction control unit, an operation
control unit, a memory control unit and a main memory system. The three
controllers use Chinese-made ECL [emitter-coupled logic] medium-scale and
small-scale integrated circuits [MSI, SSI], with an average level of delay
time ty € 4 ns and a clock frequency of 8.2 MHz. The superhigh-speed
buffer memory uses Chinese-made LSI [large-scale integration] circuits and
has an access cycle of 100 ns and a read time of 30 ns. The main storage
has a capacity of 520,000 words 72 bits long (including an 8-bit check code).
A cycle is 1.5 us, and the fetch time is 800 ns. The system consists of

16 individual units (plus 2 backup units), and its maximum access speed is
8.2 million words per second in modulo-16 operation. Two hot-standby units
allow operator-initiated or automatic switchover. It can also be switched
over partially. The system in degraded operation can function in either
modulo-8 plus modulo-4 or single modulo-8.

The peripheral processor is a medium-size computer. Its word length is
64 bits and it operates in the fixed-point mode with a main clock frequency
of 2.5 MHz. 1Its average operating speed is 500,000 operations per second.
It runs primarily operating system and compiler system programs. It con-
sists of a central processor, main storage, semipermanent storage (with
capacity of 64K and a word length of 65 bits) and a channel controller.

It has an internal memory of 64K with a word length of 64 bits plus an
8-bit check code. The chammel controller has 32 channels. There are

45 peripheral devices of 9 types. They include magnetic disk drives,
magnetic tape drives, printers, photoelectric input units, punch output
units, electrostatic printers, keyboard displays, graphic displays, and
floppy disk inputs and outputs.




The peripheral processor handles all language compilations, input and output
data processing, management of the peripheral devices, and most of the
system management. It relieves the mainframe of a large amount of time-
consuming, low-efficiency tasks so that it can concentrate on running user
programs, thus assuring that the high-speed operating capabilities of the
vector processor will be fully utilized and ensuring the problem-solving
efficiency of the entire system.

In order to increase system reliability, computation speed, and efficiency,
the "757" machine not only has pooled the successful experience acquired in
past development of many large- and medium-sized computers, but in addition
referenced certain then-advanced international technologies as well, so that
the machine has many unique characteristics in both hardware and software
engineering.

The logic design of the mainframe's instruction set, arithmetic unit, and
memory control components all have used some new algorithms and control
methods. For example, the instruction control unit uses a control method
combining beat and overlap, as well as high-speed instruction buffer tech-
nique; the ALU uses iterative division, multidigit parallel multiplication,
and direct-code [i.e. not complement] addition method; the memory control
unit uses the Hamming code error correction technique and modulo-16 cross
access and dual backup memory unit design methods. These features make the
design of the three control units considerably more sophisticated than in
previous models and are a major factor enabling the machine to operate
reliably at 10 MIPS.

The main memory circuit design of the vector processor has been improved

by lowering the utility voltage and decreasing component power consumption.
In addition, the Institute personnel visited the plants and worked with them
to improve the quality of components, so that the reliability indexes of
individual memory units have been improved markedly. The average length of
stable operation has been increased from 100 hours to more than 500 hours
(excluding Hamming code checks).

The main work on the peripheral processor was to focus on improving relia-
bility and convenience of operation. Because painstaking work was done on
logic design and engineering realization, it was the first section of the

system on which work was completed. 1In the first test, the longest period
of fault-free operation was 418 hours.

The "757" machine has a total of 45 peripheral devices of 9 types. The
total capacity of its magnetic disk storage is 16 million words (a total

of 8 units at 2 million words per unit). Some of the disk packs are
domestically produced (shown in Figure 5). It is a gratifying step

to be able to develop these from scratch, thereby laying the groundwork

for future Chinese development of large-capacity disk storage. The magnetic
tape storage uses the advanced international GCR [group-coded recording]
method. They are superior to existing Chinese-made tape storage

in both recording density and error-correcting capabilities. Recording



Figure 5. Removable Disk Pack

density has been increased from 500 bits per inch to 2,500 bits per inch.
Others, such as the use of (2,048 x 2,048) bits per frame high-density
electrostatic printout device and a microprogram-controlled wide line printer,
as well as a color graph plotting output unit and floppy disk input-output
units, make the "757" machine with peripheral devices superior to those of
previous computers. This is a gratifying change for Chinese-made computer

peripherals, which have always been a weak link.

The quality of the power supply affects the reliability of the entire computer.
The "757" uses a zero [wugong [3541 1562]] frequency input transformer,

which greatly decreases the dimensions of the power supply, saves energy, and
improves efficiency. The power source to the mainframe's three control units
operating in parallel is realized, forming a redundant system, which increases
the reliability of the power supply system.

As for mechanical design, the vector processor is laid out in a circular con-
figuration in order to shorten the amount of wiring and increase the speed.
In addition, it uses multilayer printed circuit boards, wire wrap, and other
new technologies. Standard cabinets are used throughout the machine. A
static-pressure parallel short-conduit ventilating system is used, which is
simple and easy to operate and gives excellent results.

The 757's software system includes an operating system, vector FORTRAN and
a compiler, a mainfrane assembly language and assembler, internal function
subroutine, a basic graphics package (BGP), and a peripheral processor
assembly language and assembler, as well as a diagnostic program, a double-
calculation program, etc, The system software totals nearly 20,000
instructions.

The "757" system software not only has considered the entire system's high
degree of pipelined overlap and vector operation, but also every effort is
made to assure reliability and ease of operation for the user.

The operating system was initdated primarily for reliability and high effi-
ciency and sets up preferential tasks; as such its scope is in the middle.
It is a multiprocessing batch-oriented operating system. I allows 31



programs to be put in the backup state and 16 programs in the executing state;
9 programs can be run in the vector processor and 2 in the peripheral processor
[?]. The system can take protective measures when errors arise during opera-
tion; these include an occasional jitter in double-calculations, coordinate
double-calculation diagnosis, and continuation of operation from breakpoint.
The system has a monitor and a timer (compatible with the M-170), billing and
other accounting functions; document security is assured through a variety of
passwords.

The "757" vector FORTRAN language is the binding characteristic of the vector
processor. Its design is based on the new international standard FORTRAN-77.
It has been suitably expanded in terms of data types, vector components and
its operational phase. 1In addition, the "757" vector FORTRAN is upwardly
compatible with FORTRAN 66. Because a necessary expansion has been carried
out, programs written in vector FORTRAN can now make better use of parallel
vector processing to realize high-speed calculations.

The system software also provides 18 basic internal functions and 92 stan-
dard subroutines. It includes three types of numbers--single precision,
double precision, and complex numbers.

The merits of the basic graphics package are device-independence and ease

of use. 1In connection with the 757 mission, software development involved
program design tools, R&D of program structure ' nd methods, and establishment
of a primarily processing-oriented tool language, EML, which was used to write
all of the vector FORTRAN assembly programs.

In order to increase the efficiency and reliability of the "757," a special
mainframe diagnostic system was designed. It uses the peripheral processor
to carry out diagnostics for the mainframe. The diagnostic system has

error detection, alarm and retry capabilities. Diagnosis is performed auto-
matically, and for transient faults the system automatically tests for
reexecutibility by trying toreexecute as many as seven times. The extent

of overlay varies in the different component units but is generally 50 to

90 percent.

In the case of permament faults, the system uses both automatic and manual
diagnosis. The automatic card identification feature can generally deter-
mine the location of a fault to within a few cards or even to one specific
card. The vector processor's memory can automatically correct faults, iden-
tify malfunctioning boards or perform switchovers, depending on the nature
of the fault.

The "757" is Chinese-designed and based on Chinese technical capabilities,
and uses domestically-produced components (the system uses LSI, MSI, and
SSI integrated circuits and has over 300,000 parts and components of more
than 40 types). As described above, both the entire system and the hard-
ware and software separately were subjected to painstaking design and
stringent engineering realization. 1In order to assure high quality and to
speed up progress on the project, we used computer-aided design (CAD)
virtually throughout. We used earlier Chinese-developed computers to design

10



this large 10-MIPS computer. In order to test the stability and reliability
of the system, before it was submitted for state evaluation we performed 15
consecitive days of continuous reliability testing. The 20 test problems
which were used were rather representative and fairly difficult, The results
indicated that processing the test problems had yielded correct results; the
average period of stable operation of the system (including mainframe,
peripheral processor and peripheral devices) was found to be 120 hours, the
system availability was 99.8 percent, and the longest single period between
failures was 205 hours, 40 minutes. By domestic standards these figures are
all advanced achievements for large general-purpose computers,

The successful development of the 757 was the result of self-reliance and
large-scale coordination. Thirty departments and localities and more than 80
units nationwide took part in the process, and all made a maximum effort.

The participation of this large number of departments and units indicates the
immense scale of the "757" development process. This gives us the gratifying
realization that the consequences of the successful development of the "757"
are not only embodied in the computer itself, but also are present in a
series of new processes, technologies, and products that grew out of the
project. Thus a certain stimulus has been given to the improvement of China's
computer development standards and to the further development of computer
science and technology. '

8480/9365
CS0: 4008/199
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SYSTEM ARCHITECTURE OF 757 VECTOR COMPUTER

Beijing JISUANJI YANJIU YU FAZHAN [COMPUTER RESEARCH AND DEVELOPMENT] in
Chinese Vol 21 No 2, 1984 pp 7-16

[Article by Yang Shufan [2799 2885 5400], Institute of Computing Technology,
Chinese Academy of Sciences (CAS)]

[Text] The system architecture, main performance character-
istics, technical specifications and design characteristics

of the "757" vector machine are surveyed. In hardware, atten-
tion is devoted to the method of making thorough use of the
vector machine's lengthwise and crosswise processing capabili-
ties and overcoming collisions, the fatal problem in pipelined
machines; to the method of dealing with speed allocation among
the three control units of the vector machine; and particularly
to the method of handling supply-demand conflicts between the
high-speed central processor and low-speed magnetic core
storage.

I. Overview

The 757 computer system is a large general-purpose computer oriented to
vector computation. It consists of a vector machine, a peripheral processor
and various peripheral devices, as well as software. The vector machine has
a parallel overlapped single-pipeline structure and is constructed entirely
of Chinese-made components. The present article focuses on the hardware
structure of the vector machine.

1. Main Characteristics of the Vector Machine

Word length: 64 bits (including operand and instruction). Main memory
capacity: 512 K words, word length 64 bits, with 8 additional check bits.
The operand fetch address can be refined to the byte level. Main clock
frequency: 8.2 MHz. Speed: in problems suited to parallel computation
the machine operates at high or medium efficiency and the average computa-
tion speed is about 10 MIPS, while for scalar operations the system is in
a low-efficiency state and the average speed is 2.8 MIPS.

12



2. Technical Specifications

A. Components: The machine uses exclusively Chinese-made medium- and small-
scale integrated circuits of the ECL [emitter-coupled logic] type. The cir-
cuit series includes 10 production types: besides the 5 types of gate
circuits, 2 model D flip-flops, a 4-bit half adder, an 8-bit shift register,
and 8 semiconductor memory uhit.

Speed characteristics: Gates and half-adders, average gate delay tod < 4 ns;
flip-flops, tpq < 6 ns; shift register, tyq < 10 ns. Semiconductor memory:
cycle time T < 100 ns, readout time, tg < 20 ns; average failure rate:

3 x 10~% (statistics for January-August 1983).

B. Main Memory: Uses magnetic core storage. Access cycle T < 1,500 ns,
read time t, < 800 ns. Each memory unit has a capacity of 32K words with a
word length of 64 + 8 bits. The main memory system consists of 18 units, of
which 2 are on warm standby and can switch over automatically. When neces-
sary the system can automatically cut-off a part of the memory unit and go
into degraded operation. The system can operate in modulo-16, modulo-8 +
modulo-4, and modulo-8 form.

C. Pulse System: The system uses a single-clock synchronous pulse system
with a principal frequency of 8.2 MHz and a pulse width of 50 to 60 ns.

D. Interconnection Technique: Multilevel printed circuits (including cards
and boards) and twisted pairlines. System impedance 90 ohms.

E. Vector Machine Layout: (Other than the main memory) circular arrange-
ment, consisting of 11 racks, each with 10 printed circuit boards; a total

of 107 circuit boards and 1,119 cards with about 45,000 integrated circuits
are used.

F. Cooling Method: Air cooled. Incoming air temperature 17 % 1°C, relative
humidity, 40 to 60 percent. Module surface temperature <55°C, maximum temper-
ature difference between modules < 30°C.

3. System Reliability Provisions

The mainframe's three control units use parity checks, backup equipment
diagnostics, and a double-calculation system. The double-calculation can
be made at the instruction execution level or the register level. Fault
diagnosis and location is accurate to within 1-3 cards; the main memory
uses an odd-weighted code error detection system, while the two external
backup units can perform operator-initiated or automatic switchovers. It
is estimated that adoption of these measures can increase the relative
reliability of main memory by more than 3.5 times. The system can also
cut off a unit, and in the degraded mode it can function in modulo-8 +
modulo 4 or simple modulo-8 form. These capabilities are implemented by
the memory control unit.
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II. Data and Instruction Formats
1. Data Formats

Floating point numbers: It consists of the characteristic sign (Jf), the
characteristic code (J), the number sign (Sf), and the mantissa (Ss). The
characteristic is expressed in complement form and the mantissa in basic
form, and machine language zero is expressed by "0'". There are three types
of floating podint:

1) full word floating point (64 bits), occupies one memory cell.

If J sf S, . I

1* 7* 1* 65"

2) half word floating point (32 bits), occupies half a memory cell,

i 3 sf s, (

1* i 1* 23*

3) double word floating point (128 bits), occupies two memory cells. The
two cells have the same characteristic and number sign. Ss; is the high-
order part of the mantissa, and Sy, the low-order part,

it J Sf SS, If J Sf Sa

1* 7* 1’ ‘ 55* 1* 7* r 55°

Signed integers: These are in direct code, consisting of 56 bits including
sign.

S Zs

1 §5°

Unsigned integers: There are three types, stored in main memory as follows:

1) one-byte integers (8 bits), with each memory cell containing eight
integers;

) 1 2 3 1 5 6 " 7

ai 8. 85 85 8! . 8. Bl 8"

2) two-byte integers (16 bits), with each memory cell containing 4 integers; and

0 2 4 6

16* 16* 16* 16*
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3) four-byte integers (32 bits), with each cell containing 2 integers.

0 4

32* 32°

In addition there are 1-, 2-, and 4-byte and full and double-word length
codes, number codes, and bits.

2. Instruction format: There are 97 user-accessible instructions and 10
system instructions. The user instructions are of two types:

Operation instructions (77), with 4-address format:

T, To Q = K A’ \ B’ \ c' & . d B. | B

1 1 7 1 4 5 7 6 3 1 19 4 5

These include: Q (opcode, 7 bits); Ty (vector-scalar flag, when T = 1
indicates a scalar instruction); T, (operand fetch flag, when Ty =1
indicates fetch from internal storage, and when T, = 0 indicates transfer to
main storage); A', B', and C' (indicate vector-scalar or vector-scalar
accumulator and specify the source operand and target accumulator address);
K (indicates control vector or control scalar); — (indicates the use of the
base-minus-one's complement of (K) for control).

If we define: (X’)::=(D")=>A’|(D"), Z’::=(C")=D’|D’, then the operation

instruction can be described as follows: (X’)Q(B/)=>Z’

Addressing Mode: A main storage address D' is described by the combination
Tg, dt, d, !, BZ, and B; the address may refer to a byte. When d = 0,

b = by, internal storage is not accessed and the instruction is an accumula-
tor-type instruction.

Element dt is the byte flag, which indicates the type of data to be fetched;
! is the successor symbol; d is the formal address (19 bits); B is the
index and refers to bg_31, with a word length of (B) = 22 bits; BZ is the
increment, and when BZy-.11 is referred to, (BZi) is the equidistant vector
increment,»when BZ15-15 is referred to, this refers to the indirect address
register (qo-3 or qo-3) where (q) is 22 bits long.

For equidistantly stored data:

scalar D' = d + (B) {
vector Dg = D' + 0+(BZ)

D] = D' + 1+(BZ)

Dg—y = D' + (£-1)+(B2)
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For indirect addressing:

D' =d + (B)
scalar D= D' + (qi)
vector D = D + (§1i)

1<2<16

Once the logical address D is found, the real address is determined from the
page table.

Control instructions (20), including jumps, loops, index operations, index
transfers and the like. The instruction format is:

T, T;' Q m; m, N d BZ B

1 1 7 3 7 7 6 4 18 4 5

Here Ty is the instruction dispatch flag. For jump instructions, T; controls
whether or not the subsequent instruction should continue to be dispatched to
the next instruction register (ZH). T, is the locator flag, which is only
used in switch instructions. In loop segments with fewer than 64 instruc-
tions, T, can be used to control loop execution in ZH. The reason for
providing T; and T, is to minimize transfers from internal memory and to
increase the efficiency of ZH. Q is the opcode (m;, m,, and N indicate B,
BZ, KBy-15, JN, and Jp;, the registers involved in instruction control, in
order to carry out such operations as jumps, index operation control, and
index transfer.

III. The 757's System Architecture and Features
Architecture of the "757" Machine

The 757's vector machine, peripheral processor, and peripheral devices are
shown in Figure 1.

-
——*{7 YsQ |

!
Bl FERE | [ Fd | B

——
DS 1

1 NC

qu,l ! h | 16x32kx 72b

: }

Figure 1. Block Diagram of the 757 Architecture
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The peripheral processor has a word length of 64 bits and carries out floating
point operations. It has a main clock speed of 2.5 MHz and an average speed
of 500,000 Hz. Its internal memory capacity is 64,000 words. The semifixed
storage capacity is 64,000 words. The peripheral machine runs primarily
system programs, while the mainframe (vector machine) runs primarily system
applications programs. There are two channels connecting the mainframe and
peripheral processor: one is a communication channel, using the interrupt
method, by which they exchange control information; the other is a direct
batch transmission channel in the time sharing mode. Information transfer
between the mainframe and the disks, tapes, electrostatic printers and graph
plotters may also be in the time-sharing mode. The disk resources are shared
by the main and auxiliary machines., All peripheral devices operate under the
control of the peripheral processor.

The mainframe (vector machine) has a single pipeline structure and basically
belongs to the register-register class. The mainframe consists of the
instruction control unit (ZK), the operation control unit (YK), the memory
control unit (CK), and main memory (NC). These are described below:

1. The Instruction Control Unit (ZK): The ZK consists of the instruction
buffer register (ZH) (4 x 16 x 64 bits), index registers B (32 x 22 bits),
increment registers 13Z (32 x 22 bits), the address ALU, general purpose
registers, and an interrupt processor. Its functions are to analyze instruc-
tions, execute operation or access instructions, then transfer them to YK or
CK; to execute control instructions; and to respond to interrupts.

2. The Operation Control Unit (YK): This consists of an ALU, accumulators
(including vector accumulators Lo.3i3 and scalar accumulators Lg-ii) with
capacities of 12 x 16 x (64 + 8) bits, high-speed scalar registers

G (32 x (64 + 8) bits), look-ahead operand fetch stack Xo-3 (4 x 16 x 72
bits), look-behind operand store stack Ho_i (2 x 16 x 65 bits), operation
control unit instruction stack ZDY (16 x 75 bits) and the requisite control
circuitry; it carries out arithmetical and logical operations.

3. The Memory Control Unit (CK): The memory control unit consists of the
storage control stack ZDC (16 x 87 bits), look-behind wait station JHg_3
(2 x 67 bits), a collision processor, auxiliary machine interface buffer
register WH (16 x 65 bits), 2 sets of disk and tape interfacg buffer
registers (2 x 2 x 16 x 65 bits), indirect address register qo—3

(4 x 16 x 23 bits), compress and restore vector registers (2 x 16 bits),
page table registers (128 x 14 bits), an address adder, the main storage
checking and correction unit, and memory unit switchover and cut-off
circuitry.

It handles collisions, time-shared queuing, address processing, page
mapping, memory protection, data compression and restoration, byte control,
memory correction, cut-off units, switchovers, etc.

4, Main Storage (NC): The main storage consists of 18 core storage units
(2 of which are backup units). Each unit has a capacity of 32K x 72 bits
and an access cycle of 1,500 ns; storage operation can be modulo 16,

8 + 4, or 8.
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IV. Architectural Characteristics of the 757 Vector Machine

The basic characteristic of the 757 vector machine is that it introduces
vector computations in a single-pipeline architecture and uses the length-
wise and crosswise method of vector processing. This decreases the amount

of instruction handling tenfold, greatly decreases the number of conditional
jumps, greatly reduces the number of collisions between operations, decreases
memory access requirements, and makes memory access more uniform, thus funda-
mentally improving pipelining effectiveness.

In order to take full advantage of parallel operation and pipelining in

the 757, not only will the user have to make a continuing effort to develop
parallel-oriented algorithms and write suitable programs, but in addition it
will be necessary to design hardware structures suited to computers of this
type. Below we describe the system architecture of the 757, primarily in
terms of hardware structure design.

1. Use of a Mainframe-and-Auxiliary Computer System With Distribution of
Capabilities: When solving problems in a computer system, not only appli-
cations programs, but also system programs (including the operating system,
the compiler system and the like) must be run. These two types of programs
differ greatly in terms of program structure, data structure, relative impor-
tance of different types of instructions in them, and operating environment.
The systems programs primarily perform fixed-point scalar operations, have a
high proportion of conditional jumps, and are subject to frequent interrup-
tions, so that programs and operating environment of this type are not
suited to operation on a highly overlapped, primarily vector-oriented
pipelined machine. This is why the two-machine architecture is used in the
757. The auxiliary machine runs primarily system programs, while the main-
frame runs primarily applications programs. Thisutilizes the strong points
of each machine and makes thorough use of the characteristics of the vector
machine.

2. The vector machine has a wide range of vector processing methods, which
expand the range of vector computations and thus the area in which the
machine can be used with high to medium efficiency.

(1) The operation instruction vector and scalar instruction formats within
the same instruction format; a four-address format and a multi-accumulator
architecture are used to decrease the number of both memory accesses and
auxiliary instructions.

(2) For convenience in writing programs for lengthwise and crosswise vector
processing, the instructions include vector loop switching instructions,
vector subgroup loop switching instructions, and other instructions geared to
vector processing.

> > >
3 Thg control vectors K, h, and q are provided. The operation control

vector K is used to control whether or not an operation is executed, whigh
can greatly decrease branching. The compression and restoration vector h
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controls main memory read and write. 1In the processing of sparse matrices
it can greatly decrease the number of memory cells used and speed up memory
access. The indirect address control vector q can form a group of noncon-
tinuous or random address strings, which is helpful in processing sparse
matrices.

(4) The spacing of data stored in memory can be artibrarily chosen, afford-
ing high efficiency in alternation of direction in the processing of multi-
dimensional vectors.

3. Highly Parallel, Overlapped Pipeline Architecture: In executing programs,
the vector machine uses a 16-segment lengthwise-crosswise processing tech-
nique for vectors. All major units of the machine operate in a completely
overlapped, parallel state, and also in a highly pipelined fashion. For
example, the ALU can produce one floating-point addition result per clock
unit, while the storage controller can read or write one datum in each clock
unit. The instruction and data flows in the machine are shown in Figure 2.

{ZDC

PDT0 PDTt WCT

Figure 2. Information Flows in the Vector Machine

Pipelining is an effective method of high-speed operation; but in order to
make full use of its capabilities, not only pipelines within all individual
units, but also the parallel overlapped pipelines between the units, must
be kept moving freely. Tests on seven different problem types show that
sequential operating states (i.e. with the three controllers pipelined, but
with ZK, YK, and CK operating serially) the machine as a whole is slower
than with parallel overlap by a ratio of 1 to 1.38. The main defect influ-
encing parallel overlapping of the three controllers is collisions. The
smoothness of pipelined operation is seriously affected by collisions in
conditional jumps, collisions in the processing of memory data into internal
store addresses by the ALU, operation collisions, index collisions, fetch
and store collisions, and memory unit collisions, as well as the collisions
produced by lack of speed matching between the various machine units and
between the three controllers and memory. These problems are dealt with in
the following main ways.
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(1) Provision of the operation control vector E, which reduces conditional
jumps. '

(2) Provision of the address buffer register group BHy_3 (4 x 16 x 23 bits),
which makes possible batch processing of data from memory into addresses by
the ALU; these are transferred in a group to BH, from which the instruction
controller accesses the needed information. There are four BH registers,
which greatly decreases interference with the instruction stream.

(3) Processing of the object program by the peripheral processor: The
vector machine does not process instructions, which alleviates collision
between instruction fetch and data transfer channels.

(4) Use of the operating system to handle collisions between the peripheral
processor channels, disk and tape channels, and mainframe internal memory
access channels,

(5) Data fetch and store collisions: In the vector machine, the main
information flow is data flow, accounting for the great majority of overall
information flow. When operations are transferred from main memory to the
operation controller via the storage controller and the processing results
are transferred back to storage controller, the overall path is very long.
If data fetching and storage are carried out in a program-specified sequence,
the speed of the main machine is seriously affected. Therefore collision
discrimination must be carried out between all fetch and store address
spaces; where there is no conflict for address spaces, the data can be
prefetched. Tests on the seven problem types indicate that this prefetch
processing increases overall machine speed by 63 percent compared with pro-
cessing in program sequence. '

4. Speed Matching of the Three Control Units. Because the mainframe is
primarily vector-oriented, when executing vector instructions the amount

of work by the instruction control unit is decreased to 1/10~ 1/20;
according to analysis and system simulation, for problems involving pri-
marily parallel processing the effective operating time of the instruction
control unit is only 12.5 percent. But in order to provide for problems
involving principally scalar computations or serial computations, the in-
struction controller is designed to process one instruction in an average
of 3 to 4 beats, so that it can process from 2.5 to 3 million instructions
per second. Therefore increasing the data transfer speed of YSQ and storage
as much as possible and matching their speeds as closely as possible consti-
tute the key to increasing overall speed. The memory is designed for a
maximum flow rate of 1 byte access per beat while the ALU 1s designed for a
speed of one operation per beat (with the exception of multiplication, divi-
sion and certain special instructions). For example, comparison of charac-
teristics and normalization in floating point addition both require one

beat and partial operations are eliminated, which makes the pipelines more
uniform. YSQ has a multibit fast multiplication algorithm and iterative
division, which increase its processing speed. 1In order to match the speeds
of the three controllers, their interfaces are provided with buffer stacks,
which, in brief, are designed as follows:
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(1) 1In order to make the data flows uniform, interference with main storage
for instruction fetch has been minimized, and the instruction controller is
provided with instruction buffer registers ZH (4 x 16 x 64): more than

96 percent of loop segments can be executed in ZH. -Instructions can be
transferred out of memory in groups with high efficiency (16 at a time),
radically decreasing the frequency of instruction fetches from the main
store. ZH is divided into four components and operates modulo 4. Instruc—
tion processing and instruction transfers can be entirely overlapped. Tests
of the seven problem types indicate that without ZH, the speed of the main
machine would be decreased by a ratio of 1 to 1.15.

(2) 1In order to increase the parallelism of ZK, YK, and CK, unit YK and
the storage controller are provided with instruction stacks 7ZDY and ZDC
(each with a capacity of 16 instructions).

(3) 1In order to keep the data flow uniform and to overlap the operation of
all machine units and memory accesses, the following are provided:

—--look-aghead fetch stacks Xo-3 (4 x 16 x 72 bits);
—--look-behind transfer stacks Hy_; (2 x 16 x 65 bits);
--index buffer stacks BHo_; (4 x 16 x 23 bits);

~—a peripheral processor channel data buffer stack WH (1 x 16 x 65 bits);
and

--disk and tape channel data buffer stacks PHy-3 (2 x 2 x 16 x 65 bits).

5. Speed Matching Between Main Storage and Central Processor. The mainframe's
three control units use high-speed ECL circuitry and, on average, process

data at a speed of one operation per beat (approximately 100 ns), while owing
to current technological limitations, the main storage uses low-speed magnetic
core storage and has an access cycle of 1,500 ns. This is obviously a major
conflict, and represents the key factor affecting overall machine speed.

The following steps were taken to resolve it.

(1) Decreasing information flow to and from the main store by decreasing
the system's memory access requirements:

a. Because lengthwise-crosswise processing of vectors is performed, it
becomes possible to use multiple accumulators; the instruction controller
is provided with 12 vector (or scalar) accumulators (Zo-11) and a high-speed
scalar buffer memory G (32 words). 1In this way, intermediate results and
repeatedly used contents can be transferred to f and G, respectively, which
considerably decreases the number of memory accesses. This decreases memory
accesses by two-thirds to three-fourths or even more compared with a purely
lengthwise processing machine (such as the STAR-100).

b. 1In order to decrease demands on memory and avoid a great decrease in

speed, the 757 vector machine does not use the virtual storage dispatching
method, but instead uses batch pretransfer. Because the main storage has
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sufficiently large capacity and the system uses simple multiprogramming
geared to one large problem, this dispatching method assures high speed 'and
greatly simplifies the logic structure of both software and hardware.

c. Because data can be fetched gpd stored under the control of the com-
pression and restoration vector h, and the data can be fetched in bytewise
fashion, the amount of memory space used for sparse matrices and byte
operations is decreased and the number of accesses to main storage is
greatly reduced, thus increasing access speed.

d. Provision of the instruction buffer registers ZH decreases the number
of main storage accesses for memory fetch to 1 percent or less.

(2) 1Increasing the access speed of the memory system: Even with the measures
described above, the system still requires a nearly 1-to-1 memory access
speed. In other words, each time the ALU carries out one operation, an
average of one memory access is required. If the ALU's maximum processing
speed is one operation per beat then a maximum memory speed of nearly one
access per beat will be required. But because the core storage access
cycle is T = 1,500 ns, meeting this requirement requires a modular inter-
leaved parallel memory system. The main requirements for such a parallel
memory system are an access rate of close to 1 access per beat (if the main
frequency is 10 MHz, then one beat = 100 ns), and no conflict between units.
Let us discuss these conditions.

a. TFor storage of an "equidistant'" vector X.(i.e., a vector whose increment
A is a constant, if we designate the number of internal storage units in the
parallel memory system as m, the access cycle for each memory unit by T
(with the clock period P as a unit, 1P= 100 ns), and the address increment
between vector components as A, we obtain the following results:

@D When fetching or storing one vector the maximum number of storage units
that can be accessed is:

m' = m/(A, m)
where (A, m) is the greatest common factor of A and m.

@) When accessing one vector in each storage cycle, if the vector length is
2 > m/(As m)s the maximum latency time is

_{o, m/(A,m)=T
A lT—m/(A,m), m/(A,M)<T (1)

It is evident from equation (1) that for an "equidistant' vector the condi-
tion must be met for a collision-free parallel storage system is
m/ (A, m) 2 T.

22



Because A is an arbitrary integer, this condition can be met only under
certain conditions. Suppose A = 0, 1, 2, Km-1, (where K is an integer).
If A is uniformly distributed on the interval from QO to Km-1, then the
average latency time is

Km—1

tA——-( E t,,])/Km

Because for all K =0, 1, 2,

(A,m)=(A+Km,m)
therefore m=1 k.
tAz(K§t5>/Km —EtA/m (2)

Actually A 1is not uniformly distributed. For example, in multiplication of
a matrix by a scalar,

ayp e Ay, by
. x{ +
'nnl M [P bn

If the elements of matrix A are stored row by row, and if vector g is a
sequential vector, then for this operation A = 1. If we assume that the
distribution probability for A = 1 is 75 percent, then equation (2) can be
revised to

Km—

1
ta=t; X 75% +< 3 t5>/Km x 2525
8=0
m-1
=4, X752+ 3 t,/m
A=0
(3)
The revised values can be read from line tp in Table 1.
> >
When accessing vector B after accessing vector A, because the addresses are

not continuous and the resultant unit collisions are random, the average
latency time tpp within each access cycle is

T(T—1)/2m m>T
tu:{

T-2EL <t (4)

Because the 757 vector machine :ses the lengthwise~crosswise processing
method, the vector is segmented so that %' = 16, which is equivalent to an-
additional latency time of tag/%' during each access of a component.
Because £ = 16, the individual time increments are considerable.
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_Table 1. Memory System Capabilities (Main frequency = 10 MHz, access cycle
1,500 ns = 15(P))

ta(P) 14 13.5 | 12.67) 12.25 10.8 | 11.5| 8.86] 9.63| 8.22] 8.7 | 4.91|8.58)2.92|5.79 5.2 | 4.81
Via(MW/S)| 0.67) 1 1.56{ 1.83] 2.8 | 2.33] 4.1 3.58] 4.52| 4.2 6.72|4.28|8.05{6.14|6.56 | 6.79

te(P) 4 13.25| 12.17| 11.31} 10.2 | 9.12[ 8.21] 8.06] 6.55 5.93 | 4.23 | 4.39)2.23}2.20|1.3 | 1.2
VoMW/S)| 0.67] 1.2| 1.9| 2.4 3.2| 3.9| 4.5| 4.63 5.631 6.1 |7.18]7.07 (8.5 [8.53}9.1 {9.2

t,\uo‘rt‘“‘J 14 13,05} 13 12.5 | 12 11,5 | 11 10.5 | 10 9.5 |9 8.5 |8 7.5 |7 6.56

VIMW/S) | 0.7} 1 1.34] 1.94] 2.70{ 3.44| 5.06| 4.8) 5.22/ 5.65 | 6.80 | 6.70 | 8.18 | 8.22 | 8.84 | 8.92

-.\\ sl R Y 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

ta(P) 0.82| 5.831 0.74] 5.45| 4.09] 3.05| 0.61 5.46 2.16| 1.96 | 2.74 | 3.68 | 0.48 | 4.03 [ 0.45 | 2.75
V.MW/S) 9.41 6.11| 9.51 6.37| 7.27] 7.97] 9.59| 6.36 8.56| 8.67 | 8.17 | 7.55 | 9.68 | 7.13 | 9.70 | 8.17

h(P)v 0.211 1.46| 0.18] 1.36 1.02] 0.76; 0.15 1.37| 0.54[ 0.49{ 0.68 | 0.92|0.12;1.01(0.110.70
V,(MW/S)| 9.86 9.02 9.88 9.1} 9.32] 9.5| 9.9 9.09) 9.64{ 9.67 (9.6 |9.4 |9.92]9.32(9.93)9.6

'uu“'sm;} 6.18| 5.83 5.53 5.25 5§ 4.7711 4.57) 4.38] 4.2|4.04|3.89{3.75]3.62]3.5 |3.39]3.28

VMW/S) | 9.6| 8.8] 9.65 8.87 9.1 9.3| 9.7] 8.9 9.46/ 9.5 | 9.389.23|9.77|9.1819.8 | 9.4

In the case of scalars or "nonequidistant' vectors (A # constants such as
indirect address vectors), the latency time resulting from storage unit
collisions is likewise random, and the average latency time is the same as
in equation (4):

t =

T(T—1)/2m m>T
scalar {

T—(m+1)/2 m<T (6)

The average access speed of a parallel memory system for an "equidistant"
vector is:

T—t

V :Vm.u’
‘ T (7)

Vmax is the maximum speed of the system (i.e. the speed when there is no
collision between units and there is one access per beat).

The average access speed for a scalar is

Vv, =1/t x 10® words per second (8)

calar

If T = 1,500 ns, the principal frequency is 10 MHz, and 1P = 100 ns, then we
have T = 15P. Substituting this value into equations (2), (3), (6), (7) and
(8), and making the calculations for m =1, 2, 3, ..., 32, we obtain Table 1
and Curve 1 of Figure 3.
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Figure 3. Memory System Capability, Main Frequency = 10 MHz, Access'Cycle
1,500 ns

It is evident from equation (1) that for accessing an "equidistant" vector,
in order to obtain a maximum speed of 1 byte per beat, we must meet the con-
dition m/(A, m) > T.

In the mainframe machine of the 757 vector machine T = 15P, so that the number
of units m must be greater than 15. This is clear from Table 1 and Curve 1
of Figure 3. 1In addition, it is apparent that prime modulus numbers greater
than 15, i.e., 17, 19, 23, 27, and 31 give a rather high-access speed. Of
these prime moduli, modulo-17 is the most practicable; the other prime number
moduli are unsuitable either because of complexity in address mapping or
because of problems of memory use efficiency. But because of the factors
noted below, the main memory system of the 757 vector machine uses a modulo-
16 arrangement for the following reasons:

1. With modulo-17, it requires a rather complex address mapping structure;

2. Equation (4) indicates that when accessing vector K followed by vector ﬁ,
the additional latency time tpg resulting from the fact that the addresses
are not continuous is rather large in the 757 with a 16-segment lengthwise-
crosswise processing. It is evident from Table 1 that when m = 16, Tpp =
6.56P. 1In other words, for every 16 segments accessed an additional 6.56P
must be expended. If we use 16 segments, this time problem cannot be solved
by using prime-number moduli. But if modulo-16 is used, then altered read-
out can be used to avoid loss of time T B* "Altered readout" means that when
accessing vector X and then vector ﬁ, i% some memory unit is not locked, then
the first unit that has been locked is accessed, and only after the 16
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components have been read is the vector sequence restored in the look-ahead
stations; this process increases access speed. The effect of Tpp is to
decrease the memory system speed of a modulo-17 memory unit from 9.86 million
words per second to 7.2 million words per second; since use of altered read-
out with a modulo-16 system gives a speed of 7.5 million words per second
(assuming that the conditions for altered readout are met 40 percent of the
time), it is obvious that the latter alternative gives a higher access speed
than use of a modulo-17 memory system. Tests on the seven different problem
types indicated that the altered readout method increases overall system
speed by 13,7 percent,

3. It can be seen from equation (1) that if m = 16, when A is odd and
m/(A, m) > T will always apply (when T = 15P), then it can be assured that
there will be no conflict between units when accessing vector K, so that a
maximum speed V = 10 million words per second will be achieved. Under cer-
tain conditions the user can satisfy this condition (i.e., that A is odd).

The above discussion of hardware design has been sketchy and incomplete
because many needed data have not yet been determined, compiled, and analyzed.

Participants in the development of the 757 vector machine's hardware included
Lui Qiye [0491 0796 2814], Li Shuyi [2621 2885 1837], Yang Shufan [2799 2885

5400], Xia Shaose [1115 4801 3844], Xu Jun [1776 3182], Shi Guohua [4258 0948
5478], Li Changzi [2621 2490 1316], Luan Yumin [2940 3022 2404], Luo Yinfang

[5012 6892 5364], and Xu Kunming [1776 2492 2494].

8480/9365
CSO: 4008/199
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HARDWARE ENGINEERING OF 757 VECTOR COMPUTER SYSTEM

Beijing JISUANJI YANJIU YU FAZHAN [COMPUTER RESEARCH AND DEVELOPMENT] in
Chinese Vol 21 No 2, 1984 pp 17-25

[Article by Luan Yumin [2940 3022 2404] of Institute of Computing Technology,
Chinese Academy of Sciences (CAS)]

[Text] Abstract. A concise description of the 757's
hardware engineering, implementation, and operation is
given. This machine is the first to use Chinese-made
medium scale integration [MSI] ECL [emitter-coupled
logic] integrated circuits, large multilayer printed
circuit boards and double connector printed circuit cards,
low-impedance twisted pair lines, and long-line matching
with three resistors, yielding complete 90-100 ohm
impedance matching of the entire system, which minimizes
ringing and crosstalk. Testing of small assemblies and
more than 3 years' operation of the entire machine have
shown that the hardware engineering system is reliable;
the state evaluation indicated that the CPU was fault-free
for 360 hours.

I. Introduction

The 757 machine is a pipelined vector machine with a speed of 10 million
instructions per second. Users suggested many specifications for the
machine, and in order to meet these requirements they were carefully taken
into account in overall unit design, engineering design, and hardware design.
Below we introduce the hardware engineering design.

The specifications for hardware engineering of the 757 which emerged from

the overall design were a circuit delay of 4 ns, a logic chain of 17.5
levels, a maximum line length of 2 m, and a master clock frequency of 10 MHz.
In order to meet these requirements we had to make the leads as short as
possible, increase the degree of integration, and increase reliability. For
this purpose, we developed three near-MSI circuits: a double D flip-flop, a
quad half-adder, and an 8-bit shift register. 1In order to decrease lead
length and achieve system matching, we used multilayer printed circuit boards
and large cards, low-impedance twisted pair lines, single in-line package
[sip] resistor networks, and high-frequency mica [?] [duli [3747 4539]]
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capacitors. The machine contains 1,092 cards of 338 types, and a total of
57,178 integrated circuits (including backups). To date, the chip reliabil-
ity is about 10-%. 1In order to maintain reliable machine capabilities, we
used 90-100 ohm impedance matching throughout the system, minimizing ringing
and crosstalk.

In order to expose problems before production of the complete machine, we
constructed a model unit with a word length of 16 bits, using 879 DIP [dual
in-line package] integrated circuits of 10 varieties. These circuits were
equivalent to 9,369 gate circuits and were mounted on 2 8-level printed
circuit boards and 17 8-level large printed circuit cards, 1 control board,
and 2 pairs of conversion plugs. After this model was tested for half a
year and had shown no major problems, the complete machine was put into
production. The process from board fabrication, card production, and PC
board interconnection to the completion of automatic testing of the cards
took nearly 2 years.

Because of a stringent effort in the key areas of production, the time
required for debugging of the mainframe was greatly shortened; in particular,
the process from testing of parts and components on printed circuit boards to
the testing of fully assembled boards used automatic coded testing, so that
all of the control units (instruction control unit, operation control unit,
memory control unit, and ALU) were correctly debugged in less than half a
year.

As a result of software debugging, the time required for the machine to
objectively reach the testing stage was somewhat more than 2 years; the
numbers of integrated circuits failing over the course of 2 years are shown
in Figure 1. The two curves in the figure simply indicate how many modules
failed in a given time interval, These failures all belong to the early
failure type. Analysis indicated that most involved output follower or input
terminal failure, in addition to which some were misdiagnosed; the circuit
types in which problems were especially common were the shift registers and
quad gates. The principal cause was insufficiently strict surface inspection.
But shift registers are relatively heavily used in the instruction control
unit, and in some places no heat sinks were provided, so that overheating
resulted in a somewhat higher failure rate. Another 20 percent included
mechanical damage and accidents.

II. Circuit Varieties and Characteristics

The circuits were divided into 10 categories: single gates, dual gates,
voltage pulse gates, quad gates, power gates, receiver gates, double D
flip-flops, 4-bit half adders, 8-bit shift registers, and reference sources.
Two of these types (double gates and shift registers) are diagrammed below:
the dual gates are shown in Figure 2 and the shift registers in Figure 3.
The circuit characteristics are as follows:

@ Cutting the emitter follower off from the emitter resistance can produce

a "wired or" output, which expands the chip's logical capabilities and saves
power, as well as allowing impedance matching with the system.
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@ Each base input terminal has a base pull-down resistor, which avoids the
low frequency effect resulting from input "float."

This also decreases input
capacitance and makes the changes on the output side in response to the load
small.

©)

duction conditions, this helps to increase the chip acceptance rate and pro-
vides more possibility for flexible adjustment of the high- and low-voltage

noise immunity. In addition it makes for convenience in measuring noise
immunity, particularly for two-way inputs.

@ The three MSI circuits greatly increase the 757's gate-to-pin ratio and
are key components in the 757.

G Decreased power consumption, increased number of microscopic inspections,
addition of a silicon nitride protective layer, rigorous screening, and test-
ing.

Connection to an external reference source. Under current domestic pro-

ITI. Technical Characteristics

@ The gate circuits and three circuit varieties described below operate at
a voltage of =5 V.

The power consumption is 25 mW per gate. The voltage
level is from -870 mV to -1,750 mV.

@ The double-D flip-flop uses a two-layer current switch.
transistors and 32 resistors.

It has 62
12 gate circuits.

In terms of capability this is equivalent to

The maximum operating frequency is 200 MHz, the average
delay is less than 8 ns, and the power consumption is 100 mW.

@ The 4-bit half-adder is the key component in the 757 machine's addition
tree and checking circuitry.

It too uses a double-layer current switch, and
each half-adder has 50 transistors and 18 resistors, with an average delay
equal to or less than 5 ns.

@ The 8-bit shift register shown in Figure 3, can replace random-access
memory. Each register consists of 87 transistors and 62 resistors and has
an operating frequency of 100 MHz. It has a capability equivalent to 96

gate circuits, its power consumption is less than 200 mW, and the average
delay is less than 8 ns.

® Circuit noise immunity. As is generally known, ECL circuits can use
low-resistance transmission and matching. In the transmission process we
specified that the noise immunity at both high and low levels should be
150 mv.

The results of more than 2 years of machine operation indicate that
these requirements were essentially met.

® The devices are categorized according to voltage levels and are selected
for use strictly in accordance with this classification.

The changeover
region of the gates is generally 250-300 mV, and the reference voltage
tolerance is *25 mV.

The central value of the reference voltage is speci-
fied as -1,200 mV and there is normal switching guaranteed to be between
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-1,050 and -1,350 mV. Power supplies of -5 V and -2 V opposing voltage [?]
[duila] [1417 2139]] by 10 percent of the measurements. In actual use, the
packages are classified and used with reference to load conditions.

{7) Transmission. Transmission matters are a very important topic in high-
speed digital systems. When a signal is transmitted along a line, it does
not merely consume energy (because transmission lines have interface losses)
and increase delays; in addition, in an incompletely matched system it also
encounters multiple reflection and crosstalk, which affect the system's sta-
bility and reliability. The transmission paths in the 757's circuits run
from the card interconnections and connectors to the printed circuit boards;
those more than 10 cm long generally use 95-ohm twisted pair lines before
being connected to the racks via connections and long lines. 1In order to
minimize reflect and crosstalk, 95-ohm impedance matching is used throughout
the system. The actual measured resistances of the printed circuit boards
are 80-90 ohms, and the high temperature resistance of the paired wires is
95 ohms, while the chip pulldown resistances are 95 ohms. Thus the entire
system other than the connectors has an essentially continuous, matched
impedance, so that the reflection coefficient is very small. The measured
waveform in the machine (Figure 4) shows that the system basically has com-
plete matching, and wave distortion is very small.

input output
BA - EE

Figure 4. Actual Waveform for Machine With Seven Loads

IV. Printed Circuit Cards and Boards

In order to contain more information lines, to increase layout density, to
decrease the length of interconnections and to make transmission easier and
help assure uniform system impedance, we used printed circuit cards and
boards. '

1. Requirements for Printed Circuit Cards

(1) The electrical characteristics of printed circuit cards must meet signal
continuity requirements, have uniform, consistent impedance, be matched to
the system impedance, and must have good grounding and power supply systems
in order to suppress noise and to keep all card noise within the permitted
range.
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(2) The layout density and gate-to-pin ratio must be maximized and card
metallization requirements must be minimized.

(3) Account must be taken of overall machine layout and its requirements.

(4) Design should be based on card fabrication technology and every effort
made to increase product acceptance rates and assure quality and reliability.

(5) Provision should be made for automating logic partitioning and the pro-
duction process, and suitable provisions should be made for debugging.

2. Characteristics of the 757's Printed Circuit Cards

(1) Dimensions and Structure:

Measurements are 175 x 278 mm?% A card has two 72-line printed connectors (a
total of 144 lines), of which 36 are grounded and 108 are used for signal
input and output. There are 50 inspection holes in the upper left corner,
and the card has 5 rows of 18-pin DIP packages, each row divided into 10 or
16 chip areas, including 2 voltage reference chips. Below each chip is an
0.01 uF high-frequency filter capacitor to filter the reference voltage,

and a matching resistor network is mounted between each two lines of chips
and outside the rightmost and leftmost chips; these are six-line single
in-line [SIP] packages. Below the resistor network is installed an 0.0l UF
high-frequency filter capacitor. The -5 V and -2 V power supplies have 20
to 65 high-frequency filter capacitors, respectively, and a low-frequency
high-capacitance 30 pF clamping capacitor is installed at the -5 V and the
-2 V input: thus every board can have a maximum of 80 18-pin DIP chips and
85 6-pin SIP resistor networks, 165 0.01 uF high-frequency filter capacitors
and 2 low-frequency capacitors. The card layout is shown in Figure 7.

, Front facing

] £z )/<'///(>//qg>Signa1 lines
' E_— : Power supply
§ A= ‘>network,
a2 tf /4 ground network
N Ry 5 1 14
J *7—E§9/ = /ﬂ/isigna ines
? ¢ Back facing
Figure 5. Layered Printed Circuit Figure 6. Noise Waveform

Board Structure Note: The lower voltage level in

the 800-mV interval is the
lower limit of the waveform
shown

32



3

grouna

T 77277773, Front facing

;;Zg;;zz;;;)//i’ Signal lines

4> Ground network

06]_.‘1_6"

B
S

2|

6, Signal faces

175 mm
FEXEEE
=
o 2.3 +0- 150

© S 777777747 .
T e 8 Back facing
A T LA
[«— 276na’ —|
Figure 7. Card Layout Figure 8. Layered Structure

(2) Layered Structure

If the printed circuit resistances are uniform and if the ground and power
supply networks have sufficient capacity, a rather large number of working
paths and a rather high layout density can be achieved. The 757 machine's
printed circuit boards have eight layers, with the top-most and bottom-most
layers as panels. On one side of the components is a -2 V power supply net-
work, while only solder pads are on the other side; signal connections are
run on layers 2, 3, 6, and 7, while the ground and power supply networks are
on layers 4 and 5, with the -2 V and -5 V power supplies on the same layer.
The boards are 2.3 * 0.15 mm thick and the metallized holes have a diameter
of 0.9 mm. The overlap structure is shown in Figure 5.

(3) Hole Layout and Interconnection Method:

The chips used in engineering the 757 were 18-pin DIP components with a pin
spacing of two lines of pins 7.5 mm apart and a pin spacing of 2.5 mm. The
hole spacing used on the cards is 2.5 mm x 3.75 mm, with the 72 connectors
spaced 3 mm apart. Problems involving conversion to the internal network
are solved by card layout. The internal vertical and horizontal lines are
1.25 mm from the holes. The holes with a spacing of 2.5 mm each have one
cross line, and those with a 3.75 mm spacing each have two lines. The lines

are 0.2 mm wide.
(4) Electrical Parameters:

Experimentally determined parameters: C = 80-90 pF/m (capacitance per unit
length). L = 0.6 - 0.8 uH/m (inductance per unit length). Z, = 80-90 ohms
(impedance of printed interconnections; Tgq = 0.075 - 0.8 ns/cm (no-load
delay); Rd = 0.02 ohms/cm (DC resistance of signal lines).

The intercomnections' characteristic impedance of 80-90 ohms is in relatively
good agreement with the system impedance, but in the presence of capacitance

it is somewhat decreased. The equation is Z§ = Zj Co _ (empirical formula),
C0+Cd




where Co is the intrinsic capacitance, Cq is the capacitance under load, and
Zy is the impedance in the presence of capacitance. The no-load delay
Tq 1s 0.075- 0.08 ns/cm; the delay is higher when a load is present:

T;=T,- y/1-+%% « Currently, the load value is Té < 0.1 ns/cm.
0

(5) Noise Problems of Printed Cards

@D Ground Connection Noise: If there are 60 simultaneous transitions on
the card, the maximum noise on the ground connections is 50-60 mV. The noise
waveform is shown in Figure 6.

@ Contact Pin Noise: 1In order to combat contact pin noise, it was decided
to ground one-fourth of the contact pins in the 757 mainframe, so that the
ratio of ground pins to signal pins is 1 to 4. When a certain signal pin is
in a static state and the six signal pins around it transmit signals of the
same change simultaneously, the noise induced in the static signal pin does
not exceed 90 mV. The actual circumstances are better than the experimental
circumstances (see Figure 12),.

(® Crosstalk Between Parallel Wires: When two parallel transmission lines
are close together, the capacitance between them and their mutual inductance
may produce crosstalk. The measured interference between overlapping
parallel lines in adjoining layers is the most severe type of interference
between lines, and the maximum crosstalk figures are as follows:

Length of overlap Maximum crosstalk
and parallelism voltage
10.75 cm 270 mv
12,75 cm 290 mv

On average, for each centimeter of parallel overlap, the crosstalk can be as
great as 25 mV. Accordingly, overlap must be minimized.

3. Printed Backboards

(1) Dimensions: 234 x 300 mm?, contain 24 72-line spring-loaded receptacles
and can hold 12 cards. There are 91 connector holes on the right and left.

(2) Layered structure: Same as for cards, except power supply network is
replaced by ground network (see Figure 8).

(3) Wiring paths:
a. with a hole spacing of 3 mm, one line can pass between them;
b. with a hole spacing of 4.5 mm, two lines can pass between them;

c. with a hole spacing of 3.75 mm, two lines can pass between them. Other
electrical characteristics are the same as for the cards.
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Each layer has 90 paths for transverse lines and 96 paths for vertical lines,
and each card can hold a maximum of 1,000-plus lines (actual statistics).
The surface layout of the card is shown in Figure 9.

4, Tests of Card Contact Pin Noise

Tests of card noise indicate that for six connectors or more the amplitude
of the noise signal is constant (see Figure 10),

The relationship between the interference edge and the amplitude of the
interference signal received at the pins can also be seen. As Figure 11
shows, the quicker the edge, the greater the interference signal.

V. Tests With Long Lines

In computers and control systems using large numbers of digital circuits,

the connections within an individual circuit must follow certain logical
requirements. Some of the interconnections are rather short, such as those
between neighboring chips on a card, but some are rather long, such as
connections between frames. Tests show that the transmission speed in some
electric circuits is very high, close to the speed of light. The shortness
of this transmission time clearly is not critical for low- and medium-speed
digital devices, but as highly integrated circuits have been developed and
put into use, the situation has changed. For example, the gate delay of
high-speed ECL circuits is 2-4 ns, or even as little as 1 ns. 1In this case
the transmission delay is much greater than the gate delay. But the problem
is not simply the transmission delay: a more important factor is that when a
rapidly changing signal is transmitted along a long line, reflection may
occur, seriously distorting the signal waveform and producing various harmful
interference pulses which hinder the normal operation of the entire system.
Therefore, in high-speed digital computers, signal transmission has become an
important problem that must be solved during design. We call the interconnec-
tions in which transmission delay must be taken into account "transmission
lines" or "long lines." 1In engineering the 757, transmission lines 2 meters
long or more were regarded as long lines. The wave resistance in the 757's
long lines has been found to be 150 ohms, and the transmission delay is

5-6 ns per meter. Here we focus on solving the following problems: 1) loss
problems: if we use a 5-meter line with load, the waveform obtained when a
signal with an edge of less than 8 ns is used to drive it, the measured
waveform agrees with that derived from the Bessel function, and accordingly
in analyzing long lines this can be regarded as a lossless line. 2) BRasic
Ly=35=(7.3=7.5) x 107 (MH); Co=Co= (45-49)pf, Z=130 @~ 140 @

parameters: inductance and capacitance per meter. 3) Signal transfer method:
bidirectional transfer, i.e., conjugate form. 4) Matching method: here we
discuss matching in which three resistors replace two, as shown in Figure 14.
We calculate R; = 95 ohms, R, = 620 ohms. In order to save space, we con-
struct a matching network. This type of matching produces good results with
little waveform distortion and little loss of level. The reflection coeffi-
cient is extremely small.

We also made crosstalk tests which demonstrated that with a group of 10 lines,
the noise waveform on one of them which is quiet while the other 9 are carry-
ing signals is very small, no greater than 50 mV (see Figure 13).
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Twisted pair lines with biphase transfer were designed for an impedance of
150 ohms. The bandwidth of the lines is 80 MHz, and there is essentially no
amplitude loss in them because the resistance of multi-leg lines is small.

VI. Design of Twisted Pair Lines

Twisted pair lines are one type of transmission line used in recent high-speed
computers and communications networks. Although they are inferior to coaxial
cables in frequency terms, their wave resistance is high, they are of small
size and flexible. 1In addition, twisted pair lines are particularly suited to
complementary signal transmission, and the crosstalk between them is extremely
small. But the problem of how to design such lines to give the impedance
requested by the user, i.e., how to choose their external and internal
diameters, is still a difficult one. However, we finally achieved a solution
through analysis and computation.

VII. Transmission Requirements

In order to make the most rational use of chips, the line noise is kept within
the permissible range; the noise immunity is considerable. We analyzed the
multiple reflection of ECL signals in transmission lines and derived the
formula relating the voltage at the terminals and the load to time and

various parameters when the lines are driven by ECL circuits and they are
affected by both concentrated and distributed loads; we used a computer to
predict the waveform, achieving excellent results.

Some of our results were as follows: Because current switches can provide
"yired OR's," we specify that all output terminals forming part of wired OR's
and their loads must be distributed on a transmission line in order to prevent
reflection, and camnot branch. In general, the maximum permissible distance
between "dotted OR's" is 80 mm. In all circuits we specify that the load
factor must not exceed eight. Matching resistors must be provided at
terminals. 1In general, only one driver card is allowed; the maximum is two.
The total number of loads also must not exceed eight, and so on. We will not
list more detailed prescriptions here. Because a determined effort was made
in this area during implementation of the machine, the overall operation of
the machine is excellent.

VIII. Operating Principles of ECL Circuits

The ECL gate circuit is a differential amplifier type and its current is
essentially constant. If one terminal is connected to a reference source
and the other terminal to a dynamic signal, the signal will fluctuate by
400 mV above and below the reference voltage. In high-level output, the
input channel is closed. When the input 1is low, the reference channel is
closed. The output is driven by a follower, and it can supply a low inter-
nal resistance, high drive capability load. Measurements on such gate cir-
cuits under dynamic conditions indicate that the gate delay at each level
is 2 ns and the power consumption 25 mW, and with a power supply of -5 V.
The follower resistance is connected externally. The 757 used a 95-ohm
matching network. The forward edge and rear edge are both 6-8 ns (with
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eight loads). The Boolean experession is: "3" = 5:6+7¢8 (for the case of
a double gate); see Figure 2.

The ECL flip-flop is a double D flip-flop; two flip-flops are included in

each package and there is a pulse input terminal, a reset "0" terminal and

two set "1" terminals. Every flip-flop has two data input terminals. The

usual Boolean expression is Qn+1 =C.(by + Dy + §§) + Ean, where Cy is the pulse
input, R 1s the reset terminal, and g is the set terminal. D; and D, are

the two data input terminals. QM is the device state set by the previous

pulse, and Q0! is the device state during the present pulse.

A half-adder is a device which is capable of summing and carrying. Like the
flip-flop, it is also a tower [?] [baota [1405 1044]] current switch, whose

lowest level is DC, and the logical operation which it carries out is

AB + AB, where S is the half-sum, A and B are the input signals, and C = AB,
where C is the carry bit. In the present case, because of a limited number

of connections, C did not output. Every package in it has four half-adders.
The delay is 4-5 ns at each level.

A shift register contains 8 bits, all of which are in a single package,

and only the first and eighth bits (called Q1 and Qg) are output. Each bit
has an input voltage, but there is no set or reset signal, and it is only
possible to enter a 0 or 1. Clearing an 8-bit shift register requires nine
counts. To change all 8 bits from 0 to 1 requires a 1 input for 9

counts. There is an 8-ns delay for each bit_in the shift register; the
Boolean expression for Q is Q1n+1 = Cle +-Ean (see Figure 3).

IX. Conclusions

To summarize our experience, the 757 machine provides a 17.5 level logic
chain and 2 meters of lines with a 100-ns cycle, and there is only a 10-ns
margin after computation, which is somewhat too small. In addition, the

2 meters of line is hard to achieve at current domestic levels of integra-
tion.

The foreign MU-5 is also an ECL circuit, witha cycle of 50 ns, whose logic
chain only permits 8 levels, each with a delay not exceeding 4 ns, with
the lines included within the eight levels. The ILLIAC-IV has a cycle of
67 ns and the lines and delay are specified as 5-15 levels, with 20 levels
permitted under extraordinary conditions. The margin after computation is
30 percent in the MU-5; that in the ILLIAC-IV is 25 percent.

The 757 machine has a margin of only 10 percent, so that currently it is
operated normally at 110 ns. In order for machine operation to be reliable,
8.5 MHz is specified. It should be pointed out that most of the gate delays
in chips involved in transmission are 2.5-3.5 ns, and the delay per meter of
printed circuit connection is 8 ns, while that per meter of twisted pair line
is 6 ns. These values are all smaller than the figures given in the engineer-
ing standards. If the total delay of a chain measured in the ALU is 110 ns
and the circuit delay is only 49 ns, the line length exceeds 5 m. This
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indicates how harmful the delay in the wiring is, since it is hard to keep
it within 2 m.

Furthermore, the project specifications state that in order to make the
boards capable of accommodating more wiring, it is desirable that their

size be further increased, (some difficulties are currently being encoun-
tered in the process). In the case of cards, we distinguish type A boards
(no double rows of holes for device pins) and D type (double rows of holes
for device pins): 1in changing the wiring, it is desirable to use more D-type
cards, but this decreases packaging density. The problem of how to design
future printed circuit board substrates and boards requires examinations.

Research and development on the 757 machine promoted the development of
semiconductor and electronic component manufacturing processes. Because the
757 machine largely makes use of automation techniques, CAD [computer-aided
design] was developed.

Those involved in the 757 machine hardware engineering project also included
Comrades Zhang Shuwen [1728 3219 2429], Wang Gonghao [3769 0361 8504], Liang
Peiji [2733 1014 1015], Chen Hong'an [7115 7703 1344], Huang Zhenyun [7806
6297 5619], Xu Xingsheng [1776 5281 5116], Liu Pixuan [0491 0012 4821}, Liao
Qingyu [1675 3237 5940], Li Wenyin [2621 2429 6892], Sun Xiangjun [1327 4382
7486], Lu Pinghe [4151 1627 0735], and Jin Lianyi {7246 6647 5030].
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DESIGN, CHARACTERISTICS OF 757 VECTOR COMPUTER MEMORY CONTROL UNIT

Beijing JISUANJI YANJIU YU FAZHAN [COMPUTER RESEARCH AND DEVELOPMENT] in
Chinese Vol 21 No 2, 1984, pp 26-33, 16

[Article by Xia Shaose [1115 4801 3844], Institute of Computing Technology,
Chinese Academy of Sciences (CAS)]

[Text] The 757 machine system uses an architecture consisting of a main-
frame and an auxiliary machine, between which information is exchanged by
two methods. In the first, the communications channels are used to transmit
control signals in the interrupt mode, while the other uses a fast batch
transmission channel in which data is transmitted in batch form in the time-
sharing mode. The 757 vector machine's memory control unit controls the
communications channels between the mainframe and the auxiliary machine and
exchange of signals on the fast batch transmission line. 1In addition, the
memory control unit is connected by instruction or data channels to the
instruction control unit and the operation control unit. 1In short, the 757
machine's memory control unit carries out information exchange between the
vector processor, the peripheral processor, magnetic disk (or tape) and the
vector processor's main storage. Seven channels can make simultaneous
requests to the memory control unit, which performs time-share queuing,
address processing, and address mapping in accordance with priority, processes
instructions in accordance with functional requirements, and accesses the
relevant memory until processing of the requests is completed.

The 757 vector machine uses a parallel interleaved single-pipeline architec-
ture, and the memory control unit is geared to this type of operation. 1In
order to further increase the machine's speed and efficiency, to make full
use of the pipeline architecture, and to minimize speed degradation result-
ing from collision problems, the memory control unit has been provided with
a collision processing capability, and the altered readout technique. In
order to increase machine reliability, in addition to fault diagnosis of the
memory control unit, instruction-level retry and memory-level double calcu-
lation are provided. 1In addition, the memory operates in modular fashion
and performs such measures as switchovers, disconnection of units, address
mapping, and the like. Because of the use of these technologies and
features, the memory unit economizes on hardware, and has a rather high
speed and relatively high efficiency.

Below we briefly describe some of the principal problems involved in memory
control unit design and the unit's design characteristics. For convenience
in dealing with the topic, we first outline the memory control unit's
architecture "and mode of operation.

40



I. Structure and Mode of Operation of the Memory Control Unit
1. Time-Sharing Queuing of Requests

The memory control unit operates in the pipeline mode with a seven-station
pipeline. Time-sharing queuing of requests is done at stations 0 at the
beginning of the pipeline. The memory access requests from different loca-
tions are queued according to priority and are handled in the time-sharing
mode in accordance with the memory control unit's clock pulses. This time-
sharing processing of requests by beat means that although requests from

the various channels may appear randomly, only one request can be processed
per beat; the top-priority request is forwarded to the following stations of
the pipeline. In order to increase the rate of information exchange between
the peripheral processor (the auxiliary machine) and the vector processor
(the mainframe), direct fast batch data transmission channels are used.
Channels Py and P; (disk O and disk 1) are connected toa 2 MHz magnetic disk
unit, and because the exchange signal is timed, P, and P; are given the high-
est priority. 1In addition, there is an instruction fetch channel, a data
send store channel, a fetch and send channel, and two peripheral processor
channels, as shown in Figures 1 and 2.
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Figure 1, Memory Control Unit External Figure 2. Request Queuing Station
Connections

To adapt the device to magnetic disks and increase the main frequency, the
memory control unit has two disk buffer registers and read-write control
circuitry.

2. Fetch-Send and Send Channels

These two channels include an instruction fetch and send stack station, two
data send instruction holding registers (Ho and H;), and a collision compara-
tor. The data send instruction read out from the instruction stack requires
look-behind data which has not yet been processed and prepared in the ALU,
the data send instruction is placed in H, and Hy, and the next data instruc-
tion is compared with these two data-send instructions which are in the wait

41



condition; if there is no collision, it can be moved ahead in the queue for
execution.

3. Pipeline Stations

Requests from all of the channels require exchange of an array. Generally,
only the initial address forwarded after instruction processing, the address
mapping method, the increment, and the number of exchanges are processed by
the memory control unit. In accordance with the relevant address mapping
method, the memory control unit finds the logical address of each component,
then looks at the page table to find the real address; then, depending on
whether the memory unit is in the switched-in or disconnected state, it con-
verts it to the true internal storage access address.

In accordance with the capabilities of the 757 vector machine, in order to
enrich the vector processing methods and expand the range of vector computa-
tions, Epe compression and restoration vector h and the indirect control
vector Q have been provided, and there is a requirement for two different
address-forming methods:, G)sgglar, D' =Dor D' =D + (Q4B);

@ vector, D' =D + 1'(BE) or D' = D + Q).

Thus the component increment (BZ) or the indirect control vector (Q) can be
used to modify the address. In addition, it may be controlled by the com-
pression and restoration vector (h). When the address modification makes use
of the component increment (BZ), h serves to control compression and resgtora-
tion; but if the instruction is controlled by both the direct address Q)

and by h, then h determines whether or not the fetch or storage operation is
carried out.

unit unlock

address m m;ﬂ i ch_)w‘v% sete.
| ., junit .
] oo [ommmSEEoR S
Station 3 il T . e
. St St;ﬁ?ﬁ 5 &f??l_ifé-‘ﬂ rreadout
Address mapping L
Page table %ﬁﬁﬁ%ﬁ, ! heck and
(No. 4) BREAS |Coprec
* code
Station 2 = Unit i
] ecode!—{ #izy JUnit select readout

|

Address adder / s \

ster from NC#

JO
B A
A S R | #5888 Jaata code bus
Station 1 v I register su e [data write register
From queuei AR .
Stq;ationng RXS WoXS

PXS  WXS HXs

Figure 3. Rough Block Diagram of Memory Control Stations 1-6
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An example:
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It can be seen from Figure 3 that stations 1 and 2 are provided to complete
the above two types of address modification. From station 2 to station 3,
the page table is consulted and the address mapping is made in accordance
with the switched-in or disconnected state. To adapt to the machine's multi-
programming operation and memory protection features, the memory control unit
has a page table memory with a capacity of 128K: each page has 4,096 internal
storage cells. The word length in the page table is 14 bits, of which 7 give
the actual page number, 5 give the protection key, and each of these divi-
sions has a parity bit. The machine has three modes of operation, i.e.,
kernel, supervisor, and computation, and there are three protection states:
read enable, write enable, and execute enable. The page is provided with
protection rules, and if these are violated a page fault interrupt is
generated (YBBF).
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From stations 3 to 4 in the pipeline, the internal storage unit number and
true address resulting from address mapping are sent simultaneously via the
address bus to the 18 units, while the access signal is sent to only one of
the units, and that unit is locked. If it is decided to write into main
memory, the data code is simultaneously sent to the 18 units by the data
write buffer. This type of bus operation saves considerably on hardware.
Station 4 is used to record instructions, byte characteristics, the number
of the internal storage unit access, the characteristics of the read-write
commands and the like. Eight shift registers provide a delay while waiting
for the internal storage readout.

From station 5 to station 6, a number read out from memory is received,
undergoes byte conversion and is sent to various channels. In addition,
this datum read out of internal storage is diagnosed and the code corrected.
A single bit error can be corrected, after which the correct code is sent
out bytewise. 1In station 2, a check is made to see whether the addresses of
the two immediately adjoining fetches are the same; if the data is fetched
in bytewise fashion and the preceding and following component fetch cells
have the same address, another read from memory is not required: the un-
locking of the unit is simply delayed until the two addresses are different.
This saves time and increases efficiency.

ITI. Collision Processing

The 757 mainframe is a single-instruction flow, single-data-flow lengthwise-
crosswise vector processing machine. The control components all have pipe-
lined architecture and all operate with parallelism and overlapping. The
main obstacle affecting the smooth parallel overlapped operation of the
three control units' pipelines is the various collision problems such as
jump collisions, operation collisions, data fetch and send collisions,
storage unit collisions and the like. Here we limit ourselves to describ-
ing a few of the collision problems encountered in the 757 vector machine's
memory control unit and means of resolving them. Memory control unit colli-
sions primarily entail collisions within the instruction flow or data flow
and relations between the instruction flow and data flow. These factors
affect normal use of program states, memory unit states, page contents, and
the fetching and forwarding of internal storage addresses. Handling of
collisions must above all be logically correct, and in addition must maxi-
mize the machine's speed and efficiency. Some problems which are difficult
to handle in hardware can be handled by software.

1. Collisions Between Channels

The channels operate in the time-sharing mode, and the disk and tape channels
exchange arrays with internal storage in batch form via the memory control
unit, generally using true addresses (without protection); the peripheral
processor has the right of initiation. The instruction fetch channel's execu-
tion program is edited and processed by the peripheral processor. Therefore,
when internal storage addresses are used in distributed fashion, the user has
to provide for this in advance, and the software processes the collisions.
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2. Collision With Machine Status Word

When a transfer to supervisor instruction is encountered in the instruction
flow (exchanged between internal storage and central numbering register),
processing before and after this instruction is in accordance with different
program status words and memory unit states. Before this transfer to super-
visor instruction is executed, the machine stops dispatching the next instruc-
tion and executing the next program, and the instructions remaining in the
instruction buffer are discarded. After this transfer to supervisor instruc-
tion is executed, a new instruction is fetched in accordance with the new
machine status word and executed.

When a page table send instruction is encountered in the program, following
this instruction, internal storage is addressed in accordance with the new
page table. In general, changing of the page table state is controlled by
the operating system, operating in the kernel state, and after the page table
" has been sent, a change of state instruction must follow; operation then con-
tinues in accordance with the new page table state.

3. Data Fetch and Send Collisions

The 757 machine is a crossbar vector machine, and a vector instruction may
have from 1 to 16 components. The maximum number is 16, and the data fetch
and send address is obtained by first having the instruction controller
determine the real address by the operation d + (b), after which it sends

this starting address to the memory control unit, which then must use various
modification methods, i.e., use of the component displacement (BZ) or indirect
control vector (Q) to process this address. 1In order to assure correctness
and increase efficiency, collision processing is peripheral after the
instruction reaches the memory control unit and before request queuing.

But at this time there is no way of knowing the specific address of the 16
components following modification, and the specific content of the indirect
control vector cannot be read out, so that decisions on address collisions
are rather difficult and complex. Because the operand read out of internal
storage is sent to the ALU via the memory control unit and the result
obtained by the ALU is sent to the instruction control unit's look-behind
data send station, then returned to main storage via the memory control

unit, the entire flow path is long, and the data send results are not obtained
very rapidly. Thus, if the data fetch and send is carried out in sequence,
this seriously degrades the speed of the mainframe. Therefore, collision
processing must be done for data fetch and send, so that fetches and send
operations which involve no memory space collision can be carried out first;
although this method requires a slight increase in hardware, machine simula-
tions indicate that collision processing on data fetch and send by the memory
control unit can increase machine efficiency by 30 percent or more. Moreover,
measurements on the seven different problem types indicate that collision
processing decreases computation time and yields a relative increase of

65 percent in speed.

Instructions are generally executed in sequence, but if a look-behind data
send instruction is encountered, and the datum is not yet ready at the look-
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behind station, the data send instruction is placed in data send wait sta-
tions Hy and Hy. If the subsequently arriving data fetch and send instruc-
tion has no coilision with the previous data fetch and send instruction, it
can be moved up in the queue and executed. Instructions in which there is

a collision should be placed in the instruction stack; and the later instruc-
tion in which there is a collision are executed after the earlier data send
instructions are completed. The following four situations can arise with

data fetch and send instructions:

Earlier instruction Later instruction
® send send
® send fetch
©) fetch send
& fetch fetch

In situation @), the look-behind instruction fetch obtained from the computa-
tion result is processed in strict sequence. If a data send instruction which
does not use the look-behind buffer appears, the collision comparison is

made in terms of the internal storage addresses used, and if there is no
collision, it may be moved up and executed. 1In situation @), if the follow-
ing fetch instruction involves no collision with the internal storage

address of the preceding data send instruction and the Q (indirect control
vector) or h (compression and restoration vector) is used, it can be

executed ahead of sequence. 1In situations(j)and(@L the earlier instruction
is sent through first, followed by the later instruction.

The address that is entered in the memory control unit has an initial address,
an address modification method, and an increment. Thus, it is necessary to
compare not only the initial address, but the modification range as well.
This can be done with two address subtractors. The first compares the
starting addresses and the second compares the starting address plus the
modification range (DE + 16 AZ compared with DH + 16 AH).

In internal storage address collision comparison, the initial internal
storage address DZ in the transfer to stack buffer (Jzpg) instruction read
out of the instruction stack is compared with the initial internal storage
address DH of the data send instruction in stations Hy and H;. The compari-
son is carried out by using the first adder in pipeline station O as
DZ(O_lg) - DH(0-1@: when DZ(o_lg) = DH(O_lg) a collision is recognized.
If DE(o-18) # DH(o-18), to simplify processing we distinguish two more
situations:

* %
(1) Within the same vector loop [ ] or the program segment Tpon = 1 or the
instruction to be compared is a scalar and the corresponding stations Hy, and
H; also contain scalar instructions. When DZ(p-18) = DH(o-1s) this is
regarded as a collision, and if they are not completely equal the programmer
must assure that there is no collision.

* %

(2) Collision processing of instructions not in the same [ ]. When
DZ(qug) # DH(gplg), a check is made to see whether the modified address
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has a collision. It must also be borne in mind that the vector displace-
ment (AZ, AH) or indirect control vector (QZ, QH) method can be used to
modify the address, and the displacement may be positive or negative. In
this way there can be eight possible combinations. The second-level adder
in pipeline station 0 carries out comparison of the range, and identifica-
tion of the result yields the condition for no collision. In addition, the
internal storage space (520,000 words) is divided into 8 blocks, each
containing 64,000 words. A simplified condition for no collision which
assures correctness is the prescription that the address space displace-
ment for 16 AZ, 16 AH, (QZ) and (QH) must not exceed 64,000. Collision
comparisons may be made within the 64,000-word range, and cases in excess
of 64,000 are treated as collisions.

When a new data fetch instruction and the data send instruction in stations
Hy and H; are not in collision, the instructions not in collision can be
moved up in the queue and executed. These operations require a collision
comparison time of one to two beats, and comparison with either Hy or Hy
requires that the comparison be carried out by the second-level adder

within one beat. Therefore the adder structure and the condition formula-
tion must be meticulously designed in order to assure correct, rapid comple-
tion of collision comparison.

Figure 4 presents a block diagram of the collision comparision station for
data fetch and send described above.
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Figure 4. Collision Comparison Station for Data Fetch and Store Address

In addition to collision comparison for internal storage addresses, there
are also problems involving comparison of Q and h. The 757 has se;d Q and
?se.Q instructions and send h and use h instructions. 1If the Q to be used
is in collision with the previous instruction requiring sending of Q which
%s present in station H, then the later instruction must wait: otherwise
it can be moved up and executed ahead of sequence. The same applies to h.
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IIT. Altered Readout

The 757 vector machine uses 16 storage units, each with a capacity of 32,000
16-bit words, in modulo-16 operation. If the address modification increment
for the 16 components of an instruction is odd, then in modulo-16 operation
it is possible that none of the units will be in collision. But two vectors
will not necessarily be continuous. If the former instruction fetches A
(vector A) and the later instruction fetches B, the relationship between
these two vectors may be of several types.

If vector A is fetched from units 0, 1, 2, +++ve., 15, and the fetching of

B can begin from unit 1 or from unit 8 or 15, the memory cycle is 15 beats
(1.5 usec), so that in terms of the overall probability of numbers of memory
accesses, waits of 0, 1, 2, ..., 8, ..., 14 beats resulting from collisions
may arise. If the probabilities are equal, then the number of waiting

beats on the average will be

0O0+0+1+2+...+8 ...+ 14
16

= 6.56 beats.

The average waiting time of 6.56 beats resulting from memory unit collisions
in fetch operations is quite considerable. Therefore, the altered readout
approach was designed for the memory control unit. If the vector numbers

of the preceding and following instruction are 16 and the increment is
always (BZ) = 1, fetching of the following instruction begins at

the unit next after the one in which the fetch of the previous instruction
ends, and after 16 components have been fetched the vector is shifted to
restore the correct form. 1In this way no waiting is required.

e.g. o0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 uynit {
I | I | ! [ | | 1 [ I ] | | l |
A A
D,> D,

Dy (unit number addres$)£>'D2(unit number address)+l

where Dy indicates the number of the unit in which the second of the
instructions begins; and D, is the number of the unit in which fetching of
the first of the instructions ends.

Reading out of this instruction should actually begin from unit 8, but with
altered readout it begins with the unit immediately after the one at which
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readout of the preceding vector concludes. In the example above it begins
with unit 4, and it can be seen from the table that starting at unit 4, 1
should be added to the unit address, while from unit 8 on, 1 should be sub-
tracted from the address. Finally, because the vector position is not
correct, it must be shifted to return the sequence to normal. The method

is to use the condition that the unit numbers of D, and D; are equal to make
the operation control unit start adding 1 to thecyclic 4-bit counter until
the vector is completed. The final number of shifts should be equal to the
complement of the 4-bit counter in question: in the example above, the

shift is (1100)comp = 0100, i.e. 4, so that unit 8 is shifted to the begin-
ning of the vector.

Normal : readout | Altered readout 'l Cyelic counter
i . Unit number

(ell address "ggégeggmber ..} Cell address address :

L0 Qe 0 1000 +1) 100001 0100 0000
10000 0 1001 ] 10001 0101" . 0000
10 0eeree . 0 1010 | 10001 o110 o 0000
100w 0 1011 Tl reoeweo1n) L0111 0000
10 0er 0 1100 1) 1000 | 1000 P Tiieeot
100 0| 2101 1000 1001 Soo1o0
100w 0 1110 10 Qe 0 1010 0011
10 0o 0. 1111 100 0 | 1011 0100
100w 01" 0000 C 10 Qe 0 1100 0101
100--01"'1 0001 100=- 0 | 1101 0110
10001 0010 10 0w o | 1110 0111 "
10001 L0011 100 0 | .. 1111 1000
10001 | 70100 ggomee01 0000 1001
10001 0101 10 Qo0 1., 0:0 01" .1010° ¢
100ewem01 0110 10001 0010 1011
10001 0111 10001 | 0011 1100

It is evident from the foregoing that while altered readout adds a certain
amount of hardware and complexity from the control standpoint, it has many
advantages and it decreases the waiting time resulting from collision
between units, thus increasing machine efficiency.

IV. Fault Diagnosis, Storage 0Odd-Weight-Code Checks, Instruction-Level
Retry and Station-Level Double-Calculation

The 757 vector machine memory control unit has 31 error diagnosis points;
at 25 of them, the machine is immediately stopped if an error occurs. The
fault locations are kept within a small range in order to help with rapid
discovery and elimination. The memory uses odd-weight code detection: it
can correct single-bit errors and detect multibit errors. Because the
memory has a relatively large number of units, the memory controller pro-
vides a common odd-weight code formation process and detection and correc-
tion circuilts, which greatly decreases the amount of hardware needed.
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When a datum read out of internal storage and received by the instruction
controller contains a single-bit error, the error correction circuit cor-
rects the error, records the number of the unit in which the fault occurred,
and sends an access internal 2 (FNC II) code to rewrite the erroneous code
within that unit. An extended read-write cycle is used to carry out the
rewrite in the unit where the error occurred. New access can be made to
that unit only after the rewrite is carried out and the memory control unit
unlocks it. The objective of rewriting an erroneous entry in internal
storage is to decrease the probability of 2-bit errors and to increase
machine reliability.

Internal storage addresses, numbers read out of internal storage and numbers
to be read into it are subjected to parity checks in the individual units,
and if an error is discovered then the unit in question reports it to the
memory control unit.

Addresses and data sent by disk or peripheral processor to the memory con-
trol unit use a common channel and are subjected to parity checks. If the
memory controller finds an error in one of these data or addresses, it sends
an error signal to the peripheral processor or disk. The peripheral pro-
cessor or disk determines whether the error occurred in the sending of a
datum or an address. 1In addition, after the memory control unit corrects
single-bit errors read out from internal storage it sends them to a disk

or peripheral processor, The memory control unit is also capable of timely
detection of double errors in readouts; it then sends a double error marker
to the disk or peripheral processor.

If a fault or error occurs in stations 1, 2, or 3 of the memory control unit
pipeline, the memory control unit can carry out instruction-level retry,
because the instruction in question has not yet been discarded from the
memory control unit's instruction stack. If the detection point in station
1, 2, or 3 detects an error, it immediately stops the machine, and instruc-
tion control unit T; (unified numbering register 1) indicates a fault at the
third bit in the memory control unit and turns control over to the general
interrupt controller, then moves to the start of the diagnostic program.

The memory controller's current state is recovered under the control of the
diagnosis and recompute problem and analysis and processing are carried out.
Because the lengths of time for which the various control units stop the
machine are different, in order to assure that the on-the-spot memory
control unit stops the machine in the same beat as the fault appears, while
the instruction control unit and the operation control unit need only stop
the machine in the next beat, start-stop processing is also necessary.

Thus the instructions must be cleared from stations 4, 5, and 6 of the
memory control unit pipeline and some registers such as the look-aghead and
look-behind registers must be set in the state before the instruction in
question was executed, after which the diagnosis program initiates retry by
the memory control unit, and the subsequent retry process is performed by
hardware. The retry process depends on the nature of the instructions at
stations 1, 2, and 3; starting with station 3, every serial instruction
fetched from the instruction stacks for stations 1, 2, and 3 is retried.
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If there is an external disk channel instruction in station 1, 2 or 3, since
such instructions cannot be retried, the only course is to regard this
external channel exchange with the disk unit as failed. When the retriable
instructions for stations 1, 2, and 3 are retried, if an error does not
arise, ‘the "retry successful" signal is sent; this signal also requires that
the memory control unit be stopped. After the diagnosis and recompute pro-
gram detects the 'retry successful' signal it makes a record and again starts
the mainframe, and processing of the original program resumes. In the case
of some jitter-type faults, retry can avoid change of path and stoppage of
the machine, thus increasing machine availability and efficiency.

The 757's memory control unit also has station-level double-calculation.

There are two types of station-level double-calculations. One is when a
random jitter fault occurs in the station 0 collision comparator. This is
reported to the general control and diagnosis program; after a program control
delay of 200 msec the mainframe is restarted for reexecution, and if the fault
is removed, operation may continue from the restart. 1In the other station-
level double-calculation, a single error stops the station double-calculation.
The memory control unit is provided with the Cpep (single-error stop) flip-
flop: when Cpcyp i8 in the zero state the memory control unit can automatically
correct a single-bit error in a datum read out of internal storage. When Cpcr
is in the 1 state, if a 1-bit error occurs in the internal storage readout,

the memory control unit must stop the machine (SMDCO). Similarly, bit 3 of

T; reports to the general diagnosis controller, which switches to the diagnosis
and double-calculation program. This program recovers and preserves certain
error locations, finds the instruction that led to the error, and the number of
the internal storage unit, after which the diagnostic program fans in the instruc-
tion to stations 3 and 5 and reads out an all-ones code and an all-zeroes

code seven times from the unit which made the error. If an additional error
does not occur during these seven readouts, then the memory control unit
condition is restored, the program is used to correct the contents of the
erroneous memory, and execution of the program is resumed. But if an error

is still found during the seven readouts, this indicates a hard fault and the
diagnostic program changes the memory unit status word and cuts out the mal-
functioning unit, moves all of its contents to a backup unit, then restarts

the mainframe and resumes execution of the program.

V. Memory Unit Switchover, Disconnection, and Address Mapping

The 757 vector machine's memory consists of 16 units and 2 backup units, each
with a capacity of 32,000 words, or a total of 16 x 32,768 = 524,288 words.

In general, at full capacity the machine operates modulo 16, and when one or
two units are malfunctioning they are disconnected and replaced by backup
units. Thus the unit can continue to operate modulo 16 with no loss of
capacity. If a memory unit malfunctions while the program is being run, read
and write are performed with a backup unit designated by the unit status word.

The dinternal storage into four major quadrants in terms of the highest address

01 bit, and the unit number is expressed horizontally from left to right.
Accordingly, different lines express different unit addresses.
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When there are more than two malfunctioning units, there are not enough backup
units to serve as replacements, and it is necessary to disconnect some of the
units. To assure continuity of addresses, at least four units are disconnected
each time. If the number of malfunctioning units increases further, a maximum
of eight can be disconnected, but they can only be within the same MS8.

high bit address ____. ____ Unit number

0,1 01 234856 1B w1255
oo |9 =
01
10
11

Figure 5, Modulo-16 True Address and Logical Address Operation

The machine can operate modulo 16 (M16), modulo 4 + modulo 8 (M4 + M8), or
modulo 8 (M8).

In Modulo 4 + modulo 8,

Amputated units Unit numbers in M4  Unit numbers in M8
QTo~3(0-3) 4-7 8-15
QTy_7(4-7) 0-3 8-15
QTg-11(8-11) 12-15 0-7
QT12-15(12-15) 8-11 0-7

In modulo 8 operation (number of malfunctioning units greater than 4),

Amputated units Unit numbers in M8
QTo-3, QTy.7 8-15
QTg-115 QT12-215 0-7

When 4 units are disconnected, the internal storage capacity is decreased by
4 x 32,768 words. Because the operating system is stored in the last memory
area, we regard the decrease as being the first one-fourth of the area.

Only half of the first 260,000 units can be used, i.e., only 130,000, while
the last 260,000 is entirely available. TFor example, when units 0-3 are
disconnected, the correct addresses used by the first 130,000 units' cells
are in units 4-7 in modulo 4 operation, while the last 260,000 are in units
8-15 in modulo 8 operation, as shown in Figures 6 and 7 (in Figure 7 units
0-3 are disconnected, units 4-7 are operating modulo 4, and units 8-15 are
operating modulo 8).
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Figure 6. Logical Addresses in Figure 7. True Addresses in
M4 + M8 Operation M4 + M8 Operation

When eight units are disconnected, the units in question are Nos 0-7, the
capacity is decreased by 8 x 32,768 £ 260,000. Only the final 260,000
logical address remain, and when the units 0-7 are disconnected the modified
true addresses must be stored in units 8-15 operating modulo 8, as shown in
Figures 8 and 9.

Logical address
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Figure 8. Logical Address in Figure 9. True Address in M8
M8 Operation (Units 0-7 disconnected)

When a unit is disconnected, the module number, the true addresses, the unit
numbers and the address mapping are all implemented through memory control
unit hardware. The amount of hardware required is not large, but it can
increase machine reliability and memory unit availability. In general, with
16 memory units, an average of 1 unit a day malfunctions, and if it is
replaced by a backup unit can be repaired within a day, the machine's sp